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Executive summary

The meeting of the 24th WHO Expert Committee on the Selection and Use of Essential Medicines
took place in person in Geneva, Switzerland, from 24 to 28 April 2023. The aim of the meeting was
to review and update the 22nd WHO Model List of Essential Medicines (EML) and the 8th WHO
Model List of Essential Medicines for Children (EMLc) (the “Model Lists").

Essential medicines are those that satisfy the priority health care needs of a population. They are
selected with due regard to disease prevalence and public health relevance, evidence of efficacy
and safety, and comparative cost—effectiveness. They are intended to be available in functioning
health systems at all times, in appropriate dosage forms, of assured quality and at prices individuals
and health systems can afford.

The WHO Model Lists are updated every two years, intended as a guide for countries or regional
authorities to adopt or adapt in accordance with local priorities and treatment guidelines for the
development and updating of national essential medicines lists. Selection of a limited number of
medicines as essential, taking into consideration national disease burden and clinical need, can
lead to improved access through streamlined procurement and distribution of quality-assured
medicines, support more rational or appropriate prescribing and use, and lower costs for both
health care systems and for patients.

The Expert Committee considered a total of 85 applications, including 52 proposals for the
addition of new medicines or medicine classes, nine proposals for new indications for 22
currently listed medicines, nine proposals for the addition of new formulations of currently
listed medicines, six proposals for the removal of 13 medicines, formulations or indications,
and nine proposals for other changes to current listings on the Model Lists. In accordance with
applicable procedures’, the Expert Committee reviewed and evaluated the scientific evidence
for the effectiveness, safety and comparative cost—effectiveness of the medicines in question.
The Committee also considered a review of the age-appropriateness of formulations of essential
medicines for children on the EMLc.

In summary, the Expert Committee:

= recommended the addition of 25 new medicines to the EML (16 to the core list
and nine to the complementary list);

= recommended the addition of 13 new medicines to the EMLc (nine to the core list
and four to the complementary list);

= recommended adding additional indications for 16 currently listed medicines;

= recommended the addition of new formulations of 22 medicines on the EML and
of medicines on the EMLc;

' https://apps.who.int/gb/ebwha/pdf_files/EB109/eeb1098.pdf


https://apps.who.int/gb/ebwha/pdf_files/EB109/eeb1098.pdf

The Selection and Use of Essential Medicines Report of the 24th WHO Expert Committee

= recommended the deletion of three medicines from the EML and three medicines
from the EMLc and of specific formulations of a further 13 medicines from the EML
and 23 medicines from the EMLc; and

= did not recommend proposals for inclusion, change or deletion for 32 medicines,
medicine classes or formulations.

The recommended changes bring the total number of medicines (including fixed-dose
combinations) on the EML to 502 (from 479 in 2021), including 361 on the EMLc (from 350 in
2021).

Changes to the Model Lists are shown in Tables 1-3. Applications for proposed changes to the
Model Lists that were not recommended are shown in Table 4.

Section 1: Anaesthetics, preoperative medicines and medical gases
Section 1.1.1 Inhalational medicines

The Expert Committee recommended the inclusion of sevoflurane as an inhalational anaesthetic
on the core list of the EML and EMLc based on evidence of similar efficacy and safety to currently
listed isoflurane. The Committee noted that sevoflurane has a lower global warming potential
than other volatile anaesthetics, particularly desflurane, which is not listed as an essential
medicine, but also halothane and isoflurane, which are both currently included. More efficient
use of sevoflurane, in preference to other inhalational anaesthetics, can contribute to reducing
greenhouse gas emissions and the environmental impact of climate change.

Section 2: Medicines for pain and palliative care
Section 2.2 Opioid analgesics

The Expert Committee did not recommend the inclusion of fast-acting oral transmucosal
formulations of fentanyl citrate on the EML for the treatment of breakthrough cancer pain based
on significant incremental costs compared to immediate-release oral morphine, which were
considered disproportionate to the marginal incremental benefits. The Committee also noted that
fentanyl has much higher potency and more drug-interactions than other opioids, which limit its
manageability. The Committee was also concerned that transmucosal fentanyl formulations have
greater potential for misuse and addiction.

Section 5: (renamed) Medicines for diseases of the nervous system

This section of the Model Lists has been renamed from “Anticonvulsants/antiepileptics"to“Medicines
for diseases of the nervous system” and includes new subsections for antiseizure medicines,
medicines for multiple sclerosis and medicines for parkinsonism (formerly listed in Section 9).

The Expert Committee did not recommend inclusion of donepezil on the EML for the treatment
of dementia due to Alzheimer disease. The Committee noted that moderate-certainty evidence
suggested donepezil may be associated with short-term improvements in cognitive outcome
scores compared with placebo. However, these improvements are unlikely to be clinically

WHO Technical Report Series, No. 1049, 2024



meaningful. The Committee noted that the evidence suggests that the effect on activities of daily
living is limited and there is no impact on behavioural symptoms and quality of life and a lack of
longer-term clinical cognitive benefits. The Committee noted that adverse effects of donepezil are
generally mild, but the risk increases with higher doses, (those associated with greater cognitive
benefits in the short term), and there is potential for numerous drug-drug and drug-disease
interactions. The Committee considered that the patients included in dementia trials are generally
younger and characterized by a better performance than patients seen in routine dementia care,
affecting the generalizability of trial results. Consequently, the Committee considered the overall
benefit-to-harm profile of the medicine to be unfavourable.

The Expert Committee did not recommend inclusion of risdiplam on the core list of the EML and
EMLc for treatment of spinal muscular atrophy. The Committee noted that the body of evidence
for efficacy and safety of risdiplam in spinal muscular atrophy is still limited, with only a small
number of patients exposed to long-term treatment. The Committee, therefore, considered that
the overall magnitude and long-term duration of benefits and potential harms were still uncertain.
The Committee noted that based on the available evidence in patients with symptomatic disease,
improvements in motor function were observed in younger children (younger than 5 years) but
that these improvements became increasingly less prominent in older children, adolescents and
adults. The Committee took note of ongoing clinical trials of risdiplam in presymptomatic infants up
to 6 weeks of age and the introduction of routine newborn screening for spinal muscular atrophy
in some settings and considered that the outcomes of these trials and screening programmes
would be informative for future consideration of risdiplam for inclusion on the Model Lists.

Section 5.1 (new sub-section) Antiseizure medicines

The Expert Committee recommended the inclusion of oral levetiracetam on the core list of
the EML and EMLc for the treatment of focal-onset and generalized-onset seizures in adults in
children. The Committee also recommended the inclusion of parenteral levetiracetam on the
complementary list of the EML and EMLc for use in the management of benzodiazepine-refractory
status epilepticus. These recommendations were made based on evidence of effectiveness and
safety, and in recognition of the need for treatment strategies for people with epilepsy to be
individualized taking into account multiple factors including, but not limited to, pregnancy and
patient preferences, seizure type, comorbidities, and concomitant use of other medications. These
recommendations are also aligned with expected recommendations in the updated WHO Mental
Health Gap Action Programme (mhGAP) guidelines.

Section 5.2 (new sub-section) Medicines for multiple sclerosis

The Expert Committee recommended the inclusion of cladribine, glatiramer acetate and rituximab
asindividual medicines on the complementary list of the EML for the treatment of multiple sclerosis.
The Committee did not recommend the inclusion of ocrelizumab for this indication, either as an
individual medicine, or as a therapeutic alternative to rituximab under a square box listing.

The Committee noted that multiple sclerosis is the most common non-traumatic cause of
neurological disability in young adults, with approximately 2.8 million people living with multiple
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sclerosis worldwide. Until now, the EML has not included any medicines for the treatment of
multiple sclerosis. The Committee considered that the inclusion of effective and safe treatments
for multiple sclerosis on the EML would address an important public health need and support
global advocacy efforts to reduce the global burden of multiple sclerosis, especially in low- and
middle-income countries.

The Committee acknowledged the availability of a large number of disease-modifying
medicines for multiple sclerosis (particularly for the treatment of relapsing and remitting forms
of the disease) and the need to prioritize the most effective, tolerable and affordable options.
The Committee considered that the approach taken in the application submitted by the Multiple
Sclerosis International Federation (MSIF) to identify which medicines to prioritize for EML listing
from among the many available was comprehensive, up-to-date, transparent, robust and
evidence based. The Committee recognized the value of involving different organizations and
stakeholders at the global level, including consultation with people living with multiple sclerosis.
The Committee considered that the application’s selection of cladribine, glatiramer acetate and
rituximab as priority medicines for EML inclusion was well justified and supported by evidence
of clinical benefit and safety across different settings, as well as suitability for use in different
patient populations (e.g. pregnant women) and feasibility. The inclusion on the EML of three
medicines, with different routes of administration, different prices (including the availability of
generics and biosimilars) and different recommended uses, would provide valuable options for
patients and national selection decisions and could facilitate improved access to treatment for
people living with multiple sclerosis. The Committee acknowledged that rituximab does not have
market authorization by regulatory authorities for treatment of multiple sclerosis and is thus used
“off-label” for this indication. The Committee reiterated that the Model List can play an important
role in identifying those medicines for which off-label use is supported by convincing evidence,
complementing the assessment and labelling by jurisdictional authorities.

The Committee acknowledged the benefits of ocrelizumab in the management of relapsing and
primary progressive forms of multiple sclerosis. However, there was no compelling evidence of its
superiority over other alternatives, specifically rituximab, which has the same target (CD20) and
a similar peptide sequence, is widely used, more affordable and reimbursed for use in multiple
sclerosis in several countries. The Committee considered the option of listing ocrelizumab as
an alternative to rituximab, but also recognized the large difference in current prices of the
two products which decreases ocrelizumab competitiveness. The Committee concluded that
including ocrelizumab as a therapeutic alternative to rituximab could result in considerable
additional expenditure at the country level for patients and health systems, without offering
additional clinical benefit.

Section 6: Anti-infective medicines
Section 6.2.1 Access group antibiotics

The Expert Committee recommended the inclusion of a new strength, child-friendly dispersible tablet
formulation of amoxicillin + clavulanic acid (200 mg + 28.5 mg) as an Access group antibiotic on the
core list of the EMLc for treatment of bacterial infections in children — specifically those infections for
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which amoxicillin + clavulanic acid is already recommended on the EMLc. The Committee noted that
the 7:1 ratio of amoxicillin to clavulanic acid is associated with similar efficacy to the 4:1 ratio but has
areduced frequency of gastrointestinal adverse effects. The Committee endorsed the importance of
age-appropriate formulations to better meet the dosing needs of children.

Section 6.2.2 Watch group antibiotics

The Expert Committee did not recommend inclusion of flomoxef sodium as a Watch group
antibiotic on the EML and EMLc for empiric treatment of community acquired mild/moderate
intraabdominal and upper urinary tract infections caused by extended-spectrum B-lactamase-
producing Enterobacterales because of uncertainty in the available evidence.

Section 6.2.3 Reserve group antibiotics

The Expert Committee recommended the inclusion of ceftolozane + tazobactam as a Reserve
group antibiotic on the complementary list of the EML and EMLc for the treatment of infections
caused or suspected to be caused by carbapenem-resistant Pseudomonas aeruginosa, a “critical”
priority pathogen on the 2017 WHO list of priority pathogens. The Committee acknowledged that
the clinical evidence for efficacy of ceftolozane + tazobactam against this specific pathogen is
limited but considered that the availability of carbapenem-sparing alternatives for treatment of
drug-resistant Pseudomonas aeruginosa was important as part of the strategy to limit/prevent
further emergence and spread of carbapenem-resistant organisms.

The Committee did not recommend inclusion of imipenem + cilastatin + relebactam as a Reserve
group antibiotic on the complementary list of the EML and EMLc for the treatment of infections
caused by multidrug-resistant organisms. The Committee noted that imipenem + cilastatin
+ relebactam lacks in vitro activity against the carbapenemase genotypes most commonly
associated globally with carbapenem resistance in Enterobacterales and that other antibiotics
with similar spectrum of activity (e.g. cefiderocol, ceftazidime + avibactam and meropenem +
vaborbactam) are already included as Reserve antibiotics on the Model Lists.

The Committee recommended inclusion of tedizolid phosphate on the complementary list of
the EML as a Reserve group antibiotic for the treatment of infections caused or suspected to be
caused by multidrug-resistant Gram-positive pathogens (methicillin-resistant Staphylococcus
aureus, vancomycin-resistant enterococci), as an alternative to linezolid under a square box listing.
The recommendation was based on evidence indicating that tedizolid is non-inferior to linezolid
for the treatment of acute bacterial skin and skin structure infections, with a lower incidence
of adverse events. However, the Committee observed that tedizolid phosphate is currently less
widely available and considerably more expensive than linezolid.

Update to the AWaRe (Access, Watch, Reserve) classification of antibiotics

No changes were recommended to the classification of antibiotics as Access, Watch or Reserve.
The 2023 AWaRe classification database will be updated to reflect the recommended inclusion
of ceftolozane + tazobactam on the EML and EMLc and of tedizolid phosphate as a therapeutic
alternative to linezolid on the EML. The AWaRe classification database is available at Web Annex C.
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Section 6.2.5 Antituberculosis medicines

The Expert Committee recommended the inclusion of ethionamide on the core list of the EML
and EMLc for the new indication for treatment of drug-susceptible tuberculosis meningitis in
children and adolescents, as part of a 6-month intensive regimen in combination with isoniazid,
rifampicin and pyrazinamide. The Committee also recommended the inclusion of pretomanid on
the complementary list of the EML for treatment of multidrug-resistant or rifampicin-resistant
tuberculosis, in a combination regimen with bedaquiline, linezolid with or without moxifloxacin.

The Committee recommended deletion from the EML and/or EMLc of various formulations
and strengths of amikacin, ethambutol, ethionamide, isoniazid, linezolid, p-aminosalicylic acid
and pyrazinamide, noting that they are not optimal formulations and strengths for tuberculosis
treatment. A new strength formulation of p-aminosalicylic acid (as p-aminosalicylate sodium) was
recommended for inclusion to replace the previously listed one which has been discontinued by
the only manufacturer. The Committee also recommended that the age restrictions associated
with the listings for bedaquiline and delamanid on the EML and EMLc should be removed.

These recommendations are fully aligned with recommendations in current WHO guidelines for
tuberculosis.

Section 6.4.4.2 Medicines for hepatitis C

The Expert Committee recommended the inclusion of ravidasvir on the core list of the EML as a
therapeutic alternative under the square box listing for pangenotypic direct-acting antivirals for the
treatment of chronic hepatitis C virus infection in adults. Ravidasvir is pangenotypic when used in
combination with sofosbuvir. The recommendation was made based on evidence of effectiveness
and safety, similar to that seen with other pangenotypic direct-acting antiviral regimens.

The Committee also recommended deletion of non-pangenotypic treatment options for hepatitis
C virus infection (dasabuvir, ombitasvir + paritaprevir + ritonavir, and pegylated interferon alfa
2a and 2b) from the core list of the EML. These treatments are no longer recommended in WHO
guidelines for treatment of hepatitis C.

Section 6.7 (new sub-section) Medicines for Ebola virus disease

The Expert Committee recommended the addition of the monoclonal antibodies ansuvimab and
atoltivimab + maftivimab + odesivimab to the core list of the EML and EMLc for the treatment of
confirmed Ebola virus disease caused by Zaire ebolavirus in adults and children, and in neonates of
unconfirmed infection status aged 7 days or younger, born to mothers with confirmed infection.
The Committee noted that Ebola virus disease is a life-threatening disease with a high case-fatality
rate, for which effective treatments are of public health importance. The Committee considered
that the available clinical trial evidence for ansuvimab and atoltivimab + maftivimab + odesivimab
has demonstrated important reductions in mortality compared to standard supportive care alone.
The Committee considered that their inclusion on the Model Lists would represent a strong equity
and advocacy message, fully aligned with WHO guidelines, that could contribute to broader
actions being undertaken to ensure reliable, affordable access to quality-assured therapeutics for
Ebola virus disease.
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Section 6.8 (new sub-section) Medicines for COVID-19

Taking account of the global recognition of the need for effective therapeutics to prevent and
treat coronavirus disease 2019 (COVID-19), as well as the need to ensure adequate and affordable
access globally to these treatments, the Expert Committee recommended that effective and
safe therapeutics for COVID-19 be considered as essential medicines and therefore be prioritized
by countries for national selection and procurement. However, the Committee also recognized
the continued rapid evolution of the evidence base for COVID-19 therapeutics, which contrasts
with the 2-year update cycle of the Model Lists. Furthermore, the evolution of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), combined with changing population immunity
may influence disease severity and thus have an impact on the relative and absolute benefits
associated with COVID-19 therapeutics. The Committee considered that in the context of public
health emergencies, there is a risk in listing medicines on the WHO Model Lists that later must
be removed because they are no longer relevant for the reasons outlined above, a scenario that
ideally should be avoided. The Committee recommended that countries should refer to WHO and
national guidelines as tools to orient prioritization of medicines during public health emergencies.

The Expert Committee recommended a new section be added to the EML and EMLc for COVID-19
therapeutics, but that specific, individual medicines should not be listed at this time. Rather, the
Committee recommended that this section of the Model Lists should direct national decision-
makers to the WHO living guidelines for COVID-19 therapeutics, noting that these are being
revised and updated regularly. Importantly, these living guidelines also include recommendations
for use of other medicines already included on the Model Lists (e.g. dexamethasone, oxygen), as
well as recommendations against the use of medicines that are included on the Model Lists for
other indications (e.g. hydroxychloroquine, lopinavir-ritonavir).

Section 8: Immunomodulators and antineoplastics
Section 8.1 Immunomodulators for non-malignant disease

The Expert Committee did not recommend the inclusion of subcutaneous injection formulations
of methotrexate on the EML and EMLc for the treatment of rheumatoid arthritis, juvenile
idiopathic arthritis, psoriasis and arthritic psoriasis, and Crohn disease in patients not responding
to maximum tolerable doses of oral methotrexate. The Committee noted that methotrexate is one
of the mainstays of treatment for these conditions, but that data on clinical efficacy and safety of
subcutaneous methotrexate compared to oral or intramuscular formulations are limited and are
based mostly on studies in patients with rheumatoid arthritis. Overall, the Committee considered
the possible benefits of subcutaneous compared to oral methotrexate were unclear, and with
limited available evidence suggesting only modest benefits in a small proportion of patients, at a
considerably higher price.

Section 8.2 Antineoplastic and supportive medicines

A total of 12 applications for cancer medicines were considered by the Expert Committee. These
included requests for addition of new cancer medicines, and requests for new indications for
already listed cancer medicines. Three applications (programmed cell death protein 1 (PD-1) and
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programmed death-ligand 1 (PD-L1) immune checkpoint inhibitors for non-oncogene-addicted
locally advanced and metastatic non-small-cell lung cancer, osimertinib for epidermal growth
factor receptor (EGFR)-mutated locally advanced or metastatic non-small-cell lung cancer, and
cyclin-dependent kinase 4/6 inhibitors for hormone-receptor positive/HER2-negative advanced
breast cancer) were resubmissions following recommendations not to list them made by the
2021 Expert Committee. All applications were reviewed by the EML Cancer Medicines Working
Group prior to the meeting, who provided written comments to inform the Expert Committee’s
considerations.

Expert Committee recommendations to include new cancer and supportive medicines

— The inclusion of pegylated liposomal doxorubicin on the complementary list
of the EML and EMLc for the treatment of Kaposi sarcoma. The Committee
noted evidence that pegylated liposomal doxorubicin is associated with similar
or improved survival benefits and reduced harms in comparison to non-
liposomal doxorubicin and other routinely used chemotherapies, and pegylated
doxorubicin is a preferred therapeutic alternative to paclitaxel in children as the
experience with paclitaxel in this setting is still limited.

- The inclusion of pedfilgrastim (including quality-assured biosimilars) on the
complementary list of the EML and EMLc for primary prophylaxis in patients
at high risk for developing febrile neutropenia associated with myelotoxic
chemotherapy, and for secondary prophylaxis in patients who have experienced
neutropenia following prior myelotoxic chemotherapy. The Committee noted
that a single dose of pegfilgrastim (once every 2 weeks) is an efficacious and
safe alternative to daily injections of filgrastim. The Committee considered
that pegfilgrastim may offer advantages over filgrastim in settings where
refrigerated storage outside of secondary treatment centres is limited. In these
settings, patients being treated with filgrastim face longer hospital stays or daily
clinic visits and this has been associated with lower adherence to treatment and
increased risk of life-threatening infections. The Committee noted that filgrastim
remains a relevant treatment option for patients in whom a treatment duration
of less than 2 weeks is indicated.

Expert Committee recommendations to include new indications for existing listed
cancer and supportive medicines

- The extension of current listings of cyclophosphamide, cytarabine,
dexamethasone,  doxorubicin,  etoposide,  ifosfamide,  methotrexate,
prednisolone and vinblastine on the complementary list of the EML and EMLc to
include the new indication of anaplastic large-cell lymphoma. These medicines
are recognized as part of the standard of care for anaplastic large cell lymphoma.
Their benefits and harms were accepted as being well established from use in
other indications in children and in adults.



- Theextension of currentlistings of cytarabine,immunoglobulin, mercaptopurine,
methotrexate, prednisolone, vinblastine and vincristine on the complementary
list of the EML and EMLc to include the new indication of Langerhans cell
histiocytosis. While Langerhans cell histiocytosis is considered a rare disease, the
Committee acknowledged that treatment is associated with very high survival
rates in many cases. These medicines are recognized as part of the standard of
care for children with Langerhans cell histiocytosis. Their benefits and harms
were accepted as being well established from use in other indications in
children and in adults.

- The extension of the current listing for rituximab on the complementary list
of the EML and EMLc to include the new indication of Burkitt lymphoma. The
Committee noted that rituximab, when added to standard chemotherapy, is
associated with meaningful benefits in terms of event-free and overall survival
in children and adolescents, with a well known and acceptable safety profile.

The Expert Committee did not recommend listing for the following new medicines
and/or new indications

— Cladribine for the treatment of refractory Langerhans cell histiocytosis with
involvement of risk organs (a high-risk subgroup) in children and adolescents.
The Committee noted that cladribine is associated with serious haematological
toxicities limiting its safe use to specialist tertiary care centres and impacting the
feasibility of use.

— Crizotinib for the treatment of relapsed/refractory anaplastic large-cell
lymphoma in children and adolescents because of insufficient evidence and
toxicity concerns.

- Cyclin-dependent kinase 4/6 inhibitors (abemaciclib, palbociclib and ribociclib)
for the treatment of hormone receptor positive/HER2-negative advanced breast
cancer. The Committee acknowledged that clinical trial results for this class of
medicines in the first- and second-line settings suggest a meaningful survival
benefit when added to endocrine therapy compared with endocrine therapy
alone.However, the Committee considered that uncertainties still exist regarding
the optimal, most active and best tolerated dose, noting that many patients
had to reduce the dose in the pivotal trials. The Committee also considered that
there were uncertainties regarding the duration of treatment, positioning as
first or second line in the metastatic setting, and whether clinically significant
differences exist between agents within the pharmacological class. As in 2021,
the Committee noted the enduring high prices of these medicines, which would
pose serious affordability challenges, especially in low- and middle-income
countries. The Committee recommended that data for these medicines continue
to be evaluated as they evolve and reiterated the recommendation of the 2021
Expert Committee that this class of medicines be flagged to the Medicines
Patent Pool as potential candidates for voluntary licensing agreements.

Xvii



— Osimertinib for first-line treatment of EGFR-mutated locally advanced or
metastatic non-small cell lung cancer. The Committee acknowledged that
current data show meaningful survival benefits for osimertinib, a third-
generation tyrosine kinase inhibitor, compared to first- and second-generation
EML-listed alternatives for this indication (erlotinib, gefitinib and afatinib).
However, the Committee noted that osimertinib remains very highly priced, and
as such would still be unaffordable in many low- and middle-income countries.
The Committee expressed concern that the inclusion of osimertinib on the EML
could worsen health inequity by diverting limited resources from less expensive
alternatives (including generics) already listed on the EML for this indication.
The Committee requested that data for osimertinib continue to be evaluated as
they evolve and encouraged efforts to facilitate affordable access to osimertinib
in low- and middle-income settings, for example, through negotiation of public
health licensing agreements through the Medicines Patent Pool.

- Zanubrutinib for treatment-naive or relapsed/refractory chronic lymphocytic
leukaemia/small lymphocytic lymphoma. The Committee noted the results
of clinical trials comparing zanubrutinib with bendamustine plus rituximab
in previously untreated patients, and with ibrutinib in patients with relapsed/
refractory disease, showed promising survival gains. However, the Committee
considered that the magnitude of these gains may be limited, and that few long-
term data were available. The Committee also noted important toxicity concerns
(particularly neutropenia). The Committee considered that at the current high
price, zanubrutinib would neither be considered cost-effective nor affordable
in most low- and middle-income settings. The Committee considered that
substitution of ibrutinib with zanubrutinib would not necessarily be associated
with health budget savings as proposed in the application, because lower
ibrutinib doses than those described in the application may be used in clinical
practice.

- (D-19-directed antigen receptor (CAR) T-cells (axicabtagene ciloleucel,
tisagenlecleucel, lisocabtagene maraleucel) for the treatment of adults with
relapsed or refractory large B-cell lymphoma. The Committee acknowledged
that CAR T-cell treatment outperforms the standard of care with salvage
immunochemotherapy in terms of progression free-survival, however the
survival data remain immature. The Committee noted variability across trials
(with one study suggesting a potential negative effect associated with CAR
T-cell therapy) and limited long-term follow-up for all CAR-T therapies proposed,
making the actual survival benefit uncertain. The Committee noted significant
safety concerns including cytokine release syndrome and neurological toxicity
that can occur in a high proportion of patients and which requires highly
specialized medical management. The Committee recognized that treatment of
patients using CART-cell therapy requires dedicated health system resources and
infrastructure well beyond those available in most settings. CAR T-cell therapy
has generally been found not to be cost-effective with large budgetimpacts due
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to prohibitive production costs for administration and management of toxicities.
However, the Committee noted with interest that these therapies are becoming
increasingly available in academic settings and closed/semi-automated
manufacturing process systems are now available which may substantially
reduce prices and likely increase availability. Recognizing the promising role of
CAR T-cell therapy for large B-cell lymphoma and potentially also other cancers,
the Committee recommended that evidence for these therapies, as well as their
growing availability and affordability, should continue to be monitored by WHO.

— PD-1 and PD-L1 immune checkpoint inhibitors for the first-line treatment of
non-oncogene-addicted metastatic NSCLC in patients with tumour PD-L1
expression > 50% (pembrolizumab, atezolizumab, cemiplimab) and of non-
oncogene addicted locally advanced, unresectable non-small cell lung cancer
following chemo-radiotherapy in patients with tumour PD-L1 expression
> 1% (durvalumab). As was the case in 2021, the Committee accepted these
medicines continue to demonstrate a relevant and meaningful survival benefit
for eligible patients, and possible improvements in quality of life compared
with platinum-based chemotherapy. The available evidence is particularly
strong for pembrolizumab, for which overall survival benefits are maintained
over 5 years. Atezolizumab and cemiplimab show similar benefits, although
the available follow-up data are shorter. Similarly, durvalumab data are less
mature and will require further consideration. The Committee considered that
an overall net benefit can be reasonably assumed for the entire class when
compared to platinum-based chemotherapies. However, more data are needed
regarding the optimal doses and duration of treatment, with some data already
suggesting that for several immune checkpoint inhibitors, lower doses and
shorter durations may be sufficient. In principle, the Committee considered that
the availability of several immune checkpoint inhibitors as therapeutic options
can boost competition and facilitate affordable access. These considerations
notwithstanding, the Committee noted that prices for immune checkpoint
inhibitors remain prohibitively high in most settings, and global access to
affordable companion diagnostic tests is limited. Coupled with the high global
prevalence of non-small-cell lung cancer, the opportunity costs of providing
treatment with immune checkpoint inhibitors would be substantial for many
health systems and would divert limited available resources from other public
health programmes. The Expert Committee encouraged WHO to continue
to work on strategies to address the issue of high prices of effective cancer
medicines and identify solutions to facilitate increased affordable access.

— Tislelizumab for the treatment of non-oncogene-addicted locally advanced
and metastatic non-small cell lung cancer, without patient preselection based
on PD-L1 tumour expression. The Committee noted that survival data from
clinical trials comparing tislelizumab plus chemotherapy versus chemotherapy
alone were immature, with less than 2 years of follow-up, and therefore, while
promising based on the available data, the overall survival benefit was still
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uncertain. The Committee acknowledged that the reported price of tislelizumab
in China (the only country where tislelizumab is currently approved and
available for this indication) was notably lower than the price of other immune
checkpoint inhibitors in this setting.

— Toripalimab for the treatment of locally advanced or metastatic nasopharyngeal
and oesophageal cancers. The Committee noted that the survival benefit
observed when toripalimab is added to chemotherapy for first-line treatment of
advanced nasopharyngeal cancer was currently modest, and that toripalimab
had been assigned a score of 3 on the European Society for Medical Oncology’s
Magnitude of Clinical Benefit Scale (below the accepted score for cancer
medicines on the EML). For advanced oesophageal cancer, the Committee
noted that toripalimab plus chemotherapy compared to chemotherapy alone
might meaningfully improve survival, however the available evidence was still
preliminary with only a short follow-up. The Committee acknowledged that the
reported price of toripalimab in China (the only country where toripalimab is
currently approved and available for these indications) was considerably lower
than other immune checkpoint inhibitors in this setting.

Section 9: (renamed) Therapeutic foods

The Expert Committee recommended the inclusion of ready-to-use therapeutic food (RUTF) on
the core list of the EMLc for the treatment of severe acute malnutrition in children aged 6 months
to 5 years based on evidence from systematic reviews that demonstrated that the use of RUTF is
associated with important benefits in terms of nutritional recovery and weight gain compared
to standard care. The Committee was satisfied with the information provided by the applicants
addressing the specific concerns highlighted by the 2019 Expert Committee regarding potential
consequences of including RUTF on the Model List and associated risk-mitigation measures. The
Committee was also reassured by the publication of Codex Alimentarius guidelines which define
the nutritional composition, production and labelling standards for RUTF as a food for special
medical purposes.

Section 10: Medicines affecting the blood
Section 10.1 Antianaemia medicines

The Expert Committee recommended the inclusion of a new strength formulation of ferrous salt
+ folic acid (60 mg elemental iron + 2.8 mg folic acid) on the core list of the EML as a weekly-
administered supplement for prevention of anaemia in menstruating women and adolescent girls,
and for reducing the risk of pregnancies affected by neural tube defects. The Committee noted that
weekly intermittent supplementation with this formulation was associated with similar outcomes
as daily iron and folic acid supplementation and is likely to be associated with advantages in
terms of adherence. The Committee also noted that weekly iron and folic acid supplementation is
recommended in multiple WHO guidelines.
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Section 10.3 Other medicines for haemoglobinopathies

The Expert Committee recommended that oral deferasirox be transferred to the core list of the
EML and EMLc for use in the treatment of transfusional iron overload in patients with thalassaemia
syndromes, sickle-cell disease and other chronic anaemias, with a square box listing specifying
oral deferiprone as a therapeutic alternative. The Committee also recommended that intravenous
deferoxamine remain listed on the complementary list of the EML and EMLc for these indications,
and the square box associated with the current listing be removed. The Committee accepted that
the comparative efficacy and safety of deferiprone, deferoxamine and deferasirox were generally
similar, and that orally administered treatments may be preferred options. The Committee
recognized the value in having multiple iron chelating agents included on the Model Lists to
enable countries to make appropriate national selection decisions taking into consideration
relevant contextual factors.

Section 11: Blood products of human origin and plasma substitutes
Section 11.1 Blood and blood components

The Expert Committee recommended the inclusion of pathogen-reduced cryoprecipitate on the
core list of the EML and EMLc with a square box, indicating non-pathogen-reduced cryoprecipitate
as a therapeutic alternative. The Committee noted that cryoprecipitate is used to replace
coagulation factors in cases of massive haemorrhage, von Willebrand disease and deficiency of
coagulation factor XIII. It may also be used as an alternative to coagulation factor VIl concentrate
in haemophilia A in settings where this is unavailable or unaffordable. The Committee also noted
that pathogen reduction of cryoprecipitate can reduce the risk of transmission of bloodborne
infectious agents and has been associated with lower risks of alloimmunization and allergic
transfusion reactions compared to other blood components.

Section 11.2.2 Blood coagulation factors

The Expert Committee did not recommend inclusion of recombinant coagulation factors or
bypassing agents as therapeutic alternatives to plasma-derived coagulation factors under the
square box listings for coagulation factors VIl and/or IX on the EML and EMLc. The Committee
advised that future consideration for the inclusion of these products on the Model Lists will require
full applications, compliant with the requirements for EML applications and containing all relevant
information, so that the available evidence can be evaluated in line with standard procedures.

The Committee recommended that the square box be removed from the current listing of
coagulation factor VI, noting that other proposed alternatives (desmopressin and cryoprecipitate)
areincludedinthe ModelLists asindependent istings. The Committee recommended the inclusion
of additional strength formulations (250 IU and 1000 IU per vial) of factor VIII, acknowledging that
these are the most commonly used and available formulations.

The Committee agreed that coagulation factor IX complex is a suitable therapeutic alternative to
coagulation factor IXin situations where purified factor IX is not available. The Committee therefore
recommended that coagulation factor IX complex be included as a therapeutic alternative under
the current square box listing for factor IX.
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The Committee did not recommend removal of dextran from the Model Lists. While it is not used
in the treatment of haemophilia, it remains an essential plasma substitute for patients in need of
blood volume replacement.

Section 12: Cardiovascular medicines
Section 12.5.1 Anti-platelet medicines

The Expert Committee did not recommend the addition of ticagrelor to the core list of the EML
for the prevention of atherothrombotic events in adults with acute coronary syndromes or high-
risk patients with a history of myocardial infarction. The Committee considered that there was
uncertainty in efficacy outcomes across trials comparing ticagrelor and clopidogrel and among
different patient subpopulations. The Committee also noted that ticagrelor was associated with
significantly increased risks of some important bleeding outcomes (e.g. fatal intracranial bleeding).
Further, while it was noted that generics of ticagrelor are available, it remains more expensive than
clopidogrel in many settings.

Section 12.7 (new sub-section) Fixed-dose combinations for prevention of
atherosclerotic cardiovascular disease

The Committee recommended the inclusion of three fixed-dose combinations of cardiovascular
medicines (acetylsalicylic acid + simvastatin + ramipril + atenolol + hydrochlorothiazide;
acetylsalicylic acid + atorvastatin + ramipril; atorvastatin + perindopril + amlodipine) on the
core list of the EML for use in primary and secondary prevention of atherosclerotic cardiovascular
diseases. Components of the combinations are listed with a square box, indicating other medicines
within the respective pharmacological classes represent therapeutic alternatives, consistent
with the current square box listings for hydrochlorothiazide, antihypertensives and statins. The
Committee noted evidence from large randomized controlled trials that indicate that use of these
combinations is associated with reduced risks of cardiovascular events, including fatal and non-
fatal myocardial infarction and stroke and the need for revascularization in primary and secondary
prevention settings. The Committee also noted data that indicates that the combination products
are associated with improved adherence and quality of life, at prices equal to or lower than
multiple component monotherapies. This recommendation notwithstanding, the Committee
emphasized that the ongoing availability of single agent cardiovascular medicines was critical
to allow treatment modification where necessary, and that combination products should not
displace single components at the country level. The Committee further considered that guidance
concerning the most appropriate use of these fixed-dose combinations for different indications
should be provided in separate WHO guidance documents.

Section 13: Dermatological medicines

The Expert Committee did not recommend the inclusion of sunscreen on the EML and EMLc for
the prevention of skin cancer in people with albinism or xeroderma pigmentosum. The Committee
acknowledged the public health relevance and effectiveness of sunscreen in preventing skin cancer
especially in high-risk subgroups, such as people with albinism or xeroderma pigmentosum, but

WHO Technical Report Series, No. 1049, 2024



also in the general population. The Committee agreed that the use of sunscreens, as well as other
sun-protection and sun-avoidance strategies and behaviours, are important, effective preventive
interventions to reduce the incidence and prevalence of skin cancers, including melanoma. The
Committee also noted that the global burden of disease of such cancers is increasing, and that
their treatment is associated with considerable costs for both individuals and health systems.

The Committee considered that before being able to recommend sunscreen products for
inclusion on the Model Lists, it would be necessary to define relevant standards and specifications
for therapeutic (as distinct from cosmetic) sunscreen products protecting against both ultraviolet
A and B rays (i.e. broad spectrum). This would include details of specific active ingredients and
their concentration, and the range of sun protection factor rating. This information needs to be
supported by evidence and implications for labelling standards, to provide clear and reliable
guidance for countries for selection of the most appropriate sunscreen products.

13.4 Medicines affecting skin differentiation and proliferation

The Expert Committee acknowledged the global burden of psoriasis and the public health need
for effective treatments. Until now, only topical therapies for psoriasis have been included on the
Model Lists. The Committee recommended the inclusion of methotrexate on the complementary
list of the EML and EMLc for the new indication of psoriasis, based on a favourable balance of
desirable to undesirable effects. The Committee did not recommend the inclusion of ustekinumab
onthe EML for the treatment of severe psoriasis in adults. The Committee recognized the important
role of biological disease-modifying agents in the management of moderate to severe psoriasis.
The Committee requested that a comprehensive review of all biological disease-modifying
medicines in the treatment of moderate-to-severe forms of psoriasis be undertaken to inform
future consideration for EML and EMLc listing.

Section 18: Medicines for endocrine disorders

The Expert Committee did not recommend inclusion of the vitamin D analogues alfacalcidol
and calcitriol on the complementary list of the EML and EMLc for the proposed indications
of hypoparathyroidism, hypophosphataemic rickets, hypocalcaemic vitamin D dependent/
resistant rickets, neonatal hypocalcaemia, chronic kidney disease, and other disorders of
vitamin D metabolism or transport. While the application included reference to conditional
guideline recommendations for the use of vitamin D analogues in chronic kidney disease,
hypophosphataemic rickets and hypoparathyroidism, overall, the Committee noted that the
evidence base was uncertain due to risk of bias, indirectness when assessing patient-important
outcomes, inconsistencies and imprecision. The Committee considered that the limited likelihood
of influencing important clinical outcomes was potentially outweighed by the risks associated
with the use of alfacalcidol and calcitriol, such as hypercalciuria, decrease in renal function and
cardiovascular risk.

The Expert Committee did not recommend the inclusion of phosphorus on the complementary
list of the EMLc, for the treatment of hypophosphataemic rickets in children. The Committee
noted evidence from small cohort studies which suggests that early introduction of treatment
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with phosphorus and vitamin D in children with hypophosphataemic rickets has beneficial effects
in terms of growth, improved bone mineralization and reduced bone deformities. However,
the Committee considered that hypophosphataemic rickets is a relatively rare condition which
constitutes only a small subgroup of all hypophosphataemic conditions that may benefit from
phosphorus supplementation. The Committee therefore considered that a comprehensive review
of the evidence for phosphorus treatment across all conditions for which it is indicated should be
requested for future consideration.

The Expert Committee did not recommend inclusion of zoledronic acid on the EML and EMLc
for the new indication of osteogenesis imperfecta. The Committee noted that available evidence
suggests that bisphosphonates may increase bone mineral density but considered that the
benefits of bisphosphonate treatment on other important outcomes such as fracture risk, bone
pain and physical functioning were unclear.

The Expert Committee did not recommend inclusion of ketoconazole on the EML for the treatment
of Cushing syndrome. The Committee noted that the available evidence suggests that a significant
proportion of patients have a good response to treatment with ketoconazole, however, the
certainty of evidence was low, and there are serious concerns about the safety profile associated
with systemic use of ketoconazole, including potentially severe liver toxicity, and the potential for
numerous drug—drug interactions.

The Expert Committee did not recommend inclusion of glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) to the core list of the EML for weight loss in obesity because of uncertain long-term
clinical benefit and safety in this patient population. The Committee noted that GLP-1 RAs have
been shown to reduce weight and body mass index in the short term compared to placebo.
However, data are lacking on long-term effectiveness, optimal duration of treatment, maintenance
of weight reduction once the therapy is stopped and effect on other clinically important outcomes
(e.g. hypertension or hyperglycaemia). Long-term safety data are also lacking.

Section 18.3 Estrogens

The Expert Committee did not recommend inclusion of 17-B-estradiol on the complementary
list of the EML for the management of pubertal development in adolescents with primary or
secondary ovarian failure. The Committee considered that the application reported insufficient
information on the evidence supporting the use of estradiol for the proposed indication, including
optimal dosages and formulations. The Committee noted that global prevalence of primary ovarian
failure or primary ovarian insufficiency varies among different populations but is generally low.
The Committee considered that re-evaluation of estradiol should be made taking into account
additional indications for which estradiol is routinely used, such as hormone replacement therapy
in menopause or following hysterectomy.

Section 18.5.1 Insulins

The Expert Committee recommended that the current listings for human insulin on the core list
of the EML and EMLc be extended to include cartridge and prefilled pen delivery systems. The
Committee considered that cartridges and prefilled pens may offer advantages for patients over
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vials and syringes in terms of ease of use, greater accuracy of dosing and improved adherence.
The Committee acknowledged that affordable access to insulin products remains a critical global
health priority.

Section 18.6 Medicines for hypoglycaemia

The Expert Committee did not recommend the inclusion of somatropin on the complementary
list of the EMLc for the management of hypoglycaemia secondary to growth hormone deficiency
in neonates, infants and young children. The Committee acknowledged that the management of
hypoglycaemia, of any etiology, in neonates and infants is critical to prevent permanent neurological
sequelae. However, the Committee considered that comparative evidence for somatropin versus
other medicines for management of hypoglycaemia currently included on the Model Lists
(e.g. diazoxide, glucagon, glucose) and information regarding the comparative costs and cost—
effectiveness would be necessary to inform any future consideration for somatropin in this indication.

Section 18.8 (new sub-section) Medicines for disorders of the pituitary
hormone system

The Expert Committee recommended the inclusion of cabergoline on the core list of the EML for
the medical management of hyperprolactinaemia associated with prolactin-secreting pituitary
adenomas (prolactinomas). Listing was recommended with bromocriptine as a therapeutic
alternative under a square box listing. Overall, the Committee considered that the available
evidence suggests medical therapy with dopamine agonists can achieve prolactin normalization
in most patients. The Committee noted that dopamine agonist therapy is a preferred first-line
intervention for management of hyperprolactinaemia and prolactinomas and may be the only
option in settings where specialist neurosurgery is not available, or in patients for whom surgery
is not feasible. Cabergoline may be superior to bromocriptine in decreasing the serum prolactin
concentration and has fewer adverse effects but is usually more costly.

The Expert Committee recommended the inclusion of octreotide immediate-release and
modified-release injections on the complementary list of the EML for use in the management of
gigantism and acromegaly in adults with growth hormone-producing tumours. The Committee
noted that trans-sphenoidal surgery is the treatment of first choice for this condition but accepted
that pharmacological treatment with somatostatin analogues is an effective alternative in
situations where surgery is not possible or available. The Committee did not recommend the
inclusion of lanreotide depot injection either as an individual listing or as a therapeutic alternative
to octreotide, because it was not shown to be superior to octreotide, is more expensive, and unlike
octreotide, is not yet available as generics.

Section 19: Immunologicals
Section 19.3 Vaccines

This section was reviewed by the Secretariat for consistency and full alignment with the latest
WHO recommendations for routine immunization (March 2023). No changes to the current
vaccine listings on the EML and EMLc were required.
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Section 21: Ophthalmological preparations

The Expert Committee did not recommend inclusion of hypromellose on the EML and EMLc for the
treatment of dry eye disease in adults and children. The Committee accepted that hypromellose
is a safe and effective ocular surface lubricant for reducing the signs and symptoms of dry eyes,
especially for patients with mild-to-moderate symptoms. However, the Committee considered that
the sight-threatening complications of dry eye disease are primarily associated with severe forms
of the condition. There was limited evidence comparing hypromellose versus other artificial tear
preparations, including combinations, for improvement in relevant clinical outcomes, specifically
in patients with severe dry eye disease.

Section 22: Medicines for reproductive health and perinatal care
Section 22.2 Ovulation inducers

The Expert Committee recommended inclusion of letrozole on the complementary list of the
EML for the treatment of anovulatory infertility associated with polycystic ovary syndrome or
unexplained infertility. Listing was recommended with anastrozole as a therapeutic alternative
under a square box listing. The Committee noted evidence that letrozole is associated with a
moderate increase in live births and clinical pregnancies compared to clomifene (a medicine
currently included in the EML) in patients with infertility due to polycystic ovary syndrome, and
similar efficacy to clomifene for live births or biochemically tested pregnancy in couples with
unexplained infertility. The Committee noted that WHO guidelines for the prevention, diagnosis
and treatment of infertility are in development, and are expected to include recommendations for
use of letrozole for ovulation induction in these populations.

Section 22.3 Uterotonics

The Committee recommended that the current listing of mifepristone + misoprostol on the core
list of the EML be extended to include the new indication of medical management of intra-uterine
fetal demise. The Committee noted evidence that the combination regimen was associated with
higher rates of expulsion and shorter expulsion times than misoprostol alone. The Committee
considered that adverse effects associated with use of the combination were generally mild,
well known and manageable. The Committee also noted that the medical management of intra-
uterine fetal demise using this combination regimen has been included in WHO guidelines for
medical management of abortion since 2018.

Section 24: Medicines for mental and behavioural disorders

A total of 16 applications for medicines for mental health conditions and substance use disorders
were considered by the Expert Committee. Many were developed by, or in consultation with the
WHO Department of Mental Health and Substance Use, with the goal of optimizing alignment
between the Model Lists and recommendations in relevant WHO guidelines.

WHO Technical Report Series, No. 1049, 2024

XXVi



Section 24.1 Medicines used in psychotic disorders

The Expert Committee recommended the removal of chlorpromazine immediate-release
injection from the core list of the EML for the treatment of schizophrenia and related psychoses
because of a lack of high-quality evidence of benefit versus either placebo, or the alternative EML-
listed haloperidol immediate-release injection, with a likely increased risk of adverse effects. The
Committee recommended inclusion of olanzapine immediate-release injection on the core list
of the EML for the acute treatment of schizophrenia and related psychoses based on evidence of
similar effectiveness and greater tolerability compared to haloperidolimmediate-release injection.

The Expert Committee did not recommend inclusion of paliperidone palmitate 3-month long-
acting injection on the EML for maintenance treatment of schizophrenia. The Committee noted
that compared to the 1-month formulation, the 3-month formulation has evidence of similar
clinical efficacy and safety and may offer advantages to patients in terms of fewer injections.
However, the Committee noted that it is not recommended to initiate treatment with the 3-month
formulation, rather it is used in patients who demonstrate benefit and tolerance to the 1-month
formulation over at least 4 months. In addition, the 3-month formulation is more highly priced,
not yet available as a generic and currently has limited availability in low- and middle-income
countries.

The Expert Committee recommended the addition of a square box to the listing of risperidone
on the EML for treatment of schizophrenia and related chronic psychotic disorders, specifying oral
aripiprazole, olanzapine, paliperidone and quetiapine as therapeutic alternatives. The Committee
noted that evidence from several high-quality meta-analyses on the acute and maintenance
treatment of schizophrenia and other chronic psychoses found most oral second-generation
antipsychotics were similarly effective and tolerable.

The Expert Committee recalled the request made by the 2021 Committee that therapeutic
alternatives for the square box listings for chlorpromazine, fluphenazine and haloperidol in this
section of the EML be reviewed. The Expert Committee accepted the rationale applied by the WHO
Department of Mental Health and Substance Use in identifying suitable therapeutic alternatives,
and made the following recommendations:

— chlorpromazine (oral formulations only) should be included as a therapeutic
alternative to oral haloperidol (This recommendation, coupled with the
recommendation above to remove chlorpromazine injection, effectively
removes the independent listing for chlorpromazine from the EML);

- haloperidol decanoate and zuclopenthixol decanoate should be included as
therapeutic alternatives to fluphenazine (decanoate/enantate).

The Expert Committee recommended the deletion of chlorpromazine and haloperidol (all dosage
forms) from the complementary list of the EMLc. The Committee noted that schizophrenia and
other chronic psychotic disorders are rare in children younger than 12 years. The Committee
agreed that the available evidence for these medicines in the treatment of psychoses in children
was inconclusive and insufficient to support their ongoing inclusion on the EMLc.
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Section 24.2.1 Medicines used in depressive disorders

The Expert Committee recommended that the square box be removed from the current listing for
amitriptyline for the treatment of depressive disorders on the EML. The Committee considered that
there are insufficient data to support the inclusion of other tricyclic antidepressants as therapeutic
alternatives for amitriptyline. The Committee considered that amitriptyline is the tricyclic
antidepressant with the larger evidence base and other molecules have insufficient evidence, or
are likely to be inferior to amitriptyline in some relevant areas (e.g. clomipramine is likely to be less
acceptable to patients than amitriptyline and placebo).

The Expert Committee recommended the deletion of fluoxetine for the treatment of depressive
disorders in children from the complementary list of the EMLc. The Committee accepted that
fluoxetine may be used in children younger than 12 years in some setting where there is limited
access to mental healthfacilities and non-pharmacological interventions and may be recommended
in some consensus guidelines. However, the Committee noted that the reported prevalence of
depression in children younger than 12 years is low and considered that the current evidence for
use of fluoxetine in this age group was inconclusive and insufficient to support its ongoing inclusion
the EMLc. This recommendation therefore also applies to the listing of fluoxetine on the EMLc in
Section 2.3 Medicines for other common symptoms in palliative care. The Committee noted that
the prevalence of depression substantially increases throughout adolescence and into adulthood
and confirmed that fluoxetine will remain on the EML for the treatment of depression in adults.

The Expert Committee did not recommend the inclusion of phenelzine on the complementary list
of the EML for use in treatment-resistant depression because of uncertain evidence for benefitin the
proposed patient population and increased risk of harms. The Committee noted that the systematic
reviews and meta-analyses presented in the application which evaluated the comparative efficacy
of phenelzine versus placebo or other antidepressants did not include participants with treatment-
resistant depression. The Committee also noted that phenelzine is associated with potentially
serious adverse effects and has high potential for drug—drug and drug—food interactions. Treatment
with phenelzine therefore would require careful and specialized monitoring and management,
which may not be available in many low- and middle-income settings.

Section 24.2.2 Medicines used in bipolar disorders

The Expert Committee recommended the inclusion of quetiapine, with a square box indicating
aripiprazole, olanzapine and paliperidone as specified therapeutic alternatives, on the core list
of the EML for treatment of bipolar disorders. The Committee considered that the evidence
presented in the application demonstrated the effectiveness of the proposed second-generation
antipsychotics in the acute treatment and long-term prevention of mania/hypomania and/or
depression in bipolar disorders was similar to that of classic mood stabilizers currently included
on the EML (carbamazepine, lithium carbonate and valproic acid). All proposed medicines were
shown to be either superior or non-inferior to placebo for acceptability (determined by all-
cause discontinuations). The Committee agreed that second-generation antipsychotics have an
important role in bipolar disorders in patients who do not adequately respond to or experience
adverse events from mood stabilizers. Moreover, the Committee noted that the two classes of
medicines may be used in combination in selected patients in clinical practice.
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Section 24.3 Medicines for anxiety disorders

The Expert Committee recommended the addition of a note to the listing of diazepam in this section
of the EML to indicate use is only recommended for the short-term emergency management of
acute and severe anxiety symptoms as the balance of benefits and risks of diazepam use under
these circumstances is considered favourable. The Committee also recommended that lorazepam
be specified as the only therapeutic alternative under the square box listing for diazepam for this
indication. These recommendations are aligned with expected recommendations in updated
mhGAP guidelines.

The Expert Committee recommended the inclusion of fluoxetine on the EML for the new
indications of use in generalized anxiety disorder, panic disorder and social anxiety disorder. Listing
is recommended with a square box specifying citalopram, escitalopram, fluvoxamine, paroxetine
and sertraline as therapeutic alternatives. The Committee considered that the evidence presented
in the application supported the use of fluoxetine and the proposed alternative selective serotonin
reuptake inhibitors (SSRIs) for these indications as they were shown to be more effective than
placebo in reducing anxiety symptoms and have a well known and acceptable safety profile.

Section 24.4 Medicines used for obsessive-compulsive disorders

The Expert Committee recommended the inclusion of fluoxetine on the EML for the new indication
of obsessive—compulsive disorder in adults. Listing is recommended with a square box specifying
citalopram, escitalopram, fluvoxamine, paroxetine and sertraline as therapeutic alternatives.
The Committee considered that the evidence presented in the application supported the use
of fluoxetine and the proposed alternative SSRIs for the treatment of obsessive—compulsive
disorder, indicating that SSRIs are more effective than placebo in reducing obsessive—compulsive
symptoms, and have a more favourable safety profile than tricyclic antidepressants.

Section 24.5 Medicines for disorders due to psychoactive substance use

This section of the Model Lists has been updated to include separate subsections for medicines for
alcohol, nicotine and opioid use disorders.

Section 24.5.1 (new sub-section) Medicines for alcohol use disorders

The Expert Committee recommended the inclusion of acamprosate and naltrexone on the core
list of the EML for the treatment of alcohol use disorder in adults. The Committee considered that
the available evidence showed these medicines to be associated with moderate improvements
in abstinence rates, which would translate to meaningful impact at the population level. Both
medicines are generally well tolerated and are recommended in WHO guidelines. The Committee
considered that the availability of different medicines for alcohol use disorder would provide
valuable options and choice for patients and clinicians, and could facilitate increased market
competition, reduce costs and improve affordable access for national health systems.

Section 24.5.2 (new sub-section) Medicines for nicotine use disorders

The Expert Committee recommended the inclusion of nicotine lozenges and mouth spray on the
core list of the EML as additional forms of nicotine replacement therapy for tobacco and smoking
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cessation. The Committee noted high-quality evidence from multiple randomized controlled trials
that all licensed forms of nicotine replacement therapy are effective at increasing cessation rates.
The Committee considered that the availability of different forms of nicotine replacement therapy
would provide options and choice for patients and clinicians, and could facilitate increased market
competition, reduce costs and improve affordable access for national health systems.

Section 29: Medicines for diseases of joints
Section 29.3 Juvenile joint diseases

The Expert Committee recommended the inclusion of triamcinolone hexacetonide on the
complementary list of the EML and EMLc for use in the treatment of juvenile idiopathic arthritis.
Listing is recommended with a square box with triamcinolone acetonide as a therapeutic
alternative for national selection in situations where triamcinolone hexacetonide is not available.
The Committee noted that the evidence indicates that triamcinolone hexacetonide is superior to
triamcinolone acetate in terms of efficacy and duration of response but it has been subject to
supply shortages worldwide. As was the case in 2021, the Committee considered that the available
evidence was still limited and of suboptimal quality, but accepted that use of intra-articular
glucocorticoid injections with triamcinolone (hexacetonide, and to a lesser extent acetonide) may
be associated with improvements in joint inflammation in oligoarticular forms of juvenile idiopathic
arthritis and have advantages over long-term systemic corticosteroid use in terms of harms.

The Expert Committee did not recommend the inclusion of anakinra for treatment of systemic-
onset juvenile idiopathic arthritis with macrophage activation syndrome, nor of tocilizumab for
treatment of systemic-onset juvenile idiopathic arthritis on the EML and EMLc. As was the case
when these medicines were considered in 2021, the Expert Committee considered that the clinical
benefits and safety of these medicines (including risk of infection) remain uncertain based on
the limited available evidence. The Committee also considered that the feasibility of use of these
medicines, particularly in low-resource settings was unlikely given their current high prices, and
requirements for specialized care and monitoring and management of adverse events.

Section 30: (renamed) Dental medicines and preparations

The Expert Committee recalled the request made by the 2021 Committee for WHO to identify
alternative fluoride-containing formulations recommended for use in the prevention of dental
caries so they can be clearly defined in the Model Lists to provide clear guidance to countries. The
Committee considered that the evidence presented in the applications for fluoride gel, mouthrinse
and varnish supported the effectiveness and safety of these products in the prevention of dental
caries, and therefore recommended their inclusion on the core list of the EML and EMLc, as specific
fluoride-containing formulations.

The Committee also recommended the inclusion of resin-based composites on the core list of
the EML and EMLc for use as dental sealants (low-viscosity forms) and as filling materials (high-
viscosity forms) in the prevention and treatment of dental caries. The Committee noted that these
products are effective and safe and have functional and aesthetic advantages compared to glass
ionomer cement, however they require more specialized expertise and facilities for application.
The Committee noted that the availability of effective alternatives to dental amalgam is important
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to enable parties to the Minamata Convention on Mercury to achieve the mandated phase-down
of dental amalgam use, decreasing environmental mercury pollution.

Other matters considered by the Expert Committee
Age-appropriateness of formulations of essential medicines for children

In consideration of the review of the age-appropriateness of formulations of medicines on the
EMLc, and the comparison report of the EML versus EMLc, the Expert Committee recommended
changes to the EMLc for addition of new, age-appropriate formulations and strengths of existing
essential medicines, deletion of unavailable or age-inappropriate formulations and strengths,
and other listing modifications as proposed in the application. The Committee also endorsed the
proposals for further review of the public health relevance and evidence of specific medicines
for use in children for potential future consideration for inclusion on the EMLc. The Committee
noted and welcomed the ongoing review being coordinated by the Secretariat for the remaining
sections of the EMLc for consideration by the 2025 Expert Committee.

Off-label use of medicines

The Expert Committee noted the comments received from the International Federation of
Pharmaceutical Manufacturers and Associations (IFPMA) regarding off-label use of medicines
included on the Model Lists. The Committee reiterated the views expressed by the 2015 Expert
Committee regarding consideration of medicines for inclusion on the Model Lists for off-label uses
or indications — namely, that labelling is the responsibility of national regulatory authorities, and
there may consequently be different labels for the same product in different countries, and that
there is thus no global standard for what is considered “off-label”. Furthermore, updating approved
labels for older products may not be pursued by market authorization holder(s) if doing so is not
determined to be commercially viable, and that there are many examples of older products whose
regulatory labels are inconsistent with current clinical evidence and current clinical practice.
Consequently, the Expert Committee reaffirmed that off-label status of a medicine need not be a
reason to exclude it from the Model Lists if it otherwise meets the criteria for inclusion. Because
of the intended global audience of the Model Lists and the differences in national regulatory
labelling, the Committee recommended that off-label status should not be specifically marked in
the Model Lists. The Committee recognized that it is a responsibility of relevant national decision-
makers to consider national labelling and legal requirements in the selection and use of medicines
at the country level. The Committee considered that the inclusion on the Model Lists of those
off-label medicines that are associated with relevant clinical benefits and financial advantages can
play an important role in informing national selection and facilitating progress towards universal
health coverage.

Rare diseases

Medicines to treat rare diseases have been included on the Model Lists since the first EML was
published in 1977. The Expert Committee acknowledged that rare diseases are a diverse group
of conditions that individually affect a small portion of the population. However, collectively,
they can affect millions of people worldwide. There is no universally agreed definition of “rare’,
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with prevalence-based national and regional definitions of rare diseases (often in the context of
orphan medicine legislation) varying considerably. Furthermore, a disease may be considered
rare in one population or setting, while being highly prevalent in another, as disease prevalence
can vary depending on various population-specific, environmental and geographic factors. The
Committee also noted that with increasing advancements in precision medicine and targeted
treatments in some areas (e.g. oncology), small/rare subcategories of otherwise more common
diseases are emerging. The Committee noted that many, but not all, medicines for rare diseases
are highly priced and may be unaffordable for many patients and health care systems, particularly
in resource-constrained settings.

The Expert Committee recognized the role of the Model Lists in providing an evidence-based
blueprint to inform decision-making for national essential medicines lists, including selection of
medicines for rare diseases. The Committee also recognized the important advocacy role that
inclusion on the Model Lists can play in fostering further actions that can lead to increased access
to and affordability of essential medicines for rare diseases. The Committee considered that the
low prevalence of a disease need not be a reason to exclude medicines for its treatment from the
Model Lists if they otherwise meet the criteria for inclusion.

Procedures for updating the WHO Model Lists

The Expert Committee noted that the procedure for updating the Model Lists has only been
updated once since the publication of the first EML in 1977. The Committee also took note of the
fact that since the revised procedures were introduced in 2001 (as outlined in Executive Board
document EB109/8) the medicine evaluation landscape has become increasingly complex and
that some aspects of the procedure may benefit from revision. Issues that were discussed by
the Committee and can be considered as part of a broader discussion with Member States
are: the actual application process, including how to balance the quality of the applications
against the openness of the process that accepts applications without filtering them for
quality; the issues surrounding effective but highly priced medicines which pose difficulties
as feasibility and acceptability could be low; the role of products commonly not classified as
medicines on the list such as condoms, oxygen and toothpastes; the role of the Model Lists in
the clinical areas where WHO does not have guidelines; the dissemination of the Model Lists;
the role of national lists to facilitate progress towards universal health coverage; and the role
of the Model Lists in the context of public health emergencies of international concern. The
Committee therefore recommended that WHO consider initiating a process to reassess the
procedure for updating WHO's Model Lists of Essential Medicines. This should be an inclusive
collaboration with Member States and other relevant stakeholders, including for example
other United Nations (UN) organizations, WHO Collaborating Centres, universities and scientific
societies, international procurement agencies, nongovernmental organizations, professional
associations, representatives of national essential medicines programmes, representatives from
the pharmaceutical industry, and patient organizations.

All applications and documents reviewed by the Expert Committee are available on the WHO
website at: https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-
medicines/24th-eml-expert-committee
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Table 1

Recommended changes on the 2023 EML

EML - New medicines added

Medicine

Indication

Acamprosate

Alcohol use disorder

Acetylsalicylic acid + atorvastatin + ramipril

Prevention of atherosclerotic cardiovascular
diseases

Acetylsalicylic acid + simvastatin + ramipril +
atenolol + hydrochlorothiazide

Prevention of atherosclerotic cardiovascular
diseases

Ansuvimab

Ebola virus disease

Atoltivimab + maftivimab + odesivimab

Ebola virus disease

Atorvastatin + perindopril + amlodipine

Prevention of atherosclerotic cardiovascular
diseases

Cabergoline

Hyperprolactinaemia

Ceftolozane + tazobactam

Multidrug-resistant bacterial infections

Cladribine

Multiple sclerosis

Cryoprecipitate, pathogen-reduced

Bleeding disorders

Deferasirox

Iron overload

Glatiramer acetate

Multiple sclerosis

Letrozole

Infertility

Levetiracetam

Partial- and generalized-onset seizures, status
epilepticus

Naltrexone Alcohol use disorder

Octreotide Gigantism and acromegaly
Olanzapine Schizophrenia and related psychoses
Pegfilgrastim Febrile neutropenia prophylaxis

Pegylated liposomal doxorubicin

Kaposi sarcoma

Pretomanid

Multidrug-resistant tuberculosis

Quetiapine

Bipolar disorder

Resin-based composites

Dental caries

Ravidasvir

Hepatitis C virus infection

Sevoflurane

General anaesthesia

Triamcinolone hexacetonide

Juvenile idiopathic arthritis
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Table 1 continued

EML - New indications

Medicine Indication

Cyclophosphamide Anaplastic large-cell lymphoma

Cytarabine Anaplastic large-cell ymphoma, Langerhans
cell histiocytosis

Dexamethasone Anaplastic large-cell ymphoma

Doxorubicin Anaplastic large-cell lymphoma

Ethionamide Drug-susceptible tuberculosis meningitis

Etoposide Anaplastic large-cell lymphoma

Fluoxetine Generalized anxiety disorder, panic disorder,
social anxiety disorder, obsessive—compulsive
disorder

Ifosfamide Anaplastic large-cell lymphoma

Immunoglobulin

Langerhans cell histiocytosis

Mercaptopurine

Langerhans cell histiocytosis

Methotrexate

Anaplastic large-cell ymphoma, Langerhans
cell histiocytosis, psoriasis

Mifepristone — misoprostol

Intrauterine fetal demise

Prednisolone

Anaplastic large-cell ymphoma, Langerhans
cell histiocytosis

Rituximab Multiple sclerosis, Burkitt ymphoma

Vinblastine Anaplastic large-cell lymphoma, Langerhans
cell histiocytosis

Vincristine Langerhans cell histiocytosis

EML - New formulation/strength

Medicine

Formulation/strength

Arsenic trioxide

Concentrate for solution for infusion: 2 mg/mL

Calcium folinate

Injection: 7.5 mg/mL in 2 mL ampoule,
10 mg/mLin 5 mL ampoule

Carbamazepine

Tablet (scored): 400 mg

Cefotaxime

Powder for injection: 500 mg, 19,29
(as sodium) in vial

Ceftriaxone

Powder for injection: 500 mg (as sodium) in vial




Executive summary :

Table 1 continued

EML - New formulation/strength

Medicine

Formulation/strength

Cytarabine

Injection: 100 mg/mL

Dacarbazine

Powder for injection: 200 mg in vial

Daunorubicin

Injection: 2 mg/mL, 5 mg/mL in vial
Powder for injection: 20 mg in vial

Doxorubicin Injection: 2 mg/mL (hydrochloride) in 5 mL,
25 mL vial

Enalapril Tablet: 10 mg (as hydrogen maleate)

Etoposide Powder for injection: 100 mg (as phosphate)

in vial

Ferrous salt + folic acid

Tablet: equivalent to 60 mg elemental iron +
2.8 mg folic acid

Fluoride Gel: containing 2500 to 12 500 ppm fluoride
(any type)
Mouth rinse: containing 230 to 900 ppm
fluoride (any type)
Varnish: containing 22 500 ppm fluoride (any
type)

Furosemide Injection: 10 mg/mL in 5 mL ampoule

Tablet: 20 mg

Insulin injection (soluble)

Injection: 100 IU/mL in 3 mL cartridge
or prefilled pen

Intermediate-acting insulin

Injection: 100 IU/mL in 3 mL cartridge
or prefilled pen

Methotrexate

Injection: 50 mg/2 mL (Section 8.2.1)
Concentrated injection: 1000 mg/10 mL
(Section 8.2.1)

Nicotine replacement therapy

Lozenge: 2 mg, 4 mg
Oral spray: 1 mg per actuation

p-aminosalicylate sodium

Powder for oral solution: 5.52 g in sachet
(equivalent to 4 g p-aminosalicylic acid)

Pegaspargase

Powder for injection: 3750 units in vial

Pentamidine

Powder for injection: 300 mg (as isethionate)
in vial

Valproic acid (sodium valproate)

Injection: 100 mg/mL in 3 mL ampoule
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Table 1 continued

EML - Medicines/formulations deleted

Medicine

Formulation/strength

Amikacin

Capsule 250 mg
Oral liquid: 150 mg/5 mL (as palmitate)

Chloramphenicol

Injection: 7.5 mg/mL in 2 mL ampoule,
10 mg/mLin 5 mL ampoule

Chlorpromazine

Injection: 25 mg/mL (hydrochloride) in 2 mL
ampoule

Oral liquid: 25 mg/5 mL (hydrochloride)®
Tablet: 10 mg, 25 mg, 50 mg, 100 mg
(hydrochloride)®

2 Oral formulations of chlorpromazine are now
included as therapeutic alternatives under the
square box listing for oral haloperidol (Section
24.1)

Dasabuvir

Tablet: 250 mg

Ethionamide

Tablet: 125 mg

Hydroxycarbamide

Solid oral dosage form: 250 mg

Linezolid Powder for oral liquid: 100 mg/5 mL (Section
6.2.5)
Tablet: 400 mg (Section 6.2.3)

Nifurtimox Tablet: 250 mg

Nystatin Tablet: 100 000 IU

Ombitasvir + paritaprevir + ritonavir

Tablet: 12.5 mg + 75 mg + 50 mg

p-aminosalicylic acid

Granules: 4 g in sachet

Paracetamol

Tablet: 100 mg

Pegylated interferon alfa (2a or 2b)

Vial or prefilled syringe: 180 micrograms
(peginterferon alfa 2a); 80 micrograms,
100 micrograms (peginterferon alfa 2b)

Pentamidine Powder for injection: 200 mg (as isethionate)
in vial

Phenytoin Oral liquid: 25 mg/5 mL (phenytoin)

Pyrantel Oral liquid: 50 mg/mL (as embonate or

pamoate)




Table 2
Recommended changes on the 2023 EMLc

EMLc - New medicines added

Medicine Indication

Ansuvimab Ebola virus disease

Atoltivimab + maftivimab + odesivimab Ebola virus disease

Ceftolozane + tazobactam Multidrug-resistant bacterial infections

Cryoprecipitate, pathogen-reduced Bleeding disorders

Deferasirox Iron overload

Levetiracetam Partial- and generalized-onset seizures, status
epilepticus

Pegfilgrastim Febrile neutropenia prophylaxis

Pegylated liposomal doxorubicin Kaposi sarcoma

Ready-to-use therapeutic food Severe acute malnutrition

Resin-based composites Dental caries

Selenium sulfide Seborrhoeic dermatitis, pityriasis versicolor

Sevoflurane General anaesthesia

Triamcinolone hexacetonide Juvenile idiopathic arthritis

EMLc - New indications

Medicine Indication
Cyclophosphamide Anaplastic large-cell ymphoma
Cytarabine Anaplastic large-cell lymphoma, Langerhans

cell histiocytosis

Dexamethasone Anaplastic large-cell lymphoma
Doxorubicin Anaplastic large-cell ymphoma
Ethionamide Drug-susceptible tuberculosis meningitis
Etoposide Anaplastic large-cell lymphoma

Ifosfamide Anaplastic large-cell lymphoma
Immunoglobulin Langerhans cell histiocytosis
Mercaptopurine Langerhans cell histiocytosis

Methotrexate Anaplastic large-cell ymphoma, Langerhans

cell histiocytosis, psoriasis
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Table 2 continued

EMLc - New indications

Medicine Indication

Prednisolone Anaplastic large-cell ymphoma, Langerhans
cell histiocytosis

Rituximab Burkitt lymphoma

Vinblastine Anaplastic large-cell ymphoma, Langerhans
cell histiocytosis

Vincristine Langerhans cell histiocytosis

EMLc - New formulation/strength

Medicine Formulation/strength

Adalimumab Injection: 10 mg/0.2 mL, 20 mg/0.4 mL
Albendazole Tablet (chewable): 200 mg (Section 6.1.4)
Amikacin Injection: 50 mg/mL (as sulfate) in 2 mL vial

(Section 6.2.1)

Amoxicillin Tablet (dispersible, scored): 250 mg, 500 mg
(as trihydrate)
Amoxicillin + clavulanic acid Tablet (dispersible): 200 mg (as trihydrate +

28.5 mg (as potassium salt), 250 mg (as
trihydrate) + 62.5 mg (as potassium salt)

Arsenic trioxide Concentrate for solution for infusion: 2 mg/mL
Azathioprine Oral liquid: 10 mg/mL
Powder for injection: 50 mg (as sodium salt)
in vial
Tablet: 25 mg
Azithromycin Powder for oral liquid: 200 mg/5 mL
(anhydrous)
Calcium folinate Injection: 7.5 mg/mL in 2 mL ampoule,

10 mg/mL in 5 mL ampoule

Carbamazepine Tablet (scored): 400 mg
Cefalexin Tablet (dispersible): 125 mg, 250 mg
Cefotaxime Powder for injection: 500 mg, 19,2 g (as

sodium) in vial

Ceftriaxone Powder for injection: 500 mg (as sodium) in vial
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Table 2 continued

EMLc - New formulation/strength

Medicine Formulation/strength

Ciprofloxacin Solid oral dosage form: 100 mg (as
hydrochloride)

Clarithromycin Solid oral dosage form: 250 mg

Clindamycin Powder for oral liquid: 75 mg/5 mL (as

palmitate hydrochloride)

Cloxacillin Capsule: 250 mg
Powder for injection: 250 mg (as sodium) in vial
Powder for oral liquid: 250 mg/5 mL (as

sodium)
Cytarabine Injection: 100 mg/mL
Dacarbazine Powder for injection: 200 mg in vial
Daunorubicin Injection: 2 mg/mL, 5 mg/mL in vial

Powder for injection: 20 mg in vial

Digoxin Injection: 100 micrograms/mLin 1 mL
ampoule
Tablet: 125 micrograms

Doxorubicin Injection: 2 mg/mL (hydrochloride) in 5 mL,
25 mL vial

Doxycycline Powder for oral liquid: 25 mg/5 mL
(monohydrate)

Oral liquid: 50 mg/5 mL (calcium)
Tablet (dispersible): 100 mg (as monohydrate)

Enalapril Oral solution: T mg/mL (as hydrogen maleate)
Tablet: 10 mg (as hydrogen maleate)

Etoposide Powder for injection: 100 mg (as phosphate)
in vial

Fluconazole Powder for oral liquid: 50 mg/5 mL

Fluoride Gel: containing 2500 to 12 500 ppm fluoride
(any type)
Mouth rinse: containing 230 to 900 ppm
fluoride (any type)
Varnish: containing 22 500 ppm fluoride (any
type)

Furosemide Injection: 10 mg/mL in 5 mL ampoule
Oral liquid: 50 mg/5 mL
Tablet: 20 mg
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Table 2 continued

EMLc - New formulation/strength
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Medicine

Formulation/strength

Hydroxycarbamide

Solid oral dosage form: 100 mg

Ibuprofen

Oral liquid: 100 mg/5 mL

Insulin injection (soluble)

Injection: 100 IU/mL in 3 mL cartridge
or prefilled pen

Intermediate-acting insulin

Injection: 100 IU/mL in 3 mL cartridge
or prefilled pen

Linezolid

Tablet (dispersible): 150 mg (Section 6.2.3)

Mebendazole

Tablet (chewable): 100 mg (Section 6.1.4)

Mercaptopurine

Oral liquid: 20 mg/mL

Methotrexate Injection: 50 mg/2 mL (Section 8.2.1)
Concentrated injection: 1000 mg/10 mL
(Section 8.2.1)

Nifurtimox Tablet (scored): 30 mg (Section 6.5.5.1)

Nitrofurantoin

Solid oral dosage form: 50 mg

p-aminosalicylate sodium

Powder for oral solution: 5.52 g in sachet
(equivalent to 4 g p-aminosalicylic acid)

Paracetamol Oral liquid: 250 mg/5 mL
Suppository: 250 mg
Tablet (dispersible): 100 mg, 250 mg
Pegaspargase Powder for injection: 3750 units in vial
Pentamidine Powder for injection: 300 mg (as isethionate)
in vial
Phenobarbital Injection: 30 mg/mL, or 60 mg/mL (sodium)

Praziquantel

Tablet: 150 mg (Sections 6.1.3 & 6.1.4)
Tablet: 500 mg (Sections 6.1.1 & 6.1.3)

Rifampicin

Oral liquid: 20 mg/mL (Section 6.2.4)

Sulfamethoxazole + trimethoprim

Tablet (dispersible): 100 mg + 20 mg (Sections

6.2.1&6.5.4)

Valproic acid (sodium valproate)

Injection: 100 mg/mL in 3 mL ampoule

Vancomycin (intravenous)

Powder for injection: 500 mg, 1 g (as
hydrochloride) in vial




Table 2 continued

EMLc - Medicines/formulations deleted

Medicine

Formulation/strength

Amikacin

Injection: 100 mg/2 mL (as sulfate) in 2 mL vial
(Section 6.2.5)

Azithromycin

Oral liquid: 200 mg/5 mL

Chloramphenicol

Capsule 250 mg
Oral liquid: 150 mg/5 mL (as palmitate)

Chlorpromazine

Injection: 25 mg/mL (hydrochloride) in 2 mL
ampoule

Oral liquid: 25 mg/5 mL (hydrochloride)
Tablet: 10 mg, 25 mg, 50 mg, 100 mg
(hydrochloride)

Clarithromycin

Solid oral dosage form: 500 mg

Clindamycin Oral liquid: 75 mg/5 mL (as palmitate)
Dasatinib Tablet: 100 mg, 140 mg
Doxycycline Oral liquid: 25 mg/5 mL (anhydrous)
Ethambutol Oral liquid: 25 mg/mL
Ethionamide Tablet: 125 mg
Haloperidol Injection: 5 mg in T mL ampoule
Oral liquid: 2 mg/mL
Solid oral dosage form: 0.5 mg, 2 mg, 5 mg
Fluoxetine Solid oral dosage form: 20 mg (as
hydrochloride) (Sections 2.3 & 24.2.1)
Furosemide Tablet: 10 mg

Hydroxycarbamide

Solid oral dosage form: 250 mg

Isoniazid Oral liquid: 50 mg/5 mL
Levamisole Tablet: 150 mg (as hydrochloride)
Linezolid Powder for oral liquid: 100 mg/5 mL (Section
6.2.5)
Tablet: 400 mg; 600 mg (Section 6.2.3)
Nifurtimox Tablet: 250 mg
Nystatin Oral liquid: 50 mg/5 mL

Tablet: 100 000 IU

p-aminosalicylic acid

Granules: 4 g in sachet
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Table 2 continued

EMLc - Medicines/formulations deleted

Medicine Formulation/strength

Paracetamol Tablet: 100 mg

Pentamidine Powder for injection: 200 mg (as isethionate)
in vial

Phenytoin Oral liquid: 25 mg/5 mL (phenytoin)

Pyrantel Oral liquid: 50 mg/mL (as embonate or
pamoate)

Pyrazinamide Oral liquid: 30 mg/mL

Vinorelbine Capsule: 80 mg




Table 3

Other changes to the 2023 EML and EMLc

Other changes to listings - EML and/or EMLc

Albendazole Add“(scored)”to listings for albendazole 400 mg EML & EMLc
chewable tablets
Amitriptyline Remove square box EML
Amphotericin B Add note stating “Liposomal amphotericin B has EML & EMLc
a better safety profile than the deoxycholate
formulation and should be prioritized for
selection and use depending on local availability
and cost”
Azithromycin Replace “capsule” with “solid oral dosage form” EML & EMLc
Bedaquiline Remove age restriction EML & EMLc
Benznidazole Add “(scored)”to listings of benznidazole 50 mg EML & EMLc
and 100 mg tablets
Bleomycin Modify strength description from 15 mg to EML & EMLc
150001V
Calcium folinate Include the alternative medicine name EML & EMLc
“leucovorin calcium”in the listing
Clofazimine Replace “capsule” with “solid oral dosage form” EML & EMLc
Colistin Add equivalent strength in colistin base activity EML & EMLc
Cyclophosphamide Replace “tablet” with “solid oral dosage form” EML & EMLc
Deferoxamine Remove square box EML & EMLc
Delamanid Remove age restriction EML & EMLc
Diazepam Modify listing for rectal formulations for use in EML & EMLc
status epilepticus to better describe available
dosage forms (Section 2.3 & Section 5.1)
Diazepam Specify lorazepam as therapeutic alternative EML
and add note stating “For short-term emergency
management of acute and severe anxiety
symptoms only” (Section 24.3)
Digoxin Transfer listing from the core to the EMLc
complementary list
Eflornithine Amend bottle size from 100 mL to 50 mL EML & EMLc
Fluorouracil Remove specification of vial size EML & EMLc
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Table 3 continued

Other changes to listings — EML and/or EMLc

Fluphenazine Specify haloperidol decanoate and EML
zuclopenthixol decanoate as therapeutic
alternatives

Haloperidol Specify chlorpromazine (oral formulations only) EML
as therapeutic alternative

Hydroxycarbamide Include the alternative medicine name EML & EMLc
“hydroxyurea”in the listing

lvermectin Remove “(scored)” from listings for ivermectin EML & EMLc
3 mg tablets
Linezolid Add square box specifying tedizolid phosphate as  EML

a therapeutic alternative for infections caused by
multidrug-resistant organisms (Section 6.2.3)

Metronidazole Replace tablet formulation strength range with EML & EMLc
specific strengths

Midazolam Modify listings for use in status epilepticus to EML & EMLc
better describe available dosage forms

Nifurtimox Add “(scored)” to listings of nifurtimox 30 mgand  EML & EMLc
120 mg tablets

Nitrofurantoin Replace “tablet” with “solid oral dosage form” EML & EMLc

Nystatin Replace “tablet” with “solid oral dosage form” EML & EMLc

Paracetamol Include the alternative medicine name EML & EMLc

“acetaminophen”in the listing

Replace tablet formulation strength range with
specific strengths

Add note stating “The presence of both

120 mg/5 mL and 125 mg/5 mL strengths on the
same market would cause confusion in prescribing
and dispensing and should be avoided”

Phenoxymethylpenicillin ~ Replace “tablet” with “solid oral dosage form” EML & EMLc

Phenytoin Specify salt or free acid form for all formulations; EML & EMLc
remove reference to vial size for 50 mg/mL
injection formulation

Polymyxin B Include equivalent strength in mg of polymyxinB  EML & EMLc
base

Praziquantel Add “(scored)”to listings for praziquantel 600 mg EML & EMLc
tablets
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Table 3 continued

Other changes to listings — EML and/or EMLc

Risperidone Add square box specifying aripiprazole, EML
olanzapine, paliperidone and quetiapine as
therapeutic alternatives for schizophrenia and
related psychoses
Sodium stibogluconate List each medicine separately EML & EMLc
or meglumine
antimoniate
Triclabendazole Add “(scored)” to listings for triclabendazole EML & EMLc
250 mg tablets
Vancomycin (oral) Add note stating “vancomycin powder EML & EMLc
for injection may also be used for oral
administration”
Vecuronium Include atracurium as a therapeutic alternative EMLc
under the square box listing of vecuronium
Vinorelbine Modify listing to read 10 mg/mLin T mL or EML & EMLc

5 mL vial

Changes to sections and sub-sections

2021 2023

Section 5 Anticonvulsants/antiepileptics Medicines for diseases of the
nervous system

Section 5.1 N/A Antiseizure medicines

Section 5.2 N/A Medicines for multiple sclerosis

Section 5.3 N/A Medicines for parkinsonism

Section 6.7 N/A Medicines for Ebola virus
disease

Section 6.8 N/A Medicines for COVID-19

Section 9 Antiparkinsonism medicines Therapeutic foods

Section 12.7 N/A Fixed-dose combinations for
prevention of atherosclerotic
cardiovascular disease

Section 18.8 N/A Medicines for disorders of the
pituitary hormone system

Section 24.5.1 N/A Medicines for alcohol use
disorders
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Table 3 continued

Changes to sections and sub-sections

2021 2023
Section 24.5.2 N/A Medicines for nicotine use
disorders
Section 24.5.3 N/A Medicines for opioid use
disorders
Section 30 Dental preparations Dental medicines and

preparations

N/A: not applicable.
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Executive summary :

Table 4
Applications not recommended

New medicines

Addition of alfacalcidol and calcitriol for treatment of disorders of bone and EML & EMLc
calcium metabolism

Addition of anakinra for treatment of systemic-onset juvenile idiopathic EML & EMLc
arthritis with macrophage activation syndrome

Addition of CD-19-directed antigen receptor (CAR) T cells (axicabtagene EML
ciloleucel, tisagenlecleucel, lisocabtagene maraleucel) for treatment of
relapsed or refractory large B-cell ymphoma

Addition of cladribine for treatment of refractory Langerhans cell histiocytosis ~ EML & EMLc

Addition of crizotinib for treatment of relapsed/refractory anaplastic large-cell ~ EML & EMLc
lymphoma
Addition of cyclin-dependent kinase 4/6 inhibitors (abemaciclib, palbociclib, EML

ribociclib) for treatment of hormone receptor positive/human epidermal
growth factor receptor 2 (HER2)-negative advanced or metastatic breast

cancer
Addition of donepezil for treatment of Alzheimer disease dementia EML
Addition of estradiol for induction of puberty EML
Addition of flomoxef sodium for empiric treatment of community acquired EML & EMLc

mild/moderate intraabdominal and upper urinary tract infections

Addition of glucagon-like peptide-1 receptor antagonists for treatment of EML
obesity

Addition of hypromellose for treatment of dry eye disease EML & EMLc
Addition of imipenem + cilastatin + relebactam for treatment of bacterial EML & EMLc

infections due to multidrug-resistant organisms

Addition of ketoconazole for treatment of Cushing syndrome EML
Addition of ocrelizumab for treatment of multiple sclerosis EML
Addition of osimertinib for treatment of epidermal growth factor receptor EML

(EGFR)-mutation positive advanced or metastatic non-small-cell lung cancer

Addition of PD-1/PD-L1 immune checkpoint inhibitors (pembrolizumab, EML
atezolizumab, cemiplimab, durvalumab) for non-oncogene-addicted locally
advanced or metastatic non-small-cell lung cancer

Addition of phenelzine for treatment of treatment-resistant depression EML

Addition of phosphorus for treatment of hypophosphataemic rickets EMLc
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Table 4 continued

New medicines

Addition of recombinant coagulation factors or bypassing agents as EML & EMLc
therapeutic alternatives to plasma-derived coagulation factors

Addition of risdiplam for treatment of spinal muscular atrophy EML & EMLc

Addition of somatropin for management of hypoglycaemia secondary to EMLc
growth hormone deficiency

Addition of sunscreen for prevention of skin cancer in people with albinism or EML & EMLc
xeroderma pigmentosum

Addition of ticagrelor for prevention of atherothrombotic events EML

Addition of tislelizumab for treatment of non-oncogene-addicted locally EML
advanced and metastatic non-small-cell lung cancer

Addition of tocilizumab for treatment of systemic-onset juvenile idiopathic EML & EMLc
arthritis
Addition of toripalimab for treatment of locally advanced or metastatic EML

nasopharyngeal and oesophageal cancers

Addition of ustekinumab for treatment of severe psoriasis EML

Addition of zanubrutinib for treatment of chronic lymphocytic leukaemia/ EML
small lymphocytic lymphoma

New formulations/strengths

Oral transmucosal formulations of fentanyl citrate for treatment of EML
breakthrough cancer pain

Methotrexate subcutaneous injection for severe inflammatory conditions EML & EMLc

Paliperidone palmitate 3-month long-acting injection for maintenance EML
treatment of schizophrenia

New indications

Zoledronic acid for treatment of osteogenesis imperfecta EML & EMLc
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1. Introduction

The meeting of the 24th WHO Expert Committee on the Selection and Use of
Essential Medicines took place at WHO headquarters in Geneva, Switzerland,
from 24 April to 28 April 2023. The aim of the meeting was to review and update
the 22nd WHO Model List of Essential Medicines (EML) and the 8th WHO
Model List of Essential Medicines for Children (EMLc), the “Model Lists”. The
meeting agenda included 85 applications covering more than 100 medicines
across multiple medicine classes and formulations for addition, deletion,
amendment and review.

The meeting was opened by Dr Clive Ondari, Director, Health Products
Policy and Standards Department, on behalf of WHO Director-General, Dr
Tedros Adhanom Ghebreyesus. Dr Ondari welcomed Committee members
and temporary advisers, representatives from WHO regional offices and other
UN agencies.

In his opening remarks, Dr Ondari highlighted that in 2023 WHO was
celebrating its 75th anniversary and that the WHO Essential Medicines List was
approaching 50 years since it was first released. He noted that the Director-General
of WHO in 1975, Dr Halfdan Mahler, warned at the World Health Assembly in
that year of the “urgent need to ensure that most essential drugs are available
at a reasonable price”, which led the publication of the first EML 2 years later.
He noted that since the first EML, WHO had endeavoured both internally and
in partnership with external stakeholders to improve global access to essential
medicines for those who need them. This period has seen several important
success stories such as widespread access to affordable medicines for HIV, hepatitis
C and tuberculosis. However, access to numerous other essential medicines, from
100-year-old insulin to new, sophisticated, targeted treatments for certain cancers,
is still limited in many settings and efforts to improve access must continue.

Dr Ondari further elaborated that the central role of the WHO EML to
facilitate global access to medicines raised the question of how essential medicines
are selected from the thousands available worldwide, with several dozen new
ones becoming available each year. Since the beginning of the millennium,
decisions on essential medicines have not only increased in number, but they
have also become increasingly complex because some new medicines require
advanced technological underlying infrastructure for everything from diagnosis
to administration to the management of side-effects. Innovative new treatment
methods, such as gene and CAR T-cell therapies, are increasingly being studied
and have the potential to change the treatment paradigm for many diseases while
also being associated with a whole new set of challenges. Dr Ondari noted that at
its current meeting the Expert Committee would be reviewing several applications
that have been developed following recent updates to WHO guidelines, including
for mental health and coronavirus disease 2019 (COVID-19). He observed that



when the first EML was published in 1977, the concept of evidence-based medicine
had not yet been established but that since then, evidence-based and transparent
decision-making had become the cornerstone of WHO recommendations in the
EML and in WHO guidelines. He noted that essential medicines should not just
be available and affordable for patients, but they must also be used appropriately.
This is where the strong relationship between the EML and WHO guidelines
comes into play as transparent and evidence-based recommendations from WHO
serve to justify and maintain the trust that countries, health care professionals
and patients place in the Model List and WHO guidelines.

Dr Ondari also noted that the 2023 Expert Committee would also consider
applications for medicines for rare diseases and that there was sometimes the
misconception that medicines for rare diseases could not qualify as essential
because of the low prevalence of the diseases. While disease prevalence was one of
the factors looked at when selecting essential medicines, low disease prevalence
did not necessarily prevent a medicine from being considered essential if the
clinical benefits for patients were highly relevant. Furthermore, a disease may be
deemed rare in one geographical location and yet be highly prevalent in another.
He elaborated that with the increasing availability of targeted treatments and
precision medicines, even so-called common diseases were increasingly stratified
into “rarer” subcategories for treatment purposes. The EML was an important
tool for improving access to essential medicines, but the EML listing was just one
step in the process that must be accompanied by other measures to ensure access
at the country level. As an example, long-acting insulin analogues, following the
recommendation to include them on the EML in 2021, were also included in a
call for expression of interest for WHO prequalification. He was happy to report
that WHO prequalified the first human insulin in 2022, but acknowledged that
it was too early to evaluate the effect of these actions on global insulin prices
and access. Nevertheless, a recent publication in the New England Journal of
Medicine reported that the prices for long-acting insulins in the United States
had fallen by over 70% since 2021.

Dr Ondari further remarked that the mandate of the Medicine Patent
Pool, which had long contributed to improving access to essential medicines for
infectious diseases in low- and middle-income countries by negotiating voluntary
licensing agreements, had been broadened beyond infectious diseases in October
2022. Following this move, the Medicine Patent Pool signed a voluntary licensing
agreement with Novartis AG to increase access to nilotinib — an essential medicine
for the treatment of chronic myeloid leukaemia. He stressed that WHO strongly
encouraged licence holders of other essential medicines for noncommunicable
diseases, to engage with the Medicine Patent Pool to make these medicines
accessible for patients globally. WHO recognized the importance of medical
innovation and novel medicines to advance global health and well-being, but
numerous older medicines were available that had not been sufficiently studied
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for the benefits they may offer in indications for which they were not originally
approved. This was particularly true for antibiotics, where it has proven difficult
to develop entirely new medicines, especially for the treatment of multidrug-
resistant pathogens. He emphasized the role of the Global Antibiotic Research &
Development Partnership (GARDP) in improving the evidence base for new and
old antibiotics for difficult-to-treat infections and in making the most effective
treatments accessible for patients who need them.

Finally, Dr Ondari reminded Committee members and temporary
advisers of their obligations to provide advice to WHO in their individual
capacities as experts, and not as representatives of their governments, institutions
or organizations. He acknowledged the considerable work that had already been
undertaken in preparation for the meeting and thanked the experts for dedicating
their time and expertise to support and contribute to WHO’s work on essential
medicines.

Dr Hanan Balkhy, Assistant Director-General a.i. of the Access to
Medicines and Health Products Division and Assistant Director-General of the
Antimicrobial Resistance Division, also addressed the Committee. She noted that
the concept of essential medicines remains highly relevant after nearly 50 years and
that it will need the combined efforts of all stakeholders to adapt the WHO Model
Lists to face the challenges of the next 75 years. In her role as assistant Director-
General of the Antimicrobial Resistance Division, she took the opportunity to
comment on the role of antibiotics on the EML. She reminded the audience that
antibiotics have occupied a large section on the EML ever since its first edition in
1977 and thatin 2017 the AWaRe framework revolutionized thelisting of antibiotics
on the EML by classifying them into three categories (Access, Watch, Reserve).
She noted that the AWaRe framework had been adopted by many countries to
monitor antibiotic use and guide antibiotic stewardship activities. She recalled
that WHO had adopted a target that at least 60% of antibiotic use should be from
the Access category, a target endorsed most recently by the Muscat ministerial
manifesto. She highlighted that WHO now has a companion publication available
in multiple formats, the WHO AWaRe antibiotic book, which will help countries
achieve this goal by providing up-to-date, evidence-based guidance on the
management of over 30 infectious syndromes and the use of Reserve antibiotics.
She noted that the AWaRe antibiotic book potentiates the impact of the EML and
WHO guidelines by providing a key tool to improve antibiotic use and combat
antimicrobial resistance worldwide. She also mentioned that the Secretariat was
exploring ways that this approach could be applied in different therapeutic areas,
building on the success of the AWaRe antibiotic book.

Dr Balkhy concluded that prioritizing those medicines that provide the
most benefit, the EML was an important tool to achieve WHO’s Triple Billion
target and thanked the experts for their enthusiasm, dedication, and commitment
as vital contributors to the success of the EML.
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2. Open session

The open session of the meeting was held in person and virtually and was chaired
by Clive Ondari, Director, Department of Health Product Policy and Standards
on behalf of the Director-General. A variety of interested parties attended the
session, including representatives of WHO Member States, nongovernmental
organizations, academia and civil society.

Updates from the WHO Secretariat were presented by Benedikt Huttner,
Essential Medicines Team Lead and Secretary of the Expert Committee, Ana
Aceves Capri, Essential Diagnostics List Secretariat, and Martina Penazzato,
Global Accelerator for Pediatric Formulations (GAP-f) Secretariat.

Chairs of the EML Working Groups for antimicrobials (Mike Sharland)
and cancer medicines (Elisabeth de Vries) presented updates of the work
undertaken by these working groups since the last Expert Committee meeting.

Three speakers gave presentations on topics of relevance to the current and
ongoing work of WHO on essential medicines. Holger Schunemann, Professor of
Medicine and Clinical Epidemiology at McMaster University, Hamilton, Canada
presented on integrity and transparency of decisions on essential medicines.
Subasree Srinivasan, Medical Director of the Global Antibiotic Research &
Development Partnership (GARDP), Geneva, Switzerland presented on bridging
antibiotic innovation and access and preserving the power of antibiotics, and
Enrico Costa from the WHO Collaborating Centre for Pharmaceutical Policy and
Regulation at Utrecht University in the Kingdom of the Netherlands presented an
evaluation of rare diseases and the WHO Model Lists.

Additional presentations and/or statements were made by the following
participants:

=  Wendy Weidner, Alzheimer’s Disease International
= Paul Domanico, Clinton Health Access Initiative
= George Pentheroudakis, European Society for Medical Oncology

= James Anderson, International Federation of Pharmaceutical
Manufacturers & Associations

= Esin Aysel Kandemir, International Society of Oncology Pharmacy
Practitioners

= Thiru Balasubramanian, Knowledge Ecology International
= Daniela Garone, Médecins Sans Frontiéres

= Giulia Segafredo, Medicines Patent Pool

= Joanna Laurson, Neurology Organizations

= Jan Tannock, Optimal Cancer Care Alliance



= Durhane Wong-Rieger, Rare Diseases International

= Kacper Rucinski, Spinal Muscular Atrophy Organizations

Copies of all presentations and statements are available on the WHO
website’.

3 24th Expert Committee on Selection and Use of Essential Medicines [webpage]. Geneva: World Health
Organization; 2023 (https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-
medicines/24th-eml-expert-committee, accessed 30 August 2023).


https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/24th-eml-expert-committee
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/24th-eml-expert-committee
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3. General items

Procedure for updating the WHO Model Lists

The Expert Committee noted that the procedure for updating the Model Lists
has only been updated once since the publication of the first EML in 1977. The
Committee also took note of the fact that since the revised procedures were
introduced in 2001 (as outlined in Executive Board document EB109/8), the
medicine evaluation landscape has become increasingly complex and that some
aspects of the procedure may benefit from revision. Issues that were discussed
by the Committee and can be considered as part of a broader discussion with
Member States are: the actual application process, including how to balance
the quality of the applications against the openness of the process that accepts
applications without filtering them for quality; issues surrounding effective but
highly priced medicines which pose difficulties as feasibility and acceptability
could be low; the role of products commonly not classified as medicines on the
Model Lists, such as condoms, oxygen and toothpastes; the role of the Model
Lists in clinical areas where WHO does not have guidelines; the dissemination of
the Model Lists; the role with national lists to facilitate progress towards universal
health coverage; and the role of the Model Lists in the context of public health
emergencies of international concern. The Committee therefore recommended
that WHO consider initiating a process to reassess the procedure for updating
WHO’s Model Lists of Essential Medicines. This process should be an inclusive
collaboration with Member States and other relevant stakeholders, including
for example other UN organizations, WHO Collaborating Centres, universities
and scientific societies, international procurement agencies, nongovernmental
organizations, professional associations, national essential medicines programme
representatives, representatives from the pharmaceutical industry and patient
organizations.

Off-label use of medicines

The Expert Committee noted the comments received from the International
Federation of Pharmaceutical Manufacturers and Associations on oft-label use
of medicines included on the Model Lists. The Committee reiterated the views
expressed by the 2015 Expert Committee regarding consideration of medicines
for inclusion on the Model Lists for off-label uses or indications. Namely, that
labelling is the responsibility of national regulatory authorities and consequently
different labels may exist for the same product in different countries, and that
there is thus no global standard for what is considered off-label. Furthermore,
market authorization holder(s) may not seek to update approved labels for older
products if doing so is not determined to be commercially viable, and there are
many examples of older products whose regulatory labels are inconsistent with



current clinical evidence and current clinical practice. Consequently, the Expert
Committee reaffirmed that off-label status of a medicine need not be a reason to
exclude it from the Model Lists, if it otherwise meets the criteria for inclusion.
Because of the intended global audience of the Model Lists and the differences in
national regulatory labelling, the Committee recommended that off-label status
should not be specifically marked in the Model Lists. The Committee recognized
that it is a responsibility of relevant national decision-makers to consider
national labelling and legal requirements in the selection and use of medicines
at the country level. The Committee considered that the inclusion on the Model
Lists of oft-label medicines that are associated with relevant clinical benefits and
financial advantages can play an important role in informing national selection
and facilitating progress towards universal health coverage.

Rare diseases

Medicines to treat rare diseases have been included on the Model Lists since the
first EML was published in 1977. The Expert Committee acknowledged that rare
diseases include a diverse group of conditions that individually affect a small
portion of the population. However, collectively, they can affect millions of people
worldwide. There is no universally agreed definition of “rare”, with prevalence-
based national and regional definitions of rare diseases (often in the context of
orphan medicine legislation) varying considerably. Furthermore, a disease may
be considered rare in one population or setting, while being highly prevalent
in another, as disease prevalence can vary depending on various population-
specific, environmental and geographic factors. The Committee also noted
that with increasing advances in precision medicine and targeted treatments in
some areas (e.g. oncology), small/rare subcategories of otherwise more common
diseases are emerging. The Committee noted that many, but not all, medicines
for rare diseases are highly priced and may be unaffordable for many patients and
health care systems, particularly in resource-constrained settings.

The Expert Committee recognized the role of the Model Lists in
providing an evidence-based blueprint to inform decision-making for national
essential medicines lists, including selection of medicines for rare diseases.
The Committee also recognized the important advocacy role that inclusion on
the Model Lists can play in fostering further action that can lead to increased
access and affordability of essential medicines for rare diseases. The Committee
considered that the low prevalence of a disease should not be a reason to exclude
medicines for its treatment from the Model Lists, if they otherwise meet the
criteria for inclusion.



Age appropriateness of formulations of essential medicines for
children

In consideration of the review of the age appropriateness of formulations of
medicines on the EMLc, and the comparison report of the EML versus EMLc, the
Expert Committee recommended changes to the EMLc for addition of new, age-
appropriate formulations and strengths of existing essential medicines, deletion
of unavailable or age-inappropriate formulations and strengths, and other listing
modifications as proposed in the application. The Committee also endorsed
the proposals for further review of the public health relevance and evidence
for specific medicines for use in children for potential future consideration for
inclusion on the EMLc. The Committee noted and welcomed the ongoing review
being coordinated by the Secretariat for the remaining sections of the EMLc for
consideration by the 2025 Expert Committee.

COVID-19 therapeutics

Given the global recognition of the need for effective therapeutics to prevent and
treat COVID-19, as well as the need to ensure adequate and affordable access
globally to these treatments, the Expert Committee recommended that effective and
safe therapeutics for COVID-19 should be considered as essential medicines and
should therefore be prioritized by countries for national selection and procurement.
However, the Committee also recognized the continued rapid evolution of the
evidence base for COVID-19 therapeutics, which contrasts with the biennial
timeline of the updates of the Model Lists. Furthermore, the evolution of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), combined with changing
population immunity, may influence disease severity and thus affect the relative
and absolute benefits associated with COVID-19 therapeutics. The Committee
considered that in the context of public health emergencies, there is a risk in listing
medicines on the WHO Model Lists that later must be removed because they are no
longer relevant for the reasons outlined above, a scenario that should be avoided.
The Committee recommended that countries should refer to WHO and national
guidelines to determine prioritization of medicines during public health emergencies.

The Expert Committee recommended a new section be added to the
EML and EMLc for COVID-19 therapeutics, but that specific, individual
medicines should not be listed at this time. Rather, the Committee recommended
that this section of the Model Lists should direct national decision-makers to
the WHO living guidelines for COVID-19 therapeutics, noting that these are
being revised and updated regularly. Importantly, these living guidelines also
include recommendations for use of other medicines already included on the
Model Lists (e.g. dexamethasone, oxygen), as well as recommendations against
the use of medicines that are included on the Model Lists for other indications
(e.g. hydroxychloroquine, lopinavir-ritonavir).
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4. Summary of recommendations

Changes to sections of the Model Lists

Refer to Table 3 of the Executive Summary for details of changes to sections and
subsections of the Model Lists.

Additions to the Model Lists

Section 1.1.1: Sevoflurane was added to the core list of the EML and EMLc as an
inhalational anaesthetic.

Section 5.1: Levetiracetam was added to the core list of the EML and EMLc for
treatment of focal- and generalized-onset seizures. Levetiracetam injection was
added to the complementary list of the EML and EMLc for management of status
epilepticus.

Section 5.2: Cladribine and glatiramer acetate were added to the complementary
list of the EML for the treatment of multiple sclerosis.

Section 6.2.3: Ceftolozane + tazobactam was added to the complementary list
of the EML and EMLc for treatment of infections due to multidrug-resistant
organisms. Tedizolid phosphate was added as a therapeutic alternative to linezolid.

Section 6.2.5: Pretomanid was added to the complementary list of the EML for
the treatment of multidrug-resistant tuberculosis.

Section 6.4.4.2.1: Ravidasvir was added to the core list of the EML for the treatment
of chronic hepatitis C virus infection for use in combination with sofosbuvir.

Section 6.7: Ansuvimab and atoltivimab + maftivimab + odesivimab were added
to the core list of the EML and EMLc for treatment of Ebola virus disease in
accordance with recommendations in WHO guidelines.

Section 8.2.1: Pegylated liposomal doxorubicin was added to the complementary
list of the EML and EMLc for treatment of Kaposi sarcoma.

Section 8.2.2: Pegfilgrastim was added to the complementary list of the EML and
EMLc for prophylaxis of febrile neutropenia and to facilitate administration of
dose-dense chemotherapy regimens.

Section 9: Ready-to-use therapeutic food was added to the core list of the EMLc
for treatment of severe acute malnutrition in children.

Section 10.3: Deferasirox was added to the core list of the EML and EMLc for
treatment of transfusional iron overload in patients with thalassaemia syndromes,
sickle-cell disease and other chronic anaemias, with a square box listing specifying
oral deferiprone as a therapeutic alternative.



Section 11.1: Pathogen-reduced cryoprecipitate was added to the core list of
the EML and EMLc for use as a transfusional blood component, with a square
box listing specifying non-pathogen-reduced cryoprecipitate as a therapeutic
alternative.

Section 12.7: Three fixed-dose combinations of cardiovascular medicines
(acetylsalicylic acid + simvastatin + ramipril + atenolol + hydrochlorothiazide;
acetylsalicylic acid + atorvastatin + ramipril; atorvastatin + perindopril +
amlodipine) were added to the core list of the EML for use in primary and
secondary prevention of atherosclerotic cardiovascular diseases. Components of
the combinations are listed with a square box, indicating other medicines within
the respective pharmacological classes as therapeutic alternatives.

Section 13.1: Selenium sulfide was added to the core list of the EMLc for treatment
of seborrhoeic dermatitis and pityriasis versicolor in children.

Section 18.8: Cabergoline was added to the core list of the EML for management
of hyperprolactinaemia associated with prolactin-secreting pituitary adenomas
(prolactinomas), with a square box listing specifying bromocriptine as a
therapeutic alternative. Octreotide was added to the complimentary list of the
EML for use in the management of gigantism and acromegaly in adults with
growth hormone-producing tumours.

Section 22.2: Letrozole was added to the complementary list of the EML for the
treatment of anovulatory infertility associated with polycystic ovary syndrome
or unexplained infertility, with a square box listing specifying anastrozole as a
therapeutic alternative.

Section 24.1: Olanzapine immediate-release injection was added to the core list
of the EML for the acute treatment of schizophrenia and related psychoses.

Section 24.2.2: Quetiapine was added to the core list of the EML for the treatment
of bipolar disorders, with a square box listing specifying aripiprazole, olanzapine
and paliperidone as therapeutic alternatives.

Section 24.5.1: Acamprosate and naltrexone were added to the core list of the
EML for treatment of alcohol use disorder.

Section 29.3: Triamcinolone hexacetonide was added to the complementary list
of the EML and EMLc for use in the treatment of oligoarticular forms of juvenile
idiopathic arthritis.

Section 30: resin-based composites were added to the core list of the EML and
EMLc for use as dental sealants (low-viscosity forms) and as filling materials
(high-viscosity forms) in the prevention and treatment of dental caries.
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Deletions from the Model Lists
The following medicines were deleted from the Model Lists:

= chlorpromazine for the treatment of psychotic disorders in children
(EMLc)

= dasabuvir for the treatment of chronic hepatitis C virus infection
(EML)

= fluoxetine for the treatment of depression in children (EMLc)

= haloperidol for the treatment of psychotic disorders in children
(EMLc)

= ombitasvir + paritaprevir + ritonavir for the treatment of chronic
hepatitis C virus infection (EML)

= pegylated interferon alfa (2a or 2b) for the treatment of chronic
hepatitis C virus infection (EML).

Refer to Tables 1 and 2 of the Executive Summary for details of the
deletion of specific formulations and/or strengths of listed medicines from the
EML and EMLg, respectively.

New indications

Section 5.2: New indication of multiple sclerosis for rituximab on the EML.

Section 6.2.5: New indication of drug-susceptible tuberculosis meningitis for
ethionamide on the EML and EMLc.

Section 8.2:

- New indication of anaplastic large cell lymphoma for
cyclophosphamide, cytarabine, dexamethasone, doxorubicin,
etoposide, ifosfamide, methotrexate, prednisolone and
vinblastine on the EML and EMLc.

- New indication of Langerhans cell histiocytosis for cytarabine,
immunoglobulin (Section 11.2.1), mercaptopurine,
methotrexate, prednisolone, vinblastine and vincristine on the
EML and EMLc.

- New indication of Burkitt lymphoma for rituximab on the EML
and EMLc.

Section 13.4: New indication of psoriasis for methotrexate tablets on the EML
and EMLc.



Section 22.3: New indication of intrauterine fetal demise for mifepristone -
misoprostol on the EML.

Section 24: New indications of anxiety disorders and obsessive-compulsive
disorder for fluoxetine on the EML.

New formulations/strengths

Section 6.2.1: Inclusion of amoxicillin + clavulanic acid 200 mg + 28.5 mg
dispersible tablet on the EMLc.

Section 10.1: Inclusion of ferrous salt + folic acid tablet containing 60 mg
elemental iron + 2.8 g folic acid on the EML.

Section 18.5.1: Inclusion of 100 IU/mL cartridge and prefilled pen delivery
systems for human insulin on the EML and EMLc.

Section 24.5.2: Inclusion of nicotine replacement therapy lozenges (2 mg and 4
mg) and oral spray (1 mg per actuation) on the EML.

Section 30: Inclusion of fluoride gel, mouth rinse and varnish formulations to the
EML and EMLc.

Refer also to Tables 1 and 2 of the Executive Summary for details of the addition
of other new formulations/strengths of listed medicines on the EML and EMLc,
respectively.

Other changes to listings

Refer to Table 3 of the Executive Summary for details of other changes to the
listing of medicines on the Model Lists.

Applications not recommended

Section 2: Inclusion of fast-acting oral transmucosal formulations of fentanyl
citrate on the EML for the treatment of breakthrough cancer pain.

Section 5:

- Inclusion of donepezil on the EML for the treatment of dementia
due to Alzheimer disease.

- Inclusion of risdiplam on the EML and EMLc for the treatment
of spinal muscular atrophy.

— Inclusion of ocrelizumab on the EML for the treatment of
multiple sclerosis.
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Section 6:

Section 8:

Inclusion of flomoxef sodium on the EML and EMLc for
the treatment of community-acquired mild-to-moderate
intraabdominal and upper urinary tract infections.

Inclusion of imipenem + cilastatin + relebactam on the EML for
the treatment of infections due to multidrug-resistant organisms.

Inclusion of CD-19-directed antigen receptor (CAR) T-cells
(axicabtagene ciloleucel, tisagenlecleucel, lisocabtagene
maraleucel) on the EML for the treatment of adults with relapsed
or refractory large B-cell lymphoma.

Inclusion of cladribine on the EML and EMLc for the treatment
of Langerhans cell histiocytosis.

Inclusion of crizotinib on the EML and EMLc for the treatment
of relapsed or refractory anaplastic large cell lymphoma.

Inclusion of cyclin-dependent kinase 4/6 inhibitors (abemaciclib,
palbociclib and ribociclib) on the EML for the treatment of
hormone receptor positive/HER2-negative advanced breast
cancer.

Inclusion of osimertinib on the EML for the treatment of EGFR-
mutated locally advanced or metastatic non-small-cell lung
cancer.

Inclusion of PD-1 and PD-L1 immune checkpoint inhibitors
on the EML for first-line treatment of metastatic non-small-cell
lung cancer in patients with tumour PD-L1 expression > 50%
(pembrolizumab, atezolizumab, cemiplimab), and of locally
advanced non-small-cell lung cancer in patients with tumour
PD-L1 expression > 1% (durvalumab).

Inclusion of tislelizumab on the EML for the treatment of locally
advanced and metastatic non-small-cell lung cancer without
patient preselection based on PD-L1 tumour expression.

Inclusion of toripalimab on the EML for the treatment of locally
advanced and metastatic nasopharyngeal and oesophageal
cancers.

Inclusion of zanubrutinib on the EML for the treatment

of chronic lymphocytic leukaemia and small lymphocytic
lymphoma.
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Section 10: Inclusion of recombinant coagulation factors or bypassing agents on
the EML and EMLc as therapeutic alternatives to plasma-derived coagulation
factors.

Section 12: Inclusion of ticagrelor on the EML for the prevention of
atherothrombotic events.

Section 13:
— Inclusion of sunscreen on the EML and EMLc for the
prevention of skin cancer in people with albinism or xeroderma
pigmentosum.
— Inclusion of ustekinumab on the EML for the treatment of severe
psoriasis.
Section 18:

- Inclusion of alfacalcidol and calcitriol on the EML and EMLc for
the treatment of disorders of bone and calcium metabolism.

- Inclusion of 17-B-estradiol on the EML for induction of puberty.

- Inclusion of glucagon-like peptide-1 receptor agonists on the
EML for weight loss in obesity.

- Inclusion of ketoconazole on the EML for the treatment of
Cushing syndrome.

- Inclusion of phosphorus on the EMLc for the treatment of
hypophosphataemic rickets.

- Inclusion of somatropin on the EMLc for the management of
hypoglycaemia secondary to growth hormone deficiency.

— Inclusion of zoledronic acid on the EML and EMLc for the
treatment of osteogenesis imperfecta.

Section 21: Inclusion of hypromellose on the EML and EMLc for the treatment
of dry eye disease.

Section 24:

- Inclusion of paliperidone palmitate 3-month long-acting
injection on the EML for maintenance treatment of
schizophrenia.

- Inclusion of phenelzine on the EML for the treatment of
treatment-resistant depression.



Summary of recommendations :

Section 29:

- Inclusion of anakinra on the EML and EMLc for the treatment
of systemic-onset juvenile idiopathic arthritis with macrophage
activation syndrome.

- Inclusion of tocilizumab on the EML and EMLc for the
treatment of systemic-onset juvenile idiopathic arthritis.
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5. Applications for the 23rd Model List of Essential
Medicines and the 9th Model List of Essential Medicines
for Children

Section 1: Anaesthetics, preoperative medicines and medical gases

1.1 General anaesthetics and oxygen
1.1.1 Inhalational medicines
Sevoflurane - addition - EML & EMLc

Sevoflurane ATC code: NO1ABOS

Proposal

Addition of sevoflurane to the core list of the EML and EMLc as an inhalational
gas for general anaesthesia.

Applicant
AbbVie Biopharmaceuticals GmbH, Chicago, IL, United States of America

WHO technical department
Not applicable

EML/EMLc
EML and EMLc

Section

1.1.1 Inhalational medicines

Dose form(s) & strengths(s)

Inhalation

Core/complementary
Core

Individual/square box listing
Individual

Background

The Model Lists currently include halothane, isoflurane and nitrous oxide as
inhalational gases for general anaesthesia.



A review of the evidence on inhalational anaesthetics was considered
by the Expert Committee in 2011. At that time, the Model List included only
halothane (with a square box) and nitrous oxide. The Committee noted that
halothane was widely used in both induction and maintenance in adults and
children but had been gradually replaced in high-income countries by isoflurane,
enflurane, desflurane, and sevoflurane for safety reasons. Furthermore, it was
noted that ensuring the availability of halothane was increasingly problematic in
many settings. The Committee considered that none of these medicines was best
in all situations, with choice determined by the availability of the medicines and
specific vaporizers. While isoflurane causes less hepatic failure than halothane
and has advantages for maintenance, it is unsuitable for induction. Enflurane
also has a lower rate of hepatic failure and less cardiovascular toxicity than
halothane but increases the risk of seizure and has to be avoided in patients with
epilepsy. Isoflurane and enflurane have more rapid onset and recovery times than
halothane. Sevoflurane and desflurane have the most rapid onset and offset of
action and few adverse effects, such as airway irritation (desflurane), agitation in
more than 20% of children during recovery, and convulsions (sevoflurane). Both
sevoflurane and desflurane were noted to be more expensive than halothane,
isoflurane or enflurane. The Committee recommended the inclusion of isoflurane
but not enflurane (due to the risks of convulsions) or sevoflurane (due to cost).
The Committee recommended that halothane remain listed, but the square box
be removed. The Committee concluded that where available, halothane provides
an affordable option for induction and maintenance of anaesthesia. However,
where availability is a problem, isoflurane would provide an acceptable option
for maintenance. The Committee noted that nitrous oxide can be used as a
single agent where general anaesthesia is not required, or in combination with
inhalational anaesthetics. Use in combination reduces the dose, toxicity and costs
of inhalational drugs. The Committee therefore recommended nitrous oxide
remain listed (I).

Public health relevance

According to estimates from 2016, about 6% of the world’s population requires
surgery each year and about 92% of the surgeries will require anaesthesia (2).
The overarching goal of anaesthesia is to block sensation to a specific area or the
whole body. In general anaesthesia, the patient is kept in a safe and controlled
state of unconsciousness by a mixture of medicines and sensation is blocked to
the entire body. In 2008, it was estimated that about 234 million major surgical
procedures are performed worldwide every year (3). Inhalational anaesthetics,
including sevoflurane, are not only used in major surgeries, but may also be used
in outpatient surgeries and dental procedures.

The most commonly used inhalational anaesthetics are halothane,
sevoflurane, desflurane, isoflurane and nitrous oxide (4). Of these, sevoflurane is



the most used because of its low blood-gas solubility allowing for rapid induction
and quick recovery time, less irritation to the airway passages, lower pungency
and acceptable cardiovascular side-effects (5-7).

Summary of evidence: benefits

The application presented summaries of the findings of multiple meta-analyses
and clinical trials comparing sevoflurane and other EML-listed inhalational
anaesthetics for various outcomes. A summary from the United States Food
and Drug Administration (FDA)-approved product information for the AbbVie
brand of sevoflurane was also presented (8).

Meta-analyses

A meta-analysis of 56 studies in adults and children found that sevoflurane
reduced mean extubation time after surgery by 13% (95% confidence interval
(CI) 1.4% to 23%) compared with isoflurane. Sevoflurane was also associated
with reduced incidence of prolonged extubation (51%, 95% CI 49% to 54%) and
reduced mean time to following commands (27%, 95% CI 18% to 36%) compared
with isoflurane (9).

A meta-analysis of nine studies (1562 participants) found that sevoflurane
was associated with statistically significant shorter recovery times (in minutes)
than isoflurane for time of emergence (mean difference (MD) -2.9, 95% CI -3.1
to -2.7), extubation (MD -1.6, 95% CI -1.9 to -1.3), response to commands
(MD -3.0, 95% CI -3.3 to -2.7), orientation (MD -4.5, 95% CI -4.8 to -4.2)
and first post-operative analgesic (MD -8.9, 95% CI -10.8 to -7.0). There was
no significant difference between the anaesthetics for time to discharge from
recovery room (MD 0.7 minutes, 95% CI -2.7 to 4.1 minutes) (10).

A meta-analysis of six studies (634 participants) compared the
recovery profile after ambulatory anaesthesia for isoflurane and sevoflurane
(11). Statistically significant differences were reported between isoflurane and
sevoflurane, favouring sevoflurane, for time to opening eyes (2.4 minutes; 95%
CI 1.8 to 2.9 minutes), time to obeying commands (2.4 minutes, 95% CI 1.8 to
2.9 minutes), time to transfer from phase I to phase II recovery (8.2 minutes, 95%
CI 5.7 to 10.6 minutes), time to home readiness (5.1 minutes, 95% CI 2.8 to 7.4
minutes) and time to home discharge (25 minutes, 95% CI 0.4 to 50.0 minutes). In
addition, sevoflurane patients showed significantly less postoperative drowsiness.
There were no significant differences between treatments for postoperative
nausea, vomiting or dizziness.

A network meta-analysis of 38 randomized controlled trials (3996
participants) evaluated survival in patients undergoing cardiac surgery receiving
inhalational or intravenous (IV) anaesthesia (12). Sevoflurane and desflurane
were each associated with significantly reduced mortality compared with total IV

WHO Technical Report Series, No. 1049, 2024



anaesthesia. The posterior mean of odds ratios (OR) and 95% credible intervals
(CrI) were OR 0.31 (95% CrI 0.14 to 0.64) for sevoflurane and OR 0.43 (95% CrI
0.21 to 0.82) for desflurane.

A meta-analysis of 16 randomized controlled trials (961 participants)
compared sevoflurane with isoflurane on postoperative outcomes of cardiac
surgery (13). There were no significant differences between anaesthetics for
length of time in the intensive care unit, length of hospital stay, time to extubation
or levels of S100P (a marker of cerebral ischaemia) and troponin after surgery.
Levels of creatinine kinase (CK)-MB 24 hours after surgery were significantly
higher with isoflurane than with sevoflurane. The authors concluded that
the choice of anaesthetic does not have a significant impact on postoperative
outcomes.

Another systematic review and meta-analysis of 68 randomized
controlled trials (7104 participants) evaluated the effects of inhalational
anaesthetics on mortality and postoperative pulmonary and other complications
following cardiac and non-cardiac surgery (14). Overall, inhalational anaesthetics
were associated with significantly reduced mortality, and fewer pulmonary
and other complications compared with total IV anaesthesia. In non-cardiac
surgery, inhalational anaesthetics were not associated with reduced mortality
or complications. Compared with isoflurane in cardiac surgery, sevoflurane
showed reduced mortality and fewer pulmonary and other complications but the
differences were not statistically significant. In non-cardiac surgery, sevoflurane
showed reduced mortality and fewer other complications than isoflurane, while
isoflurane was associated with fewer pulmonary complications than sevoflurane.
All differences were not statistically significant.

A meta-analysis of six randomized controlled trials (873 participants)
evaluated the effect on kidney function of sevoflurane and isoflurane 24 and
72 hours after anaesthesia (15). There were no statistically significant differences
between the groups at either time point for serum/plasma creatinine, blood
urea nitrogen, urinary protein or glucose excretion. Another meta-analysis of
41 randomized controlled trials also reported on the effect of sevoflurane versus
other anaesthetics (inhaled and total IV anaesthesia) on renal function (16).
No difference was found between the groups for serum creatinine, creatinine
clearance or blood urea nitrogen at 24 hours.

A meta-analysis of 23 randomized controlled trials (2363 participants)
evaluated the incidence of emergence agitation in children younger than 12 years
anaesthetized with sevoflurane versus halothane (17). Emergence agitation was
significantly more common with sevoflurane in pooled meta-analyses of all
studies (OR 2.21, 95% CI 1.77 to 2.77) and only high-quality studies (OR 1.82,
95% CI 1.37 to 2.41).



Other studies

A retrospective study and a prospective trial of adult patients undergoing non-
cardiac surgery compared length of hospital stay for inhalational anaesthetics
(18). In the retrospective analysis, the adjusted geometric mean for length of
hospital stay was significantly longer for isoflurane (2.85 days) than sevoflurane
(2.55 days) and desflurane (2.64 days). There was no difference between isoflurane
and sevoflurane on the secondary outcome of mean 72-hour verbal response
scale pain scores. In the prospective trial, no significant differences were found
between sevoflurane and isoflurane for length of hospital stay.

A randomized study compared the induction characteristics of
maximum initial inspired concentrations of 8% sevoflurane and 5% halothane
in 51 children aged 3 months to 3 years (19). There was no significant difference
between treatments in the mean time to loss of consciousness, although the time
was shorter with sevoflurane than halothane (72 seconds versus 76 seconds).
Similarly, mean time to acceptance of the face mask and mean time taken to
reach complete induction were shorter with sevoflurane but neither difference
was statistically significant. Ten (of 25) and 17 (of 26) patients in the sevoflurane
and halothane groups, respectively, had severe struggling. Another study
compared 2% sevoflurane with 0.75% halothane, supplementing 66% nitrous
oxide in oxygen for induction, maintenance and recovery in 63 children aged
5-12 years undergoing outpatient dental extractions (20). The mean time to
loss of eyelash reflex was significantly shorter with sevoflurane than halothane
(89 seconds versus 127 seconds). Mean time to eye opening after anaesthesia
was significantly longer with sevoflurane than halothane (167 seconds versus
102 seconds). Times to walking and standing and discharge were not significantly
different between the treatment groups. Complications did not differ significantly
between treatment groups during recovery, but nausea was significantly lower in
sevoflurane patients than halothane patients after discharge from the hospital.
A third study compared sevoflurane and halothane during induction, surgery
and recovery in 100 patients aged 2-12 years undergoing outpatient dental
anaesthesia (21). Mean time to loss of eyelash reflex was significantly shorter
with sevoflurane than halothane (1.5 minutes versus 1.9 minutes). Mean time to
insertion of mouth prop was significantly longer with sevoflurane than halothane
(3.9 minutes versus 3.5 minutes). Times to eye opening and discharge were
shorter for sevoflurane than halothane but the differences were not statistically
significant. The incidence of arrhythmias was significantly greater for halothane
than sevoflurane (62% versus 28%).

A randomized trial compared recovery times with isoflurane and
sevoflurane in 80 children undergoing spinal surgery (22). Sevoflurane patients
had significantly shorter mean extubation times compared to isoflurane patients
(6.4 minutes versus 10.7 minutes). Compared with isoflurane, sevoflurane was
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associated with significantly shorter mean emergence time (7.8 minutes versus
12.8 minutes) and time to full modified Aldrete score (13.9 minutes versus
20.3 minutes). Meeting the discharge criteria and postoperative events were
similar for both treatment groups. Another study compared recovery times with
isoflurane and sevoflurane in 84 children aged 2-24 months following cleft lip
surgery (23). Sevoflurane patients had significantly shorter mean extubation
times than isoflurane patients (320 seconds versus 583 seconds). The sevoflurane
group also had significantly shorter mean times for spontaneous respiration, hip
flexion and eye opening. A third study assessed recovery times with sevoflurane,
isoflurane and desflurane in 60 children aged 7-18 years undergoing craniotomy
for supratentorial tumour excision (24). Compared with isoflurane, sevoflurane
patients had significantly shorter mean extubation times (14.0 minutes versus
21.3 minutes), mean emergence times (11.7 minutes versus 15.5 minutes) and
mean times to reach Aldrete score >9 (29.3 minutes versus 35.6 minutes). The
desflurane group also had significantly shorter times on all three measures versus
the isoflurane group. No significant differences were seen between the sevoflurane
and desflurane groups.

A prospective randomized trial compared sevoflurane and isoflurane
for maintenance of and recovery from anaesthesia in 104 elderly patients (25).
Sevoflurane patients had significantly shorter median extubation time than
isoflurane patients (8 minutes versus 11 minutes). The sevoflurane group also
had significantly shorter time to eye opening (8.5 minutes versus 12.5 minutes)
and time to discharge from the post-anaesthesia care unit (21 minutes versus 27.5
minutes) compared with the isoflurane group.

Summary of evidence: harms

The application stated that most adverse events with sevoflurane were mild
or moderate in severity and transient in duration. Nausea and vomiting were
observed in the postoperative period, which are common sequelae of surgery
and general anaesthesia and may be due to inhalational anaesthetic, other agents
administered intra-operatively or postoperatively and the patients response to
the surgical procedure. As with all potent inhaled anaesthetics, sevoflurane may
cause dose—dependent cardiorespiratory depression.

The most commonly reported adverse reactions with sevoflurane
described were:

= adults - hypotension, nausea and vomiting;
= elderly people - bradycardia, hypotension and nausea; and

= children - agitation, cough, vomiting and nausea.

A summary of the most frequent adverse drug reactions in sevoflurane
clinical trials is shown in Table 5.
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Table 5

Most frequent adverse drug reactions in sevoflurane clinical trials

System organ class Adverse reactions Frequency
Psychiatric disorders Agitation Very common
Nervous system Somnolence, dizziness, headache Common
disorders
Cardiac disorders Bradycardia Very common
Tachycardia Common
Atrioventricular block complete Uncommon
QT prolongation associated with torsade ~ Unknown
de pointes
Vascular disorders Hypotension Very common
Hypertension Common

Respiratory, thoracic and
mediastinal disorders

Cough
Respiratory disorder, laryngospasm

Very common
Common

Gastrointestinal

Nausea, vomiting

Very common

disorders Salivary hypersecretion Common
General disorders and Chills, pyrexia Common
administration site
conditions
Investigations Blood glucose abnormal, liver function Common
test abnormal?, white blood cell count
abnormal, fluoride increased®
Injury, poisoning Hypothermia Common

and procedural
complications

@ QOccasional cases of transient changes in hepatic function tests were reported with sevoflurane and reference

agents.

b Transient increases in serum inorganic fluoride levels may occur during and after sevoflurane anaesthesia.
Concentrations of inorganic fluoride generally peak within 2 hours of the end of sevoflurane anaesthesia
and return within 48 hours to pre-operative levels. In clinical trials, elevated fluoride concentrations were not
associated with impairment of renal function.
Source: Sevoflurane company core data sheet

Important risks for sevoflurane include:

= cardiovascular changes, including cardiac arrhythmias/cardiac
events in children,

= hepatic disorders,



= malignant hyperthermia,

= perioperative hyperkalaemia,
= convulsions,

= history of Pompe disease,

= mitochondrial disorders, and

= hypothermia.

Systematic standardized surveillance for reports associated with these
risks are conducted by AbbVie. Reports of these risks are reviewed as cases are
received, and reviews of aggregate reports are performed on a quarterly basis. The
application reported that no new safety signals had been detected through these
surveillance activities coincident with sevoflurane therapy during the current
reporting interval.

Common adverse effects of halothane include hypotension, bradycardia,
arrhythmias (particularly in neonates and children) and mild liver dysfunction.
Halothane has also been associated with hepatotoxicity that in some cases can
lead to liver failure, so-called halothane hepatitis, which has a high mortality rate.
Halothane-related hepatotoxicity has been the main reason for the declining use
of this medicine in many settings (26).

WHO guidelines

WHO guidelines for surgical anaesthesia are not currently available.

Costs/cost—effectiveness

Anaesthetics generally contribute to less than 5% of a hospital pharmacy budget
and account for about 3-4% of the cost of a surgical procedure (27). The cost of
anaesthesia is driven by the choice of volatile agent and depends on several other
factors, including patient populations, duration of anaesthesia, length of surgical
unit stay, and cost of the anaesthesia delivery system.

Specific information on the cost of sevoflurane marketed by AbbVie
was not provided in the application. Rather, the application described studies in
which factors including reduced mean extubation time (9) and reduced length of
hospital stay (18) associated with sevoflurane use were proposed as potentially
resulting in reduced overall costs.

The cost-effectiveness of general anaesthetic agents in adult and child
day surgery patients was evaluated in a 2003 study in the United Kingdom (28).
Total costs were calculated for individual patient resource use up to 7 days after
discharge. Incremental cost-effectiveness ratios were expressed as cost per episode
of postoperative nausea and vomiting avoided. In both adults and children,
induction and maintenance anaesthesia with sevoflurane had higher costs and
a higher incidence of postoperative nausea and vomiting and was dominated by
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the alternative regimens (total intravenous anaesthesia (propofol) or intravenous
induction with propofol or inhalational maintenance with halothane, isoflurane
or sevoflurane).

In most settings, the direct costs of sevoflurane are higher than for
halothane and isoflurane. A full evaluation of the comparative cost-effectiveness
needs to take into account many other associated costs (e.g. delivery systems,
carrier gases and disposables) (29).

Availability

Sevoflurane, in innovator and generic brands, has wide global marketing approval.

Other considerations
Global warming potential of inhaled anaesthetics

The global warming potential of desflurane, isoflurane and sevoflurane have been
evaluated to determine their impact on climate change (30). Various techniques
were used to estimate the potential for each gas. The 20-year global warming
potential values (a higher number indicates a greater impact) for sevoflurane,
isoflurane and desflurane were 440, 1800 and 6810, respectively (global warming
potential for carbon dioxide being 1; a ton of sevoflurane in the atmosphere thus
corresponds to an emission of 440 tons of CO,). The gases atmospheric lifetimes
were estimated to be 1.1, 3.2 and 14.0 years for sevoflurane, isoflurane, desflurane,
respectively.

Committee recommendations

The Expert Committee noted that the use of anaesthetics has steadily increased
globally over the past few years, with the expansion of health care services. The
Committee recognized that volatile anaesthetics are greenhouse gases, with
detrimental environmental impact due to their contribution to global warming if
leaked into the atmosphere.

The Committee noted that among the volatile anaesthetic gases,
sevoflurane has a lower global warming potential than the alternatives, primarily
desflurane, which is not currently included on the Model Lists, but also halothane
and isoflurane, which are included.

The Committee noted that the clinical efficacy and safety of sevoflurane
appears to be similar to isoflurane, with consistent findings across type of surgery
and setting. Sevoflurane is indicated for induction and maintenance of general
anaesthesia in adult and paediatric patients for inpatient and outpatient surgery.
The Committee also noted that vaporizers are essential components of anaesthesia
equipment with inhaled anaesthetics. As with other inhalational anaesthetics,
degradation and production of degradation products can occur when sevoflurane
is exposed to desiccated absorbents. Since the level of anaesthesia may be altered
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rapidly, only vaporizers producing predictable concentrations of sevoflurane
should be used.

In consideration of the volatile anaesthetics already included on the
Model Lists, the Committee noted that halothane is no longer used in many
countries because of its harm profile. The Committee also noted that the price
difference between halothane, isoflurane and sevoflurane had decreased since
sevoflurane was previously considered for inclusion in the Model Lists in 2011.

Therefore, the Committee recommended the inclusion of sevoflurane
on the core list of the EML and EMLc as an inhalational anaesthetic based on
evidence of similar efficacy and safety to isoflurane, and a lower global warming
potential than the currently listed alternatives. The Committee considered that
more efficient use of sevoflurane in preference to halothane and isoflurane can
contribute to reducing greenhouse gas emissions. In addition, given the limited
role of halothane among anaesthetic gases, the Committee recommended that
halothane be flagged for deletion from the Model Lists without further discussion
in 2025, unless an application is received in support of its retention.
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Section 2: Medicines for pain and palliative care

2.2 Opioid analgesics
Fentanyl - new formulation - EML

Fentanyl ATC code: NO2AB03

Proposal

Addition of oral transmucosal formulations of fentanyl citrate on the
complementary list of the EML for use in the treatment of breakthrough pain
in adult patients with cancer already receiving opioid analgesics to manage
cancer pain.

Applicant
Yolanda Escobar, Hospital Gregorio Marafion, Madrid, Spain
Cesar Margarit, Hospital General de Alicante, Alicante, Spain

WHO technical department
Noncommunicable Diseases

EML/EMLc
EML

Section
2.2 Opioid analgesics

Dose form(s) & strengths(s)

Buccal film: 200 micrograms, 400 micrograms, 600 micrograms, 800 micrograms,
1.2 mg (as citrate)

Lozenge: 200 micrograms, 400 micrograms, 600 micrograms, 800 micrograms,
1.2 mg, 1.6 mg (as citrate)

Tablet (sublingual): 100 micrograms, 200 micrograms, 300 micrograms,
400 micrograms, 600 micrograms, 800 micrograms (as citrate)

Core/complementary

Complementary

Individual/square box listing
Individual
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Background

Oral transmucosal formulations of fentanyl have not previously been considered
for inclusion in the EML. In 2017, fentanyl transdermal patches were included on
the EML for the management of chronic cancer pain.

While intravenous morphine was included on the first list in 1977,
immediate-release formulations of oral morphine have been included on the
EML (tablets and oral liquid) since 1984. Hydromorphone and oxycodone are
included as alternatives to morphine under a square box listing.

Public health relevance

Cancer is a major public health problem worldwide and is the second leading
cause of death, accounting for an estimated 9.9 million deaths and more than 19
million new cases in 2020 (I). The cancer burden continues to grow globally, with
an estimated doubling of the yearly incidence by 2040, and places tremendous
physical, emotional and financial strain on individuals, families, communities
and health systems (2,3). Despite this growth in incidence, the number of deaths
from cancer is decreasing annually because more patients are benefiting from
early detection and new improved treatments (4).

More than 80% of patients with cancer develop pain before death, and
pain is one of the most feared consequences of cancer for both patients and
families (5). Moderate-to-severe pain has been reported in 38% of the cases (6).
This pain is often assessed at 7 or higher in the numeric rating scale (with 0 being
no pain and 10 the worst pain imaginable) (7). Breakthrough cancer pain is a
transient exacerbation of pain in the context of otherwise adequately controlled
background pain.

An accurate estimate of the prevalence of breakthrough cancer pain is
not available. A systematic review and meta-analysis of 19 observational studies
(6065 participants) reported a pooled prevalence rate of breakthrough cancer
pain of 59.2% (95% confidence interval (CI) 58.0% to 60.4%, high heterogeneity).
Subgroup analysis found that the lowest and highest pooled prevalence rates were
reported in studies conducted in the outpatient setting (39.9%, 95% CI 35.8% to
44.0%) and hospice setting (80.5%, 95% CI 77.9% to 83.1%) (8).

Breakthrough cancer pain can occur as a direct consequence of the
tumour (70-80% of cases), as a result of cancer therapy (10-20% of cases) or be
unrelated to the tumour or treatment (< 10% cases) (9).

Breakthrough pain has a significant impact on the quality of life of
patients, being associated with more severe pain-related functional impairment
and psychological distress (10,11). It is also associated with high use of health
care resources, mainly related to a higher number of hospital admissions and
drug costs (12,13).
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Summary of evidence: benefits

A 2013 Cochrane systematic review of 15 randomized trials (1699 participants)
evaluated the efficacy of opioid analgesics compared with placebo or active
comparator for management of breakthrough cancer pain (14). The studies
included reported on seven different transmucosal fentanyl formulations - five
administered orally and two administered nasally. Eight studies compared the
transmucosal fentanyl formulations with placebo, four studies compared them
with another opioid, one study was a comparison of different doses of the same
formulation and two were randomized titration studies. For the comparison of
transmucosal fentanyl versus placebo, transmucosal fentanyl was significantly
superior to placebo for pain intensity difference at 10 minutes (mean difference
(MD) 0.39, 95% CI 0.27 to 0.52; six studies, 988 participants), and at 15 minutes
(MD 0.49, 95% CI 0.35 to 0.62; seven studies, 538 participants). No significant
difference was observed at 30 minutes (MD 0.92, 95% CI 0.75 to 1.09; seven
studies, 538 participants). For the comparison of transmucosal fentanyl versus
oral morphine, the point estimate in the mean pain intensity difference at 15
minutes favoured fentanyl, but this was not statistically significant (MD 0.37,
95% CI 0.00 to 0.73; two studies, 308 participants). Similarly, for the comparison
of oral transmucosal fentanyl citrate versus intravenous morphine, the point
estimate for mean pain intensity difference at 15 minutes favoured fentanyl,
but was not statistically significant (MD 0.80, 95% CI 0.00 to 1.60; one study,
50 participants). Results for other time points for comparisons with oral and
intravenous morphine were not reported.

Brief summaries of the results of eight trials from the 2013 Cochrane
review, considered by the applicants to be relevant to the application, are
presented below.

A randomized, placebo-controlled, double-blind study evaluated oral
transmucosal fentanyl citrate for treatment of breakthrough pain in 93 adult
patients with cancer (15). After titration to an effective fentanyl dose, participants
were given 10 randomly ordered treatment units (seven fentanyl, three placebo).
Of 804 breakthrough pain episodes treated, 247 were with placebo and 557
were with fentanyl. Episodes of breakthrough pain treated with fentanyl had
significantly larger changes in pain intensity and better pain relief at all time
points (15, 30, 45 and 60 minutes) than episodes treated with placebo. Episodes
of breakthrough pain treated with placebo required the use of rescue medication
significantly more often than episodes treated with fentanyl (34% versus 15%;
relative risk (RR) 2.27, 95% CI 1.51 to 3.26).

Two randomized trials compared fentanyl buccal tablet with placebo in
patients with breakthrough cancer pain (16,17). In the first study, after an open-
label titration phase to determine effective dose, 77 patients were randomly
assigned to receive a prespecified dose sequence of 10 tablets (seven fentanyl,
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three placebo). Of 701 breakthrough pain episodes treated, 208 were with placebo
and 493 were with fentanyl. The primary outcome measure was the summed pain
intensity difference at 30 minutes. Mean summed pain intensity difference at 30
minutes (standard error (SE)) was significantly greater for buccal fentanyl (3.0 (SE
0.12)) than for placebo (1.8 (SE 0.18)). For other outcome measures including pain
relief, pain intensity difference, summed pain intensity differences and summed
total pain relief and patient ratings of global performance, results all significantly
favoured buccal fentanyl (16). The second study, of similar design, included 87
patients in the double-blind phase. The primary outcome measure was summed
pain intensity difference at 60 minutes, which significantly favoured buccal fentanyl
compared to placebo — 9.7 (SE 0.63) versus 4.9 (SE 0.50). Pain intensity differences
and pain relief also significantly favoured buccal fentanyl at all time points (17).

A randomized phase II study evaluated efficacy and tolerability of
sublingual fentanyl tablets in 27 patients with breakthrough cancer pain (18).
Participants received placebo, fentanyl 100 micrograms, 200 micrograms and
400 micrograms in random order at four breakthrough pain episodes. The
primary efficacy measure was pain intensity difference; overall, the difference
was significantly larger with 400 micrograms of fentanyl compared with placebo,
and improved pain relief was reported for 100 micrograms and 200 micrograms
of fentanyl, although this was not statistically significant. The 400 microgram
strength was also associated with significantly reduced use of rescue medication
and improved global assessment of treatment.

A randomized placebo-controlled, phase III study evaluated efficacy and
tolerability of sublingual fentanyl orally disintegrating tablet for breakthrough
cancer pain, with 61 patients included in the primary efficacy analysis (19).
Following a 2-week open-label titration phase, participants received fentanyl
or placebo in random order. For the primary efficacy measure of summed pain
intensity difference at 30 minutes, there was a significant improvement for
fentanyl compared with placebo (49.5 versus 36.6, P = 0.0004). Treatment was
also associated with significant improvements in pain intensity difference and
pain relief at time points from 10 minutes after dose administration. A similar
study evaluated the efficacy and tolerability of fentanyl buccal soluble film
formulation in 80 adults with breakthrough cancer pain (20). Mean summed pain
intensity difference at 30 minutes was significantly greater for episodes treated
with fentanyl compared with placebo, with significant differences maintained to
the last assessed time point of 60 minutes. Pain relief values for fentanyl were
significantly better than placebo at 30 minutes after dose administration, and
the percentage of pain episodes with a 33% or 50% decrease in pain was also
significantly greater with fentanyl than placebo.

A randomized, double-blind, double-dummy, multiple crossover trial
compared oral transmucosal fentanyl and immediate-release morphine sulfate in
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93 adults with breakthrough cancer pain (21). After an open-label dose titration
phase, participants received 10 prenumbered sets of randomized capsules and
oral transmucosal units (5 x successful fentanyl dose + 5 x placebo, 5 x successful
morphine dose + 5x placebo). Oral transmucosal fentanyl performed significantly
better than immediate-release morphine for efficacy measures including pain
intensity, pain intensity difference and pain relief at all time points. Global
performance rating scores also significantly favoured fentanyl. Significantly
more pain episodes treated with oral transmucosal fentanyl had a greater than
33% change in pain intensity score at 15 minutes than episodes treated with
immediate-release morphine (42.3% versus 31.8%, P < 0.001).

A randomized, double-blind dose titration study in ambulatory cancer
patients evaluated safety and efficacy of increasing doses of oral transmucosal
fentanyl for treatment of breakthrough cancer pain (22). This study was not
designed to compare fentanyl with usual opioid rescue medicines, however
exploratory analyses were performed. These analyses showed that fentanyl
treatment was associated with significantly greater analgesic effects at time
points up to 60 minutes, and a more rapid onset of effect than usual rescue
opioids. Participants rated the global satisfaction of oral transmucosal fentanyl
citrate significantly higher than global performance of their usual opioid rescue
medicine (2.74 versus 2.09, P = 0.0002).

The following studies were not included in the 2013 Cochrane review.

A mixed-treatment meta-analysis of five randomized trials indirectly
compared fentanyl preparations, morphine and placebo for the treatment of
breakthrough cancer pain to determine the relative contributions to pain relief
from oral morphine and the fentanyl preparations using placebo as the common
comparator (23). The overall probability of superior pain relief, as measured
by differences in pain intensity difference scores, compared with placebo was
calculated for 15- to 60-minute intervals after dosing. For the first 30 minutes
after dosing, the probabilities of superiority over placebo were 56%, 83%, 66%
and 73% for immediate-release morphine, fentanyl buccal tablet, fentanyl orally
disintegrating tablet and fentanyl lozenge, respectively. Comparing fentanyl
preparations with immediate-release morphine over the first 30 minutes after
dosing, the probabilities of superiority over morphine were estimated to be 58%
for buccal tablet, 56% for orally disintegrating tablet and 62% for lozenge.

The long-term effectiveness of fentanyl orally disintegrating tablets for
treatment of breakthrough cancer pain was assessed in a non-randomized, open-
label, phase III study (139 participants) (24). Effectiveness was evaluated at screening
for participation and at each monthly visit using patients’ global evaluation of
medication, the brief pain inventory and the depression, anxiety and positive outlook
scale. Evaluation of patient satisfaction using the patients’ global evaluation of
medication measure showed an increase in satisfaction (“very satisfied” or “satisfied”)
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with study pain medication at the end of the study (12 months) versus time at study
enrolment (77% versus 54%). For quality-of-life measures, the brief pain inventory
evaluation of pain severity indicated that mean levels of pain generally remained
stable throughout the study, except for current pain, which was significantly lower
at the 6-month visit, compared with at screening. Mean brief pain inventory scores
for pain relief improved significantly at both the 6-month and end-of-study visits,
compared with at screening. Brief pain inventory scores for interference of pain
with daily functioning decreased over the study period, suggesting improvement.
The scores on the depression, anxiety and positive outlook scale showed numerical
trends towards improvement in all three quality-of-life domains (depression, anxiety
and well-being) at the end of the study, compared with at screening. Improvement
in depression scores at 6 months was statistically significant.

Subgroup analyses from a multicentre, prospective, observational, open-
label study assessed the effect of fentanyl sublingual tablets in the management of
breakthrough pain in patients with cancer according to age (< 65 and > 65 years),
measuring pain intensity, onset of pain relief, frequency and duration of
breakthrough pain episodes, and adverse events at 3, 7, 15 and 30 days. Health-
status tools used were the Short Form 12, version 2 questionnaire, and the
Hospital Anxiety and Depression Scale (25). Self-reported levels of pain intensity
improved significantly compared with baseline for all assessment points and both
subgroups. For each assessment point, reduction in pain intensity was greater in
the younger age group (67.3% reduction versus 56.3% reduction).

A randomized, open-label study compared the efficacy and safety of oral
transmucosal fentanyl and oral morphine in Indian patients (186 participants)
(26). Primary efficacy endpoints were reduction in pain determined by numerical
rating scale at 5, 15, 30 and 60 minutes, and percentage of breakthrough pain
episodes showing at least 33% reduction in pain intensity at 15 minutes. Patients
treated with fentanyl experienced significantly greater reduction in pain intensity
of breakthrough episodes compared with those treated with oral morphine at all
time points assessed. The percentage of breakthrough pain episodes with more
than 33% reduction in pain intensity at 15 minutes was significantly greater in
patients treated with fentanyl compared with patients treated with morphine
(56% versus 39%).

Efficacy and safety studies of oral transmucosal fentanyl versus placebo
conducted in the Japanese population also showed positive results (27,28).

Summary of evidence: harms

Theadverse effects of fentanyl citrate are generally consistent with the known adverse
effects of potent opioid analgesics (14). The most commonly reported adverse effects
associated with fentanyl formulations in the treatment of breakthrough cancer pain
reported across various studies include asthenia, constipation, dizziness, headache,
nausea, pruritus, somnolence and vomiting (15-19,21,22).
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Studies with transmucosal fentanyl citrate have shown no differences in
pharmacokinetic parameters between younger and older people, and so dose
modification is not considered necessary for elderly patients (29).

An alert published in 2018 by the Spanish Medicines Agency reported
that almost 60% of the cases of abuse and/or dependence reported to the Spanish
Pharmacovigilance System involved patients in whom immediate-release fentanyl
was used for off-label indications. A systematic review of the literature found
an overall incidence of addiction of up to 50% in non-oncology patients, while
in oncology patients it was up to 7.7%. In the context of trials evaluating new
presentations of rapid-acting fentanyl, 11% of patients were found to have aberrant
behaviour associated with its use, of whom < 1% were found to be addicted (30).

WHO guidelines

The 2018 WHO guidelines for the pharmacological and radiotherapeutic
management of cancer pain in adults and adolescents includes the best practice
statement, “breakthrough pain should be treated with a rescue medicine, which
should be an opioid such as morphine in its immediate-release formulation” (31).

The WHO Guideline Development Group considered a single small
randomized controlled trial (68 participants) which compared analgesics
specifically for management of breakthrough pain in an older population with
multiple cancer types. The trial provided low strength of evidence that the choice
between sustained-release and immediate-release morphine may make no
difference in preventing breakthrough pain or reducing pain. The trial did not
report on pain relief speed, pain relief maintenance, quality of life, functional
outcomes or respiratory depression. The Guideline Development Group agreed
that they could not justify making a recommendation on the basis of only one
eligible low-quality trial that looked at too few of the options that were clinically
available. However, given the urgent need for guidance to manage breakthrough
pain for both patients and clinicians, the Guideline Development Group decided
to make a best practice statement that breakthrough pain should always be
relieved with rescue medicine based on clinical experience and patient need.

The Guideline Development Group highlighted that the cost of certain
formulations, such as transmucosal fentanyl, was likely to be prohibitively
expensive for some low- and middle-income settings, and that cheaper medicines,
such as immediate-release oral morphine, should be made available as a priority
if they were not already available (31).

Costs/cost—effectiveness

Breakthrough cancer pain imposes a significant financial burden on patients
and health systems through increased hospitalization and health care utilization
(12,32).
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An economic analysis of oral fentanyl formulations for treatment of
breakthrough cancer pain was conducted from the Italian national health
services perspective (33). The base-case analysis found that compared with
placebo, all formulations assessed (sublingual fentanyl citrate, fentanyl sublingual
tablets, fentanyl buccal soluble film, fentanyl buccal tablet and oral transmucosal
fentanyl citrate) were associated with incremental costs per quality-adjusted life
year gained lower than €50 000-60 000, the incremental cost-effectiveness ratio
threshold generally used in Italy. Among formulations, sublingual fentanyl citrate
dominated all others (lower cost, greater effectiveness).

An economic analysis from Sweden evaluated the cost-effectiveness of
intranasal fentanyl spray compared with oral transmucosal fentanyl citrate and
fentanyl buccal tablet for the treatment of breakthrough cancer pain (34). The
base-case analysis found that compared with placebo, all formulations assessed
were associated with incremental costs per quality-adjusted life year gained lower
than the willingness-to-pay threshold in Sweden of €45 000.

The application presented estimates of annual treatment costs of
transmucosal fentanyl by country and region. Average national treatment costs
per patient per year calculated in the application based on the defined daily dose
for sublingual fentanyl of 600 micrograms ranged from US$ 189.70 in Egypt to
US$ 48 386.40 in Lebanon. Average treatment costs per patient per year by region
based on the defined daily dose of 600 micrograms were reported in the application
as US$ 4695.60 in Africa, US$ 6455.50 in Asia and the South Pacific, US$ 5673.10
in Europe, US$ 28 534.30 in North America and US$ 3214.60 in South America.

Availability

The application reported that 24 brands (innovator and generic) of transmucosal
fentanyl formulations were variously available in 47 countries globally. Availability
in low- and middle-income countries appears limited.

Other considerations

The Expert Committee noted the comments received during the public
consultation period in relation to the application from the International
Association for Hospice and Palliative Care, the Worldwide Hospice Palliative
Care Alliance, the Groupe de Recherche et d’Actions Sociales in Burkina Faso and
the WHO Collaborating Centre for Training and Policy on Access to Pain Relief.
These stakeholders all expressed their opposition to the proposed inclusion of
oral transmucosal fentanyl on the Model List, citing the following reasons.

= Patients must remain on around-the-clock opioids while taking
oral transmucosal fentanyl citrate. Given the limited availability of
opioids for pain and palliative care in resource-constrained settings,
it would be challenging to meet these requirements in low- and
middle-income countries.
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= Morphine (with oxycodone and hydromorphone as alternatives)
is already included in the EML. The inclusion of both immediate-
release and sustained-release oral preparations enables morphine
to be successfully used in both acute and chronic cancer pain,
and breakthrough pain. Morphine is the strong opioid of choice
for treatment of moderate-to-severe pain. No evidence exists to
support the need for, or the addition of, another pure agonist to treat
breakthrough pain.

= Data are lacking on dose-equivalence for transmucosal fentanyl
compared with other opioids and oral, modified-release formulation
of fentanyl. This means that using transmucosal fentanyl to
commence or titrate opioids to effect is less safe than the usual,
recommended practice of immediate- and modified-release
morphine (or equivalent opioids).

= Because of its rapid onset and lipophilic characteristics with
selective activity for p-receptors expressed in the brain, spinal
cord and other tissues, fentanyl citrate has a higher risk of non-
medical use compared with the other pure agonists included in
the WHO EML. Its short time to onset should be considered of
equal importance to its short duration of action. In many cases,
patients using fentanyl citrate for breakthrough pain often consume
more opioid in total over a 24-hour period than if they had been
prescribed their usual regimen of immediate-release with or without
modified release morphine (or equivalent longer-acting opioids) for
breakthrough pain.

= Oral transmucosal fentanyl citrate is available in only a few, mostly
high-income, countries. Appropriate use of oral transmucosal
fentanyl may not be feasible in low-income settings, where health
care workers may not receive training in the administration and
pharmacokinetics of fentanyl, which could lead to serious adverse
events and potential fatalities.

= The cost—effectiveness of oral transmucosal fentanyl versus
immediate-release morphine is not known. Inclusion of oral
transmucosal fentanyl on the EML may result in the allocation of
public funds for the procurement of an expensive formulation in
lieu of more cost-effective formulations already included in the list.

= Breakthrough pain is not homogenous and whilst transmucosal
fentanyl has a place in treating some types of breakthrough pain
and for some patients, it does not and must not replace immediate-
release morphine.
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Committee recommendations

The Expert Committee acknowledged that most cancer patients with active cancer
develop pain during the course of the disease, and that pain is one of the most
feared consequences of cancer for both patients and their families. The Committee
noted that the EML currently includes immediate-release formulations of oral
morphine, which is recognized as the strong opioid of choice for breakthrough
cancer pain. The Committee also acknowledged the serious problems with access
to morphine in many parts of the world.

The Committee acknowledged that the evidence presented in the
application shows oral transmucosal fentanyl (on a background of regular opioid
dosing) to be an effective option for the treatment of breakthrough cancer pain.
When compared with immediate-release morphine, oral transmucosal fentanyl
might provide some advantage in terms of lower pain intensity and better pain
relief scores. However, the Committee noted that most studies compared oral
transmucosal fentanyl to placebo and therefore these data did not provide
compelling evidence of the superiority of transmucosal fentanyl compared with
other fast-acting opioids, including immediate-release oral morphine which is
already included on the Model List.

The Committee considered that any advantages of oral transmucosal
fentanyl are easily off-set by several safety concerns. Fentanyl has an estimated 50
to 100 times greater potency than morphine, has more complex pharmacokinetics
and is associated with greater potential for drug-drug interactions — factors that
necessitate specialist training for its safe and appropriate use, which may not
be widely available in low- and middle-income settings. The Committee also
recognized that access to immediate-release oral morphine in many settings
is limited, meaning that the necessary background opioid treatment required
for appropriate use of oral transmucosal fentanyl may not be available, further
compromising its safe and appropriate use. Furthermore, while opioid misuse is
reported to be uncommon in patients with cancer, fentanyl has a higher addictive
potential than other opioids and has been associated with increased trends in
opioid overdose deaths in non-medical users of opioids in several countries.

The Committee noted a lack of cost—effectiveness data comparing oral
transmucosal fentanyl with immediate-release morphine, but considered that
oral transmucosal fentanyl is more costly than oral morphine, which is not
matched by commensurate therapeutic benefits.

Therefore, the Expert Committee did not recommend the addition of
oral transmucosal fentanyl to the EML for use in the treatment of breakthrough
cancer pain in adults based on the lack of evidence of superiority over already
listed immediate-release morphine, safety concerns and lack of compelling cost-
effectiveness data.
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Section 5: Medicine for diseases of the nervous system
Donepezil - addition - EML

Donepezil ATC code: NO6DA02

Proposal

Addition of donepezil to the complementary list of the EML for the management
of Alzheimer disease dementia.

Applicant

Louise Robinson and Eugene Tang, Newcastle University, Newcastle, United
Kingdom

Martin Knapp, Derek King, Elisa Aguizzoli and Julia Pauschardt, London School
of Economics, London, United Kingdom

Wendy Weidner, Alzheimer’s Disease International

WHO technical department
Brain Health Unit, Department of Mental Health and Substance Use

EML/EMLc
EML

Section
5 Medicines for diseases of the nervous system

Dose form(s) & strengths(s)
Tablet: 5 mg, 10 mg
Tablet (orodispersible): 5 mg, 10 mg

Oral solution: 1 mg/mL

Core/complementary

Complementary

Individual/square box listing
Individual

Background

Medicines for Alzheimer disease dementia have not previously been evaluated
for inclusion in the EML.
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Public health relevance

In 2019, it was estimated that there were over 55 million people with dementia
worldwide, 61% of whom lived in low- and middle-income countries. Due to
rapidly ageing populations, this number is set to increase to 78 million by 2030 and
to at least 139 million by 2050. Dementia causes disability and care dependency
in older age and ranks as the 25th leading cause of disability-adjusted life years.
Alzheimer disease and other dementias were the seventh leading cause of death
globally in 2019 (1).

Summary of evidence: benefits

Consensus is lacking on what represents clinically important effect sizes for
outcome measures for patients with Alzheimer disease dementia, their families
or care-givers or their doctors (2-4).

The application identified national health technology appraisals
undertaken to inform dementia clinical guideline development, and additional
systematic reviews and randomized trials.

The application presented a brief summary of findings of the 2018 United
Kingdom National Institute for Health and Care Excellence (NICE) dementia
care health technology appraisal of cholinesterase inhibitors (donepezil,
galantamine, rivastigmine) and memantine for treatment of Alzheimer disease
(5). This appraisal updated the 2016 NICE clinical guidelines and included data
from 19 randomized trials comparing donepezil with placebo in adults with a
diagnosis of mild to moderately severe Alzheimer disease (6).

Pooled cognitive outcomes showed a statistically significant difference in
favour of donepezil measured using cognitive assessment scale scores:

= Mini Mental State Examination score: weighted mean difference
(WMD) 1.17 points (95% confidence interval (CI) 0.88 to 1.45) at
12 weeks and 1.21 points (95% CI 0.84 to 1.57) at 24 weeks;

= Alzheimer Disease Assessment Scale-Cognitive Subscale score:
WMD -1.97 (95% CI -3.38 to -0.56) at 12 weeks and —2.90 (95% CI
-3.61 to —2.18) at 24 weeks.

A 2018 systematic review and network meta-analysis of 142 studies (110
randomized controlled trials, 21 non-randomized controlled trials and 11 cohort
studies) evaluated the comparative effectiveness and safety of cholinesterase
inhibitors or memantine for Alzheimer disease (7). The network meta-analyses
of cognitive outcomes measured using Mini Mental State Examination scale (56
randomized controlled trials, eight treatments, 10 446 participants) found the
following interventions to be superior to placebo:
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= donepezil (mean difference (MD) 1.39, 95% credible interval (CrI)
0.53 to 2.24),

= donepezil + memantine (MD 2.59, 95% CrI 0.12 to 4.98),
= transdermal rivastigmine (MD 2.02, 95% CrI 0.02 to 4.08).

Network meta-analyses of cognitive outcomes measured using the
Alzheimer Disease Assessment Scale-Cognitive Subscale (53 randomized
controlled trials, six treatments, 11 348 participants) found the following
interventions to be superior to placebo:

= donepezil (MD -3.29, 95% CrI -4.57 to -1.99),
= galantamine (MD -2.13,95% CrI -3.91 to -0.27).

A subsequent systematic review and individual patient data network
meta-analysis of 80 randomized controlled trials (21 138 participants) including
12 randomized controlled trials with individual patient data (6906 participants)
evaluated the comparative efficacy and safety of cholinesterase inhibitors or
memantine by patient characteristics for managing Alzheimer dementia (8).
Significant improvements in Mini Mental State Examination scores were seen
for donepezil (MD 1.41, 95% CI 0.51 to 2.32) and donepezil + memantine (MD
2.57,95% CI 0.07 to 5.07) compared with placebo. Transdermal rivastigmine and
the combinations of donepezil + memantine, galantamine + memantine, and
transdermal rivastigmine + memantine showed MDs greater than 1.40, however
associated 95% Cls were wide and included zero. Donepezil, memantine and their
combination showed a larger improvement in cognitive performance in patients
with moderate-to-severe cognitive impairment. Donepezil and transdermal
rivastigmine showed the greatest improvement in cognitive performance in
patients with mild-to-moderate disease.

A 2019 meta-analysis of 36 randomized trials (6611 participants) evaluated
the efficacy and safety of cholinesterase inhibitors and memantine for the treatment
of Alzheimer disease (9). From studies of donepezil versus placebo, there were
significant differences favouring donepezil in cognition as measured using the
Alzheimer Disease Assessment Scale-Cognitive Subscale, functional outcomes
measured using the AD Cooperative Study Activities of Daily Living subscale and
global assessment of change measured using Clinician’s Interview-Based Impression
of Change Plus Caregiver Input scale. No effect of donepezil was observed for
behavioural outcomes measured using the Neuropsychiatric Inventory scale.

Summary of evidence: harms

The application described donepezil as being generally safe and well tolerated,
with minor side-effects including nausea, vomiting, diarrhoea, loss of appetite,
weightloss, muscle cramps and urinary difficulties. QTc interval prolongation and
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torsade de pointes have been reported in postmarketing studies and routine pulse
checks are recommended at baseline, monthly intervals during dose titration, and
6-monthly intervals thereafter (10). Rhabdomyolysis and neuroleptic malignant
syndrome have been reported rarely in association with donepezil.

Safety outcomes from the systematic reviews and meta-analyses described
above were not reported in the application but are summarized below.

The 2018 systematic review reported no increased risk of adverse events,
falls or bradycardia with any of the medicines evaluated. Increased risks of
diarrhoea, nausea and vomiting were reported for donepezil (7).

In the systematic review and individual patient data network meta-
analysis, a network meta-analysis of studies with individual patient data and
aggregate data, compared all available treatments for adverse events (8). According
to P-scores (a statistical score used to rank treatments in meta-analyses), oral
rivastigmine and donepezil had the least favourable safety profiles. Estimated
treatment effects were imprecise compared with placebo.

The 2019 meta-analysis noted that high drop-out rates and adverse
effects associated drop-outs were observed in randomized controlled trials
of cholinesterase inhibitors and memantine. The meta-analysis reported
discontinuation due to adverse events and drop-outs due to any reason.
Compared with placebo, donepezil was significantly associated with increased
discontinuation due to adverse events (odds ratio (OR) 1.24,95% CI 1.04 to 1.19).
There was no significant difference between donepezil and placebo for drop-outs
due to any reason (OR 1.12, 95% CI 0.91 to 1.37) (9). Adverse effects observed
were gastrointestinal and nervous system effects including nausea, vomiting,
diarrhoea, anorexia, dizziness, depression and headache; however, the incidence
of these effects was not compared.

Additional evidence

A Cochrane systematic review of 30 randomized controlled trials (8257
participants) identified during the application review process assessed the
efficacy and safety of donepezil in people with Alzheimer disease of all severities,
and also compared efficacy and safety of different doses of donepezil (11). Most
of the included studies were of 6 months’ duration or shorter. One study (286
participants) had a duration of 52 weeks. The studies tested mainly donepezil
capsules at a dose of 5 mg/day or 10 mg/day. Two studies tested a slow-release
oral formulation that delivered 23 mg/day. Most of the included studies (n=21)
included participants with mild-to-moderate disease. The primary analysis
compared the efficacy and safety of donepezil 10 mg/day versus placebo at 24
to 26 weeks of treatment (13 randomized controlled trials, 3396 participants).
Seventeen studies were industry funded or sponsored, four studies were funded
independently of industry and for nine studies no information was given on
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the funding source. Donepezil was associated with improved outcomes after 26
weeks for cognitive function measured with the Alzheimer Disease Assessment
Scale-Cognitive Subscale (MD -2.67, 95% CI -3.31 to -2.02), Mini Mental State
Examination score (MD 1.05, 95% CI 0.73 to 1.37) and the Severe Impairment
Battery (MD 5.92, 95% CI 4.53 to 7.31). Donepezil was also associated with
improved functioning measured with the Alzheimer Disease Cooperative Study
activities of daily living score for severe Alzheimer disease (MD 1.03, 95% CI 0.21
to 1.85). A higher proportion of participants treated with donepezil experienced
improvement on the Clinician-rated Global Impression of Change scale (OR 1.92,
95% CI 1.54 to 2.39). No difference was observed between treatment groups for
behavioural symptoms measured by the Neuropsychiatric Inventory (MD -1.62,
95% CI -3.43 t0 0.19) or by the Behavioural Pathology in Alzheimer Disease scale
(MD 0.4, 95% CI -1.28 to 2.08). No difference was observed between treatment
groups for quality of life (MD -2.79, 95% CI -8.15 to 2.56). Participants treated
with donepezil were more likely to withdraw from the studies before the end of
treatment (24% versus 20%; OR 1.25, 95% CI 1.05 to 1.50) or to experience an
adverse event during the studies (72% versus 65%; OR 1.59, 95% 1.31 to 1.95).

WHO guidelines

The 2015 WHO Mental Health Gap Action Programme (mhGAP) guidelines make
the following recommendations on cholinesterase inhibitors and memantine for
the treatment of dementia in non-specialist health settings (12).

“Cholinesterase inhibitors and memantine may be offered to people with
dementia in non-specialist health settings. Non-specialists need to be trained
and supervised to ensure competence in diagnosis and monitoring. The use of
cholinesterase inhibitors should be focused upon those with mild to moderate
Alzheimer’s disease, where the majority of evidence is available. Memantine may
be considered for those with moderate to severe Alzheimer’s disease and vascular
dementia. Memantine should not be prescribed for Lewy Body dementia”
(quality of evidence: very low, strength of recommendation: conditional).

“Rationale: Cholinesterase inhibitors and memantine offer symptomatic
benefits in cognitive, functional, global and behavioural outcomes, although the
size of this benefit is uncertain and the quality of the evidence very low. Adverse
effects and safety in the long-term may represent serious concerns. Dementia
diagnosis and subtype definition and management with the above medications
require training, supervision, and support. Moreover, these medications are
associated with high acquisition costs. Remarks: Consideration should be given
to adherence and monitoring of adverse effects”

The 2016 WHO mhGAP Intervention Guide includes the following
recommendations for the use of cholinesterase inhibitors or memantine in
dementia (13).
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“For dementia without behavioural and/or psychological symptoms,
do not consider cholinesterase inhibitors (like donepezil, galantamine and
rivastigmine) or memantine routinely for all cases of dementia. Consider
medications only in settings where specific diagnosis of Alzheimer disease
can be made AND where adequate support and supervision by specialists and
monitoring (for side-effects and response) from carers is available. If appropriate:
For dementia with suspected Alzheimer disease, and with close monitoring,
consider cholinesterase inhibitors (e.g. donepezil, galantamine, rivastigmine) OR
memantine. For dementia with associated vascular disease, consider memantine.”

Costs/cost—effectiveness

The application presented the findings of multiple systematic reviews, health
technology assessments and other studies that evaluated the cost-effectiveness
of treatments for Alzheimer disease, including donepezil. Most were conducted
more than 15 years ago, before the introduction of generic donepezil, and may be
of limited applicability today because of changes in acquisition costs.

The most recent systematic review of seven cost-effectiveness analyses was
published in 2012 (14). Analyses for patients treated in trials of donepezil versus
placebo showed incremental cost-effectiveness ratios ranging from dominance
(clinically superior and cost saving) up to €20 867 per quality-adjusted life year
(QALY), suggesting that donepezil was a cost-effective or even a cost-saving
strategy at common willingness to pay thresholds in high-income countries.

A 2020 analysis of the cost-effectiveness of treatments for Alzheimer
disease using real-world evidence from Thailand utilized a simulation model to
compare the costs and cost-effectiveness of donepezil, galantamine, rivastigmine,
memantine and no treatment (15). Effectiveness was measured as QALYs, and
costs included direct medical expenditures (outpatient, inpatient and emergency
visits; medications), out-of-pocket payments, costs of transportation and formal
caregiving services, and the indirect costs of unpaid informal caregiving time.
From a societal perspective, the mean incremental cost-effectiveness ratio for
donepezil treatment was US$ 4062 per QALY, and thus cost-effective at the
willingness-to-pay threshold of 160 000 Thai bahts/QALY gained (US$ 4994/
QALY gained) applied in Thailand. The incremental cost-effectiveness ratio
decreased with early introduction of treatment.

Multiple other (older) economic evaluation studies, primarily conducted
in high-income settings, have found donepezil to be a cost-effective intervention
compared with placebo (16-28).

A global survey conducted by the applicants collected information on
the price of a 5 mg tablet of donepezil. Reported prices ranged from US$ 0.13 to
US$ 6.60 per tablet.
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Availability

Donepezil is available in innovator and generic brands.

Medicinestotreat dementiaareapproved in fewerlow- and middle-income
countries compared with high-income countries (78% and 97%, respectively).
Generics are reported to be available in 59% of low- and middle-income
countries compared with 85% of high-income countries. Full reimbursement of
such medicines has been reported in 26% of low- and middle-income compared
to 76% of high-income countries (1).

Committee recommendations

The Expert Committee recognized that Alzheimer disease is a leading cause of
disability and dependency worldwide, with high disease burden and associated
costs. It also recognized that there is a substantial demand and need for effective
treatments for dementia due to Alzheimer disease. The Committee noted that
medicines such as donepezil and other cholinesterase inhibitors have been
available in several regions of the world for symptomatic management of
dementia due to Alzheimer disease for a long time but they had not previously
been evaluated for inclusion on the EML.

The Committed acknowledged that moderate-certainty evidence
suggested donepezil may be associated with a statistically significant effect
on cognitive outcome scores compared with placebo. However, most of the
Committee members considered that these improvements were unlikely to
be clinically meaningful. Committee members held different views about the
interpretation of the clinical importance of possible benefits associated with
donepezil. Most of them considered the benefits of donepezil at the population
level to be minimal or nil. A few members considered the benefits to be small
but would consider offering donepezil to people with dementia due to Alzheimer
disease in the absence of other effective treatments. All experts agreed that there
was no clear evidence of prolonged benefits over time.

The Committee noted from the evidence that the effect of donepezil on
activities of daily living was limited, while no difference on behavioural symptoms
and quality of life was found. The limited duration of studies was also considered
by the Committee to be inadequate to assess the longer-term clinical benefit of a
treatment for a chronic degenerative disorder such as Alzheimer disease. There is
no evidence that donepezil or other cholinesterase inhibitors can reverse or slow
the progression of Alzheimer disease.

The Committee accepted that the adverse effects of donepezil are
generally mild and that donepezil is well tolerated in most patients. However,
the Committee noted that the risk of adverse effects increases with higher doses,
and there is potential for numerous drug-drug and drug-disease interactions,
especially considering that polypharmacy is common in older people.
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The Committee considered that patients included in dementia trials are
generally younger and characterized by a better performance status compared
with patients seen in routine dementia health care facilities, which affects
generalizability of trial results to the population with Alzheimer dementia
encountered in routine clinical care.

Overall, it was the view of most of the Committee members that the
overall benefit-to-harm profile of donepezil was unfavourable.

The Committee noted evidence from studies conducted primarily in high-
income countries that determined donepezil to be cost-effective compared with
placebo when added to standard of care for patients with dementia. However,
given the Committee’s views about the benefit-to-harm profile, this evidence was
not considered compelling and did not influence the recommendation.

The Committee noted that diagnosis of Alzheimer disease dementia in
later stages is potentially feasible even in the context of resource-constrained
settings, as it is mostly based on clinical symptoms, which become clearer as the
disease progresses. However, diagnosis in early stages is more challenging, and
it is usually managed by specialized health care professionals experienced in the
use of validated memory or cognitive function tests. The Committee expressed
concerns about the feasibility and availability of specialized diagnostic services
for Alzheimer disease, especially in resource-constrained settings. While the
2015 WHO guidelines state that donepezil may be offered in non-specialist
settings, clinicians must be adequately trained to ensure safe and effective
treatment, which may be an important barrier to diagnosis and feasibility of
appropriate use.

The Committee noted that donepezil is already included in some national
essential medicines and reimbursement lists. The Committee also noted however
that debate over the overall clinical benefit at the population level in recent years
has resulted in reconsideration of continued reimbursement for donepezil in
some countries, notably France. Other countries have introduced prescribing
limitations or shared-care protocols and monitoring in specialist settings.

Therefore, based on these considerations, the Expert Committee did not
recommend inclusion of donepezil on the EML for the treatment of dementia
due to Alzheimer disease.
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Risdiplam - addition - EML and EMLc

Risdiplam ATC code: MO9AX10

Proposal

Addition of risdiplam to the core list of the EML and EMLc for treatment of
spinal muscular atrophy (SMA) in paediatric and adult patients.

Applicant

Knowledge Ecology International

WHO technical department
Not applicable

EML/EMLc
EML and EMLc

Section

5 Medicines for diseases of the nervous system

Dose form(s) & strengths(s)
Powder for oral liquid: 0.75 mg/mL

Core/complementary
Core

Individual/square box listing

Individual

Background

Risdiplam has not previously been considered for inclusion on the Model Lists.
There are currently no treatments for SMA included on the EML or EMLc.

Public health relevance

SMA is a hereditary genetic disease caused by a mutation in the survival motor
neuron (SMNI) gene resulting in insufficient levels of survival motor neuron
protein. Signs of SMA include muscle weakness and hypotonia, motor difficulties,
loss of motor skills, proximal muscle weakness, hyporeflexia, tongue fasciculations
and signs of low motor neuron disease (I). Estimates of the incidence of SMA
vary from 1 in 6000 to 1 in 12 000 live births (2, 3). The data and research on the
incidence of SMA is predominately from Europe and North America. However,
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the few studies conducted in low- and middle-income countries have reported
similar birth incidence with fewer cases surviving the first year of life (4).

Five types of SMA exist, which are classified by age at onset of symptoms.
Type 0 is usually identified in utero because of a decrease or loss of fetal
movement and infants born with SMA type 0 have survival of under 6 months.
Type 1 develops in babies younger than 6 months, and this type is the leading
genetic cause of death in early infancy (5). Type 2 clinically manifests between 7
months and 18 months, type 3 develops after 18 months, and type 4 develops in
adulthood and usually causes mild problems (1).

Patients diagnosed with SMA exhibit a wide range of motor function, from
extremely weak infants unable to sit to adults who can play sport (3). Clinically
meaningful treatment outcomes for infants and children are achieving motor
milestones, improvement or stabilization of motor and respiratory function,
ventilation-free survival and overall survival. For adults, stabilization of motor
function and respiratory function, maintaining independence, fewer hospital
visits and health-related quality of life are meaningful treatment outcomes (6).

Risdiplam is the first oral treatment for SMA. There are currently two
other disease-modifying therapies to treat SMA. Nusinersen is an SMN2 targeting
antisense oligonucleotide administered by intrathecal injection. Onasemnogene
abeparvovec is a gene therapy using a recombinant adeno-associated viral vector
containing DNA encoding the normal SMNI gene administered through a one-
time intravenous infusion. Unlike the alternatives, risdiplam treatment does not
require hospitalization for administration.

Summary of evidence: benefits

No systematic reviews or meta-analyses involving risdiplam have been done nor
any direct head-to-head studies comparing risdiplam with the two other treatments
for SMA. As such, the only studies comparing risdiplam with nusinersen and/or
onasemnogene abeparvovec are indirect treatment comparisons. The main clinical
trials and indirect comparisons are summarized below.

Risdiplam has been evaluated in three clinical trials. FIREFISH examined
risdiplam for type 1 SMA in infants (28 days to 7 months), SUNFISH examined
risdiplam for type 2/3 non-ambulant SMA in children and young adults (2 to
25 years) and RAINBOWFISH evaluated risdiplam in genetically diagnosed,
presymptomatic infants (birth to 6 weeks). FIREFISH and SUNFISH each had
two parts: a dose-finding exploratory phase II trial, and a phase III trial testing
efficacy and safety.

In FIREFISH part 1, 21 patients were enrolled. Their baseline
characteristics were consistent with symptomatic patients with type 1 SMA.
The median age at enrolment was 6.7 months (range: 3.3-6.9 months) and the
median time between onset of symptoms and the first dose was 4.0 months
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(range: 2.0-5.8 months). A total of 17 patients received the therapeutic dose of
risdiplam (the dose selected for part 2). After 12 months of treatment, 41% (7/17)
of these patients were able to sit independently for at least 5 seconds. After 24
months of treatment, three more patients receiving the therapeutic dose were
able to sit independently for at least 5 seconds, leading to a total of 59% (10/17)
achieving this motor milestone (7).

In FIREFISH part 2,41 patients with type 1 SMA were enrolled. The median
age at onset of clinical signs and symptoms of type 1 SMA was 1.5 months (range:
1.0-3.0 months), 54% were females, 54% were described as Caucasian and 34% as
Asian. The median age at enrolment was 5.3 months (range: 2.2-6.9 months) and
the median time between onset of symptoms and the first dose was 3.4 months
(range: 1.0-6.0 months). At baseline, the median score on the Children’s Hospital
of Philadelphia Infant Test for Neuromuscular Disease (CHOP-INTEND) was
22.0 points (range: 8.0-37.0 - possible scores ranged from 0 to 64 with lower
scores indicating more severe disease) and the median Hammersmith Infant
Neurological Examination Module 2 (HINE-2) score was 1.0 (range: 0.0-5.0 -
possible scores ranged from 0 to 26 with lower scores indicating more severe
disease). At month 24, 44% (18/41) (90% confidence interval (CI) 31% to 58%)
of patients achieved sitting without support for 30 seconds. Patients continued to
achieve additional motor milestones as measured by the Bayley Scales of Infant
and Toddler Development-third edition (BSID-III): 85% (35/41) were able to roll
(8). In a pooled efficacy analysis of FIREFISH part 1 and part 2 outcomes based
on the patients treated with the recommended dose, 28% (16/58) of patients
achieved the ability to stand as measured by HINE-2. Despite the progress
described, no infants achieved independent standing or walking, as assessed by
the BSID-III gross motor subscale (9).

RAINBOWFISH was an open-label, single-arm, multicentre clinical
study to investigate the efficacy, safety, pharmacokinetics and pharmacodynamics
of risdiplam in infants up to 6 weeks of age who had been genetically diagnosed
with SMA but had not presented any symptoms (10). The primary analysis
was conducted at 12 months in six infants with two or three SMN2 copies. The
primary endpoint was the proportion of infants sitting without support for 5 or
more seconds. Efficacy data from the study indicated that the infants reached
a sufficient CHOP-INTEND score: six (100%) infants were able to sit without
support, four (67%) were able to stand and three (50%) were able to walk
independently. In addition, the infants maintained their swallowing and feeding
abilities. Thus far, the study has shown that, after 12 months of treatment with
risdiplam, most presymptomatic infants met key milestones.

SUNFISH was conducted in non-ambulant patients with types 2 and 3
SMA aged from 2 to 25 years. Part 1 of SUNFISH was dose-finding and exploratory.
Part 2 was a multicentre trial to investigate the efficacy, safety, pharmacokinetics

53



and pharmacodynamics of risdiplam. In SUNFISH Part 1, 51 patients were
enrolled. Exploratory efficacy analyses showed improvements in motor function
scores after 24 months of treatment with mean increases from baseline in the
32-item Motor Function Measure (MFM32) total score (2.7 points, 95% CI 1.2
to 4.2, n = 44), Revised Upper Limb Module total score (2.5 points, 95% CI 1.5
to 3.4, n = 51) and Hammersmith Functional Motor Scale-Expanded total score
(0.6 points, 95% CI -0.6 to 1.8, n = 51). Younger patients (2-11 years) achieved
greater improvements in motor function than older patients (12-25 years) (11).
SUNFISH part 2 is a randomized, placebo-controlled, double-blind
study of 180 non-ambulant patients with type 2 (128 patients, 71%) or type 3
(52 patients, 29%) SMA (12). Patients were randomized 2:1 to receive either a
therapeutic dose of risdiplam or placebo. Randomization was stratified by age
group. The primary endpoint was change from baseline in the 32-item MFM-
32 score at month 12. MFM-32 has a possible range of scores from 0 (severe
functional impairment) to 100 (no functional impairment). Patients in SUNFISH
part 2 had a mean baseline MFM-32 score of 46.1. The baseline demographic
characteristics were balanced between risdiplam and placebo arms except for
scoliosis (63% of patients in the risdiplam arm and 73% of patients in the placebo
control). At 12 months, the least squares mean change from baseline in MFM-
32 scores in the risdiplam and placebo groups were 1.36 (95% CI 0.61 to 2.11)
and -0.19 (95% CI -1.22 to 0.84), respectively, and a treatment difference of 1.55
points (95% CI 0.30 to 2.81, P = 0-016) favouring risdiplam. This difference is
encouraging, particularly if progress is going to be maintained over time.

Indirect comparisons
Risdiplam and nusinersen

Three studies explored indirect comparisons with nusinersen. The first qualitative
comparison of treatment between risdiplam and nusinersen concluded that both
medicines have had a substantial positive impact on the quality of life of patients
with SMA (13). The second study, (funded by the manufacturer of risdiplam)
concluded that risdiplam may be superior to nusinersen with regard to survival
and motor function in patients with type 1 SMA. The comparison reported a lower
likelihood of serious adverse events with risdiplam compared with intrathecally
injected nusinersen. The authors noted that the lower likelihood of serious
adverse events may also be associated with better efficacy for risdiplam, as there
could be some collinearity between motor function and severe adverse events.
Comparing risdiplam with nusinersen in types 2 or 3 SMA was challenging due to
the large differences in population. As a result, the study could not draw concrete
conclusions from indirect comparisons with types 2 and 3 SMA (14). The third
indirect comparison was conducted by the German Institute for Quality and
Efficiency in Health Care. The agency concluded that there was no evidence of
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differences in efficacy between risdiplam and nusinersen, with the exception of
long-term ventilation that might be necessary less often with risdiplam (15).

Risdiplam and onasemnogene abeparvovec

Two studies indirectly compared risdiplam and onasemnogene abeparvovec
and found mixed results. One study found that treatment with onasemnogene
abeparvovec compared with risdiplam was associated with greater improvement
in CHOP-INTEND scores. However, the study cohorts were not fully matched
for their disease severity and age (16). The second study was an indirect
comparison by the manufacturer of risdiplam which found insufficient evidence
to draw conclusions on the relative efficacy of the two treatments because of the
substantial differences in study populations (14).

Summary of evidence: harms

The safety of risdiplam in treatment of later-onset SMA was evaluated in the
SUNFISH part 2 study (12). The most common adverse events were fever,
diarrhoea and rash, reported in less than 10% of the patients that received
risdiplam. Adverse events that occurred in at least 5% of patients treated with
risdiplam and at an incidence of > 5 percentage points higher than placebo
included fever (22% versus 17%), diarrhoea (17% versus 8%), rash (17% versus
2%), mouth and aphthous ulcers (7% versus 0%), arthralgia (5% versus 0%) and
urinary tract infection (5% versus 0%).

The safety of risdiplam in infantile-onset SMA was evaluated in the
FIREFISH study (parts 1 and 2) (7,8). The most frequent adverse reactions
reported were similar to those reported in later-onset SMA patients. In addition,
in FIREFISH part 2, 54% of infants experienced upper respiratory tract infections.
Serious adverse events were reported in 68% of patients, with the most frequently
reported serious adverse event being pneumonia, a frequent complication due
to the SMA itself (e.g. because of bronchoaspiration) which might lead to death.

The safety of risdiplam in presymptomatic infants with genetically
diagnosed SMA was evaluated in the RAINBOWFISH study (10). No treatment-
related serious adverse events were reported in infants treated for < 22.8 months.

WHO guidelines
WHO guidelines for treatment of SMA are not available.

Costs/cost—effectiveness

All three available treatments for SMA are currently very costly.

The application described health technology assessments and
reimbursement considerations of risdiplam made by health technologyassessment
agencies in Canada (6,17), Ireland (18), the Kingdom of the Netherlands (19)
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and the United Kingdom (20). Overall, health technology assessment agencies
found cost-effectiveness analyses difficult to conduct due to the limited number
of studies comparing the efficacy of risdiplam with nusinersen or onasemnogene
abeparvovec. In some settings, risdiplam was recommended for reimbursement
subject to conditions such as price reductions or managed entry arrangements.
In others, risdiplam was not recommended for reimbursement until the cost-
effectiveness relative to the alternative treatments was improved.

A cost-effectiveness study comparing risdiplam and nusinersen for the
treatment of SMA type 1 patients in China reported risdiplam to be dominant
over nusinersen, with increased quality-adjusted life years and lower costs (21).

Table 6 reports a cost comparison of risdiplam, nusinersen and
onasemnogene abeparvovec provided in the application.

Table 6
Cost comparison of current SMA treatments

Medicine Price, in USS per patient

Risdiplam Up to 340 000 a year

Onasemnogene abeparvovec 2 125000 (single injection)

Nusinersen 750 000 for the first year; 375 000 a year
for subsequent years

The application highlights that the most important component of the
manufacturing cost of the medicine is the cost of the active pharmaceutical
ingredient. The prices of the active pharmaceutical ingredient depend upon
manufacturing methods, the scale of production and the extent of competition
among suppliers. The current price of risdiplam per unit of active pharmaceutical
ingredient in high-income countries ranges from US$ 118 to US$ 209 million per
kg. According to the applicant, in a competitive market, manufacturing costs for
risdiplam active pharmaceutical ingredient per kg could be as low as US$ 4000 to
US$ 40 000, depending on the production scale.

Availability

As of December 2022, risdiplam was approved in 81 countries. Marketing
authorization has been filed in several additional countries. Currently, there
are no generic manufacturers, nor existing or planned licensing agreements
between the patent holder (Roche) and generic manufacturers. A request by
Knowledge Ecology International for a voluntary licence to manufacture and sell
a generic version of risdiplam was not granted by Roche. Roche has offered access
programmes in some lower-income countries to make risdiplam more affordable.
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Other considerations

In about 10 high-income countries, universal newborn screening programmes
now include screening for SMA to identify infants with possible mutations of
the SMNI gene, allowing presymptomatic infants to be treated before the loss of
motor neurons, with the goal of achieving improved clinical outcomes (22). This
number is likely to increase over the next few years.

Committee recommendations

The Expert Committee acknowledged that SMA, a hereditary genetic disease
caused by a defect or mutation in the SMNI gene is associated with considerable
morbidity and mortality in affected children and adults. While it has a relatively
low incidence in the general population, disease clusters are possible, particularly
in families with increased prevalence of consanguinity. The Committee
reaffirmed that low incidence of a disease is not a factor on its own that precludes
the inclusion of medicines in the Model Lists. Indeed, essential medicines for
rare diseases have been included since the first Model List was published (e.g.
blood coagulation factors, antirabies hyperimmune serum (later equine rabies
immunoglobulin)).

The Committee noted the current availability of three different treatments
for SMA: one small molecule (risdiplam); one antisense oligonucleotide
(nusinersen); and one gene therapy (onasemnogene abeparvovec). These
treatments share some characteristics: they are associated with potentially
important clinical benefits which appear to be greatest with early introduction
of treatment in presymptomatic infants who carry the gene mutation and in
symptomatic patients with recent onset of symptoms; and they are all highly
priced. Between risdiplam and nusinersen, the Committee noted the feasibility
advantages of risdiplam over nusinersen. The latter requires an intrathecal
injection every 4 months which must be done in hospital by trained health
professionals and has adverse effects such as headaches, vomiting, back pain and
risk of infections, while risdiplam is given orally at home.

The Committee noted that the body of evidence for efficacy and safety of
risdiplam in SMA was still limited, with only a small number of patients exposed
to long-term treatment. The Committee noted that most patients had a disease
duration of at least 3 months when they were enrolled in the clinical trials. About
50% of children treated with risdiplam showed improvement in motor function
(e.g.sittingwithout supportfor 5 or more seconds) at 24 months,and more children
achieved motor milestones with prolonged treatment. While risdiplam is likely
associated with longer survival without requirement for permanent mechanical
ventilation, based on the available data so far, no participants could stand or
walk alone when risdiplam has been given after disease onset. The Committee
noted that based on the available evidence in patients with symptomatic disease,
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improvements in motor function were observed in younger children (younger
than 5 years) but that these improvements became increasingly less noticeable
in older children, adolescents and adults. Treatment-related adverse effects were
generally mild. Overall, the Committee considered that the magnitude and long-
term duration of benefits and potential harms of risdiplam were still uncertain.

The Committee noted that newborn screening for SMA has been
introduced into routine screening panels in some high-income countries in recent
years. However, the effectiveness of such screening programmes in identifying
potential patients in a presymptomatic stage of the disease has not yet been
assessed. The Committee also noted the preliminary results of ongoing clinical
trials of risdiplam in presymptomatic infants up to 6 weeks of age. As risdiplam
is likely to be associated with larger benefits when treatment is started before
symptom onset, the Committee considered that it would be important to study
its long-term effectiveness in those settings where routine newborn screening
programmes for SMA are implemented.

The Committee advised that data on SMA screening programmes and
use of risdiplam in presymptomatic infants should be reviewed as they become
available, as well as longer term trial clinical outcomes for use of risdiplam in
older, less severely affected, symptomatic patients.

The Committee noted the current high price of risdiplam and that
reimbursement decisions in some high-income countries have been made
subject to managed entry arrangements or price reductions. Generic versions of
risdiplam are not currently available. The Committee also noted that a request
made by Knowledge Ecology International for a voluntary licence to manufacture
and sell a generic version of risdiplam had not been granted by the patent holder.
Nevertheless, the Committee considered that risdiplam could be flagged to the
Medicines Patent Pool as a potential candidate for negotiating public health-
oriented licences, to facilitate affordable access in low- and middle-income
countries.

Based on these considerations, the Expert Committee did not recommend
inclusion of risdiplam on the core list of the EML and EMLc for treatment of
spinal muscular atrophy.
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5.1 Antiseizure medicines
Levetiracetam - addition - EML and EMLc

Levetiracetam ATC code: NO3AX14

Proposal

Addition of levetiracetam to the core list of the EML and EMLc for treatment of
focal-onset and generalized-onset epilepsy and benzodiazepine-refractory status
epilepticus in adults and children.

Applicant

Arjune Sen, Nuffield Department of Clinical Neurosciences, University of
Oxford, Oxford, United Kingdom

Helen Cross, University College London - Great Ormond Street Institute of
Child Health, London, United Kingdom

WHO technical department
Mental Health and Substance Use, Brain Health Unit

EML/EMLc
EML and EMLc

Section

5.1 Antiseizure medicines

Dose form(s) & strengths(s)

Oral solution: 100 mg/mL

Tablet: 250 mg, 500 mg, 750 mg, 1000 mg

Concentrate solution for infusion: 500 mg/5 mL in 5 mL vial

Solution for infusion: 5 mg/mL, 10 mg/mL, 15 mg/mL in 100 mL bag

Core/complementary

Core

Individual/square box listing

Individual

Background
Levetiracetam has not previously been evaluated for inclusion on the Model Lists.
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The EML currently lists 10 antiseizure medicines: carbamazepine,
diazepam, ethosuximide, lamotrigine, lorazepam, magnesium sulfate, midazolam,
phenobarbital, phenytoin, and valproic acid. With the exception of magnesium
sulfate (which is listed for use only in eclampsia and severe pre-eclampsia), the
same medicines are also included on the EMLc. These medicines are intended to
treat generalized and partial epilepsy, mostly as first-line therapies.

Public health relevance

The public health relevance of effective and safe treatments for epilepsy is well
established. Epilepsy, a disorder characterized by spontaneous unprovoked seizures,
is one of the most common serious neurological conditions and affects more than
50 million people worldwide (I). Seizures may start in one part of the brain (focal
epilepsy) or in both hemispheres simultaneously (2). Both types of epilepsy are
associated with risk of injury, head injury and death. About 70% of people can
achieve freedom from seizures with appropriately selected antiseizure medicines (3).

While older antiseizure medicines can be effective in controlling seizures,
they can be associated with long-term side-eftects (phenobarbital, carbamazepine,
valproic acid, phenytoin) and slow cognition (phenobarbital), can have complex
drug-drug interactions (phenobarbital, carbamazepine, phenytoin) and can
be teratogenic (valproic acid). Lamotrigine, a newer antiseizure medicine, can
cause skin rash in 1 in 30 people, may have its metabolism affected by estrogen-
containing oral contraceptives/hormone replacement therapies, and is not a
medicine that can be used in emergency settings.

Treatment strategies for epilepsy should be individualized according
to the seizure type, coprescribed medications and comorbidities, the person’s
lifestyle, and the preferences of the person and their family and/or caregivers.

Levetiracetam is a well established medicine in the pharmacological
armamentarium for epilepsy treatment, and offers the following benefits:

-
S = effective in both focal-onset and generalized-onset epilepsies;
g = no adverse effects on cognition;
§ = no known long-term side-effects;
g = minimal drug-drug interactions; no interaction with contraception
3 or hormone replacement therapy;
2 = effective in all ages;
S = can be used intravenously in the emergency treatment of
2 generalized tonic-clonic status epilepticus (prolonged convulsive
E seizures associated with significant risk);
™ = parenteral preparation available that can be used in people with
= symptomatic seizures, people with comorbid liver/cardiac conditions
and people with epilepsy who are unable to take oral preparations;
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= effective in older people with lower risk of adverse events;

= safe in pregnancy with no increased risk above the background risk
of teratogenicity in the general population.

Levetiracetam is particularly beneficial for more vulnerable groups such
as older people with seizures and women/girls of childbearing potential who
have epilepsy.

Summary of evidence: benefits

The applicants conducted and presented the findings of a systematic literature
review and network meta-analysis which summarized the evidence from recent
meta-analyses comparing the effectiveness and safety of antiseizure medications
in adults and children with epilepsy.

The evidence synthesis included one Cochrane systematic review and
network meta-analysis of individual patient data of the efficacy and tolerability of
antiseizure medications in children and adults with focal or generalized epilepsy
(4). Carbamazepine, phenytoin, valproic acid, phenobarbital, oxcarbazepine,
lamotrigine, gabapentin, topiramate, levetiracetam, zonisamide, eslicarbazepine
acetate and lacosamide were compared for time to seizure remission (efficacy)
when used as monotherapy in children and adults with focal-onset seizures
(simple focal, complex focal or secondary generalized) or generalized tonic-clonic
seizures with or without other generalized seizure types. The analysis included
14 789 records from 39 randomized trials, with certainty of evidence profiles
elaborated according to the confidence in network meta-analysis (CiNeMA)
approach. For focal-onset seizures, carbamazepine and lamotrigine were taken
as comparators, while for generalized-onset seizures valproic acid was used as the
comparator, as these medicines are considered first-choice in the treatment of the
respective epilepsy types.

The network meta-analysis (4) showed high-certainty evidence that for
focal-onset seizures, levetiracetam was as effective as lamotrigine (hazard ratio
(HR) 1.01, 95% confidence interval (CI) 0.87 to 1.18; two randomized controlled
trials, 902 participants) and carbamazepine (HR 1.08, 95% CI 0.94 to 1.24; three
studies, 1567 participants).

The network meta-analysis also showed high-certainty evidence that for
generalized-onset seizures, levetiracetam was as effective as valproic acid (HR
0.99, 95% CI 0.82 to 1.20; two randomized controlled trials, 1032 participants).

The network meta-analysis reported sensitivity analysis results adjusted
for age, which showed similar estimates to those in the main results. Overall,
the age range for the network meta-analysis was 1 to 95 years, with 4/39 studies
providing individual patient data for people 15 years or younger, and 35/39
studies including people older than 15 years (4).
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An update was reported in 2018 of American Academy of Neurology/
American Epilepsy Society guidelines on treatment of adults with new-onset
epilepsy (5). The authors systematically searched records up to November 2015 to
update the previous guidelines, dating back to 2004. Several second-generation
antiseizure medications were considered to be effective for new-onset focal
epilepsy. The authors highlighted that lamotrigine, levetiracetam and zonisamide
were the preferred antiseizure medications to decrease seizure frequency in
adults with new-onset focal epilepsy.

Another study reported on the indications to start an antiseizure
medication treatment after a first seizure, but the efficacy and safety of
levetiracetam were not investigated (6).

A narrative review in 2022 covered optimal antiseizure medication
choices in adults with epilepsy (7). Among 26 medications for epilepsy approved
by the US Food and Drug Administration, 24 were considered to have similar
antiseizure efficacy for focal epilepsy and nine had similar efficacy for generalized
epilepsy. The authors stressed that the choice of antiseizure medication must be
based on the seizure and epilepsy types, the epilepsy syndrome, and the adverse
effects associated with the drug. Levetiracetam, together with lamotrigine,
was suggested as a first-line option for both focal-onset and generalized-onset
seizures, particularly for women and girls of childbearing potential given the low
teratogenic risk.

The SANAD II study was a randomized, open-label, non-inferiority,
phase IV trial which compared levetiracetam to valproic acid for treatment of
generalized and unclassified epilepsy (8). Although levetiracetam did not reach
the non-inferiority margins defined versus valproic acid, it was associated with
a similar probability of 12-month remission compared with valproic acid in the
long-term and is considered non-inferior to valproic acid for generalized epilepsy.

Summary of evidence: harms

The Cochrane systematic review and network meta-analysis provided data
on both acceptability of treatments (i.e. all-cause treatment discontinuation,
generally considered a pragmatic proxy of the balance between desirable and
undesirable effects) and tolerability (i.e. adverse events) (4).

The network meta-analysis showed high-certainty evidence that:

= for focal-onset seizures, levetiracetam had better acceptability
(HR 0.80, 95% CI 0.69 to 0.93) and tolerability (HR 0.65, 95% CI
0.47 to 0.90) compared with carbamazepine (three studies, 1567
participants).

= for focal-onset seizures, levetiracetam had similar acceptability (HR
1.01, 95% CI 0.86 to 1.20) and tolerability (HR 1.16, 95% CI 0.81 to
1.66) compared with lamotrigine (two studies, 902 participants).
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= for generalized-onset seizures, levetiracetam had similar
acceptability (HR 1.13, 95% CI 0.89 to 1.42) and tolerability
(HR 1.21, 95% CI 0.66 to 2.21) compared with valproic acid (two
studies, 1032 participants).

The most commonly reported adverse events across all antiseizure
medicines were drowsiness/fatigue, headache or migraine, gastrointestinal
disturbances, dizziness/faintness, and rash or skin disorders.

A systematic review and meta-analysis of 96 studies (58 461 participants)
evaluated therisk of congenital malformationsand prenatal outcomesofantiseizure
medications in infants and children exposed to antiseizure medications in utero
(9). Levetiracetam and lamotrigine emerged as the only antiseizure medications
with risks similar to placebo, suggesting the preferred use of lamotrigine and
levetiracetam for women and girls of childbearing potential.

WHO guidelines

The 2023 WHO Mental Health Gap Action Programme (mhGAP) guideline for
mental, neurological and substance use disorders (10) includes the following
recommendations.

= Monotherapy with lamotrigine or levetiracetam, or valproic acid
(sodium valproate), should be offered as first-line treatment for
generalized-onset seizures in men/boys and women/girls who
are not of childbearing potential (strong recommendation, high
certainty of evidence).

= In women and girls of childbearing potential with generalized-
onset seizures, lamotrigine or levetiracetam should be offered as
first-line monotherapy (strong recommendation, high certainty of
evidence).

= Monotherapy with lamotrigine or levetiracetam should be offered
as first-line treatment for focal onset seizures in children and
adults with epilepsy. If neither lamotrigine nor levetiracetam are
available, then carbamazepine should be used as an alternate first-
line treatment for focal onset seizures in children and adults with
epilepsy (strong recommendation, high certainty of evidence).

= In adults with established status epilepticus (i.e. seizures
persisting after two doses of benzodiazepines), either intravenous
postherniation, intravenous phenytoin, intravenous levetiracetam,
intravenous phenobarbital or intravenous valproic acid (sodium
valproate) should be considered with appropriate monitoring
(conditional recommendation, low certainty of evidence).
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= In children with established status epilepticus (i.e. seizures persisting
after two doses of benzodiazepines), intravenous fosphenytoin,
intravenous phenytoin, intravenous levetiracetam, intravenous
phenobarbital or intravenous valproic acid (sodium valproate),
should be considered with appropriate monitoring (conditional
recommendation, moderate certainty of evidence).

Costs/cost—effectiveness

The SANAD-II trial provided an economic evaluation alongside a randomized
trial including 990 people comparing antiseizure medicines for people with newly
diagnosed focal epilepsy in the United Kingdom (8). The study reported quality-
adjusted life years (QALYs) calculated from participant-completed EuroQol-5
Dimension (EQ-5D) questionnaires scored using the United Kingdom tariff. The
study took a National Health Services payer perspective and a personal social
services perspective, which includes services provided by local communities.
Lamotrigine was shown to be cost-saving and health-improving in the base case,
dominating the other options. At a £20 000 per QALY threshold, lamotrigine
had a greater than 99.9% probability of being the preferred option. This was the
case in the adult subgroup analysis but not for people younger than 16 years,
where levetiracetam was cost saving and health improving when compared to
lamotrigine. From the sensitivity analyses, lamotrigine remained dominant
apart from when QALYs were valued using the epilepsy specific NEWQOL-6D
(levetiracetam becomes the preferred option at a £20 000 per QALY threshold).
The application presented a summary comparison of costs in the fully
government-funded National Health Service in the United Kingdom of starting
doses of levetiracetam and other EML-listed antiseizure medicines (Table 7).

Table 7
% National Health Service indicative price of antiseizure medicines, United Kingdom
o
§ Medicine Dose,inmg Number of doses Indicative price, in £
§ Carbamazepine 200 84 3.83
% Lamotrigine (originator) 25 56 23.53
%. Lamotrigine (generic) 25 56 2.64
E Levetiracetam (originator) 250 60 28.01
§ Levetiracetam (generic) 250 60 2.51
~ Phenytoin 300 28 9.11
8 Phenobarbital 30 28 0.63-0.94




Availability
Levetiracetam is available globally in originator and generic brands.
Levetiracetam is already listed on the country-specific EMLs in Albania,
Algeria, Bahrain, Bhutan, Bulgaria, Czechia, Estonia, Iran (Islamic Republic
of), Iraq, Jordan, Latvia, Lithuania, Maldives, Mexico, Montenegro, North
Macedonia, Oman, Poland, Portugal, Romania, Russian Federation, Rwanda,
Serbia, Seychelles, Slovakia, Sweden, Syrian Arab Republic, Thailand, Timor
Leste and Viet Nam (11).

Other considerations
Women and girls of childbearing potential

Very specific risks arise in females with epilepsy that need to be considered
across the lifespan (12). It is important that antiseizure medicines have limited
interactions with contraception or hormone replacement therapy and that
medications with limited teratogenic risk are available (9). Enzyme-inducing
medications such as carbamazepine, phenytoin and phenobarbital can interfere
with the oral contraceptive and render it less effective. Oestrogen-containing oral
contraceptives can lower lamotrigine levels. Levetiracetam does not interact with
oral contraceptives thereby making it preferred for women taking these products.

Levetiracetam is also the antiseizure medicine with the best overall safety
in pregnancy (12, 13). Levetiracetam is not thought to substantially increase
teratogenic risk above that seen in the general population. By contrast, valproic
acidincreases the risk of structural anomalies (e.g. spina bifida, cleftlip, cleft palate,
cardiac anomalies) up to around 10% and women taking valproic acid through
pregnancy have a 30-40% risk that their offspring will have neurodevelopmental
anomalies (autism, learning disabilities) (13).

Older people

Levetiracetam has previously been reported as effective in reducing seizure
frequency in older adults aged > 65 years (14). In that study, 76.9% of patients
had at least a 50% reduction in seizure frequency, with only 19.2% experiencing
an adverse event leading to discontinuation.

Levetiracetam is not an enzyme-inducing antiseizure medicine. The
reduced drug-drug interactions are particularly important in older people who
may be on polytherapy. Levetiracetam also does not have an adverse effect on
bone health, giving it additional advantages over carbamazepine, phenytoin,
phenobarbital and valproic acid.

Specific ethnic populations

Many antiseizure medicines can cause skin rashes, including carbamazepine,
lamotrigine and phenytoin. However, the HLA-B*1502 allele, which is more
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common in people of Han Chinese origin, is associated with a marked increase
in the risk of severe skin rashes with carbamazepine and phenytoin (I5).
Levetiracetam is substantially less likely to be associated with rash, even in people
who have experienced dermatological reactions with one of the other antiseizure
medicines.

Status epilepticus

Status epilepticus is defined as a convulsive seizure lasting more than 5
minutes. It is associated with a significant risk of morbidity and mortality and
expedient management is essential. Benzodiazepines (diazepam, lorazepam)
are established as first-line treatment, but the choice of second-line treatment if
benzodiazepines are ineffective is uncertain. Two recent studies have evaluated
different antiseizure medicines for use in status epilepticus. The Established
Status Epilepticus Treatment Trial (ESETT) randomized 384 adult participants
to receive levetiracetam, fosphenytoin or valproic acid. Efficacy and incidence
of adverse events were similar for all agents (16). The EcLiPSE trial randomly
assigned 1432 children aged 6 months to 18 years to receive phenytoin or
levetiracetam for benzodiazepine-refractory status epilepticus (17). Levetiracetam
was not significantly superior to phenytoin for status epilepticus, which concurs
with another study (ConSEPT) (18). However, the EcLiPSE study investigators
concluded that the ease of administration of levetiracetam meant that it could be
an appropriate treatment for benzodiazepine-refractory status epilepticus.

Although levetiracetam is not necessarily more effective than either
phenytoin or valproic acid in treating established status epilepticus, there may be
some specific advantages in resource-constrained settings of having levetiracetam
available to treat status epilepticus.

Committee recommendations

The Expert Committee recognized that epilepsy isa common, serious neurological
condition with a significant disease burden, affecting millions of people around
the world. The Committee acknowledged that treatment strategies for people
with epilepsy need to be individualized considering multiple factors including,
but not limited to, seizure type, comorbidities, adverse event profile, concomitant
medication use, pregnancy and patient preferences. The Committee also noted
that three quarters of people living with epilepsy in low-income countries do
not get the treatment they need, increasing their risk of dying prematurely and
condemning many to a life of stigma.

The Committee noted the high-certainty evidence presented in the
application that levetiracetam was as effective as alternative EML-listed
antiseizure medicines for focal-onset seizures and generalized-onset seizures.
The Committee also noted that levetiracetam is an effective treatment option for
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use in adults and children in the treatment of status epilepticus that does not
respond to treatment with benzodiazepines.

The Committee also noted the high-certainty evidence presented for
safety, which indicates that levetiracetam has similar or greater acceptability and
tolerability than alternative antiseizure medicines. Importantly, the Committee
noted that the risks of congenital malformation and neurodevelopmental disorders
in infants and children exposed to levetiracetam (and lamotrigine) in utero are
similar to those of placebo, while other antiseizure medicines currently included
on the Model Lists have a significant risk of inducing congenital malformations
and neurodevelopmental disorders. Carbamazepine, phenobarbital and valproic
acid are associated with chronic and severe teratogenic effects, the most common
of which are congenital heart disease, cleft lip/palate, and urogenital and neural
tube defects. Therefore, levetiracetam and lamotrigine are preferred antiseizure
medications for use in women and girls of childbearing potential. The Committee
noted that levetiracetam (and lamotrigine) will be recommended in the updated
WHO mhGAP guidelines as first-line treatment options for women and girls of
childbearing potential with generalized-onset seizures.

Based on these considerations, the Expert Committee recommended the
inclusion of oral levetiracetam on the core list of the EML and EMLc for the
treatment of focal- and generalized- onset seizures in adults and children. The
Committee also recommended the inclusion of intravenous levetiracetam on the
complementary list of the EML and EMLc for the treatment of benzodiazepine-
refractory status epilepticus in adults and children.

Additionally, the Committee recommended that the section title in the
Model Lists be updated from “anticonvulsants/antiepileptics” to “antiseizure
medicines”.
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Applications for the 23rd EML and the 9th EMLc

5.2 Medicines for multiple sclerosis
Cladribine, glatiramer and rituximab - addition - EML

Cladribine ATC code: L0O4AA40

Glatiramer acetate ATC code: LO3AX13
Rituximab ATC code: LOTFAO1

Proposal

Addition of cladribine, glatiramer acetate and rituximab (with a square box
specifying ocrelizumab as a therapeutic alternative) to the complementary list of
the EML for the treatment of adults with multiple sclerosis (MS).

Applicant
Multiple Sclerosis International Federation

WHO Collaborating Centre in Evidence Based Research Synthesis and Guideline
Development, Direzione Generale Cura della Persona Salute e Welfare, Regione
Emilia-Romagna, Bologna, Italy

WHO technical department

The Department of Mental Health and Substance Use provided comments on
two applications submitted for Expert Committee consideration for disease-
modifying therapies for MS - this application and an application for ocrelizumab
submitted by the patent holder, Roche.

The technical department supported the inclusion of disease-modifying
therapies for MS on the EML, highlighting that the proposals were well aligned
with the mandate of the intersectoral global action plan on epilepsy and other
neurological disorders (1), which includes a strategic objective to “provide
effective, timely and responsive diagnosis, treatment, and care” for people with
neurological disorders such as MS.

EML/EMLc
EML

Section

5.2 Medicines for multiple sclerosis

Dose form(s) & strengths(s)
Cladribine - Tablet: 10 mg
Glatiramer acetate — Injection: 20 mg/mL, 40 mg/mL
Rituximab - Injection: 500 mg/50 mL in 50 mL vial
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Core/complementary

Complementary

Individual/square box listing

Individual listings for cladribine and glatiramer acetate. Square box listing for
rituximab, specifying ocrelizumab as a therapeutic alternative.

Individual listing for ocrelizumab was also requested in a separate
application submitted by E Hoffmann-La Roche Ltd and considered by the
Expert Committee at this meeting.

Background

In 2019, the Expert Committee reviewed an application from the Multiple
Sclerosis International Federation requesting the addition of glatiramer acetate,
fingolimod and ocrelizumab on the Model Lists for use in the treatment of
MS. The Committee acknowledged the important public health burden of MS
and the need for effective and affordable treatments. However, the Committee
noted that the superiority of the proposed medicines over other therapeutic
options in terms of benefits, harms and affordability did not clearly emerge from
the application. The Committee noted that some commonly used treatments
were not included in the application (e.g. azathioprine, natalizumab, dimethyl
fumarate, cladribine), or were not given full consideration (e.g. rituximab),
with reasons for their exclusion being unclear. In particular, the Committee
noted the evidence presented in the application in relation to rituximab and
considered that rituximab could have a relevant clinical role in the treatment of
MS and recommended that any future application include evidence for rituximab
versus active comparators, not just placebo. The Committee therefore did not
recommend listing of glatiramer acetate, fingolimod or ocrelizumab at the time,
and requested a revised application which comprehensively reviewed the relative
roles of relevant available medicines for MS (2).

Public health relevance

MS is a chronic autoimmune disease characterized by inflammation of the central
nervous system that leads to demyelination, axonal loss and progressive neuronal
degeneration, resulting in irreversible disability and cognitive impairment (3, 4).
Common symptoms include pain, fatigue, mood and cognitive changes, mobility
and sensory impairment, visual disturbances, and elimination dysfunction.
Symptoms can vary in severity and can result in significant disability, and
reduction in quality and length of life.

Data on the global prevalence of MS vary. The Global Burden of Disease
study reported that globally, about 1.8 million people (23 per 100 000) had MS in
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2019. Age-standardized prevalence per 100 000 population shows large variability
across WHO regions, ranging from 4 cases per 100 000 in the Western Pacific
Region to 60 per 100 000 in the European Region (5). The atlas of MS estimated
that globally, about 2.8 million people (36 per 100 000) had MS in 2020 (6). The
number of people with MS per 100 000 population also showed large variability
across WHO regions, ranging from 5 per 100 000 in the African and Western
Pacific regions to 133 per 100 000 in the European Region (6).

MS is most often diagnosed between the ages of 20 and 50 years, but the
disease may also first manifest in older adults and children. Women are affected
2-3 times more than men (7, 8).

MS is broadly divided into relapsing and progressive forms, classified in
three different clinical phenotypic patterns based on the presence of transient
attacks of neurological symptoms and/or a progressive worsening of the
neurological function: relapsing-remitting MS, secondary progressive MS and
primary progressive MS (9). Relapsing-remitting MS is characterized by relapses
and remissions of neurological symptoms, with relapses associated with new
areas of inflammation in the central nervous system. Over time, most people
with relapsing-remitting MS will transition to secondary progressive MS, marked
by gradual worsening of neurological function with or without additional
inflammatory events. Primary progressive MS is characterized by the absence of
clearly defined relapses (9, 10).

The course of MS is highly variable and unpredictable, and patients
may have a broad range of neurological symptoms or signs, depending on the
location and degree of central nervous system inflammation. Life expectancy for
patients with MS is 5-10 years shorter than for the general population (3, 11, 12).
Exposure to any disease-modifying therapy for MS is associated with a lower risk
of death compared with no exposure (13).

MS has a substantial negative impact on health-related quality of life
(14-16). People with MS have significantly lower health-related quality of life
scores than people who have other chronic diseases, such as chronic ischaemic
heart disease, gastro-oesophageal reflux disease, non-insulin-dependent diabetes
mellitus, or inflammatory bowel disease (17). People with MS are less likely to be
employed, more likely to take time off work when they are employed, and more
likely to retire early than the general population (18-20).

Globally, an estimated 1 million people (unpaid spouses, partners,
children, family members or friends) are involved in the overall care of people
living with MS (21). Caregivers often stop working to care for the person with
MS, further increasing the societal burden of the disease (22). Caregivers of
people with MS also experience high levels of distress and reduced quality of life
(23, 24).
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Summary of evidence: benefits

The application described the detailed process undertaken by the applicants
to prioritize the medicines being proposed for EML listing from among 30
medicines used in the treatment of MS. The EML application was planned as part
of a comprehensive guideline coordinated by the Multiple Sclerosis International
Federation. The evidence synthesis informing the guideline process was supported
by a Cochrane network meta-analysis on treatments for both progressive (25) and
relapsing/remitting MS (26). The network meta-analyses were conducted with
placebo as the common comparator. The network meta-analyses are in later stages
of preparation for publication in the Cochrane Library. The guideline followed
the Grading of Recommendations, Assessment, Development, and Evaluations
(GRADE) method. The guideline panel and the supporting methodological team
first generated all questions following the patient, intervention, comparison and
outcome (PICO) frameworkand prioritized outcomes using a structured approach
which included health outcome descriptors and definitions, establishing a priori
all important and critical outcomes. Absolute effects were estimated across all
outcomes. A summary table demonstrating the desirable and undesirable effects,
net balance of effects and certainty of the evidence was created. The medicines
evaluated in the network meta-analyses were ranked based on a numeric
coefficient summing the values calculated for the desirable and undesirable
effects. Based on the relevance of the outcomes and associated net benefit, the
guideline panel was then requested to prioritize the 10 medicines with the largest
net benefit, and then prioritize among these medicines those that would offer
the greatest benefits taking into account the needs of special populations, such as
adolescents, and pregnant or breastfeeding women. Short-listed medicines were
cladribine, rituximab/ocrelizumab, dimethyl fumarate, fingolimod, interferon
beta 1b/1a and glatiramer acetate. Four medicines were ultimately proposed for
addition to the EML by the guideline panel. The justification for the selection
of rituximab (with ocrelizumab as a therapeutic alternative), cladribine and
glatiramer acetate, and summaries of evidence for benefit for each medicine are
described below.

Rituximab/ocrelizumab

Rituximab (with ocrelizumab as a square box alternative) was considered a
feasible and acceptable option in resource-constrained settings due to balance of
effects, mode of administration (6-monthly infusions), and low requirements for
screening and monitoring. These medicines have a low risk of rebound effect if
treatment is discontinued and low discontinuation rates by people with MS. They
require infusion facilities and cold storage at the health care facility. Rituximab and
ocrelizumab, while contraindicated during pregnancy, may be used in pregnant
women with careful timing of treatment. Rituximab and ocrelizumab have
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been extensively used off-label in paediatric MS. Clinical trials of ocrelizumab
in children and adolescents with relapsing-remitting MS are ongoing. On-label
ocrelizumab is more costly than off-label rituximab, but off-label prescribing is
limited in some settings, making ocrelizumab potentially more acceptable and/or
feasible in these settings. Rituximab is already listed on the WHO EML for other
indications, is off-patent with many authorized biosimilar products, and is part
of the WHO prequalification programme. For these reasons, rituximab was
proposed as the representative of the square box grouping.

Rituximab

A randomized controlled trial compared rituximab with placebo in patients
with relapsing-remitting MS switching from a previous disease-modifying
therapy (27). There was low-certainty evidence of an appreciable benefit in the
number of patients presenting with relapses at 48 weeks: absolute difference 198
fewer per 1000 (95% confidence interval (CI) 304 fewer to 17 fewer), and very
low-certainty evidence of benefit in terms of the number of patients with new
gadolinium-enhancing positive T1 lesions seen on magnetic resonance imaging
(MRI): absolute difference 307 fewer per 1000 (95% CI 394 to 141 fewer).

A non-randomized study compared rituximab with other disease
modifying therapies (interferon beta or glatiramer acetate, dimethyl fumarate,
fingolimod, natalizumab) as initial treatment in patients with relapsing-remitting
MS, assessing relapse and new gadolinium-enhancing positive T1 lesions seen
on MRI as desirable effects (28). There was low-certainty evidence of a large
effect in relapse risk over 24 months for rituximab compared with interferon
beta or glatiramer acetate: absolute difference 227 fewer per 1000 (95% CI 254
to 154 fewer). There was low-certainty evidence that rituximab may result in an
appreciable reduction in relapses when compared with natalizumab (absolute
difference 148 fewer per 1000, 95% CI 187 to 0 fewer) and dimethyl fumarate
(absolute difference 84 fewer per 1000, 95% CI 110 to 0 fewer).

Efficacy data on rituximab versus other disease-modifying therapies
in patients with relapsing-remitting MS switching from a previous disease-
modifying therapy were evaluated in three Swedish cohort register-based studies
(29-31). There was moderate-certainty evidence that rituximab showed the
highest appreciable benefit in terms of risk of relapse versus interferon beta or
glatiramer acetate (absolute risk difference 215 fewer patients with relapse per
1000, 95% CI 248 to 127 fewer) over a median follow-up of 24 and 18 months.
There was also very low-certainty evidence of benefit for rituximab in terms of
new or enlarging T2 weighted lesions seen on MRI versus fingolimod (absolute
risk difference 286 fewer per 1000, 95% CI 290 to 266 fewer), over median follow
up of 24 and 18 months, respectively. Other desirable eftects for which rituximab
showed appreciable benefit versus fingolimod were: fewer new gadolinium-
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enhancing positive T1 weighted lesions seen on MRI (172 fewer per 1000, 95%
CI 186 to 126 fewer, very low-certainty evidence); fewer relapses (161 fewer per
1000, 95% CI 172 to 116 fewer; moderate-certainty evidence) with median follow
up of 18 months; and disability versus interferon or glatiramer acetate (12 fewer
per 1000, 95% CI 42 fewer to 35 more; very low-certainty evidence), with median
follow up of 24 months.

A randomized controlled trial conducted in the United States and
Canada assessed the efficacy and safety of rituximab versus placebo as initial
treatment in patients with primary progressive MS over 24 months’ follow-up
(32). Both disability and frequency of relapse were reduced in patients treated
with rituximab (absolute risk reduction: 75 fewer per 1000 (95% CI 158 fewer to
24 more; moderate-certainty evidence) and 13 fewer per 1000 (95% CI 28 fewer
to 31 more; low-certainty evidence), respectively.

Rituximab in patients with secondary progressive MS switching from
a previous disease modifying therapy was assessed in two small randomized
controlled trials in the Islamic Republic of Iran (33, 34), and one small case-
control study in Switzerland and the Kingdom of the the Netherlands (35).
One of the trials comparing rituximab with cyclophosphamide did not report
any prioritized benefit outcome (34). The other trial compared rituximab with
glatiramer acetate and showed a benefit on new gadolinium-enhancing positive
T1 weighted MRI lesions in favour of rituximab (absolute risk difference: 28 fewer
lesions per 1000, 95% CI 82 fewer to 166 more; very low-certainty evidence) over
a median follow-up of 12 months (33). The non-randomized study showed a
benefit on disability in patients treated with rituximab versus those treated with
other disease modifying therapies (absolute risk difference 164 fewer per 1000,
95% CI 250 to 20 fewer; very low-certainty evidence) (35).

Ocrelizumab

No direct evidence of ocrelizumab versus placebo in patients with relapsing
forms of MS was available. Two pivotal randomized controlled trials (OPERA I
and OPERA II) assessed the efficacy and safety of ocrelizumab versus interferon
beta la in this patient population (36). The OPERA studies used the calculated
annualized relapse rate as the outcome measure of relapse reduction. These results
were not included in the network meta-analysis performed by the applicants,
which instead used as the outcome measure, the proportion of people who had
or did not have a relapse within defined time periods. Refer to the ocrelizumab
summary for details of the evidence from the OPERA I and OPERA II studies.
One randomized controlled trial (ORATORIO) assessed the efficacy
and safety of ocrelizumab versus placebo in patients with primary progressive
MS (37). Ocrelizumab was associated with a benefit on disability (absolute risk
difference 61 fewer per 1000, 95% CI 160 fewer to 89 more; very low-certainty
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evidence) and on quality of life measured using the SF-36 (physical) scale
(standardized mean difference 0.04 higher; 95% CI 0.12 lower to 0.19 higher;
moderate-certainty evidence) at 36 months’ follow-up.

Cladribine

Cladribine, fingolimod and dimethyl fumarate were all considered to be feasible
and acceptable options in resource-constrained settings due to the balance of
effects, mode of administration (oral) and easy storage. Fingolimod requires
more maintenance for screening and monitoring and has a risk of rebound of
MS disease activity if access to treatment is discontinued suddenly, for example,
due to unreliable supply of medicine, and it can diminish response to vaccines.
Dimethyl fumarate has low requirements for screening and monitoring but has a
higher discontinuation rate compared with other oral treatments. Cladribine has
a short treatment period of four short courses over 2 years (although subsequent
treatment may be required in some people), which is an advantage for settings
where drug supply irregularities are common. Further advantages of cladribine
include its allowance of family planning (because of its treatment period of four
short courses over 2 years), a low risk of rebound, low requirements for screening
and monitoring, a low discontinuation rate, and potentially favourable cost-
effectiveness. Cladribine, while contraindicated in pregnancy, may be used in
women of childbearing age with careful timing of treatment.

A randomized controlled trial (CLARITY) assessed the efficacy and
safety of cladribine versus placebo in patients with relapsing-remitting MS (38).
Cladribine produced appreciable benefit on disability (absolute risk difference 53
fewer people developing disability per 1000, 95% CI 83 to 17 fewer; low-certainty
evidence), on relapse (240 fewer per 1000, 95% CI 285 to 183 fewer; high-certainty
evidence), quality of life assessed using the EQ-5D VAS (standardized mean
difference (SMD) 0.19 higher, 95% CI 0.06 to 0.32 higher; moderate-certainty
evidence) and the EQ-5D index (SMD 0.24 higher, 95% CI 0.11 to 0.37 higher;
moderate-certainty evidence) at 24 months’ follow-up.

No evidence from randomized controlled trials was identified for
cladribine in progressive MS.

Glatiramer acetate

Glatiramer acetate was considered an important treatment option mainly for
special populations, as it is safe for use in pregnancy and during breastfeeding,
and is used in paediatric MS. The most appropriate medicines during pregnancy
are glatiramer acetate and interferon, both of which are also safe to use during
breastfeeding. Glatiramer acetate was judged to have a better safety profile than
interferon, and is generally more tolerated than interferons, which may cause
flu-like adverse effects. Both medicines have the disadvantage of the need for
frequent injections as their mode of administration and require refrigeration.
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While both have few screening and monitoring requirements, glatiramer acetate
has the fewest requirements. Glatiramer acetate also has the advantage of no
known drug interactions. Generic forms are available.

Three randomized controlled trials provided direct evidence of glatiramer
acetate versus placebo in patients with relapsing-remitting MS (39-41). Treatment
with glatiramer acetate reduced: disability at 24 months (absolute risk difference
49 fewer per 1000, 95% CI 73 to 21 fewer; very low-certainty evidence); relapse
at 24 months (82 fewer per 1000, 95% CI 122 to 36 fewer; very low-certainty
evidence); and new MRI gadolinium-enhancing positive T1 lesions at 24 months
(135 fewer per 1000, 95% CI 191 to 53 fewer; very low-certainty evidence).

Two randomized controlled trials provided direct evidence of glatiramer
acetate versus placebo in patients with primary progressive MS (42, 43). Treatment
with glatiramer acetate reduced disability at 24 months (absolute risk difference
68 fewer per 1000, 95% CI 174 fewer to 85 more; very low-certainty evidence).

Summary of evidence: harms
Rituximab

Two randomized controlled trials assessed the safety of rituximab in patients
switching from a previous disease modifying therapy in relapsing-remitting MS
(27) and primary progressive MS (32) and showed a higher frequency of serious
adverse events versus placebo (pooled absolute risk difference 21 more adverse
events per 1000, 95% CI 36 fewer to 100 more), including common infections
(19 more per 1000, 95% CI 67 fewer to 96 more) and infusion reactions within
24 hours of the first infusion (435 more per 1000, 95 % CI 344 more to 513 more).
Conversely, death, cancer and infusion reaction after the second infusion were
less frequent in patients treated with rituximab - absolute differences: six fewer
deaths per 1000, 95% CI 10 fewer to 24 more); three fewer cancers per 1000, 95%
CI 10 fewer to 28 more); and 28 fewer infusion reactions per 1000, 95% CI 151
fewer to 266 more).

A Swedish non-randomized study compared rituximab with other
disease modifying therapies (interferon or glatiramer acetate, dimethyl fumarate,
fingolimod, natalizumab) in treatment-naive patients with relapsing-remitting
MS (28). Rituximab versus interferon or glatiramer acetate produced fewer
serious adverse effects (grade 3 or 4): four fewer serious adverse effects per 1000,
95% CI 27 fewer to 68 more; very low-certainty evidence. It also produced fewer
serious adverse effects than natalizumab (46 fewer per 1000, 95% CI 71 fewer to
45 more; very low-certainty evidence). In comparison with dimethyl fumarate,
more patients treated with rituximab experienced serious adverse effects (22
more per 1000, 95% CI 8 fewer to 227 more). No absolute difference in estimates
on serious adverse effects could be drawn with fingolimod, given the extremely
wide 95% CI of the odds ratio (0.07 to 26.21). For opportunistic infections, the
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point estimate versus natalizumab favoured rituximab (17 fewer infections per
1000, 95% CI 20 fewer to 45 more; very low-certainty evidence).

Six retrospective non-randomized studies reported undesirable effects of
rituximab versus other disease-modifying therapies in patients with relapsing-
remitting MS switching treatment (29-31,44-46). Rituximab a lower frequency
of serious adverse effects when compared with fingolimod and natalizumab (17
fewer per 1000; 95% CI 24 fewer to 27 more, and 29 fewer per 1000; 95% CI
38 fewer to 111 more, respectively, very low certainty evidence). Similarly, the
frequency of common infections was lower among patients treated with rituximab
compared to those on ocrelizumab (61 fewer per 1000; 95% CI 62 fewer to 36
fewer; very low-certainty evidence) and higher than interferon or glatiramer
acetate, fingolimod or natalizumab: 24 more per 1000, 95% CI 4 to 53 more; 14
more per 1000, 95% CI 5 fewer to 39 more; and 27 more per 1000, 95% CI 4 to 59
more, respectively; very low-certainty evidence in all comparisons. Cancer was
less frequent in patients treated with rituximab compared with patients treated
with fingolimod and natalizumab: 7 fewer per 1000, 95% CI 11 fewer to 1 more;
and 3 fewer per 1000, 95% CI 6 fewer to 3 more, respectively; very low-certainty
evidence in both comparisons. Infusion reactions within 24 hours of the first
infusion were less common with rituximab than ocrelizumab (6 fewer per 1000,
95% CI 12 fewer to 35 more; very low-certainty evidence). Relative estimates
on mortality were too imprecise (few events, very wide CIs) to allow reporting
absolute differences.

Two small randomized controlled trials assessed safety of rituximab
compared with glatiramer acetate (33) and cyclophosphamide (34) in patients
with progressive MS switching from a previous disease-modifying therapy. Their
results were not pooled with those of the non-randomized studies. Common
infections were more frequent in patients treated with rituximab than those on
glatiramer acetate (45 more per 1000, 95% CI 17 fewer to 405 more; very low-
certainty evidence) and less frequent than in patients on cyclophosphamide (204
fewer per 1000, 95% CI 337 fewer to 26 more; very low-certainty evidence).

Ocrelizumab

No direct evidence of safety of ocrelizumab versus placebo in patients with
relapsing MS was available.

Safety data of ocrelizumab versus placebo in patients with primary
progressive MS from the ORATORIO trial (37) showed that serious adverse
events were more common in patients treated with ocrelizumab (18 more per
1000, 95% CI 99 fewer to 97 more; very low—certainty evidence), as was treatment
discontinuation due to adverse events (8 more discontinuations per 1000, 95% CI
15 fewer to 57 more; moderate-certainty evidence) and death (4 more per 1000,
95% CI 3 fewer to 65 more; very low-certainty evidence).
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Cladribine

From the CLARITY trial of cladribine versus placebo in patients with relapsing-
remitting MS (38), mortality was not higher (0 fewer per 1000, 95% CI 2 fewer to
12 more; moderate-certainty evidence), while serious adverse events were more
common with cladribine (27 more per 1000, 95% CI 15 fewer to 92 more; very
low-certainty evidence). Treatment discontinuation due to adverse events was
also higher with cladribine (18 more per 1000, 95% CI 26 fewer to 128 more;
low-certainty evidence).

No evidence from randomized controlled trials was identified for
cladribine in progressive MS.

Glatiramer acetate

Three randomized controlled trials provided direct evidence of glatiramer acetate
versus placebo in patients with relapsing-remitting MS (39-41), showing similar
mortality (1 fewer per 1000, 95% CI 2 fewer to 4 more; low-certainty evidence)
and serious adverse events (4 fewer per 1000, 95% CI 24 fewer to 20 more; low-
certainty evidence). More patients on glatiramer acetate discontinued treatment
due to adverse events (22 more per 1000, 95% CI 1 to 51 more; moderate-certainty
evidence).

One randomized controlled trial compared glatiramer acetate with
placebo in patients with progressive MS (43). Compared with placebo, serious
adverse events were more frequent with glatiramer acetate (9 more per 1000, 95%
CI 9 fewer to 55 more; low-certainty evidence), as was treatment discontinuation
due to adverse events (36 more per 1000, 95% CI 6 to 108 more; moderate-
certainty evidence). Mortality was lower in the glatiramer acetate group (16 fewer
per 1000, 95% CI 20 to 0 fewer; moderate-certainty evidence).

WHO guidelines
WHO guidelines for the treatment of MS are not currently available.

Costs/cost—effectiveness

Median prices (cost per patient per year in US$), and price ranges for the proposed
medicines based on 18 countries across different income settings were identified
in the application (Table 8). Ex-factory price was retrieved whenever available.
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Applications for the 23rd EML and the 9th EMLc

Table 8
Median price of medicines for multiple sclerosis, by country income level

Medicine, formulation Median cost (range) per patient a year, US$?
High-income Upper middle- Lower middle-
countries income countries income countries
Cladribine, 10 mg tablet 26 298 23834 6602°
(24 684-62 628) (9480-31 104)
Glatiramer acetate, 8511 6618 960°P
40 mg/mL injection (6355-12 566) (1987-11797)
Ocrelizumab, 24192 17928 4600
300 mg/10 mL injection (24 090-66 681) (6790-25 296) (1200-22 580)
Rituximab, 4298 3089 2330
500 mg/50 mL injection (3912-8813) (2899-4596) (120-7184)

@ Currency exchange rates on 6 June 2022.
® Only one value available.

The dynamic nature and wide variations observed among countries
may depend on context-dependent price components such as the local health
system, supply chain, regulatory measures, ability and willingness to negotiate,
and non-context-specific factors, such as market fluctuations, availability of
alternatives, and available follow-on products (47). The information is also
unreliable as national drug agency price databases are often unavailable, or their
access may be restricted due to pharmaceutical companies requesting non-
disclosure agreements. Negotiations between the local ministry of health and
drug companies may end in substantial discounts, up to > 70%, and are usually
confidential.

Evidence on cost-effectiveness of disease modifying therapies included
in the application was retrieved through a systematic search of economic analysis
studies on all available disease-modifying therapies, but these data have several
limitations when used to inform clinical practice recommendations. Most
economic analyses are available on recently marketed drugs and most studies are
performed in high-income settings. Therefore, their results may not be transferable
to countries with a different income level and willingness-to-pay threshold. Most
studies are funded by the company producing the medicine being assessed,
thus their results should be interpreted with caution. Moreover, the results of
economic analysis studies cannot be quantitatively pooled in a meta-analysis,
and their methodological quality is hard to assess due to the lack of established
evaluation criteria. In some cases, parameters used by the analysis authors to
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assess clinical effectiveness and cost vary, producing inconsistent and sometimes
conflicting results. Most of the studies identified focused on specific direct costs
(e.g. medicine price) while other direct costs (e.g. for administration, monitoring
of MS course and activity, relapse treatment, and adverse event management), as
well as indirect costs (e.g. loss of productivity, absenteeism, early retirement, and
travel costs to reach health care facilities) are often not considered in economic
modelling.

Among the studies identified in the application, several suggested a
superiority of cladribine over other disease-modifying therapies for cost-
effectiveness, but they were all funded by the company producing the medicine,
so their results should be interpreted with caution. Similar considerations can be
made for studies of glatiramer acetate and ocrelizumab. An independent cost-—
effectiveness analysis from the Islamic Republic of Iran found rituximab to be
cost-effective when compared with natalizumab in the treatment of relapsing-
remitting MS (48).

Availability

Cladribine, glatiramer acetate and ocrelizumab are approved by stringent
regulatory authorities including in Australia, Canada, European Union,
Switzerland, the United Kingdom and the United States for the treatment of
relapsing-remitting MS. Only ocrelizumab has regulatory approval for treatment
of progressive forms of MS. Rituximab is used off-label for MS but has regulatory
approval for other indications.

The availability of the medicines proposed in this application varies
between regions and country-income classifications. Survey data on global use
of the proposed medicines from the Multiple Sclerosis International Federation
Atlas are shown in Table 9 (49).
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Other considerations

The product patents on rituximab and glatiramer acetate have expired, and
several biosimilar and generic products have been approved and are used in
several countries. Secondary patents have been granted in some jurisdictions,
but they may not prevent entry of follow-on products.

Cladribine compound patents expired in 2005. Secondary patent
applications on the treatment regimen for MS, expected expiry in 2025, were
filed in several countries and granted (e.g. in Brazil, China, Russia, South
Africa, Ukraine, United States and Europe). In India the equivalent application
was abandoned. A secondary patent for oral formulation of cladribine has been
granted in several countries including Brazil, China, India, South Africa, United
States, and also in Europe. Patents originally expiring in 2024 have been extended
by way of Supplementary Protection Certificates in Europe until 2029. A United
States patent owned by Merck for treating progressive forms of MS was recently
granted with equivalents pending in several countries; the expected expiry is 2041.

Ocrelizumab is protected by a product patent expiring in 2023, sometimes
extended by patent term extensions or supplementary protection certificates
until 2028 or 2029. It is unlikely follow-on products can enter the market before
expiry. Secondary patents have been filed and granted, which are expiring in 2029
or possibly as late as 2036.

Committee recommendations

The Expert Committee noted that MS is the most common non-traumatic cause
of neurological disability in young adults. About 2.8 million people are living
with MS worldwide, with women affected 2-3 times more than men. The most
common form is relapsing-remitting MS, characterized by relapses and remissions
of neurological symptoms. Over time, most people with relapsing-remitting MS
develop a secondary progressive course of the disease (secondary progressive MS)
marked by gradual worsening with or without additional inflammatory events.
Currently, there are no medicines specifically for the treatment of MS included
on the Model List. However, rituximab is included for other conditions, is widely
available and is listed on many national essential medicines lists.

The Committee acknowledged the availability of a large number of
disease-modifying medicines for MS (particularly for the treatment of relapsing
and remitting forms of the disease) and the need to prioritize the most effective,
best tolerated, and most affordable options. In 2019, the Committee considered
an application to include glatiramer acetate, fingolimod and ocrelizumab and
noted that there was no clear-cut superiority of these drugs over other options in
terms of safety, efficacy and affordability. Moreover, commonly used agents (e.g.
natalizumab) and oft-label medications (e.g. rituximab) were excluded from that
application.
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The Committee considered that the approach taken in the current
application submitted by the Multiple Sclerosis International Federation, based
on the work done by two specific initiatives - MSIF Off-Label Treatments (MOLT)
and MSIF Essential Medicines (MEMP) guidelines - to identify which medicines
to prioritize for EML listing from among the many available was comprehensive,
up-to-date, transparent, robust and evidence-based. The Committee recognized
the value of involving different organizations and stakeholders at the global level,
including consultation with people living with MS. The Committee considered
that the application’s selection of cladribine, glatiramer acetate and rituximab as
priority medicines for EML inclusion was well justified and supported by evidence
of clinical benefit and safety across different settings, as well as suitability for
use in different patient populations (e.g. pregnant women) and feasibility. The
inclusion on the EML of three medicines, with different routes of administration,
different prices (including the availability of generic and biosimilar products)
and different recommended uses, would provide valuable options for patients
and national selection decisions and could facilitate improved access to treatment
for people living with MS.

The Committee noted that, in line with the MEMP and MOLT
recommendations, rituximab, cladribine and glatiramer acetate emerged as
effective, feasible and acceptable options for the treatment of MS. The addition of
multiple medicines allows options with different price, routes of administration
and potential use in pregnancy. Generics of glatiramer acetate and rituximab
biosimilars are available at lower cost than branded products, which could
facilitate access to treatment.

The Committee considered that inclusion of a new section for medicines
for the treatment of MS in the WHO Model List of Essential Medicines could
increase global advocacy efforts to reduce the global burden of MS, especially in
low- and middle-income countries where the unmet need for access is greater.
This would also raise awareness of the need for specialized care and diagnostics,
as well as monitoring of the disease response and progression.

The Committee recognized that rituximab did not have regulatory
approval for the indication of MS but is widely used in clinical practice, is
supported by evidence of efficacy and safety, and is reimbursed for MS in
several countries. The Committee acknowledged the benefits of ocrelizumab in
the management of relapsing/remitting and primary progressive forms of MS.
However, there was no compelling evidence of its superiority over alternative
treatments, specifically rituximab, which has the same molecular target (CD20).
The Committee considered the option of listing ocrelizumab as alternative to
rituximab, but also recognized the difference in current prices of the two products
and the fact that oft-label use of medicines is allowed in many countries, when
robust evidence exists. The Committee concluded that including ocrelizumab
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as a therapeutic alternative to rituximab could result in considerable additional
expenditure at the country level for patients and health systems, without offering
additional clinical benefit. The Committee considered that inclusion only of the
less expensive rituximab on the EML might serve to facilitate its use (albeit off-
label) for MS.

The Committee recalled and reiterated the views expressed by the 2015
Expert Committee on consideration of medicines for inclusion on the Model
Lists for off-label uses or indications: that is, labelling is the responsibility of
national regulatory authorities and there may consequently be different labels
for the same product in different countries, and there is thus no global standard
for what is considered oft-label. Furthermore, updating approved labels for older
products may not be pursued by market authorization holder(s) if doing so is not
considered commercially viable, and there are many examples of older products
whose regulatory labels are inconsistent with current clinical evidence and
current clinical practice. Consequently, the Expert Committee reaffirmed that
oft-label status of a medicine need not be a reason to exclude it from the Model
Lists if it otherwise meets the criteria for inclusion. The Committee considered
that the Model List can play an important role in identifying those medicines
for which off-label use is supported by convincing evidence, complementing the
assessment and labelling by jurisdictional authorities.

Therefore, the Committee recommended the inclusion of cladribine,
glatiramer acetate and rituximab as individual medicines on the complementary
list of the EML in a new section dedicated to medicines for MS. The
recommendation was based on the important public health need, and evidence of
efficacy, safety and feasibility of use of the medicines proposed. The Committee
did not recommend the inclusion of ocrelizumab as an alternative under a square
box listing for rituximab for the reasons outlined above.
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Ocrelizumab - addition - EML

Ocrelizumab ATC code: L0O4AA36

Proposal

Addition of ocrelizumab to the complementary list of the EML for treatment of
adults with relapsing and progressive forms of multiple sclerosis (MS).

Applicant
F Hoffmann-La Roche Ltd, Basel, Switzerland

WHO technical department

The Department of Mental Health and Substance Use provided comments on
two applications submitted for Expert Committee consideration for disease-
modifying therapies for MS - this application and an application for inclusion
of three disease-modifying therapies for MS submitted by the Multiple Sclerosis
International Federation. The technical department supported the inclusion of
disease-modifying therapies for MS on the EML, highlighting that the proposals
were well aligned with the mandate of the intersectoral global action plan on
epilepsy and other neurological disorders (I), which includes a strategic objective
to “provide effective, timely and responsive diagnosis, treatment, and care” for
people with neurological disorders such as MS.

EML/EMLc
EML

Section

5.2 Medicines for multiple sclerosis

Dose form(s) & strengths(s)
Injection: 30 mg/mL in 10 mL vial

Core/complementary

Complementary

Individual/square box listing

Individual

Background
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In 2019, the Expert Committee reviewed an application from the Multiple Sclerosis
International Federation requesting the addition of glatiramer acetate, fingolimod



and ocrelizumab on the Model Lists for use in the treatment of MS. The Committee
acknowledged the important public health burden of MS and the need for effective
and affordable treatments. However, the Committee noted that the superiority of
the proposed medicines over other therapeutic options in terms of benefits, harms
and affordability did not clearly emerge from the application. The Committee noted
that some commonly used treatments were not included in the application (e.g.
azathioprine, natalizumab, dimethyl fumarate, cladribine), or were not given full
consideration (e.g. rituximab), with reasons for their exclusion being unclear. In
particular, the Committee noted the evidence presented in the application in relation
to rituximab and considered that rituximab could have a relevant clinical role in the
treatment of MS and recommended that any future application include evidence
for rituximab versus active comparators, not just placebo. The Committee therefore
did not recommend listing of glatiramer acetate, fingolimod or ocrelizumab at the
time, and requested a revised application which comprehensively reviewed the
relative roles of relevant available medicines for MS (2).

Public health relevance

MS is a chronic autoimmune disease characterized by inflammation of the central
nervous system that leads to demyelination, axonal loss and progressive neuronal
degeneration, resulting in irreversible disability and cognitive impairment (3,4).
Common symptoms include pain, fatigue, mood and cognitive changes, mobility
and sensory impairment, visual disturbances, and elimination dysfunction.
Symptoms can vary in severity and can result in significant disability, and
reduction in quality and length of life.

Data on the global prevalence of MS vary. The Global Burden of Disease
study reported that globally, about 1.8 million people (23 per 100 000) had MS in
2019. Age-standardized prevalence per 100 000 population shows large variability
across WHO regions, ranging from 4 cases per 100 000 in the Western Pacific
Region to 60 per 100 000 in the European Region (5). The atlas of MS estimated
that globally, about 2.8 million people (36 per 100 000) had MS in 2020 (6). The
number of people with MS per 100 000 population also showed large variability
across WHO regions, ranging from 5 per 100 000 in the African and Western
Pacific regions to 133 per 100 000 in the European Region (6).

MS is most often diagnosed between the ages of 20 and 50 years, but the
disease may also first manifest in older adults and children. Women are affected
2-3 times more than men (7,8).

MSisbroadly divided into relapsing and progressive forms, classified in three
different clinical phenotypic patterns based on the presence of transient attacks of
neurological symptoms and/or a progressive worsening of the neurological function:
relapsing-remitting MS, secondary progressive MS and primary progressive
MS (9). Relapsing-remitting MS is characterized by relapses and remissions of
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neurological symptoms, with relapses associated with new areas of inflammation
in the central nervous system. Over time, most people with relapsing-remitting
MS will transition to secondary progressive MS, marked by gradual worsening of
neurological function with or without additional inflammatory events. Primary
progressive MS is characterized by the absence of clearly defined relapses (9,10).

The course of MS is highly variable and unpredictable, and patients may
have a broad range of neurological symptoms or signs, depending on the location
and degree of central nervous system inflammation. Life expectancy for patients
with MS is 5-10 years shorter than for the general population (3,11,12). Exposure
to any disease-modifying therapy for MS is associated with a lower risk of death
compared with no exposure (13).

MS has a substantial negative impact on health-related quality of life
(14-16). People with MS have significantly lower health-related quality of life
scores than people who have other chronic diseases, such as chronic ischaemic
heart disease, gastro-oesophageal reflux disease, non-insulin-dependent diabetes
mellitus, or inflammatory bowel disease (17). People with MS are less likely to be
employed, more likely to take time off work when they are employed, and more
likely to retire early than the general population (18-20).

Globally, an estimated 1 million people (unpaid spouses, partners,
children, family members or friends) are involved in the overall care of people
living with MS (21). Caregivers often stop working to care for the person with MS,
further increasing the societal burden of the disease (22). Caregivers of people
with MS also experience high levels of distress and reduced quality of life (23, 24).

Summary of evidence: benefits

The application presented a summary of evidence from pivotal studies of
ocrelizumab in relapsing and primary progressive MS.

Relapsing MS

Two identically designed industry-sponsored, randomized, multicentre, active-
controlled, double-blind, phase III studies (OPERA I and OPERA 1II) evaluated
the efficacy and safety of ocrelizumab in 1651 adults with relapsing MS (25).
Participants received ocrelizumab 600 mg by intravenous infusion every 6
months or subcutaneous interferon beta-1la 44 micrograms three times a week.
The primary efficacy endpoint was annualized relapse rate over 96 weeks.
Ocrelizumab treatment was associated with a statistically significant and clinically
meaningful improvement in annualized relapse rate, compared with interferon.

= OPERA I: annualized relapse rate 0.16 versus 0.29 (rate ratio (RR) 0.54,
95% confidence interval (CI) 0.40 to 0.72; relative reduction 46%);

= OPERA II: annualized relapse rate 0.16 versus 0.29 (RR 0.53, 95% CI
0.40 to 0.71; relative reduction 47%).
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Ocrelizumab treatment was also associated with statistically significant
and clinically meaningful improvements compared with interferon for several
secondary endpoints, including the proportion of patients with confirmed
disability progression at 12 and 24 weeks and proportion of patients with no
evidence of disease activity. Patients receiving ocrelizumab also had significantly
lower mean numbers of T1 gadolinium-enhancing lesions and new and/or
enlarging T2 lesions on magnetic resonance imaging (MRI).

Periodic analyses of efficacy data from patients in the OPERA I and II
trials who continued on to the open-label extension phase reported that: the
benefits of earlier initiation of ocrelizumab were maintained compared with
patients switching from interferon (26-28); the risk of requiring a walking aid
was lower (29, 30); and rates of upper- and lower-limb disability were lower (31).

In the phase IIIb ENSEMBLE study (1225 participants), most treatment-
naive patients with early-stage relapsing-remitting MS treated with ocrelizumab
over 2 years showed minimal disease activity based on clinical and MRI measures —
86.5% had no evidence of clinical activity and 88.9% had no evidence of MRI activity.
Expanded Disability Status Scale scores remained stable or showed improvements
in most patients (87.4%) (32). In an analysis of 7-year open-label extension data
from the OPERA T and II studies, 81% of treatment-naive patients with early MS
had no disability progression over 7 years on treatment with ocrelizumab (33).

Progressive MS

The industry-funded phase III randomized, multicentre, double-blind, parallel-
group, placebo-controlled ORATORIO trial evaluated the efficacy of ocrelizumab
in the treatment of 732 patients with primary progressive MS (34). Participants
were randomized 2:1 to receive ocrelizumab 600 mg by intravenous infusion every
6 months or placebo. The primary efficacy endpoint was the proportion of patients
with 12-week confirmed disability progression. Secondary endpoints included
24-week confirmed disability progression, timed 25-foot walk, T2 lesion volume
and total brain volume loss. The percentage of patients with 12-week confirmed
disability progression was 32.9% with ocrelizumab versus 39.3% with placebo
(hazard ratio (HR) 0.76, 95% CI 0.59 to 0.98). The percentage of patients with
24-week confirmed disability progression was 29.6% with ocrelizumab versus
35.7% with placebo (HR 0.75, 95% CI 0.58 to 0.98). By week 120, performance
on the timed 25-foot walk worsened by 38.9% with ocrelizumab versus 55.1%
with placebo; the total volume of brain lesions on T2-weighted MRI decreased by
3.4% with ocrelizumab and increased by 7.4% with placebo; and the percentage
of brain volume loss was 0.90% with ocrelizumab versus 1.09% with placebo.
The ongoing CONSONANCE trial is a single-arm phase IIIb trial to
evaluate the effectiveness and safety of ocrelizumab across the spectrum of
progressive MS (i.e. in patients with either primary progressive MS or secondary
progressive MS) (35). Primary outcomes are proportion of patients with no
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evidence of progression, and the proportion of patients with no evidence of
progression and no active disease. In the 2-year interim analysis, treatment with
ocrelizumab was associated with comparable rates of no evidence of progression
and no evidence of progression and no active disease in patients with secondary
progressive MS and primary progressive MS and with functional improvement
in about one third of patients.

Summary of evidence: harms

Pooled results for adverse events reported during the controlled treatment period
of the pivotal phase III studies in relapsing MS (OPERA I and OPERA II (25)) are
presented in Table 10.

Table 10
Adverse events in relapsing multiple sclerosis phase Il studies in the controlled
treatment period

Variable OPERA | and OPERA II, no. (%)
IFNB1a OCR 600 mg
(n =826) (n = 825)
Patients with at least one adverse event 688 (83.3) 687 (83.3)
Total adverse events 4141 4194
Deaths 2(0.2) 1(0.1)

Patients with at least one:

fatal adverse event 2(0.2) 1(0.1)
serious adverse event 72 (8.7) 57 (6.9)
serious adverse event leading to treatment 9(1.1) 6(0.7)
N discontinuation
o adverse event leading to treatment discontinuation 51(6.2) 29 (3.5)
)
S
; Patients with malignancies 2(0.2) 4(0.5)
=
g Patients with infections® 433 (52.4) 482 (58.4)
% Patients with serious infections? 24 (2.9) 11(1.3)
S
§~ Patients with infusion-related reaction 80(9.7) 283 (34.3)
_TS IFNB1a: interferon beta-1a; OCR: ocrelizumab.
% @ Infections are defined using adverse events falling into the Medical Dictionary for Regulatory Activities
Y (MedDRA) (36) System Organ Class “Infections and Infestations.
o
I
=



Adverse events reported during the controlled treatment period of the
phase IIT ORATORIO study (34) on primary progressive MS are presented in
Table 11.

Table 11
Adverse events in primary progressive multiple sclerosis phase lll study in the
controlled treatment period

Variable No. (%)
Placebo OCR 600 mg
(n=239) (n=486)
Patients with at least one adverse event 215 (90.0) 462 (95.1)
Total adverse events 1762 3690
Deaths 1(0.4) 4(0.8)
Patients with at least one:
fatal adverse event 1(0.4) 4(0.8)
serious adverse event 53(22.2) 99 (20.4)
serious infectiona 14 (5.9) 30(6.2)
serious adverse event leading to withdrawal from 6 (2.5) 13(2.7)
treatment
serious adverse event leading to dose modification/ 4(1.7) 8(1.6)
interruption
adverse event leading to withdrawal from 8(3.3) 20 (4.1)
treatment
adverse event leading to dose modification/ 12 (5.0) 47 (9.7)
interruption
infusion-related reaction leading to withdrawal at 0 1(0.2)

first infusion

Patients with:

malignancies® 2(0.8) 11(2.3)
infections? 162 (67.8) 339 (69.8)

OCR: ocrelizumab.

@ Infections are defined using adverse events falling into the Medical Dictionary for Regulatory Activities
(MedDRA) (36) System Organ Class “Infections and Infestations".

b |dentified using the malignant tumours Standardized MedDRA Query. Non-serious relapses are excluded.

Notes: Investigator text for adverse events encoded using MedDRA version MedDRA v18.0.

Multiple occurrences of the same adverse events in one individual are counted only once except for the

total number of adverse events row in which multiple occurrences of the same adverse events are counted

separately.
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A phase II, randomized placebo-controlled trial of ocrelizumab in
relapsing-remitting MS found that treatment with 2 x 300 mg or 2 x 1000 mg
of ocrelizumab was generally well tolerated (37). The adverse event profile of
ocrelizumab during the open-label treatment period up to week 96 and during
follow-up and monitoring/observation periods up to week 144 was consistent
with observations during the first 24 weeks. The single most common adverse
event was infusion-related reactions, reported more often in patients treated with
ocrelizumab compared with patients given placebo (9.3% in placebo arm, 34.5%
in the 300-mg x 2 arm and 43.6% in the 1000-mg x 2 arm, after the first infusion
of day 1 of the study).

Safety data were pooled up to a clinical cut-off date of November
2020 from the phase II study and three pivotal phase III studies, and the “all-
exposure population” including the same studies plus an additional seven phase
IIIb studies. Safety findings, excluding coronavirus disease 2019 (COVID-19)
infections, remain generally consistent with the controlled treatment period in
the pooled relapsing MS/primary progressive MS population from the phase II
study and pivotal phase III studies.

Very common (frequency > 1/10) adverse drug reactions reported in
association with the use of ocrelizumab in the pivotal phase III studies were
infusion-related reactions, upper respiratory tract infections, nasopharyngitis
and influenza. Common (frequency (> 1/100 to < 1/10) adverse drug reactions
reported were sinusitis, bronchitis, cough, gastroenteritis, oral herpes, respiratory
tract infection, viral infection herpes zoster, conjunctivitis and cellulitis.

The application reported that suspected or confirmed COVID-19 cases
were identified from 10 ongoing Roche/Genentech clinical trials, as of 28 May
2021. Symptomatic COVID-19 was reported in 406 (9.9%) of 4089 patients
treated with ocrelizumab across 10 clinical trials. Most cases of COVID-19
were non-serious (274/406, 67.5%) and most patients had recovered or were
recovering at the time of the analysis (347/406, 85.5%). Eighteen patients (out
of 406; 4.4%) had not recovered from COVID-19 and in 32/406 cases (7.9%),
there was a fatal outcome. Most of the symptomatic COVID-19 cases (265/406,
65.3%) had a mild/moderate presentation, with 86 (21.2%) cases being classified
as severe, 13 (3.2%) life-threatening and 32 (7.9%) fatal; information on severity
was missing for 10 patients (2.5%).

WHO guidelines

WHO guidelines for the treatment of MS are not currently available.

Costs/cost—effectiveness
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The application reported that in France, Germany, Italy, Spain and the United
Kingdom, ex-factory prices for ocrelizumab range from €5125 to €6250 per vial,
or €20 500 to €25 000 per patient per year. In upper and lower middle-income



countries and low-income countries, excluding countries with high foreign and
exchange market rate fluctuations, the average ocrelizumab list price is €4450 per
vial with the lowest list price starting at €1495 per vial.

Roche has implemented an international differential pricing model
which is reported to apply in 75 upper and lower middle-income countries
and low-income countries, either through public funding or the out-of-pocket
paying sector, where pricing is added to non-pricing support in the form of
patient assistance programmes. These programmes include components such as
medicine doses, donations, patient awareness educational campaigns involving
health care practitioners, patient assistance to treatment adherence, and health
service delivery improvements. To date, and with the implementation of a
greater price flexibility, as part of its international differential pricing model,
Roche reports to have supported governments and private institutions in more
than 30 upper and lower middle-income countries and low-income countries
in providing access to patients for ocrelizumab in MS, including Argentina,
Armenia, Belarus, Bosnia and Herzegovina, Brazil, Bulgaria, Colombia, Costa
Rica, Cuba, Dominican Republic, Ecuador, Egypt, El Salvador, Georgia, Ghana,
Guatemala, Honduras, Jordan, Kazakhstan, Kenya, Kosovo, Lebanon, Libya,
Malaysia, Mexico, Montenegro, Morocco, Namibia, Nicaragua, Nigeria, North
Macedonia, Pakistan, Paraguay, Peru, South Africa, Tunisia, Tiirkiye, Ukraine,
Uzbekistan and Venezuela (Bolivarian Republic of).

The use of ocrelizumab to treat MS was evaluated in health technology
assessments and eventually resulted in positive reimbursement decisions in
several high-income countries, following price negotiations and (confidential)
pricing agreements (38-43).

The application did not present a review of published economic
evaluations of ocrelizumab or other disease-modifying therapies for MS, arguing
that comparability of results across studies and generalizability of conclusions are
limited and affected by many factors, including different study parameters, inputs
and modelling assumptions.

Availability

Ocrelizumab has marketing approval in more than 100 countries worldwide.
Regulatory applications are currently being submitted in Asia. Approved
indications are for treatment of adults with relapsing forms of MS and treatment
of adults with primary progressive MS.

Other considerations

A separate application submitted by the Multiple Sclerosis International
Federation, requesting individual listings for cladribine and glatiramer acetate,
and a square box listing for rituximab, specifying ocrelizumab as a therapeutic
alternative, was also considered by the Expert Committee at this meeting.
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Committee recommendations

The Expert Committee noted that MS is the most common non-traumatic cause
of neurological disability in young adults. About 2.8 million people are living
with MS worldwide, with women affected 2-3 times more than men. The most
common form is relapsing-remitting MS, characterized by relapses and remissions
of neurological symptoms. Over time, most people with relapsing-remitting MS
develop a secondary progressive course of the disease (secondary progressive MS)
marked by gradual worsening with or without additional inflammatory events.
Currently, there are no medicines specifically for the treatment MS included on
the Model List. However, rituximab is included for other conditions, is widely
available and is listed on many national essential medicines lists.

The Committee acknowledged the benefits of ocrelizumab in the
management of relapsing-remitting and primary progressive forms of MS. However,
there was no compelling evidence of its superiority over alternative treatments,
specifically rituximab, which has the same molecular target (CD20). The Committee
considered the option of listing ocrelizumab as alternative to rituximab, but also
recognized the difference in current prices of the two products and the fact that oft-
label use of medicines is allowed in many countries, when robust evidence exists.
The Committee concluded that including ocrelizumab as a therapeutic alternative
to rituximab could result in considerable additional expenditure at the country
level for patients and health systems, without offering additional clinical benefit.
The Committee considered that inclusion only of the less expensive rituximab on
the EML might serve to facilitate its use (albeit off-label) for MS.

The Committee recalled and reiterated the views expressed by the 2015
Expert Committee on consideration of medicines for inclusion on the Model
Lists for off-label uses or indications: that is, labelling is the responsibility of
national regulatory authorities and there may consequently be different labels
for the same product in different countries, and there is thus no global standard
for what is considered oft-label. Furthermore, updating approved labels for older
products may not be pursued by market authorization holder(s) if doing so is not
considered commercially viable, and there are many examples of older products
whose regulatory labels are inconsistent with current clinical evidence and
current clinical practice. Consequently, the Expert Committee reaffirmed that
off-label status of a medicine need not be a reason to exclude it from the Model
Lists if it otherwise meets the criteria for inclusion. The Committee considered
that the Model List can play an important role in identifying those medicines
for which off-label use is supported by convincing evidence, complementing the
assessment and labelling by jurisdictional authorities.

The Committee therefore did not recommend the inclusion of ocrelizumab
as an individual medicine, or as a therapeutic alternative to rituximab under a
square box listing, on the EML for the treatment of MS.
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Section 6: Anti-infective medicines

6.2 Antibacterials

6.2.1 Access group antibiotics

Amoxicillin + clavulanic acid - new formulation - EMLc

Amoxicillin + clavulanic acid ATC code: JO1CR02

Proposal

Addition of amoxicillin + clavulanic acid 200 mg + 28.5 mg dispersible tablet to
the core list of the EMLc for the same indications for which other formulations of
amoxicillin + clavulanic acid are currently listed.

Applicant
Sandoz International GmbH, Bavaria, Germany

WHO technical department

The Global Coordination and Partnership department within the Antimicrobial
Resistance division reviewed and provided comments on the application,
indicating its support for the addition of the proposed new dispersible tablet
formulation of amoxicillin + clavulanic on the EMLc.

EML/EMLc
EMLc

Section
6.2.1 Access group antibiotics

Dose form(s) & strengths(s)
Tablet (dispersible): 200 mg (as trihydrate) + 28.5 mg (as potassium salt)

Core/complementary

Core

Individual/square box listing
Individual

Background

Multiple amoxicillin + clavulanic acid formulations in a 4:1 ratio are included
on the EMLc as first- or second-choice empiric treatment for various bacterial
infections.
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= First choice: community-acquired pneumonia, complicated intra-
abdominal infections, hospital acquired pneumonia, low-risk febrile
neutropenia, lower urinary tract infections, sinusitis, and skin and
soft tissue infections.

= Second choice: bone and joint infections, community-acquired
pneumonia, otitis media and surgical prophylaxis.

In 2021, a higher strength formulation of amoxicillin + clavulanic acid in
a 7:1 ratio (875 mg + 125 mg) was recommended for inclusion on the EML for
treatment of community-acquired pneumonia and intra-abdominal infections in
adults. In making its recommendation, the Expert Committee noted that a higher
ratio of amoxicillin to clavulanic acid is generally associated with less diarrhoea, a
recognized adverse effect of this combination (I).

Public health relevance

The public health relevance of age-appropriate formulations of essential
medicines for children is well established. The Global Accelerator for Paediatric
Formulations was developed in response to the World Health Assembly resolution
69.20 on promoting innovation and access to high quality medicines for children.
In the 2022-2024 strategy, the Global Accelerator for Paediatric Formulations
clearly stated that the development of dispersible tablets over bulky syrups or the
enabling of formulary consolidation with flexible dosage forms should be one of
the priority tasks (2).

Summary of evidence: benefits

The evidence of benefits presented by the applicants was mostly based on studies
from the 1990s when the formulation of amoxicillin + clavulanic acid at a 7:1
ratio was first developed. No specific evidence on the efficacy of the dispersible
formulation was included.

A randomized, observer-blinded, multicentre study conducted in
the 1990s evaluated the efficacy of amoxicillin + clavulanic acid as twice daily
dosing at a 7:1 ratio compared with three times daily dosing at a 4:1 ratio in 463
children, aged 2-12 years with acute otitis media (3). The two treatment groups
demonstrated similar efficacy with clinical success rates at the end of therapy (10
days) of 91.8% for the twice-daily 7:1 group versus 90.5% for the three-times-
daily 4:1 group. No significant difference was seen between treatment groups in
the incidence of adverse events, however the incidence of diarrhoea was lower in
the twice-daily group (6.7% versus 10.3%) group. Significantly more patients in
the twice-daily group than the three-times-daily group were reported to have at
least 80% compliance with treatment.

Another United States study from the 1990s randomized 868 children aged
2-12 years with acute otitis media to receive amoxicillin (45 mg) + clavulanic acid
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(6.4 mg) twice daily for 10 days, 40/10 mg three times daily for 10 days or 45/6.4 mg
twice daily for 5 days (4). Treatment successes (clinical cure or improvement) were
reported as 86.5%, 78.7% and 71.1% in the three treatment groups, respectively.
The incidence of diarrhoea was significantly greater in the three-times daily group
(26.7%), than in the two twice-daily groups (9.6% and 8.7%).

A third randomized study from the 1990s of 415 children aged 2 months
to 12 years with acute otitis media compared amoxicillin + clavulanic acid twice
daily in a 7:1 ratio with three times daily in a 4:1 ratio given for 7 or 10 days (5).
At the end of therapy (days 7-12), clinical success (cure) was achieved by about
94% of patients in both treatment groups. At follow-up (days 38-42), 93.3%
of patients in the twice-daily group and 87.9% in the three-times-daily group
continued to have a clinically successful response. Both treatment regimens
were well tolerated, with most adverse events being of a mild-to-moderate and
transient nature. Diarrhoea was reported in 7.2% and 10.7% of the twice-daily
and three-times daily groups, respectively. Compliance with treatment was
reported as 82.8% in the twice-daily group and 73.3% in the three-times-daily
group.

Results of the three studies mentioned above were pooled in a subgroup
analysis in a 2013 Cochrane systematic review (6). No significant differences
were found between once- or twice- daily groups and the three-times daily group
for: clinical cure rate at the end of therapy (risk ratio (RR) 1.03, 95% confidence
interval (CI) 0.99 to 1.07); clinical cure rate during therapy (RR 1.00, 95% CI
0.70 to 1.42); clinical cure rate at post-treatment (RR 1.04, 95% CI 0.98 to 1.10);
recurrent infection after completion of therapy (RR 1.01, 95% CI 0.39 to 2.60);
overall adverse reactions (RR 0.92, 95% CI 0.52 to 1.63); diarrhoea (RR 0.70, 95%
CI 0.48 to 1.00); skin adverse events (RR 0.72, 95% CI 0.44 to 1.17) or compliance
rate (RR 1.05, 95% CI 0.98 to 1.13).

An observer-blinded, multicentre study conducted in the 1990s
randomized 437 children aged 2-12 years with lower respiratory tract infections
to receive 7 days of treatment with amoxicillin + clavulanic acid either twice daily
in a 7:1 ratio or three times daily in a 4:1 ratio (7). Both regimens had similar
clinical success (cure) rates (81.0% and 77.8%, respectively). Both regimens were
well tolerated, and no statistically significant difference was found in the incidence
of adverse events between the two groups. Compliance with study medication
was high and similar for both groups (80% compliance was 90.0% and 87.0% for
the twice-daily and three-times-daily groups, respectively).

Summary of evidence: harms

The safety profile of amoxicillin + clavulanic acid is well known. In children, the
most frequently reported adverse events are mild gastrointestinal disturbances,
with diarrhoea being largely attributed to clavulanic acid.
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In the trials with a direct comparison between amoxicillin + clavulanic
acid 4:1 versus 7:1 ratios, no significant difference was seen in the safety profile of
the two products overall. Some trials reported a significantly lower incidence of
diarrhoea in the twice-daily 7:1 groups, which is plausible due to the lower dose
of clavulanic acid administered (3,4,8).

WHO guidelines

The WHO AWaRe (Access, Watch, Reserve) antibiotic book (9) provides
guidance on the prescribing and use of antibiotics on the WHO Model Lists of
Essential Medicines for the empiric treatment of common infections in adults
and children. It reflects the recommendations for essential antibiotics made
by the WHO Expert Committee on Selection and Use of Essential Medicines,
incorporating the principles of the WHO AWaRe classification of antibiotics.

Costs/cost-effectiveness
The price of the proposed product is reported in the application as US$ 2.05 per
pack of 32 dispersible tablets (US$ 0.064 per tablet).

Indicative prices for amoxicillin + clavulanic acid 4:1 formulations
included in the UNICEF supply catalogue are:

= 250 mg/62.5 mg dispersible tablet: US$ 5.06 per pack of 50 tablets
(US$ 0.10 per tablet);

= 125 mg/31.25 mg powder for oral suspension: US$ 1.87 per 100 mL
bottle (US$ 0.09 per 125 mg amoxicillin dose).

Availability

Amoxicillin + clavulanic acid 200 mg + 28.5 mg dispersible tablet is not currently
available in any markets. It has regulatory approval in Malawi. Submissions made
to regulatory authorities for Kenya, Rwanda and Uganda are pending approval.

Other considerations

The EML Antimicrobial Working Group reviewed the application and advised
that it supports the inclusion of amoxicillin + clavulanic acid dispersible tablets
ata 7:1 ratio (200 mg + 28.5 mg) on the EMLc.

The Working Group noted that the 7:1 dispersible tablets proposed in the
application offer several advantages over currently listed paediatric formulations
such as ease of administration and heat stability at a similar price. The oral
liquid formulations currently listed on the Model Lists must be refrigerated after
reconstitution which is a challenge in many resource-constrained settings.

The Working Group acknowledged that amoxicillin + clavulanic acid was
identified as one of the priority antibiotics during the WHO meeting on paediatric
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drug optimization for antibiotics in November-December 2022. While UNICEF
currently procures amoxicillin + clavulanic acid dispersible tablets at a 4:1 ratio
(250 mg + 62.5 mg), which is also being proposed for inclusion on the EMLc as
part of the EMLc formulation review in the context of the Global Accelerator for
Paediatric Formulations project, it was considered that the additional availability
of a dispersible tablet at a 7:1 ratio may offer certain advantages. These advantages
include allowing higher doses of amoxicillin without dose-related side-effects
associated with a higher clavulanic acid dose (e.g. in settings where penicillin
non-susceptible pneumococci are prevalent).

The Working Group noted that the dispersible tablets proposed in this
application did not receive regulatory approval from the European Medicines
Agency as they did not meet its requirement of disintegration within 3 minutes,
an issue which does not seem to affect hospital or community use or offset the
key advantages. Given the public health need for this formulation, the Working
Group did not consider this should preclude its addition to the EMLc.

Committee recommendations

The Expert Committee recognized the importance of age-appropriate
formulations of essential medicines to better meet the dosing needs of children.

The Committee noted that the 7:1 ratio of amoxicillin to clavulanic acid
is associated with similar efficacy to the 4:1 ratio but has a reduced frequency
of gastrointestinal adverse effects. The dispersible tablet formulation also offers
advantages over oral liquid formulations for ease of administration and heat
stability.

The Committee therefore recommended the inclusion of the 200 mg +
28.5 mg dispersible tablet formulation of amoxicillin + clavulanic acid as an Access
group antibiotic on the core list of the EMLc for treatment of bacterial infections
in children - specifically those infections for which amoxicillin + clavulanic acid
is already recommended on the EMLc.
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6.2.2 Watch group antibiotics
Flomoxef sodium - addition - EML and EMLc

Flomoxef sodium ATC code: JO1DC14

Proposal

Addition of flomoxef sodium to the core list of the EML and EMLc for the empiric
treatment of mild/moderate community-acquired intra-abdominal infections
and mild/moderate upper urinary tract infections in adults and children at high
risk of infections caused by extended-spectrum p-lactamase (ESBL)-producing
Enterobacterales.

Applicant
Global Antibiotic Research and Development Partnership (GARDP)

WHO technical department

The Global Coordination and Partnership department within the Antimicrobial
Resistance division reviewed and provided comments on the application. The
technical department acknowledged that flomoxef sodium could have an added
role in the treatment of the indications outlined and could potentially be a viable
carbapenem-sparing option for the treatment of resistant bacterial infections
caused by ESBL-producing Enterobacterales, especially in settings with a
high prevalence of ESBL-producing Enterobacterales. However, the technical
department considered that more in vivo data were needed to support its inclusion
on the Model Lists. Additionally, it was noted that flomoxef sodium may be of
interest for the management of neonatal sepsis but that a determination in this
regard is currently premature. However, flomoxef sodium could be considered
for inclusion in the future once more data become available, including from the
ongoing GARDP neonatal sepsis trials.

EML/EMLc
EML and EMLc

Section
6.2.2 Watch group antibiotics

Dose form(s) & strengths(s)

Powder for injection: 0.5 g, 1 g in vial
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Individual/square box listing
Individual

Background

Flomoxef sodium has not been previously considered for inclusion on the EML. It
has been classified as a watch group antibiotic under the AWaRe (Access, Watch,
Reserve) classification.

Flomoxef sodium is an oxacephem antibiotic belonging to the oxacephem
subclass of second-generation cephalosporins that are not inactivated by ESBL
and narrow spectrum {-lactamases. However, flomoxef sodium is inactivated by
carbapenemases and class C B-lactamases (AmpC). It has good activity against
Gram-positive (except Enterococcus spp.) and Gram-negative bacteria (except
Pseudomonas aeruginosa, Acinetobacter and Enterobacterales producing AmpC)
and against anaerobes.

Public health relevance

There is currently no efficacious and safe alternative to the use of carbapenems for
patients who are not severely ill but need treatment for intra-abdominal infections
and upper urinary tract infections caused by ESBL-producing Enterobacterales,
which are often quinolone resistant. However, overuse of carbapenems has
caused increasing levels of carbapenem resistance, especially in pathogens that
are transmitted in hospitals, increasing the urgency for alternative carbapenem-
sparing options especially for non-severe infections.

Cephamycins have been identified as potential definitive treatments of
non-severe urinary tract infections caused by ESBL-producing Enterobacterales
in a recent systematic review (1) and in two narrative reviews on this topic (2,3).

Summary of evidence: benefits

Flomoxef sodium was first approved in 1988, based on clinical studies that were
conducted between 1983 and 1988. Given the age of the antibiotic and the old
pivotal trials that were conducted with different standards of rigor, the applicants
compiled the evidence of efficacy based on a combination of in vitro susceptibility
studies, clinical trials literature review and recommendations in guidelines.

In-vitro studies

The application reported the main findings of 14 studies (mostly conducted in
Asia) that assessed the in vitro activity of flomoxef sodium against clinical isolates
(4-17). They demonstrated a wide range of species susceptible to flomoxef sodium,
both Gram-positive and Gram-negative organisms, including ESBL-producing
Enterobacterales (especially the enzymes from the CTX-M group). However,
flomoxef sodium did not exhibit antibacterial activity against Enterobacterales
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with inducible chromosomal AmpC (e.g. Enterobacter cloacae, Serratia
marcescens and Citrobacter freundii) and it was inhibited by carbapenemases. It
was also not active against Enterococcus spp., Pseudomonas spp. and Acinetobacter
spp. The application stated that based on these in vitro studies, flomoxef displays
potentially better activity than both third- and fourth-generation cephalosporins
and piperacillin-tazobactam” and that flomoxef activity is inferior to the activity
of all carbapenems.

In vitro susceptibility studies conducted by GARDP

In 2018, susceptibility to flomoxef sodium was evaluated and compared with
meropenem in 40 Enterobacterales from the International Health Management
Associates repository (collected from worldwide locations between 2013 and
2016) (18). Flomoxef sodium showed potent activity against the 26 ESBL-
producing Enterobacterales, with a minimum inhibitory concentration
(MIC) to inhibit growth of 50% of organisms (MIC, ) at 0.06/0.12 mg/L, and
an MIC to inhibit growth of 90% of organisms (MIC, ) at 8 mg/L but it was
inactive against the three carbapenem-resistant Klebsiella pneumoniae and
AmpC producers. A second study tested flomoxef sodium on about 1000
Enterobacterales isolates collected between 2019 and 2021, of which 80%
were resistant to third-generation cephalosporins - (70% of these were ESBL
producers (19). Susceptibility to flomoxef sodium was observed in 816 isolates
(82%). In comparison, susceptibility to cefuroxime was 17%, susceptibility to
ceftazidime 21% and susceptibility to piperacillin-tazobactam 41%. Amikacin
and fosfomycin also exhibited potent activity against the isolates of the panel,
with 90% of them being susceptible. Resistance to flomoxef sodium was mainly
due to AmpC and/or carbapenemase expression, although 17 (2%) ESBL-
producing isolates were resistant to flomoxef sodium.

Data from preapproval studies and postmarketing use

Data were derived from the interview form version 11 (February 2022) (20)
which, in Japan, the market authorization holder is required to provide to
complement the information in the package insert. Data from preapproval
studies were pooled, about 1500 patients including all indications. For urinary
tract infections the pooled cure rate was 63.0% and for acute prostatitis 95.0%.
For intra-abdominal infections (peritonitis and intra-abdominal abscess), the
pooled cure rate was 81.6% (71.8% for cholecystitis and cholangitis).

Data from postmarketing use included almost 25 000 patients. Reported
pooled cure rates were 84.2% for upper urinary tract infections and 89.5% for
prostatitis/urethritis. For intra-abdominal infections (peritonitis and intra-
abdominal abscess), pooled cure rates were 84.6% (83.4% for cholecystitis and
cholangitis) and 91.3% in children. Cure rates were lower for severe compared
to mild infections (67.9% versus 84.6% for urinary tract infections, 76.4% versus
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87.2% for intra-abdominal infections) and for bloodstream/systemic infections
(44.8% cure rates for severe systemic infections versus 78.7% for mild systemic
infections).

Systematic review

GARDP conducted a systematicliterature review for the purpose of the application,
with the primary objective of identifying clinical efficacy and safety data for
flomoxef sodium in adults, children and neonates. They included 37 studies
from English databases and 176 from a Japanese database. Most studies were
published before 2000, were uncontrolled and included patients with multiple
sources of infection within the same study. A meta-analysis could therefore not be
performed due to the low quality of studies. However, the applicants performed a
targeted analysis of the subset of studies focused on intra-abdominal and urinary
tract infections. Results were presented by type of infection.

Intra-abdominal infections

Eight studies (one randomized controlled trial, four single-arm trials and
three observational studies) were identified. The randomized, double-blind,
multicentre trial compared flomoxef sodium (1 g every 12 hours for 10 days)
with cefotiam (1 g every 12 hours for 10 days) in 296 patients aged 16 years and
older with postoperative infections (21). This was one of the pivotal trials that
led to the approval of the medicine in Japan. As the trial was conducted in the
1987, no patients had intra-abdominal infections caused by ESBL-producing
Enterobacterales. The per-protocol analysis included 253 evaluable patients. The
clinical cure rate in the overall population was 71.4% (90/126; 95% confidence
interval (CI) 63.5% to 79.3%) for flomoxef sodium and 62.2% (79/127; 95%
CI 53.8% to 70.6%) for cefotiam, with no statistically significant difference.
Of note, in patients with postoperative infections of the abdominal cavity and
retroperitoneal space, the cure rate was significantly higher for flomoxef sodium
(67.3% (37/55); 95% CI 54.9% to 79.7%) than for cefotiam (49.2% (30/61); 95%
CI 36.6% to 61.7%).

Results from observational studies of flomoxef sodium for the treatment
of postsurgical intra-abdominal infections reported high cure rates of > 90%
(22-24). A single-arm study, including only patients with biliary tract infections,
reported an overall cure rate of 77.8%. The cure rate was higher for the cholecystitis
subgroup (90.0%) but lower for the cholangitis subgroup (70.6%) (25). Two other
single-arm studies in women reported overall cure rates of 89.4% and 90.5% for
pelvic infections treated with flomoxef sodium (26,27).

Urinary tract infections

Sixteen studies (one randomized controlled trial, three single-arm trials and
12 observational studies) were identified. The randomized controlled trial
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was a double-blind, multicentre trial in adults with complicated urinary tract
infections where flomoxef sodium (1 g given every 12 hours for 5 days) was
compared with latamoxef (1 g given every 12 hours for 5 days) (28). The primary
outcome was clinical cure. Clinical response was rated on a three-point scale
(excellent, moderate or poor) based on the presence or absence of pyuria and/or
bacteriuria at day 5 or end of treatment. The clinical cure rate was 68.2% (60/88,
95% CI 58.5% to 77.9%) for flomoxef sodium and 69.6% (78/112, 95% CI 61.1%
to 78.2 %) for latamoxef when including all pathogens except P. aeruginosa.
When only Escherichia coli infections were included, cure rates were higher in
both groups (90.6% with flomoxef sodium versus 92.6% with latamoxef). As the
trial was conducted in 1987, no infections were caused by extended-spectrum
B-lactamase Enterobacterales.

Of the 15 remaining uncontrolled studies, five had more than 25 patients
(29-33) and showed varying clinical cure rates ranging from 50% (31) to 72% in
patients with strains susceptible to flomoxef sodium (32). Ten studies included
fewer than 25 patients (27,34-40) with clinical cure rates ranging from 45%
to 100% with most having rates in the overall population of about 65%. The
applicants noted that results of most of these observational trials were difficult
to interpret as they enrolled few patients with infections in different sites and of
varying severity.

Bloodstream infections

Five observational retrospective studies assessed the efficacy of flomoxef sodium
monotherapy for the treatment of bloodstream infections caused by ESBL-
producing Enterobacterales. Data for only four studies were available, three of
which compared flomoxef sodium with a carbapenem, and one had no comparator
(41-44). Overall, the conclusions were that the appropriateness of flomoxef
sodium seems to depend on the MIC and severity of disease. One study compared
flomoxef sodium (1 g given every 6 hours) with carbapenems (43). The 30-day
all-cause mortality was 28.8% (95% CI 21.2% to 37.3%) in the flomoxef sodium
group and 12.8% (95% CI 9.0% to 17.6%) in the carbapenem group (P < 0.01).
However, a subgroup analysis showed that with a flomoxef sodium MIC of
< 1 mg/L, no statistically significant difference was seen in the 30-day all-cause
mortality between the two groups (8.7% with flomoxef sodium and 6.4% with
meropenem, P = 0.73). However, the difference was statistically significant for
flomoxef sodium MIC levels of 2-8 mg/L (38.4% with flomoxef sodium and 15.6%
with carbapenems, P < 0.01). In another study comparing flomoxef sodium with
ertapenem for the treatment of adults with sepsis with a confirmed bacteraemia
due to ESBL-producing Enterobacterales (42), no statistically significant difference
in the 28-day all-cause mortality was observed between treatment groups — 20.7%
(95% CI 11.2% to 33.4%) for flomoxef sodium and 15.4% (95% CI 10.6% to 21.4%)
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for ertapenem, P = 0.42). In a study comparing flomoxef sodium and ertapenem
in adult patients with haemodialysis and bacteraemia due to ESBL-producing K.
pneumoniae, there was a statistically significant difference in the 14-day mortality
between flomoxef sodium and ertapenem (73.0% versus 47.0%, P < 0.05) (44).

Efficacy in children

According to the applicants, efficacy of flomoxef sodium in children is
challenging to interpret as most studies are old, uncontrolled, have small sample
sizes and included patients with multiple sources of infections in the same study.
The application focused on the efficacy of flomoxef sodium for the treatment of
urinary tract and intra-abdominal infections. Only two studies with more than 10
patients were available and reported data on the efficacy of flomoxef sodium for
the treatment of urinary tract infections (45,46). In both cases, clinical cure rates
were 100%, but due to the small sample sizes (13 and 10 patients, respectively),
the results were difficult to interpret. No studies with more than 10 patients were
available for intra-abdominal infections. The applicants concluded that, given
that urinary tract and intra-abdominal infections present similarly in children
and adults, extrapolation of efficacy for these indications is generally accepted by
regulatory authorities.

Pharmacokinetic (PK) and pharmacodynamics (PD) studies

Evidence in adults comes from two recent studies. The optimal dosage for the
treatment of urinary tract infections caused by ESBL-producing Enterobacterales
was 1 g every 6 hours with normal renal function (taking 70% time above MIC as
PK/PD index) (47). For intra-abdominal infections, PK/PD simulations showed
the dosing regimens of 1 g 3—4 times a day had a bactericidal effect in all tissues
(at an MIC of 1 mg/L and using 40% time above MIC as the PK/PD index (48).
PK/PD data for neonates presented in the application suggest three different
doses in the first month of life (20 mg/kg given every 12 hours in the first week,
then every 6 to 8 hours in the second week and then 40 mg/kg given every 6 to 8
hours in the third and fourth week of life) (49).

Of note, there is no MIC breakpoint available for flomoxef sodium
and physicians in countries where flomoxef sodium is available are using the
latamoxef or moxalactam MIC breakpoint, which is available from the Clinical
and Laboratory Standards Institute but not from the European Committee
on Antimicrobial Susceptibility Testing. Moxalactam is no longer in use and
latamoxef is only used in Japan.

The application concluded that the available evidence suggests flomoxef
sodium is effective for the treatment of mild and moderate urinary tract and intra-
abdominal infections. However, most evidence comes from old studies that were
often not as methodologically rigorous as would be required today. Additionally,
all data (including PK data) come from Asia, and it is unclear if differences may

113



exist in different populations. Importantly, flomoxef sodium monotherapy for
the indication of bloodstream/systemic infections showed lower efficacy with
increasing severity, suggesting that this agent on its own may not be appropriate
in cases with severe infections.

Summary of evidence: harms

Safety data are derived both from patients exposed in clinical trials (about 3400
patients exposed before 1988) and patients exposed in the postmarketing setting
(estimated 20.6 million patients based on sales data between 1988 and 2022). In
general, the safety of flomoxef sodium is comparable to other cephalosporins
and the incidence of adverse events in children and adults is similar. As with
other cephalosporins, frail elderly patients who may have concomitant vitamin
deficiencies, particularly vitamin K deficiencies, must be monitored closely
for bleeding disorders when treated with flomoxef sodium. In pregnant and
breastfeeding women, the safety of flomoxef sodium has not yet been established.

Safety data in adults were extrapolated from the Japanese Flumarin®
information sheet (50) and the Shionogi & Co. Interview Form v11 (February
2022) (20). According to these documents, the incidence of adverse reactions
was 12.7% (414/3267 patients) in clinical trials and 2.9% (810/27 651) in a
6-year postmarketing observational survey. Seven types of clinically significant
adverse reactions are reported, however no incidence data are available
- shock/anaphylaxis, acute renal injury, pancytopenia/agranulocytosis/
thrombocytopenia/haemolytic anaemia, pseudomembranous colitis, toxic
epidermal necrolysis/Stevens-Johnson syndrome, interstitial pneumonia/
pulmonary infiltration with eosinophilia, and hepatic dysfunction/jaundice.
The applicants hypothesize that these adverse reactions are rare events (< 0.1%
of patients) based on previous versions of the Interview Form. Less than 5% of
patients treated with flomoxef sodium had at least one adverse event in the nine
small trials included in the systematic review performed by GARDP. Diarrhoea
was reported in 1.4-4.4% of participants.

Safety data in children are very limited. In the 6-year postmarketing
observational survey, the incidence of adverse events was higher in infants
(4.4%, 16/360) compared with older children up to 15 years (2.6% (74/2840). The
incidence of adverse events tended to increase with longer treatment even though
most children (97%) in the cohort were treated for < 14 days. Most adverse events
were classified as gastrointestinal disorders. In the systematic review performed
by GARDDP, the overall incidence of adverse events in children was < 5%, with
diarrhoea being the most frequent adverse event reported.

WHO Technical Report Series, No. 1049, 2024

WHO guidelines

Flomoxef sodium is not currently included in existing WHO guidelines.



Costs/cost—effectiveness

No published cost-effectiveness studies are available for flomoxef sodium. The
application included a summary of available data of the wholesale prices of
flomoxef sodium in some markets where it is available. Reported prices were
US$ 5.16 (for 0.5 g) and US$ 10.35-10.38 (for 1 g).

Availability

Flomoxef sodium is off-patent and is currently available only in a small number
of Asian countries. The three manufactures are all located in Asia and Shionogi &
Co. has about 60% of the total market share.

Other considerations

The EML Antimicrobial Working Group reviewed the application and advised
that it did not support the inclusion of flomoxef sodium for the treatment of
intra-abdominal and upper urinary tract infections in adults and children at high
risk of infection caused by ESBL-producing Enterobacterales on the EML and
EMLc at this time.

The Working Group acknowledged that flomoxef sodium is associated
with some positive characteristics such as activity against most strains of ESBL-
producing Enterobacterales. It therefore could be used as an alternative to
carbapenems for empiric or targeted use of infections suspected or known to be
caused by these organisms in certain situations. The Working Group also noted
that there was considerable real-life experience of effective and safe use of this
antibiotic over several decades in millions of patients in some countries in Asia.

The Working Group noted, however, that: clinical data specifically
for the efficacy of flomoxef sodium for the treatment of infections by ESBL-
producing Enterobacterales were limited (especially for severe infections where
it would be most useful); clinical trial data mostly predate the period when
ESBL-producing Enterobacterales emerged as a common pathogen; clinical
experience was mostly limited to a few Asian countries where the medicine
is currently approved; validated clinical breakpoints for susceptibility testing
were not available from the Clinical and Laboratory Standards Institute or
the European Committee for Antimicrobial Susceptibility Testing; and a trial
funded by the applicant studying flomoxef sodium in combination with another
antibiotic for neonatal sepsis (an indication not requested in this application)
was still ongoing, with active recruitment. Furthermore, the Working Group
considered that there were also other B-lactam antibiotics that could be used
as carbapenem-sparing options due to their activity against ESBL-producing
Enterobacterales (e.g. temocillin, cefoxitin) that have not been evaluated for
addition to the Model Lists.
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Committee recommendations

The Committee noted that while the available in vitro studies demonstrate
that flomoxef sodium has activity against most strains of ESBL-producing
Enterobacterales, validated clinical breakpoints for susceptibility testing were
not currently available. The Committee also noted that most clinical trials of
flomoxef sodium were performed before the emergence of ESBL-producing
Enterobacterales as a common pathogen, and that evidence for the efficacy of
flomoxef sodium in severe infections, where it may be of greatest value, was
limited. The Committee also considered that clinical evidence for flomoxef
sodium in comparison with other potentially carbapenem-sparing antibiotics in
the treatment of infections caused by ESBL-producing Enterobacterales was not
available.

The Committee also noted that real-life experience of effective and safe
use of flomoxef sodium was considerable, albeit limited to few countries in
Asia. Furthermore, the Committee noted that the current market availability of
flomoxef sodium was similarly limited to a small number of Asian countries.

Because of these limitations, the Expert Committee considered the
evidence for flomoxef sodium was uncertain, and therefore did not recommend
its inclusion on the EML and EMLc for empiric treatment of community-acquired
mild/moderate intra-abdominal and upper urinary tract infections caused by
ESBL-producing Enterobacterales.

However, the Committee acknowledged the need for effective
carbapenem-sparing treatments for infections caused by ESBL-producing
Enterobacterales, especially in settings where the pathogen is highly prevalent.
Given this need, the Committee considered that future evaluation of flomoxef
sodium may be worthwhile once more data are available, including those from
the ongoing trial in neonatal sepsis.
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6.2.3 Reserve group antibiotics
Ceftolozane + tazobactam - addition - EML and EMLc

Ceftolozane + tazobactam ATC code: JO1DI54

Proposal

Addition of ceftolozane + tazobactam to the complementary list of the EML and
EMLc as a reserve antibiotic for use in the treatment of confirmed or suspected
infections due to multidrug-resistant organisms.

Applicant
Merck, Sharp & Dohme, Rahway, NJ, United States of America

WHO technical department

The Global Coordination and Partnership department within the Antimicrobial
Resistance division reviewed the application and advised that it supported the
inclusion of ceftolozane + tazobactam on the Model Lists as a reserve group
antibiotic. The technical department stressed that the use of ceftolozane +
tazobactam must always be informed by evidence-based guidance and strong
stewardship activities, and that access and affordability of the medicine must be
considered, particularly for patients in low- and middle-income countries.

EML/EMLc
EML and EMLc

Section
6.2.3 Reserve group antibiotics

Dose form(s) & strengths(s)

Powder for injection: 1 g + 0.5 g in vial

Core/complementary

Complementary

Individual/square box listing
Individual

Background

Ceftolozane + tazobactam was previously considered for inclusion on the EML
for treatment of infections due to carbapenem-resistant Pseudomonas aeruginosa.
Inclusion was not recommended at the time, with the Expert Committee noting
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that although ceftolozane + tazobactam was active against some strains of
carbapenem-resistant P. aeruginosa, it lacked activity against carbapenemase-
producing Enterobacteriaceae, which is more prevalent in the community and
represents a greater public health threat (I).

Public health relevance

According to data from the United States Centers for Disease Control and
Prevention, from 2015 to 2017, Escherichia coli, Klebsiella pneumoniae and P.
aeruginosa represented over 30% of all pathogens associated with health care-
associated infections in US hospitals (2).

A recent study estimated that drug-resistant E. coli, K. pneumoniae,
and P. aeruginosa were directly responsible for almost 500 000 deaths globally
in 2019 (3). Rates of resistance of these pathogens to carbapenems and third-
generation cephalosporins show wide global variability. For example, resistance
of P aeruginosa to carbapenems is reported to range from 8% in Australia and the
United Kingdom, to 30% in India and South Africa, to 87% in Belarus (4).

In 2017, WHO designated carbapenem-resistant P. aeruginosa
and carbapenem-resistant and third-generation cephalosporin-resistant
Enterobacterales critical priority pathogens in need of new therapeutic options (5).

Summary of evidence: benefits

The applicants conducted a comprehensive review of the available evidence
for ceftolozane + tazobactam. A summary of the included evidence published
since the 2019 EML application is reported below. A summary of the evidence
considered in the 2019 application is reported in the technical report of the 2019
Expert Committee meeting (1).

Randomized clinical trials

ASPECT-NP was a randomized, double-blind, non-inferiority, phase III trial
assessing the efficacy and safety of ceftolozane + tazobactam (3 g every 8 hours)
compared with meropenem (1 g every 8 hours) for the treatment of adults
with Gram-negative nosocomial pneumonia - ventilated hospital-acquired
pneumonia (HAP) and ventilator-associated pneumonia (VAP) (6). Antibiotic
treatment was given for 8-14 days. The primary efficacy endpoint was all-cause
mortality at day 28 in the intention-to-treat population. Mortality at 28 days
was 24.0% in the ceftolozane + tazobactam group and 25.3% in the meropenem
group with a weighted treatment difference of 1.1% (95% confidence interval (CI)
-5.1% to 7.4%). Ceftolozane + tazobactam met the criteria for non-inferiority
to meropenem with a prespecified 10% margin. In the VAP subgroup, 28-day
mortality was 24% in the ceftolozane + tazobactam group and 20.3% in the
meropenem group with a weighted treatment difference of -3.6% (95% CI -10.7%
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to 3.5%). Of note, the lower limit of the 95% CI included the 10% non-inferiority
margin (i.e. results inconclusive), but the authors stated that this analysis was
not powered for non-inferiority testing. The key secondary endpoint was clinical
response 7-14 days after the end of therapy. Clinical cure was achieved in 54%
of patients in the ceftolozane + tazobactam group and 53% in the meropenem
group with a weighted treatment difference of 1.1% (95% CI -6.2% to 8.3%)
demonstrating non-inferiority of ceftolozane + tazobactam with a prespecified
12.5% margin.

A substudy of the ASPECT-NP trial investigated the emergence of non-
susceptibility and found that all 59 isolates that were susceptible to ceftolozane
+ tazobactam at baseline remained susceptible, while 22.4% (13/58) of those
initially susceptible to meropenem became resistant during treatment (7).

A randomized, single-centre, open-label trial compared the efficacy
and safety of ceftolozane + tazobactam (1.5 g every 8 hours plus vancomycin,
daptomycin or linezolid) with standard of care (cefepime, piperacillin +
tazobactam or meropenem plus vancomycin, daptomycin or linezolid) for the
empiric treatment of febrile neutropenia in 100 adults with haematological
malignancies (8). The duration of treatment was between 3 and 14 days.
The primary efficacy endpoint was favourable clinical response at the end of
intravenous treatment in the modified intention-to-treat population. The non-
inferiority margin for the primary outcome was 10%. At the end of intravenous
treatment, the proportion of patients with a favourable clinical response was
higher in the ceftolozane + tazobactam group than the standard of care group
(87% versus 72%, P = 0.1). From the 1-sided non-inferiority analysis, non-
inferiority of ceftolozane + tazobactam was concluded because the lower limit
of the 95% CI for favourable clinical response was —1.4% (i.e. it did not cross the
prespecified ~10% non-inferiority margin). All-cause 30-day mortality was 4% in
both treatment groups with no deaths attributed to the infection.

Observational studies

A retrospective study using data collected from 20 hospitals in the United States
investigated outcomes in 205 patients who received ceftolozane + tazobactam for
the treatment of multidrug-resistant P. aeruginosa infections from any source
(pneumonia in 59% of cases) (9). The primary outcome was 30-day and inpatient
mortality. Secondary outcomes were clinical success and microbiological cure.
Death occurred in 39 patients (19.0%), clinical success in 151 (73.7%) and
microbiological cure in 145 (70.7%). Of note the median time from culture
collection to treatment initiation was 9 days. Commencement of treatment with
ceftolozane + tazobactam more than 4 days after culture collection was associated
with worse outcomes in the multivariable analysis (odds ratio (OR) 5.5, 95% CI
2.1 to 14.4) although a causative association cannot be assumed. High doses of
ceftolozane + tazobactam (3 g every 8 hours) were used in 47.3% of patients.
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Another retrospective study reported outcomes in 101 adult patients
with severe P. aeruginosa infections from any source (pneumonia in 31.7% of
cases) treated with ceftolozane + tazobactam in 22 hospitals across Italy (10). Just
over half (52.5%) of the patients were infected with an extensively drug-resistant
or pandrug-resistant isolate, 17.8% with a multidrug-resistant isolate and 29.7%
were classified as non-multidrug-resistant. The primary outcome was clinical
success at the end of treatment which occurred in 83.2% of cases — 77.7% of cases
with multidrug-resistant infections, 81.1% with extensively drug-resistant or
pandrug-resistant infections, and 90% with non-multidrug-resistant infections.
Predictive factors for clinical failure included sepsis (OR 3.02, P = 0.05) and
continuous renal replacement therapy (OR 4.50, P = 0.02). High doses of
ceftolozane + tazobactam (3 g every 8 hours) were used in 65.6% of patients.

A case—control study in Spain compared patients with haematological
malignancy and P. aeruginosa infection treated with ceftolozane + tazobactam
(19 cases) or other antibiotics (38 controls) (11). A higher proportion of cases
than controls had neutropenia (63.2% versus 52.6%) and were infected with
extensively drug-resistant pathogens (47.4% versus 21.1%). Patients treated with
ceftolozane + tazobactam had higher clinical success rates than controls (89.5%
versus 71.1%) and lower mortality (5.3% versus 28.9%).

Another retrospective, multicentre observational cohort study
compared ceftolozane + tazobactam with treatment with either polymyxins
or aminoglycosides-based regimens for infections due to drug-resistant P.
aeruginosa (12). Baseline characteristics were similar between the two groups
and the outcomes assessed were clinical cure, acute kidney injury and in-hospital
mortality. Clinical cure was 81% in the ceftolozane + tazobactam group and
61% in the comparator group. In-hospital mortality was 20% with ceftolozane +
tazobactam and 25% in the comparator group. The development of acute kidney
injury occurred in 6% of patients treated with ceftolozane + tazobactam and
34% of patients in the comparator group. After adjusting for differences between
groups, treatment with ceftolozane + tazobactam was independently associated
with clinical cure (adjusted OR 2.63, 95% CI 1.31 to 5.30) and protection against
acute kidney injury (adjusted OR 0.08, 95% CI 0.03 to 0.22). No difference
between the groups was seen for in-hospital mortality.

The ZENITH study was a matched case—control study that compared
ceftolozane + tazobactam with other antibiotics with anti-pseudomonas activity
for the treatment of bloodstream infections due to P. aeruginosa in neutropenic
haematological patients (13). Matching was done on the multidrug-resistance
profile of the P aeruginosa isolate, closest date of bloodstream infection,
underlying disease and polymicrobial infection. A total of 44 cases (treated with
ceftolozane + tazobactam as empiric and/or targeted therapy) and 88 controls
(treated with other antibiotic regimens) were analysed. Among the cases, 91%
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of infections were caused by multidrug-resistant P. aeruginosa. The primary
endpoints were 7- and 30-day case fatality rates. At both time points, the case
fatality rate was lower in the ceftolozane + tazobactam group (day 7: 6.8% versus
34.1%; day 30: 22.7 % versus 48.9%). After adjusting for potential confounders,
the odds of dying from the Pseudomonas infection were lower in the ceftolozane
+ tazobactam group compared with the control group both at day 7 (adjusted OR
0.16, 95% CI 0.04 to 0.58) and day 30 (adjusted OR 0.19, 95% CI 0.07 to 0.55).

Summary of evidence: harms

The application reported that among patients in the randomized trials, ceftolozane
+ tazobactam was generally well tolerated and the overall safety profile and
tolerability were similar to the comparator in the ASPECT-cUTI (14), ASPECT-
cIAI (15) and ASPECT-NP (6) trials. The safety results of the ASPECT-NP trial
are reported below. Safety results from ASPECT-cUTI and ASPECT-cIAI trials
considered by the Expert Committee were previously reported in 2019 (1).

In ASPECT-NP, the incidence of treatment-emergent and severe adverse
events, discontinuation due to adverse events, and death were comparable between
treatment groups (6). Overall, 11% of patients in the ceftolozane + tazobactam
group experienced at least one treatment-related adverse event compared with
8% in the meropenem group. The most frequently reported treatment-related
adverse events in the ceftolozane + tazobactam group were liver function test
abnormalities, Clostridioides difficile colitis and diarrhoea. The most common
treatment-emergent adverse events were anaemia, urinary tract infections,
diarrhoea and decubitus ulcers (16). The proportion of severe treatment-related
events was the same in both groups (1%) as was the proportion of treatment-
related adverse events leading to drug discontinuation (1% in both groups). No
treatment-related adverse event resulted in death (6).

The application presented safety data for ceftolozane + tazobactam in the
paediatric population. Two randomized, double-blind, phase II trials compared
ceftolozane + tazobactam and meropenem in treatment of paediatric patients
with complicated urinary tract infections (17) and intra-abdominal infections
(18). In the trial including patients with complicated urinary tract infections,
133 children were included and the proportion of patients with treatment-
related adverse events was similar in the two groups (14.0% with ceftolozane +
tazobactam versus 15.2% with meropenem) with no serious treatment-related
adverse events. In the trial including patients with complicated intra-abdominal
infections, 91 patients were included and the proportion of treatment-related
adverse events was higher with ceftolozane + tazobactam (plus metronidazole)
than with meropenem (18.6% versus 14.3%). Overall adverse events were also
higher in the ceftolozane + tazobactam group (80.0% versus 61.9%).
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Additional evidence

The ASPIRE-ICU team recently published a study where resistance to
ceftolozane + tazobactam in P. aeruginosa isolates from mechanically ventilated
patients in the intensive care unit was 23.4% (19). In the study, 723 isolates
obtained from respiratory samples or perirectal swabs from 402 patients in 11
European countries were analysed.

WHO guidelines

Ceftolozane + tazobactam is not currently included in existing WHO guidelines.

The Infectious Diseases Society of America guidelines (20) and the
European Society of Clinical Microbiology and Infectious Diseases guidelines
(21) include ceftolozane + tazobactam as a preferred treatment option for drug
resistant P. aeruginosa infections. In particular, the US guidelines recommend
it for difficult-to-treat Pseudomonas infections and as a reasonable alternative
for moderate-to-severe infections caused by carbapenem-resistant Pseudomonas
susceptible to traditional P-lactams (20). The European Society of Clinical
Microbiology and Infectious Diseases guidelines recommend ceftolozane +
tazobactam for difficult-to-treat carbapenem-resistant P. aeruginosa, if active in
vitro (21).

Costs/cost—effectiveness

A cost-effectiveness analysis was performed comparing ceftolozane + tazobactam
to meropenem to treat hospital-acquired pneumonia and ventilator-associated
pneumonia in Italy (22). Cost-effectiveness of both empiric and targeted use were
analysed. The study concluded that ceftolozane + tazobactam was cost-effective
compared with meropenem with an incremental cost-effectiveness ratio (ICER)
of €1913 to €2203 (for empiric treatment) and €6163 to €6597 (for targeted
treatment) per quality-adjusted life year (QALY) gained. The same comparison
was done from the perspective of the US health care sector (23) and showed that in
the confirmed treatment setting, the ICER for ceftolozane + tazobactam compared
with meropenem for the treatment of ventilated hospital-acquired pneumonia or
ventilator-associated pneumonia was US$ 12 126 per QALY. The ICER decreased
to US$ 4775 per QALY when used early (before susceptibility results).

A cost-effectiveness analysis compared ceftolozane + tazobactam with
piperacillin + tazobactam for the empiric treatment of complicated urinary
tract infection in Taiwan, China (24). Empiric use of ceftolozane + tazobactam
resulted in higher total costs per patient compared with piperacillin + tazobactam
(US$ 4199 versus US$ 3594) but a higher gain in QALYs (4.80 versus 4.78
QALYs). The additional cost per discounted QALY gained associated with the
empiric use of ceftolozane + tazobactam was US$ 32 521. The same comparison
was done from the perspective of the United States health care sector (25), and
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showed that treatment with ceftolozane + tazobactam had higher costs than
piperacillin + tazobactam (US$ 36 413 versus US$ 36 028), a higher QALY gained
(9.19 versus 9.13 QALY) and an ICER of US$ 6128/QALY. The authors concluded
that ceftolozane + tazobactam remained cost-effective at a willingness to pay of
US$ 100 000 per QALY compared with piperacillin + tazobactam.

Another cost-effectiveness analysis compared ceftolozane + tazobactam
(plus metronidazole) with piperacillin + tazobactam for the empiric treatment
of patients with nosocomial complicated intra-abdominal infections at risk
of infection with resistant pathogens (26). The authors concluded that based
on national antimicrobial resistance surveillance data in the United States,
ceftolozane + tazobactam with metronidazole was associated with lower costs per
patient compared to piperacillin + tazobactam (US$ 44 226 versus US$ 44 811)
and a higher QALY gain (12.85 versus 12.70 QALYs). They concluded that
ceftolozane + tazobactam was more likely to be an appropriate empiric therapy
for complicated intra-abdominal infections in the US. The same comparison was
done in the United Kingdom, which showed that ceftolozane + tazobactam (plus
metronidazole) was cost-effective compared with piperacillin + tazobactam with
an ICER of £4350 per QALY and 0.36 hospitalization days saved per patient (27).
Treatment with ceftolozane + tazobactam was associated with higher costs per
patient compared with piperacillin + tazobactam (£2576 versus £2168) and a
higher QALY gain (14.31 versus 14.21).

Availability

Ceftolozane + tazobactam is manufactured by Merck, Sharp & Dohme and
has regulatory approval from the United States Food and Drug Administration
and the European Medicines Agency. It is currently available in 27 European
countries, 17 Asian countries and nine countries in the Americas. In Africa, it
is only available in Egypt and South Africa. It is also available in Australia and
New Zealand.

Other considerations

The EML Antimicrobial Working Group reviewed the application and advised
that it supported the inclusion of ceftolozane + tazobactam on the EML and
EMLc as reserve antibiotic for the treatment of infections caused or suspected to
be caused by carbapenem-resistant P. aeruginosa, but emphasized the importance
of associated stewardship interventions to ensure its appropriate use.

The Working Group highlighted that ceftolozane + tazobactam has
particularly high activity against carbapenem-resistant P. aeruginosa, a critical
priority pathogen on the WHO priority pathogens list, which in some settings
is a common cause of severe pneumonia in ventilated patients in intensive care,
including patients with coronavirus disease 2019 (COVID-19).
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The Working Group noted that clinical trial and observational data
suggest that ceftolozane + tazobactam is as effective in patients with nosocomial
pneumonia as other commonly used older antibiotics. However, high levels of
resistance to the most widely used antibiotics in high-risk settings are increasingly
common and alternative antibiotics are needed to provide wider treatment
options.

The Working Group also noted that ceftolozane + tazobactam was
generally well tolerated, with no specific safety concerns. Published phase I
pharmacokinetic and phase II safety studies also support the safety of ceftolozane
+ tazobactam in paediatric patients (28,29).

The Working Group commented that ceftolozane + tazobactam was
notably more expensive than other antibiotics for which generics are available.
The primary patent is due to expire in 2023, but secondary patents will be active
until 2035. The Working Group also noted that limited cost-effectiveness data
were available from low- and middle-income settings.

Committee recommendations

The Expert Committee recognized the global health importance of effective new
treatments for infections caused by multidrug-resistant pathogens, especially
those designated as critical priority on the WHO priority pathogens list, for
which few effective treatment options exist or are in development.

The Committee noted that clinical trial evidence for efficacy of ceftolozane
+ tazobactam against carbapenem-resistant P. aeruginosa and Enterobacterales
specifically was positive, albeit limited, and that the medicine had shown good
activity against carbapenem-resistant P. ageruginosa in in vitro studies. The
Committee considered that data presented from observational studies also
supported the efficacy of ceftolozane + tazobactam in the treatment of infections
caused by drug-resistant P. aeruginosa. The Committee noted no serious safety
or tolerability concerns associated with ceftolozane + tazobactam, in both adult
and paediatric patients. Overall, the Committee considered that the availability
of carbapenem-sparing alternatives for treatment of drug-resistant P. aeruginosa
was important as part of the strategy to limit and prevent further emergence and
spread of carbapenem-resistant organisms.

The Committee noted the higher price of ceftolozane + tazobactam
compared with other antibiotics, but also that it had generally been found to be
acceptably cost-effective in high-income settings.

Given the seriousness of infections due to carbapenem-resistant P,
aeruginosa, particularly hospital-acquired and ventilator-associated pneumonia,
and the limited number of effective treatment options available, the Committee
considered that inclusion of ceftolozane + tazobactam on the Model Lists was
sufficiently justified. The Expert Committee therefore recommended the addition
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of ceftolozane + tazobactam as a reserve group antibiotic on the complementary
list of the EML and EMLc for the treatment of infections caused or suspected to be
caused by carbapenem-resistant P. aeruginosa. The Committee also emphasized
the importance of associated stewardship activities to ensure its appropriate use.
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Imipenem + cilastatin + relebactam - addition - EML

Imipenem + cilastatin + relebactam ATC code: JO1DH56

Proposal

Addition of imipenem + cilastatin + relebactam to the complementary list of the
EML as a reserve antibiotic for use in the treatment of confirmed or suspected
infections due to multidrug-resistant organisms.

Applicant
Merck, Sharp & Dohme, Rahway, NJ, United States of America

WHO technical department

The Global Coordination and Partnership department within the Antimicrobial
Resistance division reviewed the application and advised that it supported the
inclusion of imipenem + cilastatin + relebactam on the EML as a reserve group
antibiotic. The technical department stressed that the use of imipenem + cilastatin
+ relebactam must be always informed by evidence-based guidance and strong
stewardship activities, and that access and affordability of the medicine must be
considered, particularly for patients in low- and middle-income countries.

EML/EMLc
EML

Section

6.2.3 Reserve group antibiotics

Dose form(s) & strengths(s)

Powder for injection: 500 mg (as monohydrate) + 500 mg (as sodium) + 250 mg
(as monohydrate) in vial

Core/complementary

Complementary

Individual/square box listing

Individual

Background

Imipenem + cilastatin + relebactam has not previously been considered for
inclusion on the EML. It has been classified as a reserve group antibiotic under
the AWaRe (Access—Watch—Reserve) classification.
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Public health relevance

Worldwide in 2019, an estimated 4.95 million people died of drug-resistant
bacterial infections, of which 1.27 million were directly attributable to resistant
infections, most of these were concentrated in low- and middle-income
countries. Drug-resistant Pseudomonas aeruginosa was responsible for 84 600
deaths, of which almost half were carbapenem-resistant, drug-resistant Klebsiella
pneumoniae was responsible for 193 000 deaths, of which almost 30% were
carbapenem-resistant and drug-resistant Escherichia coli was responsible for 219
000 deaths, of which almost 15% were carbapenem-resistant (1).

Antibiotic resistance among Gram-negative pathogens is a problem
worldwide. The European Centre for Disease Prevention and Control reported
increasing trends of carbapenem resistance in invasive isolates of K. pneumoniae
(+ 20% in 2021 compared with the previous year) with a population-weighted
mean of 11.7%, (range 0-73.7%) in 2021 (2). Population-weighted mean resistance
percentages among K. pneumoniae invasive isolates were also very high for other
antibiotic classes, in particular for third-generation cephalosporins (34.3%),
fluoroquinolones (33.6%) and aminoglycosides (23.7%) with about a third of
K. pneumoniae cases (34.3%) in the European Union/European Economic Area
resistant to at least one antimicrobial class under surveillance in 2021. For P.
aeruginosa, no increasing trend of carbapenem-resistance in the 2017-2021 period
was reported, even though levels remain high in some countries, with a mean of
18.1% among invasive isolates in the European Union/European Economic Area
in 2021 and wide intercountry variation (3.5% to 45.9%). Additionally, 18.7%
of isolates were resistant to at least one antimicrobial classes under surveillance.

In the United States, the proportions of carbapenem-resistant K.
pneumoniae and P. aeruginosa isolates have decreased overall since 2011 among
tracked health care-associated infections. In 2020, the mean national resistance
level was 4.8% for Klebsiella and 12.9% for Pseudomonas (compared to 9.8% and
20.0%, respectively in 2011); however, wide variation exist across states (3).

In 2017, WHO designated carbapenem-resistant P aeruginosa
and carbapenem-resistant and third-generation cephalosporin-resistant
Enterobacterales critical priority pathogens in need of new therapeutic options (4).

Summary of evidence: benefits
Randomized clinical trials

RESTORE-IMI 1 was a randomized, double-blind, multicentre, phase III trial
that investigated the activity of imipenem + cilastatin + relebactam (500 mg +
500 mg + 250 mg every 6 hours) compared with colistin (300 mg loading dose,
then 150 mg every 12 hours) plus imipenem + cilastatin relebactam (500 mg +
500 mg every 6 hours) for the treatment of complicated intra-abdominal and
urinary tract infections and hospital acquired pneumonia, including ventilator-
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associated pneumonia (5). The primary efficacy endpoint was overall response,
however the study was not powered to infer statistically significant differences in
efficacy between treatment arms. The trial only included patients with infections
caused by imipenem non-susceptible (but colistin susceptible) Gram-negative
pathogens in adults and excluded patients with Acinetobacter spp. infections.
There were 31 and 16 patients in the intervention group and comparator group,
respectively. The primary outcome was calculated on the microbiological modified
intention-to-treat population which included 21 and 10 patients in the intervention
and comparator groups, respectively. These were patients with a positive culture
for an imipenem-resistant Gram-negative pathogen that had received at least
one dose of the study medicine. Most patients had Pseudomonas infections —
80% in the comparator group and 76% in the intervention group. Overall, the
B-lactamases most frequently detected were AMPc (84%) and extended-spectrum
B-lactamases (35%). Carbapenemases were detected in a minority of patient with
Klebsiella pneumoniae carbapenemase detected in five patients (of whom four
were randomized to imipenem + cilastatin + relebactam) and OXA-48 in one
patient randomized to the control group. Despite being protocol-required, only
nine patients had baseline blood cultures and only two of those had a bacteraemia.
A favourable overall response was reported in 71.4% and 70.0% of patients in the
intervention and comparator groups, respectively. The overall adjusted difference
for favourable response was -7.3% (90% confidence interval (CI) -27.7% to 21.4%),
favouring the comparator group. Definitions of overall response differed by type
of infection: for hospital-acquired pneumonia/ventilator-associated pneumonia, it
was survival at day 28; for complicated intra-abdominal infections it was clinical
response at day 28; and for complicated urinary tract infections it was clinical plus
microbiological response 5-9 days after the end of therapy. A favourable clinical
response at day 28 was reported in 71.4% and 40.0% of patients in the intervention
and comparator groups, respectively (adjusted difference 26.3%, 90% CI 1.3% to
51.5%). Among secondary endpoints, all-cause mortality at day 28 was lower in the
intervention group (9.5% versus 30%; adjusted difference -17.3%, 90% CI -46.4%
t0 6.4%). Results by type of infection showed that for hospital-acquired pneumonia/
ventilator-associated pneumonia 28-day survival was 20.8% higher with imipenem
+ cilastatin + relebactam (87.5% versus 66.7%). None of the four patients with a
complicated intra-abdominal infections had a favourable response at day 28 while
for complicated urinary tract infections, results for the primary efficacy endpoint
favoured the comparator group with an adjusted difference of -27.3% (90% CI
-52.8% to 12.8%). Of the two patients with bacteraemia (randomized one to each
group) only the one in the comparator group had a favourable response.

The RESTORE-IMI 2 was a randomized controlled, double-blind,
multicentre, non-inferiority, phase III trial comparing imipenem + cilastatin +
relebactam (500 mg + 500 mg + 250 mg every 6 hours) with piperacillin +
tazobactam (4 g + 500 mg every 6 hours) for the treatment of hospital-acquired

133



pneumonia/ventilator-associated pneumonia in adults (6). Treatment duration
was 7-14 days. In total, 537 patients were included, 268 in the intervention group
and 269 in the comparator group. The primary and secondary outcomes were
evaluated in the modified intention-to-treat population, which excluded patients
where only Gram-positive cocci were isolated at baseline. Results for the primary
endpoint of 28-day all-cause mortality showed lower mortality in the intervention
group (15.9% versus 21.3%) with an adjusted difference of -5.3% (95% CI -11.9%
to 1.2%). With a prespecified 10% margin, non-inferiority was concluded. The
key secondary endpoint was favourable clinical response at early follow-up (7-14
days after the end of treatment). Results favoured the intervention group (61.0%
versus 55.8%) with an adjusted difference of 5.0% (95% CI -3.2% to 13.2%).
With a prespecified 12.5% margin, non-inferiority was concluded. At day 28, a
favourable clinical response was reported in 51.9% of patients in the intervention
group and 50.6% in the comparator group, with an adjusted difference of 1.1%
(95% CI ~7.2% to 9.4%).

The application also presented findings from a series of post-hoc and
secondary analyses of the RESTORE-IMI 2 trial presented at conferences
that reported results for imipenem + cilastatin + relebactam in patients with
imipenem-resistant infections, in critically ill patients, in patients with renal
augmentation or impairment, and in patients with polymicrobial hospital-
acquired pneumonia/ventilator-associated pneumonia infections (7-10).

A randomized, double-blind, multicentre, non-inferiority, dose-ranging,
phase II study compared the efficacy of relebactam 250 mg, relebactam 125 mg
or placebo each given with imipenem + cilastatin for the treatment of 351 adult
patients with complicated intra-abdominal infections regardless of baseline
susceptibility of the pathogen (11). The primary efficacy endpoint was favourable
clinical response at discontinuation of therapy (5-9 days after the start of
therapy) and at late follow-up (28-42 days). With a prespecified non-inferiority
margin of 15%, both doses of relebactam with imipenem + cilastatin were non-
inferior to imipenem + cilastatin monotherapy for the primary efficacy endpoint.
A similar study was conducted in adult patients with complicated urinary tract
infections regardless of baseline susceptibility of the pathogen (12). Again, with
a prespecified non-inferiority margin of 15%, both doses of relebactam with
imipenem + cilastatin were non-inferior to imipenem + cilastatin monotherapy
for the primary efficacy endpoint of the proportion of patients who achieved a
favourable microbiological response.

Observational studies

A retrospective case series described outcomes in 21 adult patients with mixed
infection sources (52% were pulmonary infections) who were treated with
imipenem + cilastatin + relebactam. Most infections were caused by P. aeruginosa
(16/21, 76%), of which all except one were multidrug-resistant. Survival at 30 days

WHO Technical Report Series, No. 1049, 2024



was observed in 67% of patients. Two patients experienced adverse events, neither
of which led to treatment discontinuation. Imipenem + cilastatin + relebactam
was used as combination therapy in 29% of cases (6/21), with tobramycin as the
most common concomitant antibiotic (13).

Summary of evidence: harms

The applicants presented the safety data for imipenem + cilastatin + relebactam
for each interventional study in the previous section.

In the RESTORE-IMI 1 trial, adverse events were recorded during therapy
and in the 14-day follow-up period. Overall, the incidence of adverse events, deaths,
serious adverse events, drug-related adverse events and discontinuations due to
adverse events was lower with imipenem + cilastatin + relebactam than with colistin
plus imipenem + cilastatin; however, the trial was not powered to detect statistical
significance in safety outcomes. Drug-related adverse events were reported in 16.1%
(5/31) of patients treated with imipenem + cilastatin + relebactam and in 31.3%
(5/16) of patients in the comparator group. Two patients discontinued treatment in
the comparator group because of a drug-related adverse event and none discontinued
in the imipenem + cilastatin + relebactam group. No serious drug-related adverse
events were reported in either group. Treatment-emergent nephrotoxicity was
significantly lower with imipenem + cilastatin + relebactam than with colistin plus
imipenem + cilastatin: 3/29 (10.3%) versus 9/16 (56.3%), P = 0.002 (5).

In the RESTORE-IMI 2 trial, adverse events were recorded during therapy
and in the 14-day follow-up period. The incidence of adverse events, deaths,
serious adverse events, drug-related adverse events and discontinuations due
to adverse events were comparable between patients who received imipenem +
cilastatin + relebactam and those who received piperacillin + tazobactam. Drug-
related adverse events were reported in 11.7% of patients treated with imipenem
+ cilastatin + relebactam and in 9.7% of patients in the comparator group. In
total 10 patients had to discontinue therapy due to a drug-related adverse event
- 6/266, 2.3% in the imipenem + cilastatin + relebactam and 4/269, 1.5% in the
comparator group. Five serious drug-related adverse event were reported, three in
the imipenem + cilastatin + relebactam (of whom two had to discontinue therapy)
and two with piperacillin + tazobactam (with therapy discontinued in one) (6).

In the dose-ranging study in patients with complicated intra-abdominal
infections, drug-related adverse events occurred in 13.7% (16/117) of patients
treated with imipenem + cilastatin + relebactam 250 mg, 13.8% (16/116) of
patients treated with imipenem + cilastatin + relebactam 125 mg and in 9.6%
(11/114) of patients treated with imipenem cilastatin monotherapy. In total, four
patients discontinued therapy due to a drug-related adverse event, three in the
monotherapy group and one in the imipenem + cilastatin + relebactam 125 mg
group. One patient in the monotherapy group had a serious drug-related adverse
event necessitating discontinuation of therapy (11).
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In the dose-ranging study in patients with complicated urinary tract
infections, drug-related adverse events occurred in 10.1% (10/99) of patients treated
with imipenem + cilastatin + relebactam 250 mg, 9.1% (9/99) of patients treated
with imipenem + cilastatin + relebactam 125 mg and in 9.0% (9/100) of patients
treated with imipenem + cilastatin monotherapy. Four patients discontinued
therapy due to a drug-related adverse event, of whom one was in the monotherapy
group. Two serious drug-related adverse events were reported, one in the imipenem
+ cilastatin + relebactam 250 mg and one in the monotherapy group (12).

WHO guidelines

Imipenem + cilastatin + relebactam is not currently included in WHO guidelines.
WHO recognized its usefulness against carbapenem-resistant Enterobacterales
but noted the uncertainty on its activity against P. aeruginosa due to inconclusive
data (14).

Costs/cost—effectiveness

The application presented the findings of a cost—effectiveness analysis of
imipenem + cilastatin + relebactam compared with colistin plusimipenem +
cilastatin using clinical data from the RESTORE-IMI 1 trial. On average, a patient
treated with imipenem + cilastatin + relebactam gained additional 3.7 quality
adjusted life years (QALYs) over their lifetime. Higher drug acquisition costs for
imipenem + cilastatin + relebactam were offset by shorter length of hospital stay
and lower costs related to adverse events, which resulted in net savings of US$
11 015 per patient. Sensitivity analyses suggested that imipenem + cilastatin +
relebactam had a high likelihood of being cost-effective at a US willingness-to-
pay threshold of US$ 100 000-150 000 per QALY (15).

A second cost-effectiveness analysis compared imipenem + cilastatin +
relebactam and piperacillin + tazobactam using clinical data from the RESTORE-
IMI 2 trial. QALYs gained were reported as 7.92 and 7.08 for imipenem +
cilastatin + relebactam and piperacillin + tazobactam, respectively. Total treatment
costs were US$ 185 254 and US$ 170 513 for imipenem + cilastatin + relebactam
and piperacillin + tazobactam, respectively. This resulted in an incremental cost per
QALY gained of US$ 17 529, which is lower than the typical US willingness-to-pay
threshold. The authors concluded that imipenem + cilastatin + relebactam may be
a cost-effective treatment for payers and a valuable option for clinicians (16).

Availability

Imipenem + cilastatin + relebactam is manufactured by Merck and has regulatory
approval from the United States Food and Drug Administration and the European
Medicines Agency. It is currently available in 19 European countries, in the
United States and in Japan. Market availability is currently pending in Argentina,
Belgium, Denmark, Ireland, Palau and Spain.

WHO Technical Report Series, No. 1049, 2024



Other considerations

The EML Antimicrobial Working Group reviewed the application and advised
that it supported the inclusion of imipenem + cilastatin + relebactam on the
EML as a reserve antibiotic for the treatment of infections caused by multidrug-
resistant organisms, but emphasized the importance of associated stewardship
interventions to ensure its appropriate use.

The Working Group highlighted that imipenem + cilastatin + relebactam
has broad activity against extended-spectrum f-lactamase-producing
Enterobacterales, some carbapenemase-producing Enterobacterales (mainly
Class A Klebsiella pneumoniae carbapenemase and Class C AmpC, but not Class B
metallo-B-lactamases and Class D OXA) and carbapenem-resistant P. aeruginosa.
Although New Delhi metallo--lactamases and Class D OXA carbapenemases
are globally the most common genotypes associated with carbapenem resistance
in Enterobacterales, Klebsiella pneumoniae carbapenemase remains an
important cause in some low- and middle-income countries, where treatment
options are limited. Infections caused by carbapenem-resistant Enterobacterales
and carbapenem-resistant P. aeruginosa are a major public health concern and in
many low- and middle-income countries settings, antibiotic treatment options
are now very limited; indeed, the only options may be older agents with important
toxicity concerns, such as colistin.

The Working Group noted that some clinical trial and observational
data suggest that imipenem + cilastatin + relebactam had clinical efficacy in
patients with infections caused by multidrug-resistant pathogens. Although the
medicine has limited activity against some types of carbapenem resistance, it has
good activity against other types seen in both high-income countries and low-
and middle-income countries. The Working Group also noted that the medicine
is well tolerated, with no specific safety concerns. However, imipenem +
cilastatin + relebactam is significantly more expensive than antibiotics for which
generics are available and there are few cost-effectiveness data in low- and
middle-income settings.

Committee recommendations

The Expert Committee recognized the global health importance of effective new
treatments for infections caused by multidrug-resistant pathogens, especially
those designated as critical priority on the WHO priority pathogens list, for
which few effective treatment options exist or are in development.

The Committee noted that imipenem + cilastatin + relebactam has broad
in vitro activity against multidrug-resistant Gram-negative pathogens but lacks
in vitro activity against the carbapenemase genotypes most commonly associated
with carbapenem resistance in Enterobacterales globally. The Committee also
noted that other Reserve antibiotic options which have a similar spectrum of
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activity are already included on the EML for the treatment of other types of
carbapenem-resistance in Enterobacterales (e.g. cefiderocol, ceftazidime +
avibactam and meropenem + vaborbactam).

The Committee considered that the available clinical trial evidence for
efficacy of imipenem + cilastatin + relebactam was generally positive, albeit
limited, and noted that no serious safety or tolerability concerns were identified.
The Committee also noted the high price of the medicine compared with older
antibiotics, but also that it has been found to be acceptably cost-effective at
willingness-to-pay thresholds in high-income settings.

Based on these considerations, the Expert Committee did not
recommend the inclusion of imipenem + cilastatin + relebactam as a Reserve
group antibiotic for the treatment of infections caused by multidrug-resistant
organisms on the EML.
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Tedizolid phosphate - addition - EML

Tedizolid phosphate ATC code: JOTXX11

Proposal

Addition of tedizolid phosphate to the complementary list of the EML as a
reserve group antibiotic for use in the treatment of confirmed or suspected acute
skin and skin structure infections caused by susceptible Gram-positive bacteria,
including multidrug-resistant strains.

Applicant
Merck, Sharp & Dohme, Rahway, NJ, United States of America

WHO technical department

The AMR Global Coordination department reviewed the application and advised
that it supported the inclusion of tedizolid phosphate on the EML as a reserve
group antibiotic for treatment of confirmed or suspected infections caused by
multidrug-resistant Gram-positive organisms. The technical department stressed
that the use tedizolid phosphate must be always informed by evidence-based
guidance and strong stewardship activities, and that access and affordability of
the medicine must be considered, particularly for patients in low- and middle-
income countries.

EML/EMLc
EML

Section

6.2.3 Reserve group antibiotics

Dose form(s) & strengths(s)
Powder for injection: 200 mg in vial
Tablet: 200 mg

Core/complementary

Complementary

Individual/square box listing
Individual
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Background

Tedizolid phosphate has not previously been considered for inclusion on the
EML. 1t is classified as a Reserve group antibiotic under the AWaRe (Access—
Watch—Reserve) classification.

Public health relevance

Worldwide in 2019, an estimated 4.95 million people died with drug-resistant
bacterial infections. Of these deaths, 1.27 million were directly attributable to
resistant infections and most were concentrated in low- and middle-income
countries. Methicillin-resistant Staphylococcus aureus (MRSA) remains one of
the most important causes of antimicrobial resistance and hospital-acquired
infections worldwide. In 2019, it was estimated that drug-resistant S. aureus
infections were responsible for 178 000 deaths globally — almost a quarter of all
deaths caused by drug-resistant organisms (I).

In 2017, WHO designated vancomycin-resistant S. aureus and MRSA as
high priority pathogens in need of new therapeutic options (2).

Summary of evidence: benefits
In-vitro studies

The application stated that tedizolid (the active metabolite of the prodrug
tedizolid phosphate) has demonstrated at least four-fold greater potency in
vitro against susceptible strains of staphylococci (including MRSA), enterococci
and streptococci compared with linezolid, based on a minimum inhibitory
concentration to inhibit growth of 90% of organisms (MIC, ) (3,4). There is no
cross-resistance with linezolid-resistant cfr-positive S. aureus in the absence of
chromosomal mutations (5).

Randomized clinical trials

ESTABLISH 1 was a randomized, double-blind, non-inferiority, phase III trial
comparing oral tedizolid (200 mg once daily for 6 days) with oral linezolid (600 mg
twice daily for 10 days) for the treatment of 667 adults with acute bacterial skin
and skin structure infections (6). The primary endpoint was clinical response
defined as > 20% decrease from baseline in lesion area at 48-72 hours. Results
of the sensitivity analysis in all randomized patients (i.e. intention-to-treat
population) showed that 78.0% of patients in the tedizolid group and 76.1% in
the comparator group met the primary endpoint (absolute treatment difference
1.9%, 95% confidence interval (CI) -4.5% to 8.3%) favouring tedizolid but with
no statistically significant difference between the two groups. Tedizolid met the
criteria for non-inferiority to linezolid with a prespecified 10% margin. Of note,
the sensitivity analysis excluded temperature 37.6 °C at 48-72 hours as a variable
for the definition of clinical response.
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For the intention-to-treat population, sustained clinical response
measured at the end of treatment (day 11 relative to the first dose) was 69.3%
in the tedizolid group and 71.9% in the linezolid group (absolute treatment
difference -2.6%, 95% CI -9.6% to 4.2%). Clinical response 7-14 days after the
end of treatment was 85.5% in the tedizolid group and 86.0% in the linezolid
group (difference -0.5%, 95% CI -5.8% to 4.9%).

ESTABLISH 2 was a randomized, double-blind, non-inferiority, phase
II trial comparing the same regimens compared in the ESTABLISH 1 trial but
with an intravenous to oral switch. A total of 666 patients were randomized to
receive either tedizolid (n = 332) or linezolid (n = 334) (7). All baseline pathogens
were susceptible to vancomycin and linezolid. For the primary efficacy endpoint
(= 20% decrease from baseline in lesion area at 48-72 hours), in the intention-
to-treat population, 85% (283/332) in the tedizolid group and 82.6% in the
comparator group responded to treatment (treatment difference 2.6%, 95% CI
-3.0% to 8.2%). Tedizolid met the criteria for non-inferiority to linezolid with
a prespecified 10% margin. Other endpoints evaluated in the intention-to-treat
population included clinical success 7-14 days after the end of treatment (88.0%
in the tedizolid group and 87.7% in the comparator group; treatment difference
0.3%, 95% CI -4.8% to 5.3%) and clinical success at the day 11 end of treatment
(87.0% in the tedizolid group and 88.0% in the linezolid group; treatment
difference —-1.0%, 95% CI -6.1% to 4.1%).

The primary efficacy endpoint in patients with MRSA infections
was evaluated by pooling ESTABLISH 1 and ESTABLISH 2 results in the
microbiological intention-to-treat population. In this subgroup analysis, clinical
success was reported in 83.7% (118/141) of patients in the tedizolid group and
81.5% (119/146) in the comparator group. In these trials, MRSA was the causative
pathogen in 16-27% of all patients and 27-43% of patients with a positive culture.

Observational studies

The application reported the results of a case series of four patients with cellulitis
and wound infections treated with tedizolid phosphate (8). Two were obese
patients with severe cellulitis complicated by sepsis and myositis: one patient
received tedizolid after failure of first-line therapy with cefalotin, clindamycin
and imipenem, and the other was started on tedizolid and clindamycin but
clindamycin was stopped on day 3 due to an adverse event. Both patients improved
within 72 hours of starting tedizolid with normalized laboratory results within a
week. A third patient had a surgical site infection and was treated empirically
with tedizolid for 7 days because of a history of previous MRSA bacteraemia; this
patient and had a clinical response within 72 hours. The fourth patient also had a
surgical site infection treated with tedizolid for 14 days and also improved within
72 hours.
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Summary of evidence: harms

Safety data from the ESTABLISH 1 and ESTABLISH 2 trials were reported in the
application (6,7). Overall, the proportion of patients experiencing drug-related
treatment-emergent adverse events was similar between groups (22.4% and
27.9% in the tedizolid phosphate and linezolid groups, respectively). Less than
0.5% were serious (0 events with tedizolid and 2 with linezolid). Fewer patients
in the tedizolid group had gastrointestinal adverse events (16.0% versus 23.0%)
and low platelet counts (< 150 000 cells/mm3) during the postbaseline period
(6.5% with tedizolid versus 12.6% with linezolid). Tedizolid was not associated
with nephrotoxicity or postbaseline serum creatinine, and blood urea nitrogen
increase was low (< 0.5%) in both treatment groups.

Tedizolid is a weak and reversible inhibitor of monoamine oxidase. The
interaction with monoamine oxidase inhibitors could not be evaluated in the
phase III trials as the patients receiving these medicines were excluded because
linezolid has a warning in its prescribing information against use in patients using
serotonergic psychiatric medications because of the potential risk of serotonin
syndrome. However, based on a murine serotonergic model, tedizolid has not
shown a propensity for serotonergic effects when given at doses up to almost 30
times higher than the human equivalent (9). Based on this evidence, the United
States Food and Drug Administration has not put any warning or restriction for
the use of tedizolid with serotonergic medications.

Additional evidence

A randomized, double-blind, phase III study compared tedizolid phosphate with
linezolid for treatment of 726 ventilated patients with Gram-positive hospital-
acquired or ventilator-associated bacterial pneumonia (10). The overall incidence
of MRSA was 31.3%. The primary efficacy endpoints were day 28 all-cause mortality
and investigator-assessed clinical response at test of cure in the intention-to-treat
population. All-cause mortality at 28 days was 28.2% and 26.4% in the tedizolid and
linezolid arms, respectively (treatment difference —1.8%, 95% CI -8.2% to 4.7%).
Non-inferiority of tedizolid was demonstrated using a non-inferiority margin of
10%. For investigator-assessed clinical response at test of cure, rates were 56.3% and
63.9% for tedizolid and linezolid groups, respectively (treatment difference -7.6,
97.5% CI -15.7% to 0.5%). Non inferiority of tedizolid was not demonstrated for
this outcome measure based on a non-inferiority margin of 12.5%.

WHO guidelines

Tedizolid phosphate is not currently included in existing WHO guidelines.
Tedizolid phosphate is included as a treatment option for MRSA skin and
soft tissue infections in guidelines issued by the World Society for Emergency
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Surgery (11), the Surgical Infection Society (12) and in a consensus statement by
the Italian Infectious Diseases Society (13).

Costs/cost—effectiveness

Information regarding the cost and comparative cost-eftectiveness of tedizolid
phosphate was not presented in the application.

Availability

Tedizolid phosphate has regulatory approval in 43 countries globally, however
market availability is limited to only 14 upper middle- and high-income countries.

Other considerations

The EML Antimicrobial Working Group reviewed the application and advised
that it supported the inclusion of tedizolid phosphate on the EML as a reserve
antibiotic for the treatment of infections caused by multidrug-resistant organisms
as a therapeutic alternative to linezolid. The indications for use of tedizolid should
be aligned with those for linezolid as described in the WHO AWaRe antibiotic
book (14).

The Working Group highlighted that MRSA remains a major global
public health concern as a cause of severe bacterial infections, with significant
mortality associated with invasive disease as noted in the recent Global Research
on Antimicrobial Resistance Project (GRAM) study (1).

The Working Group also noted that tedizolid is given only once daily,
and generally for shorter treatment courses than linezolid, which is given twice
daily. Tedizolid has good bioavailability and has both an intravenous and oral
preparation, encouraging oral treatment only or rapid switch from intravenous
to oral treatment in stable patients. No dose adjustments need to be made in
patients with hepatic or renal disease. The Working Group considered that the
main advantage of tedizolid over linezolid was the significantly lower incidence
of bone marrow suppression and gastrointestinal toxicity.

The Working Group noted that tedizolid is more expensive than generic
linezolid, however shorter treatment courses may affect the relative costs. Based
on current patent status, generic versions of tedizolid are unlikely to be widely
available before the 2030s. Cost-effectiveness data are scarce in low- and middle-
income settings.

Committee recommendations

The Expert Committee noted that MRSA remains a major cause of severe bacterial
infections in many settings, and that the pathogen is designated by WHO as high
priority for which new therapeutic options are needed.

The Committee acknowledged the activity of tedizolid phosphate against
high-priority drug-resistant Gram-positive pathogens, mainly S. aureus including
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MRSA and also vancomycin-resistant enterococci. The Committee noted that
clinical trial data suggest tedizolid phosphate is non-inferior to linezolid for
the treatment of acute bacterial skin and skin structure infections, including
infections caused by MRSA. The Committee also noted the advice of the EML
Antimicrobial Working Group that tedizolid phosphate is associated with less
bone marrow suppression and gastrointestinal toxicity than linezolid and that it
is administered once daily for generally shorter treatment courses than linezolid
which is administered twice daily .

The Committee noted that the application failed to include any
information on the cost and cost—effectiveness of tedizolid phosphate. The Expert
Committee also noted the advice of the EML Antimicrobial Working Group that
tedizolid phosphate is more expensive than linezolid and is still under patent
protection (either primary or secondary) until at least 2030, whereas linezolid is
already available in generic versions.

Taking these issues into consideration, the Expert Committee
recommended the inclusion of tedizolid phosphate as a Reserve group antibiotic
on the EML as a therapeutic alternative to linezolid under a square box listing.
The representative medicine should be linezolid because of its wider availability
and lower price. The Committee noted that the application requested inclusion
specifically for treatment of acute bacterial skin and skin structure infections.
However, the Committee recommended that tedizolid phosphate be included on
the EML for the same indications as linezolid, which are currently pathogen-
rather than infection-based, namely infections caused by MRSA, vancomycin-
resistant S. aureus and vancomycin-resistant enterococci.
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6.2.5 Antituberculosis medicines
Ethionamide - new indication - EML and EMLc

Ethionamide ATC code: JO4ADO03

Proposal

Inclusion of ethionamide on the core list of the EML and EMLc for the new
indication of treatment of drug-susceptible tuberculosis meningitis in children
and adolescents.

Applicant
WHO Global Tuberculosis Programme

WHO technical department

Global Tuberculosis Programme

EML/EMLc
EML and EMLc

Section

6.2.5 Antituberculosis medicines

Dose form(s) & strengths(s)
Tablet: 250 mg
Tablet (dispersible): 125 mg

Core/complementary

Core

Individual/square box listing
Individual

Background

Ethionamide is currently included on the complementary list of the EML and
EMLc for use in the treatment of multidrug-resistant tuberculosis.

Public health relevance

Tuberculous meningitis is the most lethal form of tuberculosis. Globally in 2019,
there were an estimated 164 000 cases and 78 200 deaths due to tuberculous
meningitis (I). Mortality and severe permanent disabilities remain high in both
children and adults, particularly in people living with HIV (2,3).
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Summary of evidence: benefits

The application referenced a systematic review and meta-analysis of seven cohort
studies comparing the effectiveness of shorter regimens including at a minimum
isoniazid, rifampicin and pyrazinamide, versus the WHO-recommended
12-month regimen of isoniazid, rifampicin, ethambutol and pyrazinamide
in children and adolescents with drug-susceptible tuberculosis meningitis
(4). This meta-analysis informed a 2022 WHO guideline recommendation in
favour of the shorter regimen (conditional recommendation; very low-certainty
evidence). Details of the findings of the systematic review were not provided in
the application but are summarized below.

Three of the included studies (724 patients) evaluated a 6-month intensive
regimen of isoniazid, rifampicin, pyrazinamide and ethionamide. This regimen
was associated with a lower pooled proportion of death (5.5%, 95% confidence
interval (CI) 2.1% to 13.4%) compared with the 12-month regimen (23.9%, 95%
CI 17.5% to 31.7%). The pooled proportions of treatment success were 94.6%
(95% CI 73.9% to 99.1%) for the 6-month intensive regimen and 75.4% (95%
CI 68.7% to 81.1%) for the 12-month regimen. For survivors who completed
treatment and who had neurological sequalae the pooled proportions were 66.0%
(95% CI 55.3% to 75.3%) for the 6-month regimen and 36.3% (95% CI 30.1% to
43.0%) for the 12-month regimen, although there was substantial heterogeneity
for both regimens. For survivors who completed treatment and who did not
have neurological sequalae, the pooled proportions were 29.9% (95% CI 20.4%
to 41.4%) and 47.9% (95% CI 42.1% to 53.7%) for the 6-month and 12-month
regimens, respectively.

Summary of evidence: harms

Harms associated with the use of ethionamide were not discussed in the
application.

From one of the studies included in the systematic review that evaluated
6- and 9-month intensified regimens of isoniazid, rifampicin, pyrazinamide
and ethionamide in children with tuberculosis meningitis, treatment-induced
hepatotoxicity was reported in 5% of the children (5).

WHO guidelines

Current WHO guidelines for the management of tuberculosis in children and
adolescents include a conditional recommendation (very low-certainty evidence)
that in children and adolescents with bacteriologically confirmed or clinically
diagnosed tuberculosis meningitis (without suspicion or evidence of multidrug-
or rifampicin-resistant tuberculosis), a 6-month intensive regimen of isoniazid,
rifampicin, pyrazinamide and ethionamide may be used as an alternative to the
12-month regimen of isoniazid, rifampicin, ethambutol and pyrazinamide (6).
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Costs/cost—effectiveness

No information was provided in the application.

The 2023 Global Drug Facility catalogue reports the price of ethionamide
250 mg tablets as US$ 9.16 for 100 tablets, and of ethionamide 125 mg dispersible
tablets as US$ 13.30-14.48 for 100 tablets.

Availability

Ethionamide tablets and dispersible tablets are available through the Stop TB
Partnership’s Global Drug Facility.

Other considerations

In adults, WHO guidelines recommend that drug-susceptible tuberculosis
meningitis be treated with the same regimen used for pulmonary tuberculosis,
that is, a 6-month regimen composed of 2 months of isoniazid, rifampicin,
pyrazinamide and ethambutol, followed by 4 months of isoniazid and rifampicin,
noting that some expert groups suggest longer therapy (7).

Committee recommendations

The Expert Committee noted that tuberculosis meningitis is responsible for
considerable morbidity and mortality, and that a shorter, intensified ethionamide-
containing treatment regimen in children and adolescents has shown favourable
outcomes in comparison with the alternative WHO-recommended 12-month
regimen of isoniazid, rifampicin, pyrazinamide and ethambutol.

The Committee therefore recommended the inclusion of ethionamide on
the core list of the EML and EMLc for the new indication of drug-susceptible
tuberculosis meningitis in children and adolescents, consistent with the
recommendations in current WHO guidelines for management of drug-
susceptible tuberculosis meningitis in children and adolescents.
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Pretomanid - addition - EML

Pretomanid ATC code: JO4AKOS

Proposal

Addition of pretomanid to the complementary list of the EML for use in
combination with bedaquiline and linezolid, with or without moxifloxacin, for
the treatment of patients aged 14 years and older with multidrug-resistant or
rifampicin-resistant tuberculosis.

Applicant
Global Alliance for TB Drug Development

WHO technical department

The WHO Global Tuberculosis Programme department reviewed and provided
comments on the application. The proposed inclusion of pretomanid for
treatment of drug-resistant tuberculosis on the EML is supported by the technical
department, to be used as a component of a 6-month regimen composed of
bedaquiline, pretomanid and linezolid, with or without moxifloxacin.

EML/EMLc
EML

Section
6.2.5 Antituberculosis medicines

Dose form(s) & strengths(s)
Tablet: 200 mg

Core/complementary
Complementary

Individual/square box listing
Individual

Background

Pretomanid has not previously been evaluated for inclusion on the EML.
Bedaquiline, linezolid and moxifloxacin are currently included for
treatment of multidrug- and rifampicin-resistant tuberculosis. These medicines
are used in combination in the bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) and bedaquiline, pretomanid, linezolid (BPaL) regimens.
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Treatment duration is 26 weeks. The BPaL regimen may be extended to 9 months
(39 weeks) if necessary.

Public health relevance

In 2021, an estimated 10.6 million people fell ill with tuberculosis worldwide,
and there were 1.6 million deaths. Also in 2021, an estimated 450 000 new cases
of rifampicin-resistant tuberculosis occurred. In 2019, tuberculosis was the 13th
leading cause of death. Multidrug-resistant tuberculosis (MDR-TB) remains a
public health crisis and a health security threat. Only about one in three people
with drug-resistant tuberculosis accessed treatment in 2020 (I).

Existing drug-resistant tuberculosis treatment regimens often include five
to seven medicines and more than 14 000 pills taken over a duration of up to 18
months or sometimes longer. High rates of non-adherence are common, which
often result in unfavourable outcomes, emergence of drug resistance, continued
spread of the disease and increased mortality. The introduction of the BPaLM
and BPaL regimens provides efficacious, safe, well tolerated treatment options
that have shortened overall treatment duration and improved compliance and
favourable outcomes.

Summary of evidence: benefits

The Nix-TB study was an open-label, single-arm study conducted at three South
African sites, investigating treatment with (BPaL in patients with highly drug-
resistant pulmonary tuberculosis (2). The primary endpoint was the incidence
of an unfavourable outcome, defined as treatment failure (bacteriological or
clinical) or relapse, through 6-months follow-up after the end of treatment.
Participants were classified as having a favourable outcome at 6 months after the
end of treatment if they had resolution of clinical disease, a negative culture status,
and had not already been classified as having had an unfavourable outcome.
Other efficacy endpoints and safety were also evaluated. The study enrolled 109
participants, and 107 participants were included in the modified intent-to-treat
population for evaluation of efficacy. Six months after the end of treatment, nine
(8%) participants had an unfavourable outcome and 98 (92%) had a favourable
outcome (95% confidence interval (CI) 84.6% to 96.0%). Of the nine participants
with unfavourable outcomes, six died during treatment, one withdrew (not for
treatment failure) during treatment and two relapsed during follow-up.

The ZeNix study was a randomized controlled, partially-blinded,
multicentre, phase III trial to evaluate the efficacy, safety and tolerability of
various doses and durations of linezolid plus bedaquiline and pretomanid in 181
patients with pulmonary extensively drug-resistant tuberculosis, pre-extensively
drug-resistant tuberculosis, or treatment intolerant or non-responsive MDR-TB
(3). Patients were randomized to receive various doses and durations of linezolid
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(1200 mg or 600 mg daily; 26 weeks or 9 weeks) plus bedaquiline and pretomanid
for 26 weeks. The primary endpoint was the incidence of bacteriological failure
or relapse or clinical failure 6 months after the end of treatment. Other efficacy
endpoints and safety were also evaluated. The modified intent-to-treat population
was used for the primary efficacy analysis and included 178 participants. Among
participants who received BPaL with linezolid at a dose of 1200 mg for 26
weeks or 9 weeks or 600 mg for 26 weeks or 9 weeks, 93%, 89%, 91% and 84%,
respectively, had a favourable outcome 6 months after the end of treatment. Six of
the seven unfavourable microbiological outcomes up to 78 weeks after the end of
treatment occurred in participants assigned to the 9-week linezolid groups. The
1200 mg linezolid 26-week group had the highest percentage of participants who
required linezolid dose modifications. The overall risk-benefit ratio favoured
the group that received BPaL with linezolid at a dose of 600 mg for 26 weeks,
with a lower incidence of adverse events reported and fewer modifications to the
linezolid dose.

The TB-PRACTECAL study was a randomized, open-label, phase II/III
study evaluating the safety and efficacy of regimens containing bedaquiline and
pretomanid in combination with existing and repurposed drugs for the treatment
of pulmonary MDR-TB (4). The study was conducted in Belarus, South Africa
and Uzbekistan, and enrolled participants 15 years and older. In the first stage,
equivalent to a phase IIB study, participants were randomly assigned to one of
four regimens. The three investigational regimens included oral bedaquiline,
pretomanid and linezolid. Additionally, two of the regimens also included
moxifloxacin (arm 1) and clofazimine (arm 2). Treatment was administered
for 24 weeks in the investigational arms. The phase III stage evaluated the
treatment regimen of BPaLM compared with the local standard of care at the
participating sites. The primary efficacy outcome was a composite endpoint of
the percentage of unfavourable outcomes at 72 weeks after randomization. The
secondary outcomes included safety outcomes and the percentage of grade 3 or
4 and serious adverse events in the investigational regimens compared with the
standard of care. Enrolment was terminated based on a Data Safety Monitoring
Board interim analysis of available data through week 72, which demonstrated
that the BPaLM arm was significantly outperforming the standard of care arm
in the percentage of unfavourable outcomes. Safety outcomes also favoured the
BPaLM arm in this analysis (5).

The United States Centers for Disease Control and Prevention (CDC)
analysed data submitted by health departments and clinicians on patients with
tuberculosis in the US who began treatment with BPaL between August 2019 and
September 2020. At follow up 12 months after treatment with BPaL was started,
19/20 (95%) patients had completed treatment, and there had been no treatment
failures, recurrences or deaths (6).
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Positive country experiences from Kyrgyzstan, South Africa and Ukraine
with implementing the BPaL regimen under operational research conditions were
reported at the Union World Conference on Lung Health in 2022 (unpublished).

Summary of evidence: harms

As of May 2022, 2550 participants have been exposed to pretomanid across
pretomanid clinical studies.

The application described adverse events associated with the BPaL and
BPaLM regimens from the Nix-TB, ZeNix and TB-PRACTECAL studies.

In the Nix-TB study, participants received the BPal regimen with
linezolid dosed at 1200 mg daily for 26 weeks. At least one treatment-emergent
adverse event was reported by all 109 participants. In total, 50 (46%) participants
interrupted linezolid due to an adverse event and resumed at the same or lower
dose, and 30 participants (28%) permanently discontinued linezolid due to an
adverse event. The most common adverse events were peripheral neuropathy
(81%), myelosuppression (48%), optic neuropathy (13%), cardiac rhythm
disturbances (11%) and myalgia (10%). Most peripheral neuropathy events
were mild to moderate and were managed through linezolid dose adjustments.
Twelve (11%) participants had transaminase increases > 3 times the upper limit
of normal - 12 had an alanine aminotransferase elevation and 11 participants
had an aspartate aminotransferase elevation. Two of these participants had
alanine and aspartate aminotransferase elevations of > 3 times the upper limit
of normal as well as direct and total bilirubin elevations of > 2 times the upper
limit of normal. In both cases, the study drug regimen was interrupted. In total,
eight participants had their regimen interrupted for hepatic adverse events, but
all resumed and completed the full 26 weeks of treatment. The maximum mean
increase in the QT interval by the Fridericia method was 10 ms at week 16; no
participant had a QT interval > 480 ms (2).

During the ZeNix study, participants received the BPaL regimen for 26
weeks with linezolid dosed at 1200 mg or 600 mg daily for 26 weeks or 9 weeks.
Treatment emergent adverse events were reported in 156 of 181 participants
(86.2%), with the overall percentages comparable across treatment groups.
One participant (0.6%) died due to a treatment-emergent adverse event (in the
1200 mg linezolid 9-week group), but this event was deemed not to be related
to the study drug. The linezolid dose was modified (interrupted, reduced or
discontinued) in 51%, 30%, 13%, and 13% of participants who received linezolid
1200 mg for 26 weeks, 1200 mg for 9 weeks, 600 mg for 26 weeks and 600 mg for
9 weeks, respectively. Adverse effects associated with linezolid include peripheral
neuropathy, optic neuropathy and myelosuppression. For participants who
received linezolid at a dose of 1200 mg for 26 weeks or 9 weeks or 600 mg for 26
weeks or 9 weeks, peripheral neuropathy occurred in 38%, 24%, 24% and 13%
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of participants, respectively, and myelosuppression occurred in 29%, 15%, 13%
and 16% of participants, respectively. Optic neuropathy developed in four (9%)
participants who received linezolid at a dose of 1200 mg for 26 weeks; all the
cases resolved. Optic neuropathy was not reported by participants in any other
treatment groups (3).

Data from TB-PRACTECAL were shared with WHO to inform the
updated treatment guideline recommendations. Interim results showed that the
BPaLM regimen had favourable efficacy and safety when compared with the
regimens given in the control arm.

The CDC analysed data submitted by health departments and clinicians
on 20 patients with tuberculosis in the US who began treatment with BPaL
between August 2019 and September 2020. At follow-up 12 months after
treatment with BPaL was started, 19 (95%) patients had completed treatment.
With regard to side-effects, 12 (60%) patients reported at least one side-effect
during treatment (with the combination regimen or another medication). Side-
effects included peripheral neuropathy (six patients), depression (five patients),
vestibular dysfunction (three patients), vision changes (three patients), nausea
(two patients) and hearing loss (two patients). The timing of side-effects could
not be correlated to a specific antituberculosis drug. At the time treatment began,
therapy with linezolid was initiated in 18 (90%) patients at a dose lower than the
1200 mg daily approved by the United States Food and Drug Administration
(most received 600 mg daily), and in 18 patients (90%), measurement of linezolid
levels was used to attain therapeutic levels while minimizing toxic effects (6).

Testicular toxicity was observed in male mice and rats in all repeat-dose
studies but was not observed in male monkeys in any repeat-dose study. New
data on the safety of pretomanid based on hormone evaluations in four clinical
studies and a paternity survey were assessed by the WHO Guideline Development
Group in early 2022. These data have largely alleviated previous concerns on
reproductive toxicity observed in animal studies, suggesting that adverse effects
on human male fertility are unlikely. Four studies with exposure to pretomanid
ranging from 2 to 6 months provided an assessment of serum hormone levels
relevant to male reproductive health, including follicle-stimulating hormone,
luteinizing hormone, inhibin B and testosterone (7). These hormone assessments
demonstrated an improvement in the underlying hypogonadism, as reflected by
increases in the testosterone and inhibin B levels in all treatment arms, which
is consistent with improvements in the underlying disease state. In addition, a
search for adverse events associated with fertility disorders across the 19 studies
in the pretomanid clinical development programme identified no events in any
male participant and one event in a female participant (irregular menstruation).
None of the changes observed suggested testicular damage.
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WHO guidelines

Based on data from the TB-PRACTECAL and ZeNix studies, the 2022
WHO consolidated guidelines on tuberculosis suggest the use of a 6-month
BPaLM treatment regimen (bedaquiline, pretomanid, linezolid 600 mg and
moxifloxacin) rather than the standard 9- or 18-month regimens for patients
with MDR-TB/rifampicin-resistant TB (conditional recommendation, very low
certainty of evidence) (8). The BPaL regimen may be used in cases of documented
resistance to fluoroquinolones.

Pretomanid should be administered in combination with bedaquiline
and linezolid, with or without moxifloxacin, as follows:

= Pretomanid 200 mg orally (1 tablet of 200 mg), once daily, for 26 weeks.

= Bedaquiline 400 mg orally once daily for 2 weeks followed by
200 mg three times a week, with at least 48 hours between doses
for 24 weeks, for a total of 26 weeks of treatment. Alternatively,
bedaquiline 200 mg orally once daily for 8 weeks followed by 100
mg once daily for 18 weeks, for a total of 26 weeks of treatment.

= Linezolid 600 mg orally once daily for 26 weeks with potential for
dose reduction depending on tolerance.

= Moxifloxacin 400 mg orally once daily for 26 weeks in patients
without baseline resistance to fluoroquinolones.

Treatment with the BPaL combination may be extended to 39 weeks if
necessary.

Costs/cost—effectiveness

Based on current costs reported in the Global Drug Facility catalogue, for patients
with body weight of 40-70 kg, drug costs for treatment with BPaLM and BPaL
regimens for 26 weeks is US$ 725 and US$ 720, respectively. In comparison,
MDR-TB regimens of 9-11 months would cost between US$ 564 and US$ 639.
The costs of medicines for longer regimens vary by patient and country and
would be between US$ 875 and US$ 942.

Drug costs are only one part of the total cost of treatment and non-
drug costs of delivering care and managing patients are significant. The lowest
published total cost of administering shorter, 9-month MDR-TB regimens
in India, which accounts for about 30% of all MDR-TB patients treated, is at
least US$ 2600, while treatment with longer regimens lasting up to 18 months
is US$ 5500. Comparable costs in South Africa are US$ 4700 and US$ 8400,
respectively. Due to volume driven cost economies, costs in India are lower; costs
are likely to be higher in other middle- or high-income countries, especially those
with a relatively lower burden of disease (9).
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While the BPaLM and BPaL regimens are similar in drug cost compared
with 9- to 11 month regimens, the difference in cost—effectiveness becomes apparent
when the total cost of treatment is considered. A study found that the BPaLM and
BPaL regimens would save about 40% over the cost of 9- to 11-month MDR-TB
regimens (US$ 1000-2000 saving per patient) and about 75% compared with
longer regimens (US$ 4000-6000 saving per patient) (9,10). Similarly, the estimated
savings associated with using BPaL for pre-extensively drug-resistant tuberculosis
would range between 80% and 90% (up to US$ 12 000 per patient) (10-12). These
studies considered only the cost of drugs and cost of care and estimated that global
savings could reach US$ 740 million annually if all patients were to, hypothetically,
transition to BPaLM or BPaL regimens immediately. If patient costs are added, the
savings from implementation of BPaLM and BPaL will be larger.

Two additional studies investigated the comparative cost of introducing
pretomanid as part of the BPaL regimen to treat drug-resistant tuberculosis
versus the standard treatment across six countries. All analyses in all countries
estimated that the introduction of BPaL would lead to cost savings (11,12).

Availability

Pretomanid 200 mg tablets, manufactured by Viatris, have regulatory approval in
the United States, European Economic Area countries and a further 20 countries
globally. Pretomanid 200 mg tablets, manufactured by Mylan Laboratories, were
prequalified by WHO in November 2020. Additional manufacturers are reported
to have applied or plan to apply for marketing authorization in China and India.

Committee recommendations

The Expert Committee noted that tuberculosis, including drug-resistant
tuberculosis, remains a significant public health threat and is responsible for
considerable morbidity and mortality. The Committee also noted that treatment
for drug-resistant tuberculosis often carries a high pill-burden over a long
treatment duration, and that non-compliance with treatment is common, leading
to unfavourable outcomes for both individuals and the community.

High rates of non-adherence to standard treatment regimens for MDR-
TB are common, which often result in unfavourable outcomes, emergence of
further drug resistance, continued spread of disease and increased mortality. The
introduction of the BPaLM and BPaL regimens provides efficacious, safe, well
tolerated treatment options that have shortened overall treatment duration and
improved compliance and favourable outcomes.

The Committee considered that the available evidence from clinical trials
supports the efficacy and safety of pretomanid, as part of the BPaLM and BPaL
regimens, and noted experiences reported from countries where these regimens
have been introduced in tuberculosis treatment programmes. The Committee
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also noted that the BPaL and BPaLM regimens have a shorter overall treatment
duration compared with alternative regimens, which may contribute to improved
treatment adherence and more favourable outcomes.

The Committee noted that use of the BPaLM and BPal regimens is
recommended in current WHO guidelines for treatment of MDR-TB.

Based on these considerations, the Committee therefore recommended
the inclusion of pretomanid on the complementary list of the EML for use as
part of a combination regimen with bedaquiline and linezolid with or without
moxifloxacin for the treatment of multidrug-resistant or rifampicin-resistant
tuberculosis in patients aged 14 years and older.
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Applications for the 23rd EML and the 9th EMLc

Bedaquiline - age restriction - EML and EMLc

Bedaquiline ATC code: JO4AKO5

Proposal
Removal of the age limit from the listing for bedaquiline in the EML and EMLc.

Applicant
WHO Global Tuberculosis Programme

WHO technical department

Global Tuberculosis Programme

EML/EMLc
EML and EMLc

Section
6.2.5 Antituberculosis medicines

Dose form(s) & strengths(s)
Tablet: 20 mg, 100 mg

Core/complementary

Complementary

Individual/square box listing
Individual

Background

Bedaquiline tablets for use in the treatment of multidrug-resistant tuberculosis
(MDR-TB) have been listed on the EML and EMLc since 2015 and 2019,
respectively. When bedaquiline was added to the EMLc in 2019, an age limit of
> 6 years was included, in line with WHO guideline recommendations at the
time. The age limit was amended to > 5 years in 2021, in line with updated WHO
guidelines.

Public health relevance

The public health relevance of effective treatments for MDR-TB is well established.

In 2021, the estimated incidence of tuberculosis disease in children
younger than 15 years was 1.15 million (I). While the exact burden of MDR-
TB in children is still unknown, more than 30 000 cases are estimated to occur
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globally each year (2,3). In 2021, 5506 children and young adolescents (0-14
years) were initiated on second-line treatment for MDR-TB or rifampicin-
resistant tuberculosis (RR-TB).

Summary of evidence: benefits

A descriptive analysis of data from a paediatric MDR-TB/RR-TB individual
patient dataset included 40 children younger than 6 years and 68 children aged
6-12 years who received bedaquiline off-label under programmatic conditions.
In a matched analysis, bedaquiline was associated with significantly shorter
treatment duration and a lower adjusted odds ratio (OR) of injectable tuberculosis
drug use (4). The certainty of evidence was very low of no statistically significant
difference in successful treatment outcomes between children younger than 6
years receiving an all-oral bedaquiline-based regimen compared with children
not receiving bedaquiline (OR 0.94, 95% confidence interval (CI) 0.09 to 10.30).
In absolute terms, this represents two fewer treatment successes per 1000 children
treated (95% CI 203 fewer to 24 more) (5).

Population pharmacokinetic models from two phase II trials of
bedaquiline in children - TMC207-C211 (6) and IMPAACT P1108 (7) - suggest
that drug exposures observed in adults can be reached in most children receiving
bedaquiline, however some dose modification may be necessary for some
children depending on age and weight (4).

Summary of evidence: harms

The most common adverse effects of bedaquiline include headache, nausea, liver
dysfunction, QT interval prolongation and arthralgia.

Available interim data from IMPAACT P1108 were based on a small
sample size (n = 12) but did not suggest distinct cardiac safety signals with
bedaquiline in children 0-6 years compared with cardiac safety reported in
adults (4). No children had QT prolongation in any categories of > 60 ms. Three
children experienced QT prolongation of between 3 ms and 60 ms. However, the
safety review was not complete as not all children enrolled had completed the full
course of bedaquiline treatment (24 weeks).

At this time, long-term safety and adverse event data are lacking for
children younger than 6 years receiving bedaquiline.

WHO guidelines

WHO guidelines for the management of tuberculosis in children and adolescents
include a conditional recommendation (very low-certainty evidence) that an all-
oral treatment regimen containing bedaquiline may be used in children younger
than 6 years with MDR-TB and RR-TB (4).
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Costs/cost—effectiveness

Information on the cost and cost-effectiveness of bedaquiline has been presented
and considered previously. No new information is available.

Availability

Information on the market availability of bedaquiline has been presented and
considered previously. No new information is available.

Other considerations

In October 2021, WHO convened an expert consultation on bedaquiline
dosing in young children. By accounting for age, body weight and other known
covariates, an adult population pharmacokinetic model was used to simulate
dose-exposure scenarios for a virtual representative paediatric population.
Using these population pharmacokinetic methods and trial-based paediatric
bedaquiline pharmacokinetic data, a combined age- and weight-based approach
to bedaquiline dosing was developed for children weighting 3 to < 16 kg, and is
included in the WHO operational handbook on tuberculosis (8). Bedaquiline is
metabolized by CYP3A4, and children younger than 6 months have immature
enzyme function resulting in lower bedaquiline clearance. Doses are therefore
adjusted based also on age to avoid excessively high bedaquiline concentrations
and resultant risk of toxicity.

Committee recommendations

The Expert Committee recommended the removal of the age restriction from the
listing of bedaquiline on the EML and EMLc, consistent with the recommendations
for use of bedaquiline in current WHO guidelines for management of tuberculosis
in children and adolescents.
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Applications for the 23rd EML and the 9th EMLc

Delamanid - age restriction - EML and EMLc

Delamanid ATC code: JO4AK06

Proposal
Removal of the age limits from the listing for delamanid in the EML and EMLc.

Applicant
WHO Global Tuberculosis Programme

WHO technical department

Global Tuberculosis Programme

EML/EMLc
EML and EMLc

Section

6.2.5 Antituberculosis medicines

Dose form(s) & strengths(s)
Tablet (dispersible): 25 mg
Tablet: 50 mg

Core/complementary
Complementary

Individual/square box listing

Individual

Background

Delamanid tablets for use in the treatment of multidrug-resistant tuberculosis
(MDR-TB) have been listed on the EML and EMLc since 2015 and 2019,
respectively. When bedaquiline was added to the EMLc in 2019, an age limit of > 6
years was included, in line with WHO guideline recommendations at the time. The
age limit was amended to > 5 years in 2021, in line with updated WHO guidelines.

Public health relevance

The public health relevance of effective treatments for MDR-TB is well established.
In 2021, the estimated incidence of tuberculosis disease in children
younger than 15 years was 1.15 million (1). While the exact burden of MDR-TB in
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children is still unknown, more than 30 000 cases are estimated to occur globally
each year (2,3). In 2021, 5506 children and young adolescents (0-14 years)
were initiated on second-line treatment for MDR-TB or rifampicin-resistant
tuberculosis (RR-TB).

Summary of evidence: benefits

A phase I, open-label, age de-escalation study, followed by a phase II 6-month
extension study assessed the pharmacokinetics, safety and tolerability of
delamanid administered twice daily for 10 days in children with MDR-TB/RR-
TB aged birth to 17 years on treatment with an optimized background regimen
(4). Twelve children were included in the 0-2-year cohort. Exposures in this age
group were lower than predicted from pharmacokinetic modelling of older age
groups, and lower than target exposures in adults, necessitating a modelling/
simulation approach to dosing.

A descriptive analysis of data from a paediatric MDR-TB/RR-TB
individual patient dataset included seven children younger than 3 years treated
with delamanid, 14 children aged 3-6 years and 69 children aged 6-12 years. All
21 children younger than 6 years were successfully treated (5).

These data were reviewed by the Guideline Development Group
responsible for updating the WHO guidelines on the management of tuberculosis
in children and adolescents, which made a conditional recommendation
based on very low certainty of evidence that delamanid may be used as part of
longer regimens in children younger than 3 years with - or rifampicin-resistant
tuberculosis (5-7).

Summary of evidence: harms

From the evidence described above, no cardiac safety signals distinct from those
reported in adults were observed in children 0-2 years of age. However, children
had lower drug exposures compared with adults. Pharmacodynamic simulations
suggested that clinically meaningful changes in QT (i.e. prolongation) would be
unlikely in children younger than 3 years, even if higher doses were used to reach
drug exposures comparable to those achieved in adults.

Central nervous system effects, including paraesthesia, tremors, anxiety,
depression and insomnia, are potential safety concerns associated with delamanid
in both adults and children. Hallucinations have been associated with delamanid
and are reported to be more prevalent in children than in adults (7).

Overall, the Guideline Development Group considered the balance
between desirable and undesirable effects of delamanid in children younger than
3 years probably favoured the intervention (7).
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WHO guidelines

WHO guidelines for the management of tuberculosis in children and adolescents
include a conditional recommendation (very low-certainty evidence) that
delamanid may be used as part of longer regimens in children younger than 3
years with MDR-TB and RR-TB (5).

Costs/cost—effectiveness

Information on the cost and cost-effectiveness of delamanid has been presented
and considered previously. No new information is available.

Availability

Information on the market availability of delamanid has been presented and
considered previously. No new information is available.

Other considerations

In October 2021, WHO convened an expert consultation on delamanid dosing in
young children. During this consultation, it was noted that since safety concerns
about a possible risk of metabolite accumulation largely applied to infants (younger
than 3 months) with immature cytochrome P450 enzyme function, it was advised
that dosing for infants weighing 5 kg to less than 10 kg should use a combined
age- and weight-based approach, with doses for children younger than 3 months
being lower than doses for children aged 3 months and older. Dosing guidance
for delamanid in children is provided in the WHO operational handbook on
tuberculosis (8). Use of the 25 mg dispersible tablet formulation is preferred in
infants and young children, rather than manipulation of the 50 mg tablet.

Committee recommendations

The Expert Committee recommended the removal of the age restrictions from the
listing of delamanid on the EML and EMLc, consistent with the recommendations
for use of delamanid in current WHO guidelines for management of tuberculosis
in children and adolescents.
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Antituberculosis medicines - formulations for deletion - EML and EMLc

Antituberculosis formulations — deletions ATC code: various
Proposal
Deletion of various antituberculosis medicine formulations from the EML and
EMLc.
Applicant

WHO Global Tuberculosis Programme

WHO technical department

Global Tuberculosis Programme

EML/EMLc
EML and EMLc

Section

6.2.5 Antituberculosis medicines

Dose form(s) & strengths(s)

Amikacin - Injection: 100 mg/2 mL (as sulfate) in 2 mL vial (EML and EMLc)
Ethambutol - Oral liquid: 25 mg/mL (EMLc)

Ethionamide - Tablet: 125 mg (EML and EMLc)

Isoniazid - Oral liquid: 50 mg/5 mL (EMLc)

Linezolid - Powder for oral liquid: 100 mg/5 mL (EML and EMLc)
p-aminosalicylic acid — Granules: 4 g in sachet (EML and EMLc)
Pyrazinamide - Oral liquid: 30 mg/mL (EMLc)

Core/complementary

Core and complementary

Individual/square box listing

Individual

Background

At its meeting in 2021, the Expert Committee considered an application for
deletion of various antituberculosis medicine formulations from the EML
and EMLc, including ethambutol, ethionamide and pyrazinamide oral liquid,
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and ethionamide 125 mg tablets. The Committee recognized that dispersible
tablet formulations are preferred child-friendly formulations and provide
flexible dosing options. However, because of concerns about limited uptake
and availability of dispersible tablets formulations of ethambutol, ethionamide,
isoniazid and pyrazinamide in some countries, the Committee did not
recommend the deletion of oral liquid formulations of ethambutol, isoniazid
and pyrazinamide, nor the 125 mg tablet formulation of ethionamide at that
time. To allow countries time to transition to the adoption of the preferred,
listed dispersible-tablet formulations, the Committee advised that these
formulations would be deleted from the Model Lists in 2023 without further
consideration, unless an application was received to support their ongoing
inclusion (1).
No application to support ongoing inclusion has been received.

Public health relevance
Not applicable

Summary of evidence: benefits

The rationale presented in the applications for the requested deletions is
summarized below.

Amikacin injection 100 mg/2 mL

Amikacin is recommended by WHO for the treatment of multidrug-resistant
tuberculosis in people aged 18 years and older where susceptibility has been
demonstrated. There is no current recommendation for its use in children and
adolescents younger than 18 years due to an unfavourable benefit-risk balance
and poor tolerability. In rare situations, amikacin may be used as salvage
therapy, for which the dosage for children older than 2 years is 15-20 mg/kg
a day, which can be achieved using the alternative listed strength of amikacin
injection (250 mg/mL). This alternative strength is also more appropriate for
dosing adults with multidrug-resistant tuberculosis, where higher doses are
used (750-1000 mg a day).

Linezolid powder for oral liquid 100 mg/5 mL

This formulation is reported to be the subject of supply and availability issues,
and to be more expensive than the alternative listed formulation of linezolid
150 mg dispersible tablets. The powder for oral liquid requires reconstitution
before administration and contains a number of excipients associated with
safety concerns. Linezolid 150 mg dispersible tablets have been included on the
EMLc since 2019 and are included in the list of finished pharmaceutical products
prequalified by WHO.
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p-aminosalicylic acid granules 4 g

The application reports that p-aminosalicylic acid granules 4 g have been
discontinued by the sole manufacturer because of high production costs and
decreasing demand. An alternative product containing the equivalent of 4 g
p-aminosalicylic acid as 5.52 g p-aminosalicylate sodium is available and is
proposed in the application to replace the 4 g p-aminosalicylic acid formulation
being proposed for deletion.

Ethambutol oral liquid 25 mg/mL; ethionamide tablet 125 mg; isoniazid oral liquid 50 mg/5 mL;
pyrazinamide oral liquid 30 mg/mL

Refer to the Background section, above.

WHO guidelines

The proposed changes are aligned with recommendations in current WHO
guidelines for the treatment of drug-susceptible and drug-resistant tuberculosis.

Costs/cost—effectiveness
Not applicable

Availability
Not applicable

Committee recommendations

The Expert Committee accepted the rationale and justifications presented by the
Global Tuberculosis Programme and recommended the deletion of the following
formulations of antituberculosis medicines from the EML and/or EMLc as
requested in the application:

= amikacin injection 100 mg/2 mL (as sulfate) in 2 mL vial
= linezolid powder for oral liquid 100 mg/5 mL

= p-aminosalicylic acid granules 4 g in sachet.

The Committee recommended the inclusion of a new formulation of
p-aminosalicylate sodium (powder for oral solution: 5.52 g in sachet (equivalent
to 4 g p aminosalicylic acid)) on the complementary list of the EML and EMLc
to replace the deleted formulation of p-aminosalicylic acid, which has been
discontinued by the only manufacturer.

The Expert Committee recalled the recommendation of the 2021
Committee on the deletion of the following formulations of antituberculosis
medicine formulations and recommended their removal from the EML and
EMLc. The Committee noted that deletion of these formulations is supported by
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the Global Tuberculosis Programme, and that no application had been received
to support their ongoing inclusion on the Model Lists:

= ethambutol: oral liquid 25 mg/mL (EMLc)
= ethionamide: tablet 125 mg (EML and EMLc)

= isoniazid: oral liquid 50 mg/5 mL (EMLc)
= pyrazinamide: oral liquid 30 mg/mL (EMLc).

References
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6.4 Antiviral medicines
6.4.4.2 Medicine for hepatitis C
Ravidasvir - addition - EML

Ravidasvir ATC code: not available

Proposal

Addition of ravidasvir to the core list of the EML for the treatment of chronic
hepatitis C virus infection in adults.

Applicant
Ministry of Health, Putrajaya, Malaysia

WHO technical department
WHO Global Hepatitis Programme

EML/EMLc
EML

Section

6.4.4.2.1 Pangenotypic direct-acting antiviral combinations

Dose form(s) & strengths(s)
Tablet: 200 mg

Core/complementary
Core

Individual/square box listing

Individual

Background

Ravidasvir has not previously been evaluated for inclusion on the EML.
Ravidasvir was developed through an innovative drug development
pathway involving multiple stakeholders including the Drugs for Neglected
Disease Initiative (DNDi), Pharco Pharmaceuticals (a pharmaceutical company
in Egypt) and Pharmaniaga, a manufacturer from Malaysia. An access agreement
was formed under this collaboration. Malaysia as the co-founder of DNDi
took part in the decision-making process and funded the development of the
drug through the running of clinical trials in Malaysia. As a result, ravidasvir
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was registered in Malaysia in 2021 and its use in combination with sofosbuvir
was granted conditional approval by the National Pharmaceutical Regulatory
Authority of Malaysia.

Public health relevance

An estimated 58 million people are chronically infected with hepatitis C virus
(HCV) worldwide, with higher burden in low- and middle-income countries (I).
However, in 2019 about 79% of people infected with HCV were unaware of their
infection status and only about 13% of all infected people received treatment (I).
An estimated 290 000 people died as a result of hepatitis C in 2019, mostly from
liver cancer and cirrhosis caused by untreated HCV infections. In this context,
the WHO goal is still to eliminate HCV as a public health threat by 2030, that is,
a 90% reduction in chronic infections and 65% reduction in mortality compared
with 2015.

Summary of evidence: benefits

The application reported the results of four phase II/III clinical trials of ravidasvir,
conducted mainly in countries in Asia and the Middle East.

The Pyramid 1 trial was a randomized, phase IIb/IIla clinical trial
conducted in 298 patients in Egypt (2). This study assessed the efficacy and safety
of ravidasvir plus sofosbuvir (with or without ribavirin) in patients with chronic
HCV (genotype 4) infection. The study included both treatment naive (149
patients, 59/149 with cirrhosis) and treatment experienced (149 patients, 70/149
with cirrhosis) patients. Patients without cirrhosis received ravidasvir (200 mg
once a day) plus sofosbuvir (400 mg once a day) with or without ribavirin for
12 weeks. Patients with cirrhosis received ravidasvir (200 mg once a day) plus
sofosbuvir (400 mg once a day) plusribavirin for either 12 or 16 weeks. The primary
efficacy endpoint was sustained virological response at 12 weeks after treatment.
The response rate was 95.3% overall, higher in patients without cirrhosis (98.9%
in the treatment-naive group and 97.5% in the treatment-experienced group)
and lower in those with cirrhosis (91.5% in the treatment-naive group and 94.3%
in the treatment-experienced group that was treated for 16 weeks). The response
rate was lower (88.6%) in treatment-experienced patients with cirrhosis who
were treated for 12 weeks.

The STORM-C-1 trial (3) was a multicentre, two-stage, open-label,
single arm, phase II/III trial conducted in Malaysia and Thailand which included
301 patients (stage 1) and 302 patients (stage 2) with chronic HCV infection
regardless of genotype. The study assessed the efficacy of ravidasvir (200 mg) plus
sofosbuvir (400 mg) given for 12 weeks (patients without cirrhosis) or 24 weeks
(patients with cirrhosis). The primary efficacy endpoint was sustained virological
response at 12 weeks after treatment. The overall response rate in stage 1 was 97%
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(95% confidence interval (CI) 94% to 99%), 96% in patients with cirrhosis and
97% in genotype 3 HCV infections. Of note, 30% of the patients were co-infected
with HIV. Preliminary results of stage 2 were consistent with those of stage 1. The
reported overall response rate was 96.8% (95% CI 95.1% to 98.1%).

The EVEREST trial was an open-label, single-arm, phase II trial in 38
treatment-naive, HCV genotype 1 patients without cirrhosis (4). The study
assessed the efficacy and safety of ravidasvir (200 mg once a day) plus ritonavir-
boosted danoprevir (100 mg/100 mg every 12 hours) and ribavirin for 12 weeks.
The primary efficacy endpoint was sustained virological response at 12 weeks
after treatment. The response rate was 100%. Six patients had NS5A resistance-
associated variants at baseline, all of whom achieved sustained virological
response at week 12.

The ASC-ASC16-1I/III-CTP-1-01 trial was a randomized, double-blind,
placebo-controlled, multicentre phase II/III trial conducted in China in 424
treatment-naive, HCV genotype 1 patients without cirrhosis (5). Patients were
randomized to receive ravidasvir (200 mg once a day) plus ritonavir-boosted
danoprevir (100 mg/100 mg every 12 hours) and ribavirin for 12 weeks (n = 318)
or placebo (n = 106). Patients in the placebo arm received active treatment after
week 12. The primary efficacy endpoint was sustained virological response at
12 weeks after treatment. The overall response rate was 99% in the per-protocol
analysis in both groups.

The application presented the efficacy results for overall sustained
virological response for ravidasvir (combined with sofosbuvir) from the
STORM-C-1 trial and compared them with efficacy data for other regimens
taken from a meta-analysis on pangenotypic direct-acting antiviral medicines
(6), stratifying results by genotype (Table 12). Results stratified by cirrhosis and
HIV status were also presented in the application (data not shown).

Table 12
Proportion of overall sustained virological response at week 12 for combinations of
direct-acting antivirals (all comers, all treatment experience), by genotype

Genotype Per cent

Sofosbuvir + Sofosbuvir+ Glecaprevir+ Sofosbuvir+ Sofosbuvir +
velpatasvir  daclatasvir  pibrentasvir  ledipasvir ravidasvir

1 96 96 98 97 99
2 99 94 98 86 100
3 89 89 95 65 97
4 99 97 97 96 95
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Summary of evidence: harms

In the Pyramid trial (2), safety endpoints were assessed until 4 weeks after the
last dose of treatment. Adverse events were reported in 69% (204/298) of patients
and half of which were considered to be unrelated to the study treatment. Most
adverse events were mild to moderate and were headache (31%), pruritus (29%),
fatigue (18%) and abdominal pain (10%). Serious adverse events were reported
in 4% (11/298) of patients, with only two considered to be related to the study
treatment, one case of hearing impairment and one case of transient symptomatic
bradycardia.

In the STORM-C-1 trial (3), safety endpoints were assessed until 24 weeks
after the end of treatment. Treatment-emergent adverse events were reported in
64% (192/301) of patients. Treatment-related adverse events were reported in
29% (87/301) of patients. The most common adverse events were pyrexia (12%),
cough (9%), upper respiratory tract infection (8%) and headache (7%). Serious
adverse events were reported in 6% (19/301) of patients with only one considered
to be related to the study treatment. In patients with HCV-HIV co-infections, no
clinically significant drug-drug interactions between ravidasvir and commonly
used antiretrovirals were reported.

No treatment-related serious adverse events, discontinuations due to
adverse events or deaths were reported during the EVEREST trial (4).

In the ASC-ASC16-1I/III-CTP-1-01 trial (5), safety endpoints were
assessed until 4 weeks after the last dose of treatment. In this trial, adverse events
were reported in 94% (298/318) of patients in the intervention group and 79%
(84/106) of patients in the placebo group. Most adverse events were mild. Serious
adverse events were reported in 2% (7/318) and 5% (5/106) of patients in the
intervention and placebo groups, respectively.

The application presented a comparison of safety data for ravidasvir
combined with sofosbuvir with safety results for other regimens taken from a
meta-analysis on pangenotypic direct acting antivirals, reporting the pooled
proportions of patients experiencing events (Table 13) (6).
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Table 13
Pooled proportions of adverse effects of direct-acting antivirals (all treatment experience)

Measure Per cent

Sofosbuvir + Sofosbuvir + Glecaprevir + Sofosbuvir + Sofosbuvir +
Velpatasvir Daclatasvir Pibrentasvir Ledipasvir  Ravidasvir

Serious adverse 3 3 2 2 8?
event

Discontinuation 0 1 1 0 <1
due to adverse

event

2 Indirect comparison based on the STORM C-1 (3) and Pyramid 1 (2) trials.

WHO guidelines

Ravidasvir is not currently included in WHO guidelines for the treatment of
chronic HCV infection.

Costs/cost—effectiveness

The application reported that the current cost of one tablet of ravidasvir was
US$ 7.30 in China and US$ 3.60 in Malaysia. No cost data were available for
high- and low-income countries. In Malaysia, the cost of a course of ravidasvir +
sofosbuvir was reported to be US$ 300. Pharco and DNDi have publicly
announced that the sofosbuvir and ravidasvir combination will be available for
US$ 294 or less per treatment course (7).

A cost-utility analysis comparing ravidasvir + sofosbuvir to daclatasvir
+ sofosbuvir and sofosbuvir + velpatasvir was conducted in the Brazil and
Argentina. In Brazil, all three regimens were considered cost-effective when
compared to no direct-acting antiviral regimen. Compared with ravidasvir +
sofosbuvir, sofosbuvir + daclatasvir was not cost-effective for genotype 3 HCV
infections and sofosbuvir + velpatasvir was not cost-effective for all HCV
genotypes. In Argentina, ravidasvir + sofosbuvir was found to be cost-effective
for all HCV genotypes (8).

The application also presented comparisons of price per tablet of direct-
acting antivirals (Table 14) and treatment cost by regimen (Table 15) in Malaysia
and by country income level.
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Table 14
Price comparison for direct-acting antivirals in Malaysia and high-, middle- and low-
income countries and areas

Antiviral USS per tablet

Malaysia High Middle Low

income? income® income©

Daclatasvir 30 mg 4.84 No data No data 1.34
Daclatasvir 60 mg 0.39 48.44 0.83 6.39
Dasabuvir 250 mg No data No data 5.46 No data
Glecaprevir 100 mg + No data 111.94 107.07 No data
pibrentasvir 40 mg
Ravidasvir 200 mg 3.59 No data 7.33 No data
Ribavirin 200 mg 1.40 1.22 0.45 0.17
Sofosbuvir 400 mg 0.75 444.66 2.30¢ 6.78
Sofosbuvir 400 mg + No data 272.04 233 14.79

ledipasvir 90 mg

Sofosbuvir 400 mg + 2.19 232.19 5.63 14.34
velpatasvir 100 mg

2 Australia, Taiwan, China, Germany, Japan, New Zealand, Saudi Arabia, Republic of Korea, Sweden and United
Kingdom.

b Argentina, Azerbaijan, Brazil, China, Egypt, Romania, South Africa, Thailand and Turkiye.

¢ India, Indonesia and Viet Nam.

d Data only from China.

& Table15

N

S

oL Comparison of treatment costs for direct-acting antiviral regimens, by country

S income level

s

3 Antiviral regimen Uss$

! Highincome Middleincome Lowincome
S Glecaprevir + pibrentasvir 18 806.62 19503.74 No data
Q\é (minimum treatment duration)

S

% Glecaprevir + pibrentasvir 37613.25 35976.84 No data
QL (maximum treatment duration)

0

§ Sofosbuvir + daclatasvir 41 421.07 262.78 1106.22

(minimum treatment duration)




Applications for the 23rd EML and the 9th EMLc

Table 15 continued

Antiviral regimen Uss$

Highincome Middleincome Lowincome

Sofosbuvir + daclatasvir 82842.14 1278.17 221243
(maximum treatment duration)

Sofosbuvir + ravidasvir No data 808.95 No data
(minimum treatment duration)

Sofosbuvir + ravidasvir No data 2370.34 No data
(maximum treatment duration)

Sofosbuvir + velpatasvir 19503.74 472.54 1204.48
(minimum treatment duration)

Sofosbuvir + velpatasvir 39007.47 945.09 2408.95
(maximum treatment duration)

Availability

Ravidasvir currently has regulatory approval and market availability in China,
Egypt and Malaysia.

In 2017, the Medicines Patent Pool and Pharco Pharmaceuticals signed a
licence and technology agreement for ravidasvir, with the aim of improving access
to ravidasvir in 19 low- and middle-income countries with a high prevalence of
HCV infection, namely Algeria, Azerbaijan, Belarus, Djibouti, Egypt, Ethiopia,
Iran (Islamic Republic of), Iraq, Jordan, Kazakhstan, Lebanon, Libya, Morocco,
occupied Palestinian territory, Russian Federation, Syrian Arab Republic, Tunisia,
Ukraine and Yemen (9).

Other considerations

The Committee acknowledged that the Ministry of Health of Malaysia (the
applicant) had taken an active role in the development and manufacturing of
ravidasvir in a public-private partnership with pharmaceutical contractors and
the DNDi. The Committee considered that this type of approach may offer a
path forward for countries looking to address the challenge of high medicine
prices. The Committee recognized the importance of identifying and supporting
effective strategies to reduce prices far below current market prices for direct-
acting antiviral medicines in countries with limited resources and a high HCV
burden to increase affordable to hepatitis C treatments.

Committee recommendations

The Expert Committee recognized the public health importance of effective and
safe treatments for HCV infection, especially in settings with high disease burden.
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The Committee also noted that the availability of pangenotypic regimens has
overcome the requirement for genotype testing, but that rapid diagnostic testing
is still required to identify patients eligible for treatment. Rapid diagnostic tests
to screen for HCV infection are included on the WHO Model List of Essential
In-Vitro Diagnostics.

The Committee considered that the evidence presented in the application
from four clinical trials supported the effectiveness and safety of ravidasvir,
when used in combination with sofosbuvir, and showed results similar to those
seen with other pangenotypic direct-acting antiviral regimens. However, the
Committee noted that comparative studies versus other pangenotypic direct-
acting antiviral regimens were lacking, and that ravidasvir + sofosbuvir is not
included among the recommended pangenotypic regimens for adults in current
WHO guidelines for hepatitis C.

The Committee noted that the global availability of ravidasvir is currently
limited but considered that inclusion of ravidasvir on the EML would provide an
additional treatment option for national selection and procurement in countries
where it is available. The Committee also noted that ravidasvir had been licensed
to the Medicines Patent Pool, which may facilitate affordable access in low- and
middle-income countries.

The Committee therefore recommended the inclusion of ravidasvir on
the core list of the EML, for use in combination with sofosbuvir, as a therapeutic
alternative under the square box listing for pangenotypic direct-acting antivirals
for the treatment of chronic HCV infection in adults.
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Dasabuvir, ombitasvir + paritaprevir + ritonavir, pegylated interferon alfa
(2a & 2b) - deletion - EML

Dasabuvir ATC code: JO5AP09

Ombitasvir + paritaprevir + ritonavir ATC code: JOSAP53
Pegylated interferon alfa (2a & 2b) ATC code: LO3AB11/L03AB10

Proposal

Deletion of dasabuvir; ombitasvir + paritaprevir + ritonavir; and pegylated
interferon alfa 2a and 2b for the treatment of chronic hepatitis C virus (HCV)
infection from the EML.

Applicant

Philippa Easterbrook, WHO Global HIV, Hepatitis and STIs Programmes,
Geneva, Switzerland

WHO technical department
Global HIV, Hepatitis and Sexually Transmitted Infections Programmes

EML/EMLc
EML

Section
6.4.4.2.2 Non-pangenotypic direct-acting antiviral combinations
6.4.4.2.3 Other antivirals for hepatitis C

Dose form(s) & strengths(s)

Dasabuvir - Tablet: 250 mg

Ombitasvir + paritaprevir + ritonavir — Tablet: 12.5 mg + 75 mg + 50 mg
Pegylated interferon alfa 2a — Vial or prefilled syringe: 180 micrograms

Pegylated interferon alfa 2b - Vial or prefilled syringe: 80 micrograms,
100 micrograms

Core/complementary
Core (dasabuvir, ombitasvir + paritaprevir + ritonavir)

Complementary (pegylated interferon alfa)

Individual/square box listing
Individual
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Background

Pegylated interferon alfa has been included on the EML for use in combination
with ribavirin for the treatment of chronic HCV infection since 2013. Dasabuvir
and the fixed-dose combination of ombitasvir + paritaprevir + ritonavir were
added in 2015.

Listings of antivirals on the EML for the treatment of chronic HCV
infection were differentiated in 2019, to distinguish between pangenotypic and
non-pangenotypic treatments. With pangenotypic regimens now recommended
by WHO as the standard of care, the Expert Committee recommended that non-
pangenotypic treatments could be considered for future deletion from the EML (1).

Public health relevance

Itis estimated that 58 million people are chronically infected with HCV worldwide,
with higher burdens in low and middle-income countries (2). However, in 2019
about 79% of people infected with HCV were unaware of their infection status
and only about 13% of all infected people received treatment (2). An estimated
290 000 people died as a result of hepatitis C in 2019, mostly from liver cancer
and cirrhosis caused by untreated HCV infections. In this context, the WHO goal
is still to eliminate HCV as a public health threat by 2030, that is, a 90% reduction
in chronic infections and 65% reduction in mortality compared to 2015.

Summary of evidence: benefits

In 2018, WHO issued updated guidelines on care and treatment of chronic HCV
infection (3). Key changes made were the following.

= The adoption of a “treat all” approach: the use of safe and highly
effective direct-acting antiviral regimens for all persons with HCV
infection improves the balance of benefits and harms of treating
persons with little or no fibrosis, thus supporting a strategy of
treating all persons with chronic HCV infection, rather than
reserving treatment for persons with more advanced disease.

= The recommendation for the use of three pangenotypic direct-acting
antiviral regimens for the treatment of persons with chronic HCV
infection aged 18 years and above:

- sofosbuvir/velpatasvir 12 weeks
- sofosbuvir/daclatasvir 12 weeks and

- glecaprevir/pibrentasvir 8 weeks.

In 2022, this was updated to include adolescents and children down to
the age of 3 years (4,5).
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Since 2016, several new, pangenotypic direct-acting antiviral medicines
had been approved by at least one stringent regulatory authority, reducing the
need for genotyping to guide treatment decisions. A WHO-commissioned
systematic review identified 142 clinical studies that evaluated the safety and
efficacy of various direct-acting antiviral regimens approved by the United States
Food and Drug Administration and the European Medicines Agency. In 2018, the
Guidelines Development Group made a recommendation to use pangenotypic
regimens for the treatment of HCV infection. The Guidelines Development
Group acknowledged that the potential clinical benefits of pangenotypic regimens
were similar to those of non-pangenotypic regimens. However, pangenotypic
regimens present an opportunity to simplify the care pathway by removing
the need for expensive genotyping and so simplifying procurement and supply
chains. These regimens offer an important opportunity to facilitate treatment
expansion worldwide. These factors shift the balance of benefits and harms in
favour of the use of pangenotypic regimens. Interferon-based regimens also have
low efficacy and are associated with considerable toxicity.

Summary of evidence: harms

Pegylated interferon alfa and ribavirin are associated with prominent side-effects
during treatment and potentially irreversible long-term side-effects, such as
thyroid disease, type 1 diabetes, ophthalmological complications and growth
impairment in children (5).

WHO guidelines

Pegylated interferon alfa 2a and 2b and the non-pangenotypic regimen of dasabuvir
with ombitasvir + paritaprevir + ritonavir are no longer recommended treatments
in current WHO guidelines for treatment of chronic HCV infection (3,4).

Costs/cost—effectiveness
Not applicable

Availability
Not applicable

Other considerations

Dasabuvir, ombitasvir, paritaprevir and ritonavir have been removed from
expressions of interest issued for WHO prequalification of active pharmaceutical
ingredients and finished pharmaceutical products.

Committee recommendations
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The Expert Committee noted that pangenotypic direct-acting antiviral regimens
are now the standard for treatment of chronic HCV infection as recommended



in current WHO guidelines for treatment of HCV infection. They offer the
advantages of simplifying the care pathway by removing the need for genotype
testing and focusing procurement, thereby facilitating treatment expansion
worldwide.

The Committee noted that dasabuvir, used in combination with
ombitasvir + paritaprevir + ritonavir, is not a pangenotypic regimen. The
Committee also noted that interferon-based regimens have low efficacy and are
associated with significant toxicity. These treatments are no longer recommended
in WHO guidelines.

The Committee therefore recommended the deletion from the EML of
dasabuvir, ombitasvir + paritaprevir + ritonavir, and pegylated interferon alfa 2a
and 2b from the core list of the EML.
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6.7 Medicines for Ebola virus disease
Anti-Ebola virus disease monoclonal antibodies — addition - EML and EMLc

Ansuvimab-zykl ATC code: J06BD04

Atoltivimab + maftivimab + odesivimab-ebgn  ATC code: not available

Proposal

Addition of the monoclonal antibody therapeutics ansuvimab-sykl (mAb114)
and atoltivimab + maftivimab + odesivimab-ebgn (REGN-EB3) to the core list
of the EML and EMLc for the treatment of Ebola virus disease caused by Zaire
ebolavirus.

Applicant

Clinical Management Unit, WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Health Care Readiness

EML/EMLc
EML and EMLc

Section

6.7 Medicines for Ebola virus disease

Dose form(s) & strengths(s)
Ansuvimab-zykl - Powder for injection: 400 mg

Atoltivimab + maftivimab + odesivimab-ebgn - Injection: 241.7 mg + 241.7 mg +
241.7 mg in 14.5 mL vial

Core/complementary

Core

Individual/square box listing
Individual

Background

Anti-Ebola virus disease monoclonal antibodies have not previously been
evaluated for inclusion on the Model Lists.
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Public health relevance

Ebola virus disease (EVD) is a life-threatening disease caused by Ebola virus
(Zaire ebolavirus). During early EVD, patients present with a non-specific febrile
illness, followed by gastrointestinal signs and symptoms that frequently lead to
hypovolaemia, metabolic acidosis, hypoglycaemia, and multiorgan failure (I).
EVD case fatality is high, with a pooled case fatality rate of 60% (95% confidence
interval (CI) 47% to 73%) in outbreaks from 2010 to 2020 (2). In recent years,
several outbreaks of EVD have occurred in Africa, including the prolonged
2013-2016 outbreak in West Africa, outbreaks in the Democratic Republic of the
Congo (2018-2020, 2020, 2021, 2022), and in Guinea (2021) (3).

Summary of evidence: benefits

The PALM study was a randomized, multicentre study of four investigational
EVD therapeutics undertaken in the Democratic Republic of the Congo (4). All
patients received standard care, which consisted of administration of intravenous
fluids, daily clinical laboratory testing, correction of hypoglycaemia and
electrolyte imbalances, and administration of broad-spectrum antibiotic agents
and antimalarial agents as indicated. Patients were assigned in a 1:1:1:1 ratio to
receive intravenous administration of the triple monoclonal antibody 2G4, 4G7,
13C6 (ZMapp; the control group), the antiviral remdesivir, the single mAb114,
or the triple monoclonal antibody REGN-EB3. Patients of any age, including
pregnant women, were eligible if they had a blood specimen positive for Ebola
virus by real-time polymerase-chain-reaction (RT-PCR) assay. Neonates < 7
days of unconfirmed EVD status were also eligible if they were born to a mother
with documented EVD. Patients were stratified according to baseline PCR cycle
threshold values for the virus (< 22 versus > 22), with lower cycle threshold values
corresponding to higher viral load. The primary endpoint was 28-day mortality.

A total of 681 patients were enrolled from 20 November 2018 to 9 August
2019. Aninterim analysis of data from 499 patients on 9 August 2019 led to the data
and safety monitoring board recommending terminating random assignment to
ZMapp and remdesivir on the basis of results showing that the REGN-EB3 group
crossed an interim boundary for efficacy with respect to a surrogate endpoint
for death at 28 days, and an analysis of mortality that showed clear differences
between the mAb114 and REGN-EB3 groups and the ZMapp and remdesivir
groups. A total of 673 patients were included in the primary analyses. At 28 days,
290 deaths had occurred (in 18.8% and 76.1% of patients with low and high viral
loads, respectively).

The difference in 28-day mortality of mAb114 compared with ZMapp
was —14.6 percentage points (95% confidence interval (CI) —25.2 to —1.7). The
difference in 28-day mortality with REGN-EB3 compared with ZMapp was —17.8
percentage points (95% CI —28.9 to —2.9).
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From an indirect comparison of mAbl114 versus standard care, via
ZMapp, informed by data from the PALM (4) and PREVAIL (5) studies, there
was moderate-certainty evidence that mAb114 reduced mortality (relative risk
(RR) 0.42, 95% CI 0.19 to 0.93). In absolute terms, this represents 229 fewer
deaths per 1000 patients (95% CI 320 to 28 fewer) using the lowest baseline risk
estimate, and 383 fewer deaths per 1000 patients (95% CI 535 to 46 fewer) using
the highest baseline risk estimate (6).

From an indirect comparison of REGN-EB3 versus standard care, via
ZMapp, informed by data from the PALM (4) and PREVAIL (5) studies, there
was moderate-certainty evidence that REGN-EB3 reduced mortality (RR 0.40,
95% CI 0.18 to 0.89). In absolute terms, this represents 237 fewer deaths per 1000
patients (95% CI 324 to 43 fewer) using the lowest baseline risk estimate, and
396 fewer deaths per 1000 patients (95% CI 541 to 73 fewer) using the highest
baseline risk estimate (6).

A direct comparison of REGN-EB3 versus mAb114 informed by data
from the PALM study (4) showed low-certainty evidence of there being little
or no difference between the two treatments for mortality outcomes (RR 0.96,
95% CI 0.71 to 1.29). In absolute terms, this represents 7 fewer deaths per 1000
patients (95% CI 48 fewer to 48 more) using the lowest baseline risk estimate, and
11 fewer deaths per 1000 patients (95% CI 80 fewer to 80 more) using the highest
baseline risk estimate (6).

Summary of evidence: harms

Adverse events that were reported in >10% of patients in the PALM trial from a
predefined list of signs and symptoms that occurred during mAb114 and REGN-
EB3 infusion are shown in Table 16. The adverse event profiles in adult and
paediatric participants treated with mAb114 or REGN-EB3 were similar.

The evaluation ofadverse eventsin participants may have been confounded

-

S by the signs and symptoms of the underlying Zaire ebolavirus infection.

N

3

- Tablel6

= Adverse events occurring during infusion in > 10% of adult and paediatric participants

< inthe PALM trial

2

§. Adverse event % of participants

o

S mAb114(7) (n=173) REGN-EB3 (8) (n=154) Control (n=168)

IS

E Pyrexia 17 54 58

§ Tachycardia 9 39 32
Diarrhoea 9 20 18




Table 16 continued

Adverse event % of participants

mAb114(7) (n=173) REGN-EB3 (8) (n=154) Control (n=168)

Vomiting 8 19 23
Hypotension 8 19 31
Tachypnoea 6 15 28
Chills 5 1 33
Hypoxia 3 10 1

mAb114: monoclonal antibody ansuvimab-sykl; REGN-EB3: atoltivimab + maftivimab + odesivimab-ebgn.

WHO guidelines

The 2022 WHO guideline on therapeutics for Ebola virus disease includes a strong
recommendation for treatment with either mAb114 or REGN-EB3 for patients
with RT-PCR confirmed EVD and for neonates of unconfirmed EVD status, 7
days old or younger, born to mothers with confirmed EVD. The recommendation
applies only to EVD caused by Ebola virus (Zaire ebolavirus) (6).

Costs/cost—effectiveness

The price of the two therapeutics is currently unknown. No cost-effectiveness
studies have been undertaken.

Availability

Both mAb114 (Ridgeback Pharmaceuticals) and REGN-EB3 (Regeneron) have
regulatory approval from the United States Food and Drug Administration (7,8).
As of 1 October 2022, no commercial product is available. The two therapeutics
are currently used under an expanded access/compassionate use protocol.

In 2021, given the evidence of efficacy of the two therapeutics, WHO
opened an expression of interest to manufacturers of the therapeutics for product
evaluation and prequalification (9). As of March 2023, no therapeutics for EVD
have been prequalified by WHO.

The International Coordinating Group agreed in October 2021 to build a
stockpile of the two therapeutics with 5000 treatments. However, no commercial
batches are available. WHO procurement issued a Request for Quotations and
invited the two manufacturers to make offers. Ridgeback Pharmaceuticals
responded that the company does not have the capacity to produce mAb114
commercially and is in the process of agreeing a commercial partner to produce
it, and it is estimated to be on the market in 2024/2025. Regeneron has not yet
submitted an offer.
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The United States government’s Biomedical Advanced Research and
Development Authority has an agreement with Regeneron to procure REGN-
EB3 for the US National Strategic Stockpile.

Committee recommendations

The Expert Committee accepted that effective treatments for EVD are of public
health relevance, particularly in the context of outbreaks. EVD caused by Zaire
ebolavirus is a life-threatening disease with a high case-fatality rate for which
early diagnosis and initiation of treatment are essential to reduce mortality.

The Committee agreed that although limited, the clinical trial evidence
for mAb114 and REGN-EB3 demonstrated important reductions in mortality
at 28 days, and that evidence from indirect comparisons of the two therapeutics
suggested little or no difference in mortality outcomes between them. The
Committee also noted that based on the same evidence presented in the
application, the 2022 WHO guidelines on therapeutics for EVD include a strong
recommendation for treatment with either of these therapeutics, with the choice
of which agent to use depending on availability.

The Committee noted with concern that access to these therapeutics is
challenging, with no current commercial availability and supply only through
expanded access or compassionate use protocols. Furthermore, the price of these
agents is unknown and no cost-effectiveness studies have been undertaken.
Since late 2021, mAb114 and REGN-EB3 have been included in an expression of
interest to manufacturers for WHO prequalification, but to date, no products have
been prequalified. Additionally, efforts made by WHO to build a stockpile of the
two therapeutics, through requests for quotations from the two manufacturers,
have not yet been successful. The Committee requested an update on availability
for review in 2025.

The Committee considered that inclusion of these therapeutics on the
Model Lists represents a strong equity and advocacy message, fully aligned with
WHO guidelines, which could contribute to broader actions being undertaken
to ensure reliable and affordable access to quality-assured therapeutics for EVD.

The Expert Committee therefore recommended the addition of the
monoclonal antibodies mAb114 (ansuvimab-sykl) and REGN-EB3 (atoltivimab +
maftivimab + odesivimab-ebgn) to the core list of the EML and EMLc, in a new
subsection on medicines for EVD, for the treatment of EVD caused by Zaire
ebolavirus in patients (adults and children) with confirmed EVD, and in neonates
of unconfirmed infection status aged 7 days or younger, born to mothers with
confirmed infection.

WHO Technical Report Series, No. 1049, 2024



References

1. Jacob ST, Crozier |, Fischer WA, 2nd, Hewlett A, Kraft CS, Vega MA, et al. Ebola virus disease. Nat Rev
Dis Primers. 2020;6(1):13.

2. Kawuki J, Musa TH, Yu X. Impact of recurrent outbreaks of Ebola virus disease in Africa: a meta-
analysis of case fatality rates. Public Health. 2021;195:89-97.

3. Ebolavirus disease - fact sheet [internet]. Geneva: World Health Organization; 2021 (https://www.
who.int/news-room/fact-sheets/detail/ebola-virus-disease, accessed 6 October 2023).

4. Mulangu S, Dodd LE, Davey RT, Jr, Tshiani Mbaya O, Proschan M, Mukadi D, et al. A randomized,
controlled trial of Ebola virus disease therapeutics. N Engl J Med. 2019;381(24):2293-303.

5. Davey RT, Jr, Dodd L, Proschan MA, Neaton J, Neuhaus Nordwall J, Koopmeiners JS, et al. A
randomized, controlled trial of ZMapp for Ebola virus infection. N Engl J Med. 2016;375(15):1448-56.

6.  Therapeutics for Ebola virus disease. Geneva: World Health Organization; 2022 (https://apps.who.
int/iris/handle/10665/361697, accessed 6 October 2023).

7. Prescribing Information. EBANGA (ansuvimab-zykl) injection for intravenous use. Silver Spring,
MD: United States Food and Drug Administration; revised 12/2020 (https://www.accessdata.fda.
gov/drugsatfda_docs/label/2020/761172s000Ibl.pdf, accessed 6 October 2023).

8.  Prescribing Information. INMAZEB (atoltivimab, maftivimab, and odesivimab-ebgn) injection for
intravenous use. Silver Spring, MD: United States Food and Drug Administration; revised 10/2020
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761169s000Ibl.pdf, accessed 6
October 2023).

9. 1stlInvitation to manufacturers of therapeutics against Ebola virus disease to submit an Expression
of Interest (EOI) for product evaluation to the WHO Prequalification Unit. Geneva: World
Health Organization; 2021 (https://extranet.who.int/prequal/news/1st-invitation-manufacturers-
therapeutics-against-ebola-virus-disease-submit-expression, accessed 6 October 2023).

189


https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease
https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease
https://apps.who.int/iris/handle/10665/361697
https://apps.who.int/iris/handle/10665/361697
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761172s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761172s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761169s000lbl.pdf
https://extranet.who.int/prequal/news/1st-invitation-manufacturers-therapeutics-against-ebola-virus-disease-submit-expression
https://extranet.who.int/prequal/news/1st-invitation-manufacturers-therapeutics-against-ebola-virus-disease-submit-expression

6.8 Medicines for COVID-19

Data from 11 January 2023 report that globally, cumulative cases of COVID-19
were more than 660 million, with almost 6.7 million deaths (1). Vaccination
is having a substantial impact on hospitalizations and deaths in a number of
high-income countries, but limitations in global access to COVID-19 vaccines
mean that many populations remain vulnerable. More effective treatments for
COVID-19 are still needed.

The Expert Committee considered five applications for inclusion
of medicines for COVID-19 on the Model Lists: baricitinib, molnupiravir,
nirmatrelvir and ritonavir, remdesivir, and tocilizumab. Summaries of the
evidence presented and considered by the Expert Committee for each medicine
are in the following sections. The recommendations made by the Expert
Committee are applicable to all proposed medicines and are presented below.

Committee recommendations

The Expert Committee noted that the evidence presented in the applications
for each medicine was the same as that considered by the WHO Guideline
Development Group for COVID-19 therapeutics, which informed the following
recommendations in WHO living guidelines for COVID-19 (2).

= Baricitinib: strong recommendation for the use of baricitinib for
patients with severe or critical COVID-19

= Molnupiravir: conditional recommendation for use of molnupiravir
for treatment of patients with non-severe COVID-19 at highest risk
of hospitalization

= Nirmatrelvir and ritonavir: strong recommendation for the use of
nirmatrelvir and ritonavir for treatment of patients with non-severe
COVID-19 at highest risk of hospitalization

= Remdesivir: conditional recommendation for the use of remdesivir
for treatment of patients with non-severe COVID-19 at highest risk
of hospitalization or with severe COVID-19

= Tocilizumab: strong recommendation for the use of IL-6 inhibitors
(namely tocilizumab and sarilumab) for adults and children with
severe or critical COVID-19

Given the global recognition of the need for effective therapeutics to
prevent and treat COVID-19, as well as the need to ensure adequate and affordable
access globally to these treatments, the Expert Committee recommended that
effective and safe therapeutics for COVID-19 be considered as essential medicines
and therefore be prioritized by countries for national selection and procurement.
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The Expert Committee acknowledged that new variants of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have emerged, and
continue to emerge, affecting the epidemiology, clinical characteristics and, most
importantly, the response to treatment of the disease. The Committee considered
that predicting how mutations carried by new virus variants modify the response
to available treatments is difficult, if not impossible. Furthermore, the evolution of
the pathogen combined with the evolving immunity in the population over time
(through previous natural infection or vaccination) may influence the severity of
the disease, thus potentially affecting the relative and absolute benefits associated
with the use of COVID-19 therapeutics. Data on COVID-19 and hospitalization
rates are fluctuating, with countries reporting surges, often in association of
new variants or subvariants. However, the Committee noted that increases
in COVID-19 cases do not always lead to increased severity of the disease or
hospital admissions. COVID-19 data have shown lower hospitalization rates in
more recent waves compared with previous ones (3). Nevertheless, new variants
may further mutate and potentially cause more severe disease.

With this in mind, the Committee considered that the advantages of
adding a medicine for the treatment of COVID-19 to the Model Lists must be
evaluated against potential risks. The WHO Model Lists are updated every 2
years and national essential medicines lists are often updated less frequently. In
the context of rapidly evolving public health emergencies, there is therefore a risk
of including a medicine on the Model Lists that later has to be removed because
it is no longer relevant for the reasons outlined above, a scenario that should
be avoided. The Committee considered that WHO’s timeline and process of
selecting essential medicines is not ideally suited to rapidly evolving public health
emergencies, where the prioritization of health care interventions needs to be
adjusted according to the evolving evidence base. The Committee recognized the
important role of WHO and national guidelines as tools for countries to orient
prioritization of medicines during public health emergencies.

The Committee also commended the role of adaptive trial platforms
as a basis to guide clinical decision-making during a public health emergency.
During the COVID-19 pandemic, adaptive platform trials were rapidly created
at national (e.g. RECOVERY) and international (e.g. Solidarity) levels, which
contributed to the generation of evidence on critically relevant outcomes, such
as preventing deaths or hospitalizations. These adaptive trial platforms were
characterized by high external and internal validity, prioritization of relevant
research questions and use of robust methods. These elements contributed to
the rapid implementation of their results in routine clinical care. The Committee
encouraged the strengthening of national infrastructure to successfully conduct
adaptive platform trials, noting that their use need not be limited to public health
emergencies, but should also be extended to other priority health care questions.
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The Expert Committee therefore recommended that a new section be
added to the EML and EMLc for COVID-19 therapeutics, but that individual
medicines should not be specifically listed. Rather, the Committee recommended
that this section of the Model Lists should serve to direct national decision-
makers to the WHO living guidelines for COVID-19 therapeutics, which are
being revised and updated regularly. Importantly, these living guidelines also
include recommendations for the use of other medicines already included on the
Model Lists (e.g. dexamethasone, oxygen), as well as recommendations against
the use of medicines that are included on the Model Lists for other indications
(e.g. hydroxychloroquine, lopinavir-ritonavir).
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Baricitinib - addition - EML and EMLc

Baricitinib ATC code: LO4AA37

Proposal

Addition of baricitinib to the complementary list of the EML and EMLc for the
treatment of patients with severe or critical COVID-19.

Applicant

Clinical Management Unit, WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Country Readiness Strengthening

EML/EMLc
EML and EMLc

Section
6.8 Medicines for COVID-19

Dose form(s) & strengths(s)
Tablet: 2 mg, 4 mg

Core/complementary
Complementary

Individual/square box listing
Individual

Background
Baricitinib has not previously been evaluated for inclusion on the Model Lists.

Summary of evidence: benefits

Evidence for the benefits of baricitinib for severe or critical COVID-19 was
derived from a living network meta-analysis considered by the WHO Guideline
Development Group for COVID-19 therapeutics (1). The meta-analysis included
four randomized trials comparing baricitinib with usual care in 10 915 adult
patients in the hospital setting (2-5). There was high-certainty evidence that
baricitinib reduced mortality (odds ratio (OR) 0.83, 95% confidence interval (CI)
0.74 to 0.93). In absolute terms, this represents 20 fewer deaths per 1000 people
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(95% CI 8 fewer to 30 fewer). There was also moderate-certainty evidence that
treatment with baricitinib reduced mechanical ventilation (OR 0.89, 95% CI 0.80
to 0.99), duration of hospitalization (mean difference (MD) 1.4 fewer days, 95%
CI 2.4 to 0.4 fewer), and duration of mechanical ventilation (MD 3.2 fewer days,
95% CI 5.9 to 0.5 fewer).

Additionally, a subgroup analysis based on one study of 2659 patients
already receiving treatment with interleukin (IL) inhibitors showed an
independent mortality benefit of treatment with baricitinib (OR 0.79, 95% CI
0.63 to 0.97), representing 24 fewer deaths per 1000 people (2).

A 2022 Cochrane systematic review of six randomized trials (11 145
participants) compared systemic Janus kinase inhibitors plus usual care to usual
care alone in hospitalized patients with moderate-to-severe COVID-19 (6).
Baricitinib was the most often evaluated Janus kinase inhibitor (four studies,
10 815 participants). The authors concluded that there was moderate-certainty
evidence that systemic Janus kinase inhibitors decreased all-cause mortality at up
to day 28 (risk ratio (RR) 0.72, 95% CI 0.57 to 0.91).

Summary of evidence: harms

From the meta-analysis considered by the WHO Guideline Development Group,
there was moderate-certainty evidence that treatment with baricitinib resulted in
little or no increase in serious adverse events (I).

The Cochrane review found moderate-certainty evidence from three
studies (1885 participants) of little or no difference in the rate of adverse events
(any grade) with Janus kinase inhibitors compared with placebo (RR 0.97, 95% CI
0.88 to 1.08). For serious adverse events, there was moderate-certainty evidence
from four studies (2901 participants) of a decreased risk for serious adverse events
in patients treated with Janus kinase inhibitors compared with placebo (RR 0.79,
95% CI 0.68 to 0.92). There was low-certainty evidence from four studies (10 041
participants) of little or no difference in the rate of secondary infection between
treatment with Janus kinase inhibitors and standard of care (6).

WHO living guidelines for COVID-19 note that risks of
immunosuppression exist, particularly when multiple immunosuppressants are
used concurrently (e.g. baricitinib with corticosteroids and IL-6 inhibitors). The
guidelines also noted that the risk of serious bacterial and fungal infections may
vary considerably across settings depending on the background prevalence of
other infections (e.g. tuberculosis). The Guideline Development Group noted that
this risk may not be so important given the short course of baricitinib treatment
for COVID-19, but that evidence was currently limited because of the narrow
geographic spread of the trials included and short follow-up periods (1).

The most common adverse events associated with baricitinib when used
in chronic conditions and for durations not representative of use when indicated
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for treatment of COVID-19 are increased low-density lipoprotein cholesterol
(26.0%), upper respiratory tract infections (16.9%), headache (5.2%), herpes
simplex infection (3.2%) and urinary tract infections (2.9%) (7).

Another Janus kinase inhibitor, tofacitinib, has been associated with
serious adverse events, including heart attack or stroke, cancer, blood clots and
death (8). However, data from randomized trials evaluating the safety of short-
term use of baricitinib in patients with COVID-19 have not shown any significant
safety signals, including thrombosis.(2-4,9).

WHO guidelines

The WHO therapeutics and COVID-19 living guideline, 13 January 2023 includes
a strong recommendation for the use of baricitinib for patients with severe or
critical COVID-19 (1). The applicability of this recommendation to children is
still uncertain, as none of the randomized controlled trials considered by the
WHO Guideline Development Group enrolled children.

Costs/cost—effectiveness

No formal cost-effectiveness analysis was conducted as part of the WHO
guideline development process. The high cost of baricitinib compared with other
candidate treatments for COVID-19 was noted by the Guideline Development
Group, along with concerns about access and exacerbation of health inequity,
particularly in resource-constrained areas (1).

Non-peer-reviewed work by researchers from Harvard University
estimated the cost of generic baricitinib to be US$ 2 per treatment course (4 mg
daily x 14 days), compared with the list price from Eli Lilly of US$ 1109.92 per
treatment course (10).

Availability

Currently, baricitinib is provided commercially by Eli Lilly, which has been
granted patents in more than 50 countries. It is included on the 8th expression
of interest for prequalification of COVID-19 therapeutics. As of April 2023, no
baricitinib products are prequalified by WHO.

Baricitinib is not currently the subject of licensing agreements between
the patent holder and the Medicines Patent Pool. It is not being procured through
the ACT Accelerator programme at this time.

Other considerations

Baricitinib has been authorized for emergency use by the United States Food
and Drug Administration for treatment of COVID-19 in hospitalized paediatric
patients (aged 2 to < 18 years) requiring supplemental oxygen, non-invasive or
invasive mechanical ventilation, or extracorporeal membrane oxygenation (11).
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Committee recommendations
See beginning of section 6.8 Medicines for COVID-19.
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Molnupiravir - addition - EML

Molnupiravir ATC code: JO5AB18

Proposal

Addition of molnupiravir to the core list of the EML for the treatment of adult
patients with non-severe COVID-19 at highest risk of hospitalization.

Individuals at highest risk of hospitalization are those older than 60 years,
those with immunosuppression and/or chronic disease and those unvaccinated
against COVID-19.

Applicant

Clinical Management Unit; WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Country Readiness Strengthening

EML/EMLc
EML

Section
6.8 Medicines for COVID-19

Dose form(s) & strengths(s)
Capsule: 200 mg

Core/complementary
Core

Individual/square box listing
Individual

Background
Molnupiravir has not previously been evaluated for inclusion on the Model Lists.

Summary of evidence: benefits

Evidence for the benefits of molnupiravir for non-severe COVID-19 is derived
from a living network meta-analysis considered by the WHO Guideline
Development Group for COVID-19 therapeutics (1). The meta-analysis included
six studies comparing molnupiravir plus usual care with usual care alone in 4796
adult patients with non-severe COVID-19 in the outpatient setting.
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There was moderate-certainty evidence that treatment with
molnupiravir reduced hospital admissions (odds ratio (OR) 0.54, 95%
confidence interval (CI) 0.30 to 0.89). In absolute terms, among highest risk
patients, this represents 43 fewer hospital admissions per 1000 people (95% CI
68 to 10 fewer). There was also moderate-certainty evidence that molnupiravir
reduced time to symptom resolution (mean difference (days) 3.4 fewer, 95%
CI 4.8 to 1.7 fewer), and low-certainty evidence that molnupiravir reduced
mortality (OR 0.06, 95% CI 0 to 0.4). The effect of molnupiravir on mechanical
ventilation was very uncertain.

Summary of evidence: harms

From the meta-analysis considered by the WHO Guideline Development
Group, there was high-certainty evidence of no important difference between
molnupiravir and placebo in adverse effects leading to drug discontinuation (1).

Another rapid review and meta-analysis (four randomized controlled
trials, 1823 participants) investigated adverse events associated with molnupiravir
(2). No significant difference was found between molnupiravir 800 mg and
placebo for the outcomes of any adverse events (risk ratio (RR) 0.94, 95% CI 0.83
to 1.06), serious adverse events (RR 0.80, 95% CI 0.59 to 1.08) and adverse events
leading to death (RR0.47, 95% CI 0.17 to 1.28). In each case, rates of adverse
events were numerically lower in patients treated with molnupiravir.

More common adverse events associated with molnupiravir include
dizziness, headache, diarrhoea, nausea and vomiting.

Insufficient data are available to ascertain how high the barrier to
resistance is with SARS-CoV-2 for molnupiravir. Based on experiences with
other nucleoside antiviral drugs, molnupiravir will place a selective pressure for
viral resistance mutations within an individual, with the potential to spread at a
population level.

It has been proposed that random mutagenesis arising from the
molnupiravir mechanism of action might increase diversity in the viral
sequences that may result in more rapid emergence of new variants (3). Unlike
in the considerations for resistance, no conceptual basis exists for molnupiravir
placing a selective pressure on emergence of new variants. Sequence variation is
lower as molnupiravir is only incorporated in place of two of the four nucleotide
bases in the genome rather than in place of any nucleotide. No direct evidence is
available to support or refute the variants hypothesis; as such the risk is currently
unquantifiable.

The rate of resistance emergence and the risk of additional diversity in
the viral genome leading to new variants were acknowledged by the Guideline
Development Group to be higher with a higher number of patients receiving the
intervention.
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Non-clinical safety

The Guideline Development Group reviewed publicly available data on
non-clinical safety of molnupiravir from the United States Food and Drug
Administration (4), highlighting the following safety concerns.

= Genetic toxicology data demonstrated that molnupiravir is
mutagenic in vitro, but there was no evidence of mutagenicity in
animal models. The Guideline Development Group acknowledged
uncertainties in the existing data and concluded that based on the
available information, molnupiravir may or may not be carcinogenic
in humans.

= An increase in thickness of growth plate associated with decreased
bone formation was observed in rapidly growing rats but not in
mice, rats or dogs. The Guideline Development Group determined
that molnupiravir should not therefore be administered to
paediatric patients.

= Importantly, low concentrations of 3-D-N4-hydroxycytidine
(0.09% maternal exposures) were detectable in 10-day-old rat
pups suggesting that NHC is present in breast milk. The Guideline
Development Group determined molnupiravir should not be
administered to breastfeeding women.

= In developmental and reproductive toxicology assessments, reduced
fetal body weights were observed in rats and rabbits, with higher
exposures also being associated with embryo-fetal lethality and
teratogenicity in rats. Accordingly, molnupiravir should not be
administered during pregnancy.

= No data on spermatogenesis were available, which may be
particularly prone to the effect of a mutagen in adult males. No
data are available to quantify the consequences of this effect on
an embryo/fetus conceived by fathers who were receiving or had
recently received molnupiravir.

WHO guidelines

The WHO Therapeutics and COVID-19 Living Guideline includes a conditional
recommendation for use of molnupiravir for treatment of patients with non-
severe COVID-19 at highest risk of hospitalization, excluding pregnant and
breastfeeding women, and children (1).

The Guideline Development Group noted that the absolute benefits of
molnupiravir on hospital admission depend on the prognosis. The group defined
a threshold of a 6% absolute reduction in hospital admission to represent what
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most patients would value as an important benefit. Molnupiravir would exert
such a benefit in patients at highest risk of hospitalization (above 10% baseline
risk), such as people without COVID-19 vaccination, older people or those with
immunodeficiencies and/or chronic diseases. The conditional recommendation
for the use of molnupiravir in people at highest risk reflects this threshold: 60
fewer hospitalizations per 1000 patients, and a greater anticipated absolute
survival benefit, although this was not possible to quantify in the absence of data.

The guideline states that molnupiravir should not be given to pregnant
or breastfeeding women or to children. In case of doubt about pregnancy, a
pregnancy test should be performed before starting treatment. If a woman of
childbearing age is considered for treatment, counselling on birth control during
treatment and for 4 days after the last dose of molnupiravir should be facilitated.
Men planning to conceive should be advised on the potential for temporary
genotoxic effect on sperm cell production, and those who are sexually active with
females should be counselled to use birth control during treatment and for at
least 3 months after the last dose of molnupiravir. The unknown long-term risk
of genotoxicity is likely to be higher in younger patients than older patients; thus
use in younger adults who are not at high risk should be limited.

Costs/cost—effectiveness

No formal cost-effectiveness analysis was conducted as part of the WHO
guideline development process, nor presented in the application.

The application cited non-peer-reviewed estimates from Harvard
University, which estimate generic costs of molnupiravir to be US$ 14.16 for a
treatment course, compared with the price per course of US$ 700 in the United
States (5).

Availability

Molnupiravir is under patent by Merck Sharp & Dohme. Two generic brands of
molnupiravir 200 mg capsules were prequalified by WHO in late 2022.

The Medicines Patent Pool and Merck Sharp & Dohme signed a voluntary
licensing agreement in October 2021 to facilitate global access to generic
molnupiravir. To date, the Medicines Patent Pool has signed agreements with 27
generic manufacturers to provide molnupiravir in 105 low- and middle-income
countries (6).

Committee recommendations
See beginning of section 6.8 Medicines for COVID-19.
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Nirmatrelvir and ritonavir - addition - EML and EMLc

Nirmatrelvir and ritonavir ATC code: JOSAE30

Proposal

Addition of nirmatrelvir and ritonavir to the core list of the EML and EMLc for
the treatment of patients aged 12 years and older with non-severe COVID-19 at
highest risk of hospitalization.

Individuals at highest risk of hospitalization are those older than 60 years,
those with immunosuppression and/or chronic disease, and those unvaccinated
against COVID-19.

Applicant

Clinical Management Unit; WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Country Readiness Strengthening

EML/EMLc
EML and EMLc

Section
6.8 Medicines for COVID-19

Dose form(s) & strengths(s)
Tablet: 150 mg + 100 mg

Core/complementary
Core

Individual/square box listing

Individual

Background

Nirmatrelvir and ritonavir have not previously been evaluated for inclusion on
the Model Lists.

Summary of evidence: benefits

WHO Technical Report Series, No. 1049, 2024

Evidene for the benefits of nirmatrelvir and ritonavir for non-severe COVID-19
is derived from a living network meta-analysis considered by the WHO Guideline
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Development Group for COVID-19 therapeutics (1). The meta-analysis included
data from two randomized trials (EPIC-SR and EPIC-HR (unpublished))
comparing nirmatrelvir and ritonavir with placebo in 3100 non-hospitalized
patients with non-severe COVID-19.

For the outcome of hospital admission at 28 days, there was moderate-
certainty evidence that nirmatrelvir and ritonavir reduced hospitalization compared
with placebo (odds ratio (OR) 0.15, 95% confidence interval (CI) 0.06 to 0.38), or
30 fewer hospital admissions per 1000 patients (95% CI 33 to 21 fewer) in absolute
terms, using the baseline risk in the trials. Subgroup analyses of patients with higher
baseline risk were performed which showed moderate-certainty evidence of greater
absolute benefits for nirmatrelvir and ritonavir: 51 fewer hospital admissions per
1000 (95% CI 56 to 36 fewer) for patients with higher baseline risk and 84 fewer
hospital admissions per 1000 (95% CI 93 to 59 fewer) for patients with the highest
risk. There was low-certainty evidence that nirmatrelvir and ritonavir had little or
no effect on mortality at day 28 (OR 0.04, CI 95% 0 to 0.67).

Summary of evidence: harms

From the living network meta-analysis, there was high-certainty evidence that
nirmatrelvir and ritonavir had little or no risk of adverse effects leading to drug
discontinuation compared with placebo (2.1% versus 4.2%; OR 0.48, 95% CI
0.29 to 0.80) (I). Subsequent real-world data have shown higher rates of adverse
effects for nirmatrelvir and ritonavir of 17.5% in very small (n = 50) cohorts (2).

The combination of nirmatrelvir and ritonavir is associated with multiple
possible dangerous drug interactions, especially through CYP3A inhibition. The
use of nirmatrelvir and ritonavir may lead to the development of resistance to
HIV protease inhibitors in individuals with uncontrolled or undiagnosed HIV-1
infection (3).

A 2022 Cochrane systematic review (one randomized controlled trial (4),
2246 participants) assessed the safety of nirmatrelvir and ritonavir (5). The review
found moderate-certainty evidence of little or no effect of nirmatrelvir and ritonavir
compared with standard of care plus placebo on treatment-emergent adverse events
(any grade) (risk ratio (RR) 0.95, 95% CI 0.82 to 1.10), and moderate-certainty
evidence that nirmatrelvir and ritonavir increased treatment-related adverse events
(mainly dysgeusia and diarrhoea) compared with standard of care plus placebo (RR
2.06, 95% CI 1.44 to 2.95). Compared with placebo, there was moderate-certainty
evidence that nirmatrelvir and ritonavir decreased discontinuation of the study
drug due to adverse events (RR 0.49, 95% CI 0.30 to 0.80). No study results were
identified for improvement of clinical status, quality of life or viral clearance.

The combination of nirmatrelvir and ritonavir is contraindicated in
patients with a history of clinically significant hypersensitivity to the active
ingredients and in patients with severe hepatic and renal impairment.
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WHO guidelines

The WHO Therapeutics and COVID-19 Living Guideline includes a strong
recommendation for the use of nirmatrelvir and ritonavir for treatment of
patients with non-severe COVID-19 at highest risk of hospitalization (excluding
pregnant and breastfeeding women, and children) (6).

The Guideline Development Group considered that the combination of
nirmatrelvir and ritonavir was a superior choice to alternatives because it may have
greater efficacy in preventing hospitalization. Additionally, it is associated with
fewer harms than molnupiravir and does not require intravenous administration
as do remdesivir and monoclonal antibodies.

Costs/cost—effectiveness

No formal cost—effectiveness analysis was conducted as part of the WHO
guideline development process, nor presented in the application.

The application cited non-peer-reviewed estimates from Harvard
University which estimate costs for generic nirmatrelvir and ritonavir to be
US$ 73.15 per treatment course, compared with the price per course of US$ 530
in the United States (7).

Availability

Nirmatrelvir + ritonavir manufactured by Pfizer Limited (the patent holder) was
prequalified by WHO in April 2022. A generic brand manufactured by Hereto
Labs Ltd was prequalified by WHO in December 2022.

The Medicines Patent Pool and Pfizer signed a voluntary licensing
agreement in November 2021 to facilitate affordable access of nirmatrelvir
and ritonavir in 95 countries through 35 sublicensed generic manufacturers
worldwide (8). Under this agreement, Pfizer will not receive royalties from sales
of nirmatrelvir from the Medicines Patent Pool sublicensees while COVID-19
remains classified as a Public Health Emergency of International Concern by
WHO. After the pandemic period, sales to low-income countries will remain
royalty-free, while lower middle-income countries and upper middle-income
countries will be subject to a 5% royalty for sales to the public sector and a 10%
royalty for sales to the private sector.

Committee recommendations
See beginning of section 6.8 Medicines for COVID-19.

WHO Technical Report Series, No. 1049, 2024

204



References

1. Therapeutics and COVID-19: living guideline, 22 April 2022. Geneva: World Health Organization;
2022 (https://apps.who.int/iris/handle/10665/353403, accessed 6 October 2023).

2. Pesko B, Deng A, Chan JD, Neme S, Dhanireddy S, Jain R. Safety and tolerability of paxlovid
(nirmatrelvir/ritonavir) in high-risk patients. Clin Infect Dis. 2022;75(11):2049-50.

3. Fact sheet for healthcare providers: emergency use authorization for paxlovid. Silver Spring, MD:
United States Food and Drug Administration; 2022.

4. Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W, et al. Oral nirmatrelvir for
high-risk, nonhospitalized adults with Covid-19. N Engl J Med. 2022;386(15):1397-408.

5. Reis S, Metzendorf MI, Kuehn R, Popp M, Gagyor |, Kranke P, et al. Nirmatrelvir combined with
ritonavir for preventing and treating COVID-19. Cochrane Database Syst Rev. 2022;9(9):CD015395.

6.  Therapeuticsand COVID-19:living guideline, 13 January 2023. Geneva: World Health Organization;
2023 (https://apps.who.int/iris/handle/10665/365584, accessed 6 October 2023).

7.  Barber MJ, Gotham D. Estimated cost-based generic prices for nirmatrelvir/ritonavir (Paxlovid).
Cambridge, MA: Harvard Univesity; 2022 (https://scholar.harvard.edu/files/melissabarber/files/
estimated_cost-based_generic_prices_for_nirmatrelvir_ritonavir_paxlovid.pdf, accessed 6
October 2023).

8.  Pfizer and the Medicines Patent Pool (MPP) sign licensing agreement for COVID-19 oral antiviral
treatment candidate to expand access in low- and middle-income countries [press release].
Geneva: Medicines Patent Pool; 2021 (https://medicinespatentpool.org/news-publications-
post/pfizer-and-the-medicines-patent-pool-mpp-sign-licensing-agreement-for-covid-19-oral-
antiviral-treatment-candidate-to-expand-access-in-low-and-middle-income-countries, accessed
6 October 2023).

205


https://apps.who.int/iris/handle/10665/353403
https://apps.who.int/iris/handle/10665/365584
https://scholar.harvard.edu/files/melissabarber/files/estimated_cost-based_generic_prices_for_nirmatrelvir_ritonavir_paxlovid.pdf
https://scholar.harvard.edu/files/melissabarber/files/estimated_cost-based_generic_prices_for_nirmatrelvir_ritonavir_paxlovid.pdf
https://medicinespatentpool.org/news-publications-post/pfizer-and-the-medicines-patent-pool-mpp-sign-licensing-agreement-for-covid-19-oral-antiviral-treatment-candidate-to-expand-access-in-low-and-middle-income-countries
https://medicinespatentpool.org/news-publications-post/pfizer-and-the-medicines-patent-pool-mpp-sign-licensing-agreement-for-covid-19-oral-antiviral-treatment-candidate-to-expand-access-in-low-and-middle-income-countries
https://medicinespatentpool.org/news-publications-post/pfizer-and-the-medicines-patent-pool-mpp-sign-licensing-agreement-for-covid-19-oral-antiviral-treatment-candidate-to-expand-access-in-low-and-middle-income-countries

WHO Technical Report Series, No. 1049, 2024

206

Remdesivir - addition - EML and EMLc

Remdesivir ATC code: JO5AB16

Proposal

Addition of remdesivir to the complementary list of the EML and EMLc for the
treatment of patients with non-severe COVID-19 at highest risk of hospitalization,
or with severe COVID-19.

Individuals at highest risk of hospitalization are those older than 60 years,
those with immunosuppression and/or chronic disease, and those unvaccinated
against COVID-19.

Applicant

Clinical Management Unit, WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Country Readiness Strengthening

EML/EMLc
EML and EMLc

Section
6.8 Medicines for COVID-19

Dose form(s) & strengths(s)

Powder for injection: 100 mg

Core/complementary
Complementary

Individual/square box listing
Individual

Background

Remdesivir has not previously been evaluated for inclusion on the Model Lists.

Summary of evidence: benefits

Evidence for the benefits of remdesivir for non-severe and severe COVID-19 is
derived from a living network meta-analysis considered by the WHO Guideline
Development Group for COVID-19 therapeutics (2).



Non-severe COVID-19

The meta-analysis included data from five randomized trials (2709 participants)
comparing remdesivir with usual care in non-hospitalized patients with non-
severe COVID-19.

For the outcome of hospital admission at 28 days, there was moderate-
certainty evidence that treatment with remdesivir reduced hospitalization
compared with the usual care (odds ratio (OR) 0.25, 95% confidence interval
(CI) 0.06 to 0.88; one randomized control trial, 5632 participants) or 26 fewer
hospital admissions per 1000 patients (95% CI 33 to 4 fewer), using the baseline
risk in the trials. Subgroup analyses for patients with higher baseline risk were
performed which showed moderate-certainty evidence of greater absolute
benefits for remdesivir — 44 fewer hospital admissions per 1000 (95% CI 56 to 7
tfewer) for patients with higher baseline risk and 73 fewer hospital admissions per
1000 (95% CI 93 to 11 fewer) for highest risk. There was low-certainty evidence
of no important difference between remdesivir and usual care for the outcome of
mortality at day 28 (OR 0.68, CI 95% 0.39 to 1.21; five randomized control trials,
2709 participants). The effect of remdesivir on mechanical ventilation and time
to symptom resolution was very uncertain.

Severe COVID-19

The meta-analysis included data from five randomized trials (6631 participants)
comparing remdesivir with usual care in patients with severe COVID-19.

For the outcome of mechanical ventilation, there was moderate-certainty
evidence that remdesivir reduced mechanical ventilation compared with
usual care (OR 0.87, 95% CI 0.77 to 0.99; five randomized control trials, 6620
participants), or 14 fewer mechanical ventilation events per 1000 patients (95%
CI 24 to 1 fewer) in absolute terms. For the outcome of mortality, there was low-
certainty evidence that remdesivir reduced mortality (OR 0.89, 95% CI 0.78 to
1.02) with 13 fewer deaths (95% CI 26 fewer to 2 more) in absolute terms. There
was moderate-certainty evidence of there being no important difference between
treatment groups for the outcome of time to symptom improvement.

A 2021 Cochrane systematic review (five randomized control trials,
7452 participants) evaluated remdesivir in hospitalized patients with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (3). The
review found moderate-certainty evidence of little or no effect of remdesivir
on all-cause mortality up to day 28 - risk ratio (RR) 0.93, 95% CI 0.81 to 1.06;
risk difference (RD) 8 fewer deaths per 1000 patients, 95% CI 21 fewer to 7
more; four studies, 7142 participants. There was limited evidence of a beneficial
effect of remdesivir on mortality in a subset of 435 participants who received
low flow oxygen at baseline in one study (RR 0.32, 95% CI 0.15 to 0.66), but
no corroborative data in other studies. There was low-certainty evidence that
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remdesivir reduced the need for invasive mechanical ventilation (RR 0.56,
95% CI 0.41 to 0.77; 67 fewer events per 1000 participants; two studies, 1159
participants).

Summary of evidence: harms

A 2022 systematic review and meta-analysis evaluating adverse effects of
remdesivir, hydroxychloroquine and lopinavir/ritonavir for COVID-19 included
two studies (1281 participants) (4). The review found low-certainty evidence that
compared with placebo or standard care, remdesivir had no important effect
on the risk of acute renal injury (OR 0.85, 95% CI 0.51 to 1.41) or cognitive
dysfunction/delirium (OR 1.22, 95% CI 0.48 to 3.11).

The 2021 Cochrane systematic review found moderate-certainty evidence
from three randomized control trials (1674 participants) that remdesivir
decreased the rate of serious adverse events at up to 28 days (RR 0.75, 95% CI
0.63 to 0.90; RD 63 fewer events per 1000 patients, 95% CI 94 to 25 fewer). There
was low-certainty evidence of any adverse events - RR 1.05, 95% CI 0.86 to 1.27;
RD 29 more events per 1000 participants, 95% CI 82 fewer to 158 more) (3).

WHO guidelines
The WHO Therapeutics and COVID-19 Living Guideline (5) includes:

= aconditional recommendation for use of remdesivir for treatment
of patients with non-severe COVID-19 at highest risk of
hospitalization, and

= a conditional recommendation for use of remdesivir for treatment
of patients with severe COVID-19.

With regard to the recommendation for patients with non-severe
COVID-19, the Guideline Development Group considered that nirmatrelvir +
ritonavir was a superior choice to alternatives because it may have greater efficacy
in preventing hospitalization. Additionally, it is associated with fewer harms than
molnupiravir and does not require intravenous administration as do remdesivir
and monoclonal antibodies.

The guidelines also note that none of the included remdesivir randomized
controlled trials enrolled children or pregnant women, therefore the applicability
of the recommendations to these groups is uncertain.

Costs/cost—effectiveness

No formal cost-effectiveness analysis was conducted as part of the WHO
guideline development process, nor presented in the application.

The application reported that the commercial costs of a 10-day course of
remdesivir in 2020 was US$ 4680.
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Availability

Remdesivir manufactured by Gilead Sciences (the patent holder) was prequalified
by WHO in April 2022. Other patent applications have been made by other
entities in various regions including China (6).

Remdesivir is not currently the subject of licensing agreements between
the patent holder and the Medicines Patent Pool.

Committee recommendations
See beginning of section 6.8 Medicines for COVID-19.
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Tocilizumab - addition - EML and EMLc

Tocilizumab ATC code: LO4AACO7

Proposal

Addition of tocilizumab to the complementary list of the EML and EMLc for
the treatment of patients with severe or critical COVID-19, with a square box to
indicate sarilumab as a therapeutic alternative.

Applicant

Clinical Management Unit, WHO Department of Country Readiness
Strengthening, Geneva, Switzerland

WHO technical department
Country Readiness Strengthening

EML/EMLc
EML and EMLc

Section
6.8 Medicines for COVID-19

Dose form(s) & strengths(s)

Injection: 80 mg/4 mL in 4 mL vial, 200 mg/10 mL in 10 mL vial, 400 mg/20 mL
in 20 mL vial

Core/complementary

Complementary

Individual/square box listing

Square box listing for tocilizumab as the representative interleukin-6 (IL-6)
receptor blocker, with sarilumab as a therapeutic alternative.

Background

Tocilizumab and sarilumab have not previously been evaluated for inclusion on
the Model Lists for treatment of COVID-19.

Summary of evidence: benefits

A prospective meta-analysis of 27 randomized trials (10 930 participants)
comparing IL-6 receptor blockers with standard care in hospitalized adult
patients with COVID-19 showed high-certainty evidence that treatment with
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IL-6 inhibitors reduced mortality (odds ratio (OR) 0.86, 95% confidence interval
(CI) 0.79 to 0.95). In absolute terms, this represents 16 fewer deaths per 1000
people (95% CI 24 to 6 fewer) (1).

A living network meta-analysis of 30 randomized controlled trials
(10 618 participants) considered by the WHO Guideline Development Group
for COVID-19 therapeutics that compared IL-6 receptor blockers with standard
care provided estimates of benefit for other important outcomes for patients (2).
This included high-certainty evidence of a reduction in the need for mechanical
ventilation in patients receiving IL-6 receptor blockers (OR 0.72, 95% CI 0.57 to
0.90) and low-certainty evidence that IL-6 receptor blockers reduced duration
of mechanical ventilation (mean difference (MD) 1.2 lower, 95% CI 2.3 to 0.1
lower), and duration of hospitalization (MD 4.5 lower, 95% CI 6.7 to 2.3 lower).

The Guideline Development Group found that subgroup analyses
indicated no effect modification based on choice of IL-6 receptor blocker
(sarilumab or tocilizumab), nor disease severity (critical or severe). Subgroup
analyses evaluating baseline corticosteroid use indicated that benefits were
greater in patients also receiving corticosteroids compared with patients not
receiving corticosteroids (2).

A 2021 Cochrane systematic review of nine randomized controlled trials
(6428 participants) evaluating tocilizumab and two randomized controlled
trials (880 participants) evaluating sarilumab compared with standard care in
people with COVID-19 of any severity (3). The authors concluded that there was
high-certainty evidence that tocilizumab reduced all-cause mortality at day 28
compared with standard care or placebo (risk ratio (RR) 0.89, 95% CI 0.82 to
0.97). The effect of sarilumab for this outcome was uncertain (RR 0.77, 95% CI
0.43 to 1.36).

Summary of evidence: harms

From the meta-analysis considered by the WHO Guideline Development Group,
the occurrence of adverse events from IL-6 receptor blockers that led to treatment
discontinuation was uncertain, while there was low-certainty evidence that IL-6
receptor blockers were not associated with an increase in secondary bacterial
infections (2).

The Cochrane review found the effect of tocilizumab on (any) adverse
events to be highly uncertain (RR 1.23, 95% CI 0.87 to 1.72; seven randomized
controlled trials, 1534 participants). There was moderate-certainty evidence that
tocilizumab resulted in slightly fewer serious adverse events than standard care
or placebo (RR 0.89, 95% CI 0.75 to 1.06; eight randomized controlled trials,
2312 participants) (3). For sarilumab, the occurrence of serious adverse events
was uncertain (RR 1.17, 95% CI 0.77 to 1.77; two randomized controlled trials,
2312 participants). The authors concluded that it is unlikely that sarilumab causes
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an important increase in (any) adverse events (RR 1.05, 95% CI 0.88 to 1.25; one
randomized controlled trials, 420 participants), however the possibility could not
be excluded.

WHO guidelines

The WHO Therapeutics and COVID-19 Living Guideline includes a strong
recommendation for the use of IL-6 receptor blockers tocilizumab and sarilumab
for patients with severe and critical COVID-19 (2). The applicability of this
recommendation to children is currently uncertain, as none of the randomized
controlled trials considered by the WHO Guideline Development Group enrolled
children. However, the Guideline Development Group had no reason to think
that children with COVID-19 would respond any differently to treatment with
IL-6 receptor blockers. It was noted that tocilizumab is safely used in children for
other indications including polyarticular juvenile rheumatoid arthritis, systemic
onset of juvenile chronic arthritis and chimeric antigen receptor T-cell induced
cytokine release syndrome. If an IL-6 receptor blocker is used in children,
tocilizumab is preferred.

Costs/cost—effectiveness

No formal cost-effectiveness analysis was conducted as part of the WHO
guideline development process.

A United States analysis modelled the incremental cost-eftectiveness ratio
of adding tocilizumab to dexamethasone compared with dexamethasone alone as
US$ 16 520 per quality-adjusted life-year (QALY) (95% credible interval (CrI)
US$ 10 760 to 51 350) using trial-based probability of mortality. A sensitivity
analysis using a lower absolute mortality rate without treatment produced an
incremental cost-effectiveness ratio of US$ 26 840 per QALY (95% CrI 14 800 to
101 030). The authors concluded tocilizumab to be cost-effective (4).

Cost—effectiveness data for IL-6 receptor blockers for COVID-19 in low-
and middle-income countries are lacking. Willingness-to-pay thresholds in these
settings are lower than in the United States and other high-income countries.

Availability

Currently, tocilizumab is prequalified by WHO for use in COVID-19 and is
provided commercially by the patent holder Roche. Roche has committed to
provide up to 250 000 doses of tocilizumab at cost for distribution to low- and
middle-income countries through the ACT-Accelerator programme (5).

Sarilumab is under patent by Sanofi Genzyme. It is included on the eighth
expression of interest for prequalification of COVID-19 therapeutics. As of April
2023, no sarilumab products are prequalified by WHO.

Neither tocilizumab nor sarilumab are currently subjects of licensing
agreements between the patent holders and the Medicines Patent Pool.
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Committee recommendations
See beginning of section 6.8 Medicines for COVID-19.
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Section 8: Inmunomodaulators and antineoplastics

8.1 Immunomodaulators for non-malignant disease
Methotrexate — new formulation - EML and EMLc

Methotrexate ATC code: LO4AX03

Proposal

Addition of subcutaneous injection formulations of methotrexate to the
complementarylistofthe EMLand EMLc for the treatment of rheumatoid arthritis,
juvenile idiopathic arthritis, psoriatic arthritis, psoriasis and Crohn disease in
patients not responding to maximum tolerable doses of oral methotrexate.

Applicant

Laboratorios Gebro Pharma, S.A., Barcelona, Spain

WHO technical department

Noncommunicable Diseases

EML/EMLc
EML and EMLc

Section

8.1 Immunomodulators for non-malignant disease

Dose form(s) & strengths(s)

Injection: 50 mg/mL in prefilled syringe or prefilled pen (various sizes)

Core/complementary

Complementary

Individual/square box listing

Individual

Background

Methotrexate, in oral and parenteral formulations, is included in the EML and
EMLc for use in the treatment of various cancers. Oral methotrexate is included
as a disease-modifying anti-rheumatic medicine for use in the treatment of
rheumatoid arthritis and juvenile idiopathic arthritis.

Biological disease-modifying medicines (adalimumab, representative of
the pharmacological class of tumour necrosis factor alfa (TNFa) inhibitors) are
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included on the Model Lists for use in the treatment of rheumatoid arthritis,
juvenile idiopathic arthritis, ankylosing spondylitis and Crohn disease.

A separate application to the 2023 Expert Committee meeting requests
inclusion of oral methotrexate on the EML and EMLc for the treatment of severe
psoriasis.

Public health relevance

Between 1986 and 2014, the mean global point prevalence of rheumatoid arthritis
was reported to be 0.56%, with regional differences in prevalence: 1.46% in north
America, 0.80% in Africa, 0.53% in Europe, 0.46% in South America and 0.34%
in Asia (1).

In the case of psoriasis, global prevalence varies widely. Prevalence in the
overall population has been reported as 0.11% in east Asia, 1.58% in Australasia
and 1.52% in western Europe. The estimated prevalence of psoriasis in Asian
countries was reported to be much lower. Psoriasis occurs more frequently in
adults than in children (2). The Global Burden of Disease study reported more
than 4.6 million incident cases of psoriasis worldwide in 2019 (3). About 30% of
psoriatic patients develop psoriatic arthritis (4).

No information was provided in the application on the prevalence of
juvenile idiopathic arthritis, psoriatic arthritis or Crohn disease.

The Global Burden of Disease study reported about 4.9 million cases of
inflammatory bowel disease worldwide, without differentiation between Crohn
disease and ulcerative colitis (5).

Summary of evidence: benefits
Rheumatoid arthritis

The application presented only brief summaries of the findings of publications
identified through a literature search. The following information has been
elaborated by the Secretariat.

A 2016 systematic review and meta-analysis (seven studies, 1335
participants) compared subcutaneous versus oral methotrexate in the treatment
of rheumatoid arthritis (6). Subcutaneous methotrexate was associated with
greater improvements at 24 weeks in the American College of Rheumatology
20% (ACR20) and 70% (ACR70) responses: ACR20 odds ratio (OR) 1.68, 95%
confidence interval (CI) 1.09 to 2.61; ACR70 OR 1.52, 95% CI 1.02 to 2.26; two
randomized controlled trials, 467 participants). No significant difference was
found in ACR50 response between treatment groups (OR 1.68, 95% CI 0.64 to
4.44). Two studies (535 participants) evaluated pain using visual analogue scale
scores. Results showed that participants treated with subcutaneous methotrexate
had better pain control (mean difference (MD) -0.65, 95% CI -0.93 to —0.37).
Three studies (1163 participants) reported clinical failure and found no significant
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difference between the subcutaneous and oral metho