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The Expert Committee acknowledged the role of targeted therapy with Bruton tyrosine kinase inhibitors in the treatment of

CLL/SLL, especially in high-income countries, and recalled the recommendation of the 2021 Committee to include ibrutinib on the

EML for patients with relapsed/refractory disease as there was compelling evidence of relevant benefit and improved tolerability

compared with chemoimmunotherapy. The Committee noted the results of clinical trials comparing zanubrutinib with

bendamustine–rituximab in previously untreated patients, and with ibrutinib in patients with relapsed/refractory disease, which

showed promising survival gains. However, the Committee considered that the magnitude of these gains may be limited and noted

that few long-term data were currently available. The Committee also noted the toxicity concerns highlighted by the Cancer

Medicines Working Group and considered longer-term data would be informative to confirm the safety profile of zanubrutinib. The

Committee also noted the high price of zanubrutinib and considered that at this price, it was unlikely to be cost-effective or

affordable in most low- and middle-income settings. The Committee also considered that the substitution of ibrutinib with

zanubrutinib would not necessarily be associated with savings in health budgets as proposed in the application, because lower

ibrutinib doses than those described in the application could be used in clinical practice. The Expert Committee therefore did not

recommend the addition of zanubrutinib to the complementary list of the EML for the treatment of CLL/SLL. However, recognizing

the role of Burton tyrosine kinase inhibitors in the treatment of CLL/SLL, the Committee recommended that the data continue to be

evaluated as the evidence evolves and matures.
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An application for inclusion of the Bruton tyrosine kinase inhibitor zanubrutinib on the EML for the treatment of relapsed or

refractory CLL/SLL was considered by the Expert Committee in 2021 (1). The Expert Committee noted that targeted therapy with

Bruton tyrosine kinase inhibitors was emerging as the cornerstone of treatment for CLL/SLL in high-income countries, replacing

chemoimmunotherapy as the accepted standard of care because these inhibitors were more effective, had less acute toxicity and

had minimal risk of the development of secondary leukaemias. The 2021 Committee considered that the application for inclusion of

zanubrutinib on the EML for the proposed indication was premature. The available data on efficacy and safety were limited to one

phase II single-arm trial, with a small number of participants. Comparative evidence of efficacy and safety versus other treatments,

for example ibrutinib, was also lacking. The available data were therefore considered insufficient to evaluate the clinical benefit

and safety of zanubrutinib at that time. The 2021 Committee also noted that zanubrutinib was expensive, had unknown cost–

effectiveness and had very limited global regulatory approval and availability. Therefore, the Committee did not recommend its

inclusion on the EML. However, recognizing the emerging importance of Bruton tyrosine kinase inhibitors as a therapeutic class in

the treatment of CLL for both first- and second-line treatment, the Committee advised that it would welcome an application

including zanubrutinib and other Bruton tyrosine kinase inhibitors for inclusion on the EML in the future when mature data are

available. At the same meeting, the Expert Committee recommended the addition of ibrutinib, another Bruton tyrosine kinase

inhibitor, to the complementary list of the EML for treatment of relapsed/refractory CLL. The Committee considered that the data

in this case were compelling for an important sustained benefit and improved tolerability for all patients with CLL (i.e. with or

without 17p deletion). The Committee acknowledged the potential of ibrutinib as a first-line treatment, particularly in the subgroup

of patients with 17p deletion, but considered that the available evidence, while promising, was currently immature, unlike the

evidence for relapsed/refractory disease. The Committee therefore did not recommend listing ibrutinib for first-line treatment (1).

The EML currently also includes bendamustine and rituximab as chemoimmunotherapy for CLL.

CLL/SLL is the main non-Hodgkin lymphoma (NHL) subtype occurring mainly in middle-aged and elderly people. CLL and SLL are

indolent B-cell malignancies that are often considered to be different clinical presentations of one disease, the major difference

being whether a patient presents with adenopathy alone (SLL) or with an elevated lymphocyte count (CLL). In many high-income

countries, CLL is the most common leukaemia in adults and accounts for 5–11% of non-Hodgkin lymphoma with an annual incidence

of 4.2 per 100 000 people (2). The annual incidence increases to more than 30 per 100 000 people in those aged 80 years and older.

The median age at diagnosis is 72 years (3). CLL is much less prevalent in Asian countries, where it accounts for 1–3% of non-

Hodgkin lymphoma and has an age-adjusted incidence of 0.2–0.3 per 100 000 people (4). During 2010–2016, the 5-year relative

survival of CLL/SLL patients in the United States was 85.7% with lower survival in older age groups. The 5-year relative survival of

CLL/SLL patients aged 0–19 years, 20–64 years and 65 years and older was 93.0%, 92.4% and 81.1%, respectively (5). Although

mostly considered an indolent disease, clinical presentations vary widely, and CLL/SLL is still a life-limiting and incurable illness. All

patients who require therapy will relapse at some point. The prognosis of patients with CLL/SLL is highly heterogeneous with

median overall survival of about 10 years. Some patients can survive for many years while about 20% have a very aggressive

presentation and a median overall survival of 1.5–3.0 years (6). The presence of a deletion of the short arm of chromosome 17p is

associated with more rapid disease progression and poor response to treatment.

The SEQUOIA trial was a randomized, phase III trial comparing zanubrutinib and bendamustine–rituximab in 590 patients with

previously untreated CLL/SLL (7). Patients without 17p deletion (del(17p13·1)) were randomly assigned to receive zanubrutinib

(group A) or bendamustine–rituximab (group B). Patients with 17p deletion (del(17p13·1)) were enrolled in group C and received

zanubrutinib. The primary endpoint was progression-free survival assessed by an independent review committee in the intention-

to-treat population in groups A and B. At median follow-up of 26.2 months, median progression-free survival had not been reached

in either group. The estimated rate of progression-free survival at 24 months was 85.5% (95% confidence interval (CI) 80.1% to

89.6%) in group A, compared with 69.5% (95% CI 62.4% to 75.5%) in group B (hazard ratio (HR) 0.42, 95% CI 0.28 to 0.63). The

progression-free survival benefit was consistently observed across key patient subgroups. Estimated overall survival at 24 months

was similar between the two arms: 94.3% (95% CI 90.4% to 96.7%) in group A and 94.6% (95% CI 90.6% to 96.9%) in group B.

Median overall survival had not yet been reached in either group. In group C, with a median follow-up of 30.5 months, median

progression-free survival was not reached, estimated 24-month progression-free survival was 88.9% (95% CI 81.3% to 93.6%) and
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estimated 24-month overall survival was 93.6% (95% CI 87.1% to 96.9%). An interim analysis of health-related quality of life

outcomes was assessed using patient reported outcomes using the European Organisation for Research and Treatment of Cancer

(EORTC) QLQ-C30 and EQ-5D-5L VAS (8). Patients who were treated with zanubrutinib showed greater improvements in health-

related quality of life at weeks 12 and 24 compared with patients treated with bendamustine–rituximab. At 24 weeks, these

differences were significantly higher for zanubrutinib in global health status, physical functioning, role functioning, and reduction in

diarrhoea, fatigue and nausea/vomiting. The ALPINE study was a randomized, phase III trial comparing the efficacy and safety of

zanubrutinib versus ibrutinib in patients with relapsed/refractory CLL/SLL (9). Patients were randomized 1:1 to zanubrutinib 160

mg orally twice daily or ibrutinib 420 mg orally once daily. After a median follow up of 29.6 months, zanubrutinib was superior to

ibrutinib for progression-free survival among 652 patients (HR for disease progression or death, 0.65, 95% CI 0.49 to 0.86), as

assessed by the investigators; the results were similar to those as assessed by an independent review committee. At 24 months,

the investigator-assessed rates of progression-free survival were 78.4% in the zanubrutinib group and 65.9% in the ibrutinib group.

Median progression-free survival was not reached in the zanubrutinib group and was 34.2 months (95% CI 33.3 months to not

estimable) in the ibrutinib group. Among patients with a 17p deletion, a TP53 mutation or both, those who received zanubrutinib

had longer progression-free survival than those who received ibrutinib (HR for disease progression or death 0.53, 95% CI 0.31 to

0.88). Progression-free survival across other major subgroups consistently favoured zanubrutinib. In the intention-to-treat

population, zanubrutinib had a higher overall response rate (assessed by an independent review committee) than ibrutinib (86.2%

versus 75.7%), with a rate of partial response with lymphocytosis or better of 91.7% versus 83.1%. An interim analysis of health-

related quality of life outcomes was done for patient-reported outcomes using EORTC QLQ-C30 and EQ-5D-5L VAS. Compared

with baseline, the positive improvements in health-related quality of life, as assessed by disease-related symptoms and treatment-

related effects and functioning, were greater in cycle seven (6 months after the start of therapy), which suggests that treatment

with zanubrutinib could potentially alleviate disease burden earlier than ibrutinib in this patient population. The health-related

quality of life results align with results from the interim analysis of ALPINE showing that rates of adverse events such as atrial

fibrillation, major bleeding and adverse events leading to discontinuation or death were lower in patients treated with zanubrutinib

than ibrutinib (10). Study BGB-3111-205 was a single-arm, open-label phase II study evaluating safety and efficacy of zanubrutinib

in relapsed/refractory CLL/SLL (11). After a median follow up of almost 34 months, investigator-assessed overall response rate

was 87.9%, with 6.6% of patients achieving a complete response, 69.2% achieving a partial response (PR), and 12.1% achieving a

PR with lymphocytosis. Overall response rate was generally consistent across all subgroups analysed, including patients with high-

risk cytogenetics (12). Study BGB-3111-AU-003 was a phase I/II open-label, multiple dose, dose escalation and expansion study to

investigate the safety and pharmacokinetics of zanubrutinib in 123 patients with treatment naïve or relapsed/refractory CLL/SLL

(13). After a median follow-up of 47.2 months, the overall response rate was 95.9% % (treatment naïve, 100%; relapsed/refractory

95%), with 18.7% achieving complete response. Ongoing response at 3 years was reported in 85.7% of patients. The overall

response rate in patients with the del(17p)/tumour protein p53 mutation was 87.5%. The 2- and 3-year estimated progression-free

survival was 90% and 83%, respectively.

In the phase III SEQUOIA study of zanubrutinib versus bendamustine–rituximab, grade 3 or higher adverse events were reported

in 126 (52.5%) and 181 (79.7%) participants in the zanubrutinib and brentuximab–rituximab arms, respectively. Serious adverse

events were reported in 88 (36.7%) and 113 (49.8%) participants, respectively. The most frequently reported adverse events ≥
grade 3 in the zanubrutinib arm were infections (16.3%), neutropenia (11.7%), other cancers (7.1%), hypertension (6.3%) and

bleeding and major bleeding (both 3.8%). The most frequently reported adverse events ≥ grade 3 in the brentuximab–rituximab

arm were neutropenia (51.1%), infections (18.9%), thrombocytopenia (7.9%) and hypertension (4.8%) (7). In the phase III ALPINE

study of zanubrutinib versus ibrutinib, treatment discontinuation was lower with zanubrutinib (26.3%) versus ibrutinib (41.2%),

with most discontinuations due to adverse events (16.2% versus 22.8%) or progressive disease (7.3% versus 12.9%).

Discontinuation due to cardiac disorders occurred in 0.3% versus 4.3% of participants. Rates of ≥ grade 3 adverse events, serious

adverse events, dose interruptions and dose reductions were also lower with zanubrutinib compared with ibrutinib. The proportion

of participants with new-onset atrial fibrillation/flutter was lower with zanubrutinib than ibrutinib (5.2% versus 13.3%); rates of

other adverse events of special interest were similar between treatments. No grade 5 adverse events due to cardiac disorders

occurred with zanubrutinib, whereas these occurred in six (1.9%) participants treated with ibrutinib (9). The ASPEN trial was a

pivotal, randomized, open-label, phase III, study comparing zanubrutinib with ibrutinib in patients with Waldenström

macroglobulinaemia (14). In the long-term follow up of ASPEN, zanubrutinib was associated with fewer adverse events leading to
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death, treatment discontinuation, and dose reduction compared with ibrutinib. The prevalence of atrial fibrillation, hypertension

and bleeding were lower in the zanubrutinib arm at all time intervals (15). Safety data from the phase II BGB-3111-205 study (11)

were the same as those reported in the 2021 application (1). In the phase I/II BGB-3111-AU-003 study, 76 (61.8%) participants

experienced at least one grade 3 or higher adverse event. Five (4.1%) participants discontinued zanubrutinib therapy due to an

adverse event; three were deemed unrelated and two related to zanubrutinib therapy. One person experienced an adverse event

leading to death, which was deemed unrelated by investigators (13).

Comparative cost–effectiveness studies for zanubrutinib in the treatment of CLL/SLL are lacking. The application presented a

comparison of the costs per day of zanubrutinib (all indications) and ibrutinib (two groups of indications: CLL/SLL/Waldenström

macroglobulinaemia and mantle cell lymphoma/marginal zone lymphoma) in 19 upper middle- and high-income countries. The

average price difference for zanubrutinib compared with ibrutinib was –0.3% for CLL/SLL/Waldenström macroglobulinaemia

indications and –24.1% for mantle cell lymphoma/marginal zone lymphoma indications. The application asserted that substitution

of ibrutinib with zanubrutinib would be associated with health budget savings, based on the assumption that zanubrutinib had

clinical advantages and a cheaper price than ibrutinib.

WHO guidelines for treatment of CLL/SLL are not currently available.

As of 30 November 2022, zanubrutinib was approved for selected indications (other than CLL/SLL) in 61 markets including

Australia, Canada, China, European Union, Republic of Korea, Switzerland, the United Kingdom, and the United States. Additional

regulatory submissions are under review around the world. Zanubrutinib is currently approved for use in the treatment of CLL/SLL

only in China (relapsed/refractory disease only) and the European Union. Regulatory approval in other jurisdictions is ongoing.

The technical team in cancer in the WHO Department of Noncommunicable Diseases reviewed and provided comments on the

application. The technical department commented that there was insufficient mature overall survival data currently available to

justify inclusion of zanubrutinib on the Model List. In addition, the technical department noted the need for additional data about

toxicity and feasibility of use in settings with weaker health systems without specialized clinical services. The EML Cancer

Medicines Working Group reviewed the application and advised that did not support the inclusion of zanubrutinib on the EML for

the treatment of CLL/SLL at this time. The working Group noted that while data supported progression-free survival gains with

zanubrutinib compared to ibrutinib, it considered that the magnitude of these gains might be limited. The Working Group also noted

that few long-term and real-world data were available. Furthermore, the Group acknowledged the following limitations for

zanubrutinib: high rates of toxicity (particularly neutropenia); remaining uncertainty on a better safety profile compared with

ibrutinib for bleeding, hypertension and atrial fibrillation; and limited information on prices with uncertain cost–effectiveness

(given that lower doses can be used with ibrutinib compared with those proposed in the application).

1. The selection and use of essential medicines. Report of the WHO Expert Committee, 2021 (including the 22nd WHO Model List of 
Essential Medicines and the 6th WHO Model List of Essential Medicines for Children). Geneva: World Health Organization; 2021 (
WHO Technical Report Series, No. 1035; https://apps.who.int/iris/handle/10665/351172, accessed 6 October 2023).
2. Wu SJ, Huang SY, Lin CT, Lin YJ, Chang CJ, Tien HF. The incidence of chronic lymphocytic leukemia in Taiwan, 1986–2005: a distinc
t increasing trend with birth-cohort effect. Blood. 2010;116(22):4430–5.
3. Eichhorst B, Robak T, Montserrat E, Ghia P, Hillmen P, Hallek M, et al. Chronic lymphocytic leukaemia: ESMO clinical practice guid
elines for diagnosis, treatment and follow-up. Ann Oncol. 2015;26(Suppl 5):78–84.
4. Yang SM, Li JY, Gale RP, Huang XJ. The mystery of chronic lymphocytic leukemia (CLL): Why is it absent in Asians and what does th
is tell us about etiology, pathogenesis and biology? Blood Rev. 2015;29(3):205–13.
5. Howlader N, Noone A, Krapcho M, Miller D, Brest A, Yu M. SEER cancer statistics review, 1975–2017. Bethesda, MD: National Ca
ncer Institute. 2020 (https://seer.cancer.gov/archive/csr/1975_2017/, accessed 16 September 2023).
6. Smolewski P, Robak T. Current treatment of refractory/relapsed chronic lymphocytic leukemia: a focus on novel drugs. Acta Haem
atol. 2021;144(4):365–79.
7. Tam CS, Brown JR, Kahl BS, Ghia P, Giannopoulos K, Jurczak W, et al. Zanubrutinib versus bendamustine and rituximab in untreate
d chronic lymphocytic leukaemia and small lymphocytic lymphoma (SEQUOIA): a randomised, controlled, phase 3 trial. Lancet Oncol. 
2022;23(8):1031–43.
8. Ghia P, Barnes G, Yang K, Tam C, Hillmen P, Robak T, et al. P662: patient-reported outcomes from a phase 3 randomized study of z
anubrutinib versus bendamustine plus rituximab (br) in patients with treatment-naïve (TN) CLL/SLL. Hemasphere. 2022;6:560–1.



9. Brown JR, Eichhorst B, Hillmen P, Jurczak W, Kaźmierczak M, Lamanna N, et al. Zanubrutinib or ibrutinib in relapsed or refractory c
hronic lymphocytic leukemia. N Engl J Med. 2023;388(4):319–32.
10. Hillmen P, Brown J, Lamanna N, O’Brien S, Tam C, Qiu L, et al. P663: health-related quality of life outcomes associated with zanub
rutinib vs ibrutinib monotherapy in patients with relapsed/refractory (RR) CLL/SLL: results from the randomized phase 3 Alpine Trial
. Hemasphere. 2022;6:561–2.
11. Xu W, Yang S, Zhou K, Pan L, Li Z, Zhou J, et al. Treatment of relapsed/refractory chronic lymphocytic leukemia/small lymphocytic
lymphoma with the BTK inhibitor zanubrutinib: phase 2, single-arm, multicenter study. J Hematol Oncol. 2020;13(1):48.
12. Xu W, Yang S, Zhou K, Pan L, Li Z, Zhou J, et al. EP639: zanubrutinib monotherapy in patients with relapsed or refractory chronic l
ymphocytic leukemia: 34-month follow-up results. Hemasphere. 2021;5:286–7.
13. Cull G, Burger JA, Opat S, Gottlieb D, Verner E, Trotman J, et al. Zanubrutinib for treatment-naive and relapsed/refractory chroni
c lymphocytic leukaemia: long-term follow-up of the phase I/II AU-003 study. Br J Haematol. 2022;196(5):1209–18.
14. Tam CS, Opat S, D’Sa S, Jurczak W, Lee HP, Cull G, et al. A randomized phase 3 trial of zanubrutinib vs ibrutinib in symptomatic W
aldenström macroglobulinemia: the ASPEN study. Blood. 2020;136(18):2038–50.
15. Dimopoulos M, Opat S, D’Sa S, Jurczak W, Lee HP, Cull G, et al. P1161: Aspen: long-term follow-up results of a phase 3 randomize
d trial of zanubrutinib (Zanu) vs ibrutinib (Ibr) in patients (Pts) with WaldenstrÖm macroglobulinemia (WM). Hemasphere. 2022;6(S
uppl):1048–9.




