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Purpose: The pharmacology, pharmacokinetics, pharmacodynamics, clinical efficacy, and safety of zanbrutinib are described.
Summary: Mantle cell lymphoma (MCL) is a mature B-cell lymphoma that is typically associated with unfavorable outcomes, and 
virtually all patients with MCL have refractory or relapsed disease despite aggressive treatment. The treatment paradigm for MCL has 
transformed dramatically over the past decade owing to rapid advancements in immunotherapy and molecular-targeted therapies. 
Zanubrutinib, a second-generation Bruton’s tyrosine kinase inhibitor (BTKI) designated for mature B-cell non-Hodgkin’s lymphoma 
(NHL), has drastically improved the survival outcomes in relapsed/refractory (R/R) MCL patients. This selective BTKI is a small 
molecule that functions by forming a covalent bond in the active site of BTK. The inhibition of BTK activity is essential for the 
signaling of B-cell antigen receptor (BCR) and cytokine receptor pathways. In a preclinical study, zanubrutinib inhibited malignant 
B-cell proliferation and reduced tumor growth. Zanubrutinib was granted FDA-accelerated approval based on the results of Phase I and 
II trials. The investigator-assessed overall response rate was 83.7%, of which 78% of patients achieved complete response. The median 
duration of response was 19.5 months, and the median progression-free survival was 22.1 months. The most common (≥20%) all-grade 
adverse events were low neutrophil count (46.5%), upper respiratory tract infection (38.4%), rash (36.0%), low white blood cell count 
(33.7%), and low platelet count (32.6%).
Conclusion: Zanubrutinib is a selective, next-generation, orally active, irreversible BTK inhibitor. The selectivity of zanubrutinib and 
its superior efficacy, with a well-tolerated safety profile, have proven to be attractive options for other malignancies.
Keywords: zanubrutinib, mantle cell lymphoma, Bruton’s tyrosine kinase inhibitor

Background
Mantle cell lymphoma (MCL) is a rare B-cell lymphoma typically associated with unfavorable outcomes. It is a subtype 
of non-Hodgkin’s lymphoma (NHL), which accounts for 5–10% of all NHL cases in the United States.1 It is twice as 
common in non-Hispanic whites as in blacks, and is estimated to be 2–7 fold more common in men than in women.2 The 
annual incidence of MCL is about one case per 200,000 people and is rising.3,4 It has an aggressive clinical course, and 
approximately 70% of the patients do not present any symptoms until the advanced stage.5 MCL typically affects the 
older population with an average age of diagnosis of 68 years.

The vast majority of newly diagnosed patients present with reciprocal chromosomal translocation of t(11;14)9q13; 
q32), a mutation of the proto-oncogene CCND1 that upregulates the production of cyclin D1.1 Cyclin D1 is a protein that 
controls the progression from G1 to S phase in many different cell types, including mature B cells.6 This translocation is 
a hallmark of MCL and is expressed in virtually all MCL patients. 10–28% of MCL patients present with missense 
mutations in the TP53 gene that damage the DNA repair mechanism and apoptosis.7,8 Other common point mutations 
include overexpression of the BCL-2 gene, which enhances cell survival, and deletion of the ATM tumor suppressor 
gene.
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The clinical presentation of MCL varies depending on the disease origin. Conventional MCL arises from naïve 
B cells that express SOX 11, a biomarker that represses the tumor suppressor gene PRDM1 for cell termination during 
plasma cell differentiation.9 Patients typically have nodal/extranodal involvement, lymphadenopathy, splenomegaly, or 
even bone marrow involvement. Only 4% of patients present with GI symptoms; however, GI infiltration is found in up 
to 88% of patients.10 Up to one-third of these patients present with classic B symptoms including night sweats, 
unexplained weight loss, and fever. A considerable percentage of patients also present with peripheral blood 
involvement.11 On the contrary, a small group of patients remains largely asymptomatic and can be observed for 
a long time without any therapeutic interventions. These patients usually have normal LDH and B2M levels, low 
MIPI scores, and no B symptoms and are generally classified as smoldering MCL.12

Treatment of MCL is largely based on patient age, stage, tumor burden, genetic features, and other established risk 
factors, owing to its diverse presentation. The most widely adapted tool for risk stratification, prognosis, and treatment 
guidance for advanced MCL is the mantle cell international prognostic index (MIPI). It utilizes four independent 
prognostic factors, including performance status, age, LDH, and leukocyte count, to stratify patients into three risk 
groups and predict five-year survival.13 The International Prognostic Index (IPI) was developed to aid in prognostic in 
NHL; due to its inaccuracy in MCL, it is now mainly used for low-risk MCL patients.14 Other factors for adapting 
treatments include CNS involvement, blastoid cytomorphology, and ki-67%.

Because of its virulent course and the nature of the disease, virtually all patients with MCL have refractory or relapsed 
disease despite aggressive treatment.4 Prior to the introduction of Bruton’s tyrosine kinase inhibitors (BTKIs), the treatment 
landscape for relapsed/refractory (R/R) MCL was challenging and limited.15 The standard-of-care treatments available 
before the advent of BTK inhibitors often resulted in suboptimal responses and a significant proportion of patients exhibited 
rapid disease progression. Data from earlier studies indicated that the overall response rate for these treatments was 
considerably low, with a median progression-free survival and overall survival of only a few months.16,17 Furthermore, 
these treatments were often accompanied by adverse events, further complicating the management of R/R MCL.

The treatment paradigm for MCL has transformed dramatically over the past decade owing to rapid advancements in 
immunotherapy and molecular-targeted therapies. BTKIs, which are a breakthrough agents for mature B-cell NHL, have 
drastically improved survival outcomes in relapsed/refractory settings. BTK functions as an integral regulator in B cell 
proliferation, survival, and differentiation.18,19 The inhibition of BTK reduces the proliferation of malignant B-cells and 
eliminates malignant B-cells from tissues and lymphoid organs.20 Ibrutinib and acalabrutinib are earlier generations of 
BTK inhibitors that show promising results in MCL; however, the risk for bleeding and atrial fibrillation is of concern.

Zanubrutinib (BGB-3111) is the newest BTK inhibitor used for the treatment of MCL. It was approved by the FDA 
on November 14, 2019, for adult patients with MCL who have received at least one prior therapy.21 It is a potent, highly 
selective, and irreversible BTK inhibitor that is better tolerated than earlier generation BTK inhibitors. The National 
Comprehensive Cancer Network (NCCN) guidelines currently recommend the use of zanubrutinib (category 2A) 
as second-line therapy because of its extended response duration.22,23 This article discusses the pharmacology, safety, 
efficacy, current evidence, and future direction of zanubrutinib in MCL.

Pharmacology
Zanubrutinib is a second-generation BTK inhibitor approved in November 2019.24,25 Zanubrutinib is a small molecule 
inhibitor of BTK. It functions by forming a covalent bond with a cysteine residue in the active site of BTK. This binding 
leads to inhibition of BTK activity, which is essential for the signaling of B-cell antigen receptor (BCR) and cytokine 
receptor pathways. BTK signaling activates pathways necessary for B-cell proliferation, trafficking, chemotaxis, and 
adhesion (Figure 1). In a preclinical study, zanubrutinib inhibited malignant B-cell proliferation and reduced tumor 
growth.26

In both preclinical and clinical studies, zanubrutinib has demonstrated an anti-tumor effect in chronic lymphocytic 
leukemia (CLL), with an inhibitory effect on interleukin-2 inducible tyrosine kinase (ITK) and epidermal growth factor 
receptor (EGFR) in vitro.25,27,28 It can also regulate the immune microenvironment by suppressing the response of 
checkpoint molecules on suppressor cells and adhesion receptors on B cells by restoring T-cell exhaustion. At higher 
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doses, zanubrutinib impairs rituximab-dependent cytotoxicity mediated by NK cells. Compared to ibrutinib, zanubrutinib 
demonstrated better BTK selectivity and fewer off-target effects in several cell-based and in vitro enzymatic assays.26,27

Mechanism of Resistance
Ibrutinib, a first-generation BTK inhibitor, has documented secondary resistance mechanisms in CLL, in which mutations 
in the BTK active site at Cys481 result in diminished drug binding to zanubrutinib.27,29 Furthermore, the enzymatic 
activity of the BTK Leu528Trp mutation has shown a remarkable loss of activity of zanubrutinib compared to wild-type 
BTK and BTK Cys481.29

One study identified a unique resistance to zanubrutinib in four CLL patients with BTK Leu528Trp mutation and 
detectable Cys481 mutation at a lower variant allele frequency (VAF), in which all patients progressed while on 
zanubrutinib.29 The modeled crystal structure suggested BTK Leu528Trp mutation causes steric clashes at the drug- 
binding site, which hinders zanubrutinib binding and leads to loss of activity. In MCL, comparable BTK mutations, like 
BTKC481S, have been identified.30,31 Recent studies have also explored resistance pathways including the nuclear factor 
kappa-B, epigenetic modifiers like EP300, CREBBP, and WHSCI, as well as the epidermal growth factor receptor 
pathway.32,33 Another study showed that double mutations in BTK gatekeeper residues, such as T474I/C481S, T474M/ 
C481T, and T474M/C481S, cause strong resistance to ibrutinib, acalabrutinib, and zanubrutinib.34 Hence, these agent- 

Figure 1 BTK Inhibitors Mechanism of Action.
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specific mutations may require the addition of mutations in the genetic screening for BTK inhibitor use and resistance in 
real-world practice.

Pharmacokinetics and Pharmacodynamics
The maximum plasma concentration (Cmax) and area under the plasma drug concentration-time curve (AUC) increased 
in a dose-dependent manner over a dose range of 40–320 mg in patients with B-cell malignancies.27,35 Based on in vivo 
kinetic data, oral zanubrutinib was rapidly absorbed with a median time to Cmax of approximately 2 hours. Food intake 
did not affect zanubrutinib absorption in healthy subjects. Its volume of distribution at steady state is 881 liters with 94% 
plasma protein-bound.35,36 A single oral dose of 160 mg or 320 mg of zanubrutinib has an average half-life of 
approximately 2–4 hours and oral clearance of 182 liters/hour. The excretion of a single dose of zanubrutinib 320 mg 
was 87% in feces (38% unchanged) and 8% in urine (<1% unchanged).

The recommended dose of zanubrutinib in MCL is either 160 mg twice daily or 320 mg once daily. The dosing was 
based two studies, a Phase 2 study in which patients received a 160-mg dose of zanubrutinib twice daily and a Phase 1/2 
study where response rates were observed to be similar between 160 mg BID and 320 mg once daily dosing regimens.37 

Despite the limited patient count in the once-daily dose group, population pharmacokinetics and exposure-response 
analyses were employed to bridge the data between these two regimens. The analyses confirmed that both dosing 
regimens achieved comparable plasma exposure and BTK inhibition. Additionally, the variations in trough concentration 
and maximum plasma concentration between once-daily and twice-daily dosing were determined to be insignificant in 
terms of impacting both efficacy and safety endpoints.

No adverse effects were observed in patients with mild or moderate renal impairment who were treated with 
zanubrutinib. However, it has not been studied in patients with severe renal impairment (creatinine clearance <30 mL/ 
min) and end-stage renal disease on dialysis.24,35,38 Participants with mild (Child-Pugh class A), moderate (Child-Pugh 
class B), and severe liver (Child-Pugh class C) impairment experienced total AUC elevations of 11%, 21%, and 60%, 
respectively, compared to participants with normal hepatic function.24,35,38 The recommended dose of zanubrutinib in 
severe liver disease is 80 mg twice daily.

Drug Interaction and Dose Modification
The metabolism of zanubrutinib occurs mainly via cytochrome P450(CYP)3A4.24,27,35 Hence, the co-administration of 
zanubrutinib with CYP3A4 inducers or inhibitors can decrease or increase its level of exposure (Table 1). The 
recommended dose reduction of zanubrutinib is 80 mg once daily when administered concurrently with strong inhibitors 
and 80 mg twice daily when administered concurrently with moderate CYP3A inhibitors. However, the co-administration 
of either moderate or strong CYP3A inducers with zanubrutinib should be avoided. Zanubrutinib is not a substrate of the 
organic anion transporter (OAT) but is likely a substrate of p-glycoprotein.24

Pharmacodynamic studies in patients with B-cell malignancies showed that at a total daily dose of 320 mg of 
zanubrutinib, the median steady-state BTK occupancy in peripheral blood was maintained at 100% over 24 h.24,27,35 In 
an in vitro study, zanubrutinib demonstrated comparable potency to ibrutinib at inhibiting BTK while twenty-fold less 
potent than ibrutinib at inhibiting ITK.38 This illustrates the selectivity of zanubrutinib for BTK and its less off-target 
kinase inhibition effect than ibrutinib.

Table 1 Dose Modifications for Use with CYP3A Inhibitors or Inducers

Co-Administered Therapy Recommended Dose Adjustments

Strong CYP3A4 Inhibitor 80 mg once daily 
Interrupt dose as recommended for adverse reactions

Moderate CYP3A4 Inhibitor 80 mg once daily 
Interrupt dose as recommended for adverse reactions

Moderate or strong CYP3A4 inducer Avoid concomitant use
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Clinical Efficacy
Phase I
Tam et al evaluated zanubrutinib in patients with different B-cell malignancies including relapsed/refractory MCL in 
phase 1/2 study (BGB-3111-AU-003).39 The study was a dose-escalation, global, multicenter, single-arm trial that 
included 32 previously treated MCL patients. Zanubrutinib was administered at 160 mg twice daily (n = 14) or 
320 mg once daily (n = 18). The median follow-up was 18.8 months. The results showed that overall response rate 
(ORR) was 84%, with 25% achieving complete response (CR). The median response (DOR) was 18.5 months. The 
median progression-free survival (PFS) was 21.1 months. Eighteen patients discontinued treatment, 10 because of 
progressive disease, and 8 because of adverse events (AEs).

Phase II
The FDA’s accelerated approval was based on the results of two trials: BGB-3111-AU-003 and BGB-3111-206 (Table 2). 
Song et al (BGB-3111-206) conducted a single-arm, multicenter, Phase II trial assessing the use of zanubrutinib 160 mg 
twice daily in patients with R/R MCL.40 The trial enrolled a total of 86 patients at 13 centers in China. The investigator- 
assessed ORR was 83.7%, and 78% (n = 67) of patients achieved CR. The median response was 19.5 months. The 12- 
month and 15-month event free survival rates were 81.8% (95% CI 70.7–89.0) and 72.1% (95% CI 61.0–80.5), 
respectively. The median PFS was 22.1 months; 12- and 15-month PFS were 74.6% (95% CI 63.7–82.6) and 72.1% 
(95% CI 61.0–80.5), respectively. Subgroup analysis showed that for response rates, there were no clear differences 
across the subgroups analyzed, including the poor prognosis subgroup. The median DOR and PFS were 30.2 months and 
25.0 months in patients with blastoid histology. Nevertheless, prolonged DOR and PFS were observed in patients with 
low-or intermediate-risk combined MCL International Prognostic Index score (MIPI-b), lower Ki67 index (≤30%), fewer 
prior lines of therapy, and TP53 wild-type (WT). In patients with mutated and WT TP53, median PFS was 14.7 months 
(95% CI, 2.9-NE) in mutated TP53 and not reached (95% CI, 19.4-NE) in WT TP53 patients, respectively.

Phase III
There is an ongoing Phase III study (NCT04002297) comparing the efficacy and safety of zanubrutinib plus rituximab 
followed by zanubrutinib monotherapy versus bendamustine plus rituximab followed by observation in transplant-ineligible 
patients with previously untreated mantle cell lymphoma.41 The study has not reported any interim results yet. In contrast, 
there are two phase III studies have been published on CLL/SLL. In a phase III clinical trial (SEQUOIA trial),42 zanubrutinib 
was assessed in patients with CLL/SLL with or without del17p. Patients without del17p were assigned to receive zanubrutinib 
(arm A) or bendamustine–rituximab (arm B). Patients with del17p were enrolled in arm C and administered zanubrutinib. At 
a median follow-up of 26.2 months, PFS was significantly improved in group A compared to that in group B (HR, 0.42 [95% 
CI 0.28 to 0.63]; two-sided p < 0.0001). The median overall survival (OS) was not achieved in either group (Arm A vs Arm 
B). In arm C, the median PFS was not reached (95% CI NE–NE), and 24-month OS was 93.6% (95% CI 87.1–96.9).

Table 2 Clinical Efficacy Outcomes in MCL

Phase I (BGB-3111-AU-003) 
(N=32)

Phase II Study (BGB-3111-206) 
(N=86)

ORR, % 84 84

CRR, % 25 59

DOR (mos), median 18.5 19.5

PFS (mos), median 21.1 22.1

Abbreviations: ORR, overall response rate; CRR, complete response rate; DOR, duration of response; PFS, 
progression-free survival; NE, not estimable; mos, months.
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The phase III ALPINE trial assessed the efficacy of zanubrutinib in relapsed/refractory CLL/SLL patients who received at 
least one line of non-BTK inhibitor systemic therapy.43 The study also included patients with high-risk features, such as del17p 
and/or TP53 mutation. The ORR was significantly higher with zanubrutinib than with ibrutinib (78.3% vs 62.5%), and this 
benefit continued to be exhibited in patients with del17p and/or TP53 (80.5% vs 50%). The 12-month OS rates were 97% and 
92.7%, respectively. Although ALPINE trial was conducted in CLL/SLL patients, the fact that this trial was a head-to-head 
comparison of zanubrutinib with ibrutinib, which showed that zanubrutinib had superior efficacy and favorable safety profile; 
which could be extrapolated to MCL population

Safety
Regarding safety, zanubrutinib was considered to be well tolerated (Table 3).24 Tam et al44 conducted a pooled safety analysis of 
zanubrutinib monotherapy in 6 clinical trials. Seven hundred and seventy-nine patients were included in the pooled analysis, and 
most (88%) had R/R B-cell malignancies. Of the 43% of patients who discontinued treatment, only 10% discontinued treatment 
because of adverse events. Most patients (97%) reported ≥ one adverse event, although these events were primarily low-grade. 
The most common toxicities (≥ 10%) included upper respiratory tract infection, diarrhea, cough, contusion, rash, urinary tract 
infection, hematuria, constipation, fatigue, hypertension, pneumonia, lung infection, decreased neutrophil count, anemia, 
decreased platelet count, decreased WBC count, and neutropenia. At least 1 grade ≥3 treatment-emergent adverse event was 
reported in 66% of patients, and 37% were determined to be treatment-related. The most common serious adverse events 
included pneumonia, lung infection, urinary tract infection, pyrexia, cellulitis, anemia, and pleural effusion. In addition, 22 
patients (3%) developed atrial fibrillation, and the majority of opportunistic infections occurred within the first 6–18 months of 
therapy. If any grade 3 or 4 hematologic or non-hematologic complications occur, interruption or dose modification of 
zanubrutinib might be needed (Table 4).45

Pooled data of 10 clinical trials, revealed low rates of treatment discontinuation due to zanubrutinib side effects. 
Notably, adverse events like infections, myelosuppression, hypertension, secondary malignancies, and atrial fibrillation 
either remained stable or decreased over time.44 Furthermore, zanubrutinib has fewer cardiovascular adverse events 
compared to ibrutinib, including atrial fibrillation and ventricular arrhythmias.46 Additionally, most patients who do not 

Table 3 Zanubrutinib Adverse Events

Adverse Events All Grades, n (%) Grade ≥3, n (%)

Patients with at least one adverse event 83 (96.5) 34 (41.9)

Hematologic events

Neutropenia 42 (48.8) 17 (19.8)

Leukopenia 30 (34.9) 6 (7.0)

Thrombocytopenia 28 (32.6) 4 (4.7)

Anemia 13 (15.1) 5 (5.8)

Nonhematologic events

Upper respiratory tract infection 30 (34.9) 0

Rash 29 (33.7) 0

Hypokalemia 14 (16.3) 1 (1.2)

Diarrhea 13 (15.1) 0

Hypertension 13 (15.1) 3 (3.5)

Alanine aminotransferase increased 12 (14.0) 1 (1.2)

Lung infection 11 (12.8) 8 (9.3)
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tolerate ibrutinib or acalabrutinib toxicities, usually tolerate zanubrutinib as one study showed that most toxicities did not 
recur or recurred at a lower severity with zanubrutinib compared to other BTKis.47

Dosage and Administration
Zanubrutinib is available as 80-mg capsules for oral administration with or without food. Patients were instructed to 
swallow capsules with water and to not open, break, or chew capsules.45

Cost
Zanubrutinib was administered at a standard dose of 160 mg orally twice daily, or 320 mg daily. It was supplied in 80 mg 
capsules. The average wholesale price (AWP) of one 80 mg capsule is $139.97, and the AWP of a 30-day supply is 
$16,796.4.45

Cost Effectiveness
A comparative cost-effectiveness study of BTKIs based on phase I/II clinical trial in R/R MCL showed that in 
comparison with ibrutinib, acalabrutinib had a 3-year ICER of $90,571 while zanubrutinib had a 3-year ICER of 
$58,422.48 Compared with ibrutinib, zanubrutinib was associated with incremental one life-year of PFS of 0.38 and 
one quality-adjusted life-year of PFS of 0.30 at incremental costs of $18,484. This study indicates a further PFS benefit 
of second-generation BTKIs.

Future Directions
Zanubrutinib is a selective second-generation BTKI approved for relapsed/refractory MCL. Ongoing trials are assessing 
the role of zanubrutinib in patients with newly diagnosed MCL and CLL/SLL. Several ongoing studies are investigating 
zanubrutinib in MCL patients (Table 5). Some of these trials are investigating the role of zanubrutinib in the upfront line 
and in combination with other regimens. Future studies comparing all BTK inhibitors with zanubrutinib are essential to 
guide treatment selection and characterize the toxicity profile of each BTK inhibitor. Other ongoing trials on zanubrutinib 
include marginal zone lymphoma, diffuse large B-cell lymphoma, Waldenström macroglobulinemia, and mature B-cell 
malignancies.

Table 4 Zanubrutinib Dose Modification Based on AEs

Adverse Event Adverse Reaction 
Occurrence

Dose Modification

Grade 3 or higher non-hematological 

toxicities 

Grade 3 febrile neutropenia 
Grade 3 thrombocytopenia with 

significant bleeding 

Grade 4 neutropenia (lasting more than 
10 consecutive days) 

Grade 4 thrombocytopenia (lasting more 

than 10 consecutive days)

First Hold zanubrutinib 

Once toxicity has resolved to recovery to Grade 1 or lower or baseline: 

Resume at 160 mg twice daily or 320 mg once daily

Second Hold zanubrutinib 

Once toxicity has resolved to recovery to Grade 1 or lower or baseline: 
Resume at 80 mg twice daily or 160 mg once daily

Third Hold zanubrutinib 

Once toxicity has resolved to recovery to Grade 1 or lower or baseline: 

Resume at 80 mg once daily

Fourth Discontinue zanubrutinib

Atrial fibrillation or atrial flutter Manage as clinically indicated.

Intracranial hemorrhage (any grade) Discontinue zanubrutinib
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Conclusions
The treatment landscape for MCL is rapidly evolving, with new and more effective therapies emerging all the time. 
Zanubrutinib is a new selective BTK inhibitor with a single approved indication for R/R MCL in patients who have 
received at least one prior therapy. The mechanism of action and well-tolerated safety profile make zanubrutinib an 
attractive option to be evaluated in other malignancies. Several studies are underway to assess the role of zanubrutinib in 
upfront therapy and its efficacy in combination with other drug regimens for MCL. Moving forward, understanding the 
resistance pathways and exploring combination therapies may further optimize the management and survival of MCL.
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