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ABSTRACT 

Objectives: This study aimed to (1) evaluate the cost-effectiveness of second-generation 

Bruton’s tyrosine kinase (BTK) inhibitors, including acalabrutinib and zanubrutinib, compared 

with the first-generation BTK inhibitor (ibrutinib) in treating patients with relapsed or refractory 

mantle cell lymphoma (R/R MCL) using existing evidence from phase I/II clinical trials for 

second-generation BTK inhibitors; (2) assess the value of additional information analyses to 

identify the gap and uncertainty of the current evidence and to prioritize future studies to resolve 

uncertainty; (3) compare the expected value of additional evidence with expected opportunity 

costs for performing additional studies. 

Methods and Materials: A Markov model with two health states (progression-free [PF] and 

progression or death) was established, comparing acalabrutinib or zanubrutinib with ibrutinib 

from the United States (US) payer perspective. To simulate health outcomes for each treatment 

regimen, transition probabilities between the two health states were derived from parametric 

distributions fitted to Kaplan–Meier (KM) curves based on PF survival (PFS) curves from the 

phase III clinical trial reported by Dreyling et al. (Lancet 2016) for ibrutinib, the phase II clinical 

trial reported by Wang et al. (Lancet 2018) for acalabrutinib, and the phase I/II clinical trial 

reported by Tam et al. (Blood 2019) for zanubrutinib. The analysis was conducted over a lifetime 

horizon, and health utility outcomes and costs were discounted at 3.5% per year. The PFS life 

years (LYs) and PFS quality-adjusted LYs (QALYs) for each treatment, the incremental PFS 

LYs and PFS QALYs gained with acalabrutinib or zanubrutinib over ibrutinib, and the 

incremental cost-effectiveness ratio (ICER) and cost-utility ratio (ICUR) were estimated in both 

base and probabilistic sensitivity analyses (PSA; 100,000 simulations). The expected value of 

perfect information (EVPI) was calculated from the net monetary benefit (NMB) and net health 
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benefit (NHB) that are forgone, by comparing the overall optimal treatment resulting from the 

PSA ICURs with the optimal strategy in each of 100,000 PSA simulations.  

Results: Treatment with acalabrutinib resulted in incremental PFS LYs and PFS QALYs of 

(3.40, 2.66) while zanubrutinib was associated with incremental PFS LYs and PFS QALYs of 

(2.21, 1.71) when compared with ibrutinib. The incremental costs per PFS QALY gained when 

comparing acalabrutinib and zanubrutinib with ibrutinib were $41,744 and $37,813, respectively. 

For a willingness to pay (WTP) value of $100,000, the probabilities of acalabrutinib, 

zanubrutinib, and ibrutinib being cost-effective are 50%, 34%, and 16%, respectively. Using the 

available evidence regarding clinical efficacy, costs, and utility outcomes as inputs for the model, 

an uncertainty cost of $92,473 (NHB=0.93 QALYs is forgone) per patient was obtained, which 

implies a need for additional research. The uncertainty costs of effectiveness for acalabrutinib, 

zanubrutinib, and ibrutinib were $66,709, $53,916, and $984, respectively, while the health-

related quality of life (HRQoL) (disutility values) of adverse events was associated with an 

uncertainty cost of $85,949. 

Conclusions: The results demonstrate that acalabrutinib is more cost-effective compared with 

ibrutinib and zanubrutinib and greatly improves health outcomes in R/R MCL patients. However, 

decisions based on this analysis, which used phase I/II trials, are associated with a high level of 

uncertainty in terms of health benefits that may be forgone for some populations if acalabrutinib 

is adopted by health insurance companies. Future studies that compare the efficacy and HRQoL 

of these agents are recommended.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Overview  

 Mantle cell lymphoma (MCL) is a rare and aggressive subtype of non-Hodgkin 

lymphoma (NHL), accounting for 2%–7% of all NHL cases [1]. In 2019, the estimated number 

of new MCL cases was 4,452 [2]. Among MCL patients, 85% have an abnormal genetic lesion 

resulting from segment translocation between chromosomes 11 and 14 t (11,14). This exchange 

occurs at the cyclin D1 gene and results in the overproduction of cyclin D1 protein, which is 

responsible for cancer cell growth and replication. This genetic mutation is considered as the 

driver of MCL progression, along with other genetic mutations. MCL has four stages: stages 1 

and 2 (localized stages); stage 3 (intermediate stage), in which the tumor starts to proliferate 

outside the lymph nodes; and stage 4 (advanced stage), in which the cancer cells start to form 

masses and spread over the entire body. Among MCL patients, 70% are diagnosed at the 

advanced stage [3]. Although the risk of having MCL is influenced by genetic mutations and 

family history, males are four times more likely to have MCL than females, whites are at greater 

risk than Asians and blacks, and old age is a risk factor, with a median age of approximately 60 

years for MCL patients and a range of 35–85 years.  

 Compared with other lymphomas, MCL has a poor prognosis and is associated with an 

aggressive clinical course. Although patients have a high overall response rate (ORR) of 60%–

97% to initial treatments, most patients relapse within 18 months [4]. The median overall 

survival (OS) from the initial diagnosis ranges from 29 to 51 months, depending on the MCL 

international prognostic index (MIPI) score [5]. The MIPI incorporates age, lactate 

dehydrogenase levels (LDH), white blood cell (WBC) counts, Eastern Cooperative Oncology 
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Group (ECOG) performance status, and the tumor cell proliferation index (Ki67) as prognostic 

factors. Based on the score results, the index classifies patients into three risk groups: low risk, 

for which the 5-year OS rate is 60%; intermediate risk, in which the median OS reaches 51 

months; and high risk, in which the median OS is approximately 29 months [6]. 

 Refractory or relapsed MCL (R/R MCL) is generally associated with poor outcomes that 

can vary with respect to the time to relapse after frontline therapy. A recently published 

retrospective cohort study identified 457 patients with R/R MCL. The researchers categorized 

these patients into three groups based on the time to first relapse: the primary refractory group 

included patients who exhibited progression within 6 months of initial treatment induction 

(n=65), the POD24 group comprised patients who progressed between 6 and 24 months post-

treatment (n=153), and the POD>24 group included patients who relapsed after 24 months post-

initial treatment (n=239). The results showed that the primary refractory patients had a median 

OS of 1.3 years and a median secondary progression-free survival (PFS) of 1 year. However, the 

POD24 patients had a median OS of 3 years and a median secondary PFS of 1 year, while the 

POD>24 patients had a median OS of 8 years and a median secondary PFS of 2.3 years. Within 

the primary refractory group, the median OS was significantly longer for patients who received 

less intensive therapy than for those subject to intensive therapy: 2 years vs. 0.9 years. In the 

POD24 group, both the median secondary PFS and median OS were significantly longer for 

patients treated with less intensive therapy compared with those receiving intensive therapy: 2 

years vs. 0.8 years and 6.8 years vs. 2 years, respectively [7]. This previous research adds a 

possible significant prognostic factor to the existing evidence for MCL patients, which may help 

physicians in counseling their patients and in predicting patients’ health outcomes. However, this 

research has a limitation because it lacks data regarding the genetic mutation background for the 
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included patients, which also plays an important role in the remission time of MCL patients. 

Genetic mutations such as TP53, NOTCH1, and BCL2 have been reported as important 

molecular markers that may affect the prognosis of this disease [8, 9]. Makhdum et al. conducted 

a systematic review to identify the most frequent somatic gene mutations in MCL patients and 

their impact on the progression of disease and the development of resistance to therapies. 

Makhdum and colleagues found that ATM, CCND1, MLL2, TP53, and BIRC3 were the most 

frequent gene mutations among patients in the included clinical trials. However, due to a lack of 

knowledge regarding the association between gene mutations and survival or progression 

outcomes in the included clinical trials, Makhdum suggested a future plan for conducting 

dynamic adaptive clinical trials that assess patients’ genetic aberrations and their response to 

different therapeutics targeting specific mutations to combat the development of drug resistance 

[10]. 

1.2 Treatments  

 Based on United States (US) guidelines issued by the National Comprehensive Cancer 

Network, the initial treatments for patients with MCL are categorized as aggressive or less 

aggressive. The aggressive therapy, which is recommended for patients aged ≤65 years without 

comorbidities, consists of high-dose chemoimmunotherapy including CHOP (cyclophosphamide, 

doxorubicin, vincristine, and prednisone), R-CHOP (rituximab and CHOP), and R-hyperCVAD 

(rituximab combined with hyper-fractionated cyclophosphamide, vincristine, doxorubicin, and 

dexamethasone alternating with high-dose methotrexate and cytarabine) followed by 

consolidation therapy and autologous stem cell transplantation (ASCT). As most MCL patients 

tend to be older than 65 years, most patients are not eligible for intensive chemoimmunotherapy 

and ASCT. A number of less aggressive therapies are available for these patients, including BR 
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(bendamustine plus rituximab), LR (lenalidomide plus rituximab), and low-dose cytarabine plus 

BR, with response rates ranging from 60%–95% and a median PFS of ≤5 years [11-13]. 

Although most patients respond to the initial therapy, they inevitably relapse, even after intensive 

therapies. The treatment of R/R MCL is characterized by a shorter duration of remission, fewer 

available successive line therapies, and limited therapeutic options once progression has re-

occurred [14]. Chemoimmunotherapy based on CHOP and regimens containing bendamustine, 

cytarabine, or fludarabine plus rituximab are considered options for early treatment of first-

relapse and transplant-ineligible patients <65 years with no comorbidities. As 50%–60% of R/R 

MCL patients are ≥65 years, have comorbidities, or are ineligible for transplantation, different 

novel agents have provided therapeutic alternatives to chemoimmunotherapy [14, 15]. These 

agents, including bortezomib, lenalidomide, temsirolimus, and Bruton’s tyrosine kinase (BTK) 

inhibitors, have been approved over the last decade and have demonstrated efficacy and lower 

toxicity profiles compared with those for conventional chemoimmunotherapy. Although these 

therapies have not been compared in phase III randomized clinical trials, data from phase I/II 

clinical trials suggest that BTK inhibitors are the most effective agents for R/R MCL [5].  

 BTK is a key component of the B-cell receptor signaling pathway and is necessary for B-

cell differentiation, proliferation, and maturation. BTK inhibitors are small molecules designed 

to covalently bind to the Cys481 molecule of the BTK enzyme and to disrupt the downward 

signaling pathway of cancerous B-cells (Figure 1.1). 
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1.3 Current Clinical Evidence for BTK Inhibitors in R/R MCL 

 Ibrutinib represents the first generation of BTK inhibitors and was approved in 2013 for 

the treatment of R/R MCL based on a phase II clinical trial, in which 111 patients received a 

560-mg daily dose of ibrutinib until the occurrence of disease progression or intolerant adverse 

events. The median age of the patients was 68 years, 77% were males, 49% had a high-risk MIPI 

score, 89% had an ECOG score of 0 to 1, and 55% had received ≥3 prior treatments. The results 

showed that ibrutinib was associated with a response rate of 67% (complete response [CR]=23%, 

partial response [PR]=44%), a median PFS of 13 months, and a median OS of 22.5 months at a 

median follow-up of 26.7 months [16, 17]. Grade III or higher adverse events observed in the 

clinical trial included neutropenia (17%), thrombocytopenia (13%), anemia (11%), bleeding 

(5%), atrial fibrillation (5%), and pneumonia (6%). Ibrutinib was also compared with 

temsirolimus in a phase III clinical trial of 280 patients with R/R MCL. Ibrutinib was associated 

with a greater ORR (72%, P<0.0001) and CR rate (19%) as well as a significantly higher PFS 

(14.6 vs. 6.2 months, P<0.0001) [18]. Although ibrutinib is associated with significant 

improvements in the health outcomes of MCL patients because of its effective binding to target 

cells, it also binds to several off-target receptors, including the epidermal growth factor receptor 

(EGFR) and receptor tyrosine kinase (TEK), resulting in serious adverse events including atrial 

fibrillation, bleeding, and infection [19]. Additionally, more than one third of patients on 

ibrutinib developed primary and acquired drug resistance. Oshrat et al. conducted a review of all 

ibrutinib studies in R/R MCL (two clinical trials and three retrospective cohort studies) to 

examine the molecular mechanisms underlying ibrutinib resistance [20]. Oshrat found that 

approximately one half of patients on ibrutinib discontinued the therapy because of resistance; 

the rate of primary resistance ranged from 10.2% to 35%, and the rate of acquired resistance 



 

13 
 

ranged from 17.5% to 54% among all patients treated with ibrutinib. For both resistance types, 

B-cells developed a mutation at the BTK binding site of ibrutinib, which attenuated the covalent 

binding of ibrutinib to cancer cells. MCL cells use an alternative pathway to maintain their 

signaling activity in order to survive and proliferate through activation of the PIK3-AKT 

pathway.  

 Due to the off-target effects and resistance mechanisms of ibrutinib, a second generation 

of BTK inhibitors, including acalabrutinib, zanubrutinib, and tirabrutinib, has been developed to 

be more selective and specific to BTK. Acalabrutinib was approved in 2017 based on a phase II 

clinical trial of 124 patients with R/R MCL. Patients received 100 mg of acalabrutinib orally 

twice a day over a 28-day cycle until the occurrence of disease progression or intolerable adverse 

events. The median age of the patients was 68 years, with 80% of the patients being male. Most 

of the patients had advanced-stage disease: 83% of patients had a low to intermediate MIPI 

scores, and 93% of patients had an ECOG ≤1, with a median of two prior therapy lines. 

The median PFS was 19.5 months (95% confidence interval [CI]=16.6–27.7 months), and the 

median OS was not reached. The most frequently observed adverse events for acalabrutinib were 

grade I to II, including headache (38%), fatigue (27%), diarrhea (31%), and myalgia (21%). 

Most of the headache events were grade I and self-resolved within 11 days of therapy initiation, 

but two patients had to discontinue therapy due to headaches. Grade III/IV adverse events 

included neutropenia (10%), anemia (9%), and pneumonia (5%). Unlike ibrutinib, acalabrutinib 

does not cause dysfunctional thrombus formation or inhibit Src kinase, which is critical for the 

adhesion of platelets to collagen. Thus, in contrast to ibrutinib, acalabrutinib is not associated 

with major bleeding events [21]. Zanubrutinib is another second-generation BTK inhibitor that 

has been designed to maximize BTK occupancy and minimize off-target inhibition of TEK and 
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the EGFR kinase family. Zanubrutinib  received an accelerated approval by the US Food and 

Drug Administration in 2019 for the treatment of R/R MCL after achieving a high ORR of 84% 

(CR=59% and PR=25%) at a median follow-up of 18.5 months for 86 patients in a phase I/II 

clinical trial. Zanubrutinib was administered orally at 160 mg twice a day until the occurrence of 

disease progression or unacceptable toxicity [22]. Another phase I/II clinical trial of 

zanubrutinib, including 39 patients with R/R MCL, was reported at the American Society of 

Hematology annual meeting in December 2018. The median patient age was 71 years, and 

91.7% of patients had an ECOG ≤1. Low to moderate MIPI scores were recorded for 58.3% of 

patients, with a median of one prior line therapy. For a median follow-up of 14.8 months, the 

investigators reported an ORR of 87.2% (CR=25.6, PR=61.5) and a median PFS of 19 months. 

Adverse events at grade III or higher were reported, including anemia (8%), cellulitis (6%), 

myalgia (6%), neutropenia (16%), thrombocytopenia (5%), pneumonia (7%), major hemorrhage 

(6.3%), and atrial fibrillation (2.1%) [23]. Dobie and colleagues investigated the effect of 

ibrutinib vs. zanubrutinib on platelet activation, glycoprotein expression, and thrombus 

formation in mice and humans. They found that ibrutinib, but not zanubrutinib, induced the 

shedding of glycoproteins (GPIb-IX and αIIbβ3) from the platelet surface, indicating that 

ibrutinib is more strongly associated with hemorrhage events than zanubrutinib [24].  

 Initial studies of acalabrutinib and zanubrutinib demonstrated excellent response and PFS 

rates and suggested improved safety profiles compared with the first-generation BTK inhibitor 

ibrutinib (Table 1.1, 1.2). However, there are no cutoff points for the hazard ratios (HRs) of 

progression and death of these drugs compared with ibrutinib, and direct evidence has been 

reported regarding a relative risk of adverse events, particularly for serious events such as atrial 

fibrillation, major bleeding, and infections, between these medications. To date, there is no clear 
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evidence on the development of resistance to second-generation BTK inhibitors nor are there 

data indicating whether these inhibitors have a different resistance mechanism than ibrutinib or 

whether they are effective in ibrutinib-resistant patients. 

1.4 Economic Implications 

 While the introduction of novel agents, including BTK inhibitors, has led to significant 

health improvements over conventional chemoimmunotherapy in term of effectiveness and 

safety, the financial consequences of these agents could be enormous, particularly when 

considering the cost of subsequent events such as adverse events and hospitalizations. Goyal and 

colleagues conducted a retrospective cohort study to assess the direct costs of treating 783 MCL 

patients who were privately insured in the US. Goyal examined the variation in cost for different 

treatments, including R-CHOP, BR, and ibrutinib. The mean monthly all-cause costs (standard 

deviation [SD]), including the costs of adverse event management and first-line treatment, of BR 

and R-CHOP were $12,958 ($12,687) and $24,719 ($44,996), respectively, while ibrutinib was 

associated with a monthly cost of $21,690 ($24,773) [25].  

 Ibrutinib is associated with better effectiveness in terms of PFS and OS in R/R MCL as 

well as lower overall costs when compared with the intensive chemotherapy R-CHOP, which is 

associated with more toxic events. Because daily administration of BTK inhibitors, including 

ibrutinib, acalabrutinib, and zanubrutinib, has been approved until the occurrence of disease 

progression or intolerance, the lifetime costs could vary for these agents, especially when 

comparing second-generation BTK inhibitors with ibrutinib. Based on the whole acquisition cost 

(WAC), the monthly costs of ibrutinib, acalabrutinib, and zanubrutinib are $12,966, $13,394, and 

$12,935, respectively [26]. Given that the costs of the three BTK inhibitors are similar, the safety 

profiles of acalabrutinib and zanubrutinib could play an important role in determining the overall 
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costs of these medications. Using safety data from the clinical trials of these medications [18, 23, 

27] and the costs of treating adverse events reported in the literature, the mean costs (SD) of 

adverse event management for ibrutinib, acalabrutinib, and zanubrutinib are $9,470 ($9,958), 

$5,436 ($5,784), and $7,655 ($8,861), respectively. The all-cause cost for each therapy may vary 

based on the number of experienced adverse events. For example, the per patient per month 

(PPPM) average cost of ibrutinib is $22,436 if a patient has one adverse event, while the PPPM 

costs of acalabrutinib and zanubrutinib are $18,830 and $20,590, respectively, if the patient has 

one adverse event. The occurrence of two to five adverse events will result in PPPM all-cause 

cost ranges of $31,906 –$60,317, $24,266–40,575, and $28,245–$51,210 for ibrutinib, 

acalabrutinib, and zanubrutinib, respectively. Moreover, the potentially improved efficacy 

profiles of second-generation BTK inhibitors suggest that patients will remain in a progression-

free (PF) health state for a longer duration, compared with ibrutinib. Thus, patients on second-

generation BTK inhibitors will have a higher all-cause cost compared to those on ibrutinib 

because patients will continue the therapy for a longer period. However, patients who progressed 

in the ibrutinib arm are expected to have poor health outcomes, including shorter PFS and OS 

periods and more hospitalizations and clinic visits. Kumar et al. retrospectively studied 404 

patients with MCL, who were followed longitudinally throughout their disease course. Kumar 

assessed the median PFS and median OS for patients at different time points of follow-up: after 

the first-, second-, third-, and fourth-line treatment. The median PFS and OS declined 

significantly as the line of treatment increased. The median PFS and OS for the first-, second-, 

third-, and fourth-line treatments were 4.0 and 9.7 years, 14.0 and 41.1 months, 6.5 and 25.2 

months, and 5.0 and 14.4 months, respectively [28]. Another study by Senbetta et al. assessed the 

impact of treatment failure (TF), defined as the initiation of new treatment after first-line therapy, 



 

17 
 

on healthcare utilization and costs in MCL patients. The authors found that the average PPPM 

total cost was $9,880 for patients with TF and $6,016 for patients without TF. The main cost 

drivers were outpatient visit costs ($5,393 for patients with TF, $3,810 for patients without TF) 

and hospitalization costs ($3,582 for patients with TF, $1,530 for patients without TF). Based on 

the results of Kumar and Senbetta, higher total costs are expected for patients with more 

treatment line failures.  

 As indicated by the previous studies, three major factors play a significant role in the 

estimation of lifetime costs of BTK inhibitors in R/R MCL, including drug costs and safety and 

efficacy profiles (Figure 1.2). Cost-effectiveness analysis (CEA) can help in assessing health 

gains relative to the costs of different therapeutics. CEA gives quantitative measures for health 

benefits as well as the costs of each treatment, which can help healthcare professionals to 

identify the most effective intervention given a cost-effective threshold and can aid decision-

makers to wisely allocate health resources. The safety and efficacy profiles of BTK inhibitors 

contribute to the overall lifetime costs, and the major drivers for cost differences are the duration 

over which a patient remains in a PF health state, the type and frequency of adverse events, and 

the cost of management for each adverse event. CEA can capture all of these factors in one 

analysis to accurately estimate the differences between these novel agents over a lifetime 

horizon.  

  Current clinical practice considers ibrutinib as an appropriate first choice for treating 

R/R MCL patients and acalabrutinib or zanubrutinib as secondary choices for cases in which 

toxicity or resistance to ibrutinib develops [29, 30]. CEA can assess the overall benefits and costs 

associated with these agents when compared with each other; moreover, this approach can clarify 
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the possible forgone benefits for R/R MCL patients if healthcare professionals continue their 

current practice, without any preference among BTK inhibitors. 

1.5 Uncertainty Surrounding Current Evidence 

 Currently, there is no research evidence distinguishing among BTK inhibitors that can be 

applied to establish facts or to reach conclusions or guidelines. “Expert opinions” are the primary 

driver in the selection of therapies for patients with R/R MCL, especially for those who are older 

or ineligible for ASCT. The basis on which experts build their opinions is primarily affected by 

their experience with patients, understanding of biology, and knowledge of preclinical research 

as well as the results of available studies [31]. Thus, variations are expected among opinions and 

clinical practices. It is not uncommon to see practice doctors introduce new treatments too 

quickly, before they have been proven superior to standard treatments. Although clinical 

experience is important for formulating recommendations and making good health decisions, 

randomized clinical trials (RCTs), as the most reliable and valid source of evidence, are still 

necessary for ensuring the best health outcomes [32, 33]. In phase III RCTs, patients are 

randomly assigned to receive the treatment being tested or the control treatment, which may be 

placebo or standard therapy. The decision to place a patient in a particular group is completely 

random in order to ensure balance between the groups. With this balance, all known and 

unknown confounding factors, including prognostic factors, will be equal among both groups. As 

a result, this type of research controls for all possible confounding factors that may influence the 

outcome of interest. Thus, the results will accurately reflect the actual associations between 

treatments and health outcomes [31, 34]. Observational studies are another type of evidence-

based study; these studies follow an analytical study design that aims to analyze causal 

associations between risks or treatments and health outcomes or disease [35]. Compared to 
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RCTs, observational studies are more prone to selection bias, confounding, low statistical power, 

and differential adherence and follow-up. However, the results of these studies are considered to 

be more generalizable than those of RCTs because observational studies examine effects in 

“real-world” settings, whereas RCTs evaluate interventions under ideal conditions and settings 

among highly selected populations [36]. Moreover, if observational studies reveal probable real-

world causal associations, subsequent experimental studies can be pursued. According to the 

widely accepted hierarchy of evidence, the most reliable evidence comes from systematic 

reviews, followed by evidence from RCTs and then observational studies [37].  

 Despite the recent approval of novel agents for treating R/R MCL patients based on 

clinical trial evidence, the establishment of a management plan and criteria for selecting an agent 

remains challenging. BTK inhibitors were approved based on phase II clinical trial results. Until 

now, only one phase II (Wang et al., Blood 2015) and one phase III (Dreyling et al., The Lancet 

2016) clinical trial and one observational study (Jeon et al., Cancer Medicine 2019) have been 

available for ibrutinib, while only one single-arm phase II clinical trial (Wang et al., The Lancet 

2018) has been available for acalabrutinib, with only one single-arm phase II clinical trial (Tam 

et al., ASH 2019) for zanubrutinib in the treatment of R/R MCL patients. As phase II clinical 

trials are primarily designed to evaluate the safety of a new treatment, these trials usually include 

one group of patients who are treated by the new drug [38]. Thus, relying on phase II clinical 

trials to compare novel agents can result in biased conclusions. As shown in Table 1.3, patients 

and disease characteristics may vary among these clinical trials. Tam et al. included more 

patients with high MIPI scores than Dreyling et al. and Wang et al., while including fewer 

patients with two or more previous therapies. Furthermore, the number of patients with 

refractory disease varies among these trials, which influences the number of prior therapies and 
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thus has an important role in determining the response and survival outcomes for patients 

receiving BTK inhibitors. Furthermore, these studies lack information regarding genetic 

mutations such as TP53, NOTCH1, and BCL2, which could play an important role in the health 

outcomes for R/R MCL [8, 9]. As previously mentioned, variations in the time to relapse after 

initial therapy may reflect the response and survival outcomes among R/R MCL patients [7]. 

Furthermore, unknown confounders are expected to be unequal between groups. Thus, 

recommendations for using one BTK inhibitor over another based on the available evidence can 

result in inaccurate decisions and the loss of health benefits for some treatments.  

 CEA performed using efficacy and safety inputs from phase II clinical trials are also 

susceptible to a higher level of uncertainty compared with those based on direct evidence 

established by a phase III RCT. Cost-effectiveness uncertainty arises because the exact expected 

value of effects and costs are unknown if the treatment is provided for a particular population of 

patients [39]. Several sources can contribute to the uncertainty in this type of analysis, including 

uncertainty in the current evidence due to a lack of phase III clinical trials that directly compare 

the agents of interest, for which a potential bias is expected; uncertainty in safety profiles for 

these agents in real-world settings; uncertainty in real-world costs related to the treatment of 

adverse events; and uncertainty in the assumptions required to extrapolate effects and costs over 

time [39, 40]. All of these factors influence the strength of CEA results for selecting a BTK 

inhibitor.  

 Decisions based only on the expected costs and effects given by CEA and its 

corresponding uncertainties will be uncertain, with subsequent sunk costs and benefits that may 

be forgone. Uncertainty should be considered in CEA (1) to provide an accurate evaluation of 

expected costs and effects, (2) to consider whether the current evidence is sufficient by 
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accounting for opportunity costs imposed on patients as a result of uncertainty, and (3) to assess 

the need and value for possible additional information to reveal this uncertainty [40]. Figure 1.3 

demonstrates that the parameter uncertainty is nonlinearly associated with the net benefit (NB) 

that may be forgone. When the NB is evaluated using the average value of uncertainty, the 

expected NB (E[NB(ᶿ)]) will clearly be less than the average NB (NB1), which elucidates the 

importance of including uncertainties in the decision-making process. 

 The Guide to the Methods of Technology Appraisal suggests that research priorities are 

identified on the basis of evidence gaps via systematic reviews and CEAs [41]. This guide 

suggests that the expected value of perfect information (EVPI) may be the optimal parameter for 

identifying and prioritizing the focus of future research. 

 The EVPI is defined as the price that a healthcare decision-maker would be willing to pay 

for perfect information that resolves all uncertainties that may influence decisions regarding 

treatment. The EVPI is the net monetary value of possible health gains, obtained by subtracting 

the net monetary value (or net health gain) of currently available information from the net 

monetary value of perfect information (no uncertainty) [42]. In other words, this parameter 

represents the value of resolving all uncertainties for an individual patient. The EVPI also 

represents the maximum value for acquiring additional evidence or information. As the value of 

perfect information increases, the uncertainty surrounding the decision increases. If the EVPI 

exceeds the net health benefit of a cost-effective intervention, decision-making based on the 

available evidence is considered risky, and further research is needed [43].  

If further research is desired, it would be useful to know what type of research would be 

most valuable. Analyses based on the expected value of perfect parameter information (EVPPI) 
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are used to predict the relative value of different types of parameters and their surrounding 

uncertainty in contribution to the overall EVPI. 

1.6 Objectives  

 In this research, we aim (1) to evaluate the relative cost-effectiveness of ibrutinib vs. 

acalabrutinib vs. zanubrutinib in treating R/R MCL using the current evidence, (2) to assess 

whether the current evidence is sufficient, (3) to assess and quantify the consequences of an 

uncertain decision made by healthcare professionals in clinical practice or by decision-makers in 

health insurance companies, and (4) to identify the value of performing further research to 

resolve the uncertainty, if it is found to exist.  
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Figure 1.1: Role of BTK in the signaling pathway of B-cell receptors. 

 

                                                        

   

 

 

 

         

 

 

 

 

 

Figure 1.2: Factors contributing to the lifetime cost for MCL patients treated with BTK inhibitors. 
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Figure 1.3: The parameter uncertainty (θ) and NB. E = expected. 
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Table 1.1: Efficacy outcomes of BTK inhibitors. 

 Wang et al, 2015 

(phase II) 

Ibrutinib [1] 

Dreyling et al, 2016 

(phase III) 

Ibrutinib [2] 

Wang et al, 2018 

(phase II) 

Acalabrutinib [3] 

Tam et al, 2019 

(phase II) 

Zanubrutinib [4] 

Number of patients 111 139 124 39 

Median follow-up 

 

26.7 months 20 months 15.2 months 14.8 months 

ORR 67% 72% 81% 87.2% 

CR 23% 19% 40% 25.6% 

PR 

 

44% 53% 41% 61.5% 

Median PFS 13 months 14.6 months 19.5 months 19 months 

Median OS 

 

22.5 months Was not reached Was not reached Not published 

 

 

Table 1.2: Safety outcomes of BTK inhibitors. 

 

 Ibrutinib [2]  Acalabrutinib [3] Zanubrutinib [4] 

Common any 

grade adverse 

events occurred at 

≥20% of patients, 

Diarrhea, Fatigue, Cough, Upper 

respiratory tract infection 

Diarrhea, Fatigue, Headache, Myalgia 

 

Diarrhea, Fatigue, Upper 

respiratory tract infection, 

Petechiae, Purpura 

 

Grade ≥3 adverse 

events  

Diarrhea (3.6%), Fatigue (5%), 

Pyrexia (0.7%), Epistaxis (1%), 

Cough (0.7), Upper respiratory 

tract infection (2.2%), Neutropenia 

(13%), Anemia (8.6%), 

Thrombocytopenia (9.4%). 

Diarrhea (3%), Fatigue (1%), Nausea 

(1%), Headache (2%), Myalgia (1%), 

Anemia (9%), Neutropenia (11%), 

Pneumonia (5%) 

 

Diarrhea (2.1%), 

Thrombocytopenia (5%), Back 

pain (3%), Peripheral edema 

(2.5%), Anemia (8.5%), 

Dizziness (1.5%), Pneumonia 

(7%), Cellulitis (5.5%), Myalgia 

(5.5%), Neutropenia (6%), 

Major hemorrhage (6.3%), 

Atrial fibrillation (2.1%) 
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Table 1.3: Patients and disease characteristics. 

  
 Wang et al, 2015 

Ibrutinib 

Dreyling et al, 2016  

Ibrutinib  

Wang et al, 2018 

Acalabrutinib 

Tam et al, 2019 

Zanubrutinib 

Number of patients 111 139 124 39 

Age, years  

Median 

Range 

 

68 

40-84 

 

67 

NA 

 

68 

61-75 

 

71 

(42-90) 

ECOG performance  

0 or 1 

2 

>2 

 

89% 

10% 

1% 

 

99% 

1% 

0% 

 

92% 

7% 

1% 

 

92% 

8% 

0% 

MIPI score 

Low  

Intermediate 

High 

 

 

14% 

38% 

49% 

 

32% 

47% 

22% 

 

39% 

44% 

17% 

 

23% 

35% 

38% 

Number of previous 

therapies 

Median 

Range  

 

 

3 

1-5 

 

 

2 

1-9 

 

 

2 

1-2 

 

 

1 

1-4 

Advanced stage disease 

 

72% 81% 75% 85% 

Refractory disease  

 

45% 26% 24% NA 

Patients with prior 

rituximab-containing 

therapies 

 

89% NA 95% 75% 
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CHAPTER 2 

ARTICLE 

 

2.1 Abstract 

Objectives: This study aimed to (1) evaluate the cost-effectiveness of second-generation 

Bruton’s tyrosine kinase (BTK) inhibitors, including acalabrutinib and zanubrutinib, compared 

with the first-generation BTK inhibitor (ibrutinib) in treating patients with relapsed or refractory 

mantle cell lymphoma (R/R MCL) using existing evidence from phase I/II clinical trials for 

second-generation BTK inhibitors; (2) assess the value of additional information analyses to 

identify the gap and uncertainty of the current evidence and to prioritize future studies to resolve 

uncertainty; (3) compare the expected value of additional evidence with expected opportunity 

costs for performing additional studies. 

Methods and Materials: A Markov model with two health states (progression-free [PF] and 

progression or death) was established, comparing acalabrutinib or zanubrutinib with ibrutinib 

from the United States (US) payer perspective. To simulate health outcomes for each treatment 

regimen, transition probabilities between the two health states were derived from parametric 

distributions fitted to Kaplan–Meier (KM) curves based on PF survival (PFS) curves from the 

phase III clinical trial reported by Dreyling et al. (Lancet 2016) for ibrutinib, the phase II clinical 

trial reported by Wang et al. (Lancet 2018) for acalabrutinib, and the phase I/II clinical trial 

reported by Tam et al. (Blood 2019) for zanubrutinib. The analysis was conducted over a lifetime 

horizon, and health utility outcomes and costs were discounted at 3.5% per year. The PFS life 

years (LYs) and PFS quality-adjusted LYs (QALYs) for each treatment, the incremental PFS 

LYs and PFS QALYs gained with acalabrutinib or zanubrutinib over ibrutinib, and the 
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incremental cost-effectiveness ratio (ICER) and cost-utility ratio (ICUR) were estimated in both 

base and probabilistic sensitivity analyses (PSA; 100,000 simulations). The expected value of 

perfect information (EVPI) was calculated from the net monetary benefit (NMB) and net health 

benefit (NHB) that are forgone, by comparing the overall optimal treatment resulting from the 

PSA ICURs with the optimal strategy in each of 100,000 PSA simulations.  

Results: Treatment with acalabrutinib resulted in incremental PFS LYs and PFS QALYs of 

(3.40, 2.66) while zanubrutinib was associated with incremental PFS LYs and PFS QALYs of 

(2.21, 1.71) when compared with ibrutinib. The incremental costs per PFS QALY gained when 

comparing acalabrutinib and zanubrutinib with ibrutinib were $41,744 and $37,813, respectively. 

For a willingness to pay (WTP) value of $100,000, the probabilities of acalabrutinib, 

zanubrutinib, and ibrutinib being cost-effective are 50%, 34%, and 16%, respectively. Using the 

available evidence regarding clinical efficacy, costs, and utility outcomes as inputs for the model, 

an uncertainty cost of $92,473 (NHB=0.93 QALYs is forgone) per patient was obtained, which 

implies a need for additional research. The uncertainty costs of effectiveness for acalabrutinib, 

zanubrutinib, and ibrutinib were $66,709, $53,916, and $984, respectively, while the health-

related quality of life (HRQoL) (disutility values) of adverse events was associated with an 

uncertainty cost of $85,949. 

Conclusions: The results demonstrate that acalabrutinib is more cost-effective compared with 

ibrutinib and zanubrutinib and greatly improves health outcomes in R/R MCL patients. However, 

decisions based on this analysis, which used phase I/II trials, are associated with a high level of 

uncertainty in terms of health benefits that may be forgone for some populations if acalabrutinib 

is adopted by health insurance companies. Future studies that compare the efficacy and HRQoL 

of these agents are recommended.  
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2.2  Introduction 

Mantle cell lymphoma (MCL) is a rare, aggressive, and incurable subtype of non-

Hodgkin lymphoma (NHL) [44], accounting for 6%–8% of all NHL cases in Europe and North 

America, primarily in the elderly (median age of 65 years) with a predominance in men (2.5:1). 

The median overall survival (OS) of this condition is 4–5 years [17]. In 2019, approximately 

6,000 new cases were expected in the US.  

Currently, there is no standard treatment available; thus, decisions regarding first-line 

treatment primarily depend on the patient’s age and existing comorbidities [13, 45]. Many 

patients with symptomatic MCL are treated with high-dose chemotherapy or 

immunochemotherapy followed by autologous stem cell transplantation (ASCT) and rituximab 

[46, 47]. In symptomatic elderly patients, the combination of immunochemotherapy with 

rituximab is considered as an initial treatment. Although this initial treatment achieves a high 

overall response rate (ORR: 60%–97%), most patients eventually relapse in less than 18 months 

[48]. Patients with R/R MCL have a very poor prognosis [49]. As there are no optimal treatments 

for managing R/R MCL, different alternatives are used, such as bortezomib plus rituximab, 

thalidomide plus rituximab, temsirolimus, and BTK inhibitors [50]. The ORRs among patients 

treated with these agents range from 11% to 87% [13]. Ibrutinib represents the first generation of 

BTK inhibitors and has been proven as an effective treatment agent for R/R MCL. In a phase III 

trial comparing ibrutinib and temsirolimus, at a median follow-up of 20 months, the PFS for 

ibrutinib was 14.6 months vs. 6.4 months for temsirolimus (hazard ratio [HR]=0.43, [95% 

CI=0.32–0.58]; P<0.0001). For the same median follow-up, the OS was not reached for 

ibrutinib, while an OS of 21.3 months was obtained for temsirolimus (HR=0.76, [95% CI=0.53–

1.09]; P=0.1324) [18]. Acalabrutinib is a second-generation BTK inhibitor used to treat R/R 
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MCL patients. In the ACE-LY-004 phase II trial, at a median follow-up of 15.2 months, 

acalabrutinib was found to have an ORR of 81% (95% CI=73%–87%) and a favorable safety 

profile. The median PFS was 19.5 months, and the median OS was not reached [27]. Adverse 

events of grade III or higher included neutropenia (10%), anemia (9%), pneumonia (5%), and 

hemorrhage (<1%) [27]. Telford et al. conducted an indirect comparison of the efficacy and 

safety of acalabrutinib vs. all MCL treatments. The results showed that acalabrutinib can 

potentially achieve a higher response rate than ibrutinib, with a complete remission (CR) 

difference of (CR=14.9%, 95% CI= [5.4–24.3]) [51]. Zanubrutinib is another second-generation 

BTK inhibitor that was granted an accelerated approval in 2019 for the treatment of patients with 

R/R MCL. This approval was based on the high response rate achieved in a phase I/II clinical 

trial (BGB-3111), which demonstrated an ORR of 87.2%. At a median follow-up of 14.8 

months, the median PFS was 19 months. The grade III or higher adverse events associated with 

zanubrutinib include anemia (8%), neutropenia (15%), pneumonia (7%), thrombocytopenia 

(5%), leukopenia (5%), and major hemorrhage (6.3%) [23]. 

The safety and efficacy profiles and the costs related to treatment with acalabrutinib or 

zanubrutinib differ from those for ibrutinib. Pharmacoeconomic evaluation can help researchers 

assess an agent’s effectiveness relative to treatment costs, which plays an important role in the 

decision-making process for clinical practice and insurance coverage. The aim of this study is to 

evaluate the relative efficacy of ibrutinib and acalabrutinib or zanubrutinib in terms of PFS and 

to estimate the cost-effectiveness of ibrutinib vs. acalabrutinib, ibrutinib vs. zanubrutinib, and 

acalabrutinib vs. zanubrutinib in treating R/R MCL. Because direct comparative studies among 

these agents are lacking, we used the method of naïve simulation to estimate the incremental 

cost-effectiveness ratio (ICER) and the incremental cost-utility ratio (ICUR) from the US payer 



 

31 
 

perspective. Given the scarcity of high-quality clinical evidence regarding the benefits of these 

three treatments in R/R MCL, an estimation of the EVPI was used to quantify uncertainties 

associated with the cost-effectiveness model and to assess the cost of uncertainties in terms of 

NMBs forgone when decisions are made using the current evidence. 
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2.3 Materials and Methods 

2.3.1 Overall Analytical Framework 

 Cost-effectiveness analyses (CEAs) comparing ibrutinib, acalabrutinib, and zanubrutinib 

were performed by using ICERs and ICURs, which represent the incremental cost-effectiveness 

(utility) ratios between these medications. The effectiveness and cost were calculated for each 

treatment over a lifetime horizon; then, the incremental effectiveness and cost for ibrutinib vs. 

acalabrutinib, ibrutinib vs. zanubrutinib, and acalabrutinib vs. zanubrutinib were obtained. The 

CEA results are expressed in the incremental cost per unit of health benefit gained.  

 Sensitivity analyses were performed to assess the effect and uncertainty of the input 

parameters. EVPI analyses were also conducted to assess the cost of uncertainty and the 

maximum value of acquiring more evidence if needed. To estimate the value of reducing 

uncertainty regarding specific parameters, such as effectiveness, safety and cost, EVPI analyses 

were performed (Figure 2.1).  

2.3.2 Target Population and Treatments 

  The population for the CEAs was obtained from three clinical trials: Dreyling et al., 

Lancet 2016 (phase III) for ibrutinib [18], Wang et al., Lancet 2018 (phase II) for acalabrutinib 

[27], and Tam et al., Blood 2019 (phase I/II) for zanubrutinib [23]. All patients included in the 

CEA had R/R MCL, with a median age of 67, 68, and 71 years, respectively, and at least one 

prior therapy had failed for each patient.  

 Dreyling et al. reported the efficacy in terms of PFS and OS and the safety of ibrutinib vs. 

temsirolimus. A total of 280 patients were randomized to receive daily oral ibrutinib 560 mg 

(N=139) or intravenous temsirolimus (N=141), which was followed until the occurrence of 
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disease progression or intolerable side effects or until the end of the study period. Patients 

currently taking ibrutinib were included in this study. Wang et al. reported the efficacy (PFS, 

OS) of oral acalabrutinib (100 mg twice a day) in 124 patients with R/R MCL followed over 24 

months. The PFS curve and adverse event frequencies were used in the CEA. Tam et al. reported 

the efficacy of oral zanubrutinib in term of PFS and safety outcomes in 39 patients with R/R 

MCL followed for 30 months. 

The PFS data and safety profiles for these three trials were compared by using the naïve 

simulation method in the CEA model. All study populations had comparable characteristics and 

had received a prior therapy (Table 2.1). 

2.3.3 Markov Model Structure and Validity 

  As shown in figure 2.2, a Markov model with two transition health states (PF and 

progression or death) was specified using the PFS data from KM curves published for the 

clinical trials [18, 23, 27]. Costs and health effects were assigned to the PF health state. All 

patients started in the PF health state and then moved over time to the second health state 

(progression or death) based on transition probabilities calculated from cumulative distribution 

functions for the KM curves. The model cycle duration was one month. As the model progressed 

cycle by cycle over the lifetime horizon, patients eventually relapsed or died.  

 The model was reviewed by experts, who verified its validity and appropriateness for 

representing the disease pathway. Because (1) the focus of this model is to compare BTK 

inhibitors with regard to PF duration outcomes and related costs and (2) an OS curve was not 

available for zanubrutinib, a model with two health states was established. 
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2.3.4 Transition Probabilities 

 The KM curves for PFS were digitized using Engauge Digitizer. Following the method of 

Guyot et al., digitized data for the number of patients at risk at different time points throughout 

the follow-up in each curve were used to reconstruct KM curves and to establish individual 

patients’ data (IPD) for each group of treatments [52]. The IPD were analyzed and fitted to 

different parametric distributions, including Weibull, exponential, lognormal, log-logistic, 

Gompertz, and general gamma distributions. Using goodness-of-fit criteria, including the Akaike 

information criterion (AIC), Bayesian information criterion (BIC), and log likelihood ratio, the 

initial best-fit parametric distribution was selected. The final selection of a parametric model was 

also influenced by the clinical plausibility and clinical expectation for extrapolated results. The 

fitted parametric distribution was used to extrapolate PFS curves beyond the follow-up period for 

each treatment group. Transition probabilities between the two health states in the model were 

derived for each cycle (month), as calculated from the cumulative probabilities of the selected 

parametric distribution for each treatment group. 

2.3.5 Health-Related Utility Values 

 CEAs calculate the incremental cost per unit of health benefit gained. The health benefit 

gained was represented by (1) LYs gained in the PF health state when a specific treatment was 

used or (2) QALYs, calculated by multiplying the LYs gained by the HRQoL utility. The utility 

values ranged from 0 to 1, with 1 for perfect health quality and 0 for death. 

  The utility value for patients on BTK inhibitors with PF disease was obtained from the 

National Institute for Health and Care Excellence [53]. Table 2 shows the adverse event disutility 

values reported in the literature for all grade III/IV events occurring in ≥5% of patients treated 

with ibrutinib, acalabrutinib, or zanubrutinib and for other adverse events that occurred at a 
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lower rate and were identified by a clinical expert; these latter terms were added to the model 

because of their clinical impact on patients’ lives (Table 2.3) [54-63]. 

2.3.6 Costs 

 The direct costs associated with the PF health state, including the costs of targeted 

therapies and the management of adverse events, were obtained (Table 2). The wholesale 

acquisition costs (WAC) of all therapies were obtained from RedBook 2020 [26], and the costs 

of adverse event management were obtained from the published literature [64-70]. Costs that 

were not reported in 2020 were inflated based on the medical consumer price index to the first 

quarter of 2020 [71]. All outcomes and costs were discounted at 3.5% per year over a lifetime 

horizon. 

2.3.7 Analysis Plan 

a. Base-Case Analyses 

 The total life-cost for each arm of therapy, including the cost of therapy and the cost of 

managing adverse events, was calculated. The health benefit outcomes over a lifetime horizon 

were calculated as LYs and QALYs gained for each therapy. The incremental cost and 

incremental outcomes were calculated to obtain ICER and ICUR values. Deterministic 

sensitivity analysis (DSA) was conducted to analyze the effect of selected parameters on the 

ICER, in which the value of one parameter was varied at a time based on its lower and upper 

bounds while all other parameters were held constant. The expected variation of each parameter 

was retrieved from the literature as a standard deviation (SD), standard error (SE), or 95% 

confidence interval (95% CI). When data were not available, a parameter was assumed to vary 

by 10%–20%. 
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b. Probabilistic Sensitivity Analyses 

 PSA was applied to the model to confirm the results of the base-case analysis. Input 

parameters of costs and utilities were assigned to gamma and beta distributions, respectively, to 

perform Monte Carlo simulations. The input parameters were changed simultaneously for 

100,000 iterations. The cost and effectiveness (LYs and QALYs gained) were calculated for each 

iteration; subsequently, the 100,000 iterations were scattered to form a cost-effectiveness scatter 

plot. The mean effectiveness and cost values were calculated for each therapy to determine the 

PSA ICERs/ICURs. A cost-effectiveness acceptability curve (CEAC) was obtained to determine 

the cost-effectiveness probabilities at different thresholds for the payers’ willingness to pay 

(WTP). 

c. Expected Value of Perfect Information Analyses 

 To assess the uncertainty in the CEA model, to determine whether the existing evidence 

is sufficient, and to evaluate the consequences of decisions based on the expected health benefit 

outcomes and costs in the CEA, EVPI analysis was conducted. The EVPI was calculated by 

determining the optimal treatment in each of the 100,000 simulations based on the NMB for a 

specific cost-effectiveness threshold (WTP=$100,000). For each iteration, if the optimal therapy 

differed from the overall optimal therapy obtained by comparing the overall average NMB of the 

three treatments, then the incremental NMB was calculated. The average incremental NMB was 

determined by dividing the incremental NMB by 100,000. This value reflects the value of NMBs 

or NHBs that may be forgone by making a decision based on the CEA results. The population 

EVPI was calculated by multiplying the EVPI per patient by the estimated number of new MCL 

cases for the year 2020.  
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 The expected value of partial perfect information (EVPPI) was analyzed to examine the 

relative importance of different types of input parameters, including effectiveness, safety, and 

cost, on the CEA results and their contribution to the overall EVPI. The EVPPI represents the 

average NMB forgone over 100,000 iterations when a specific parameter was varied among the 

iterations with the other parameters remaining fixed. 
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2.4 Results 

2.4.1 Fitting Parametric Distributions and Extrapolation Results 

  Various parametric survival analyses were conducted to test the fits to the reconstructed 

PFS KM curves for ibrutinib, acalabrutinib, and zanubrutinib. Based on the AIC, BIC, log 

likelihood ratio, and clinical expert opinions, an exponential parametric distribution was selected 

to fit the PFS KM curves of ibrutinib, acalabrutinib, and zanubrutinib. The selected parametric 

distribution was then used to project the fitted survival curves beyond the end of the clinical 

trials up to the end of the patients’ lives. Figure 2.3 shows the resulting PFS probabilities for 

ibrutinib, acalabrutinib, and zanubrutinib. 

2.4.2 Base-Case Analyses 

  As displayed in Table 2.4, acalabrutinib and zanubrutinib were associated with better 

clinical outcomes than ibrutinib, with incremental PFS LYs gained of 1.61 and 0.98, 

respectively, and incremental PFS QALYs of 1.27 and 0.77, respectively. As patients treated 

with acalabrutinib or zanubrutinib remained in the PF health state for a longer duration, a higher 

treatment cost is expected in comparison with ibrutinib. Acalabrutinib and zanubrutinib were 

associated with incremental costs of $110,931 and $64,624, respectively. The ICER and ICUR 

were lower than the US WTP threshold of $100,000 to $150,000 per QALY for cancer treatment. 

When compared with zanubrutinib, acalabrutinib was associated with incremental LYs and 

QALYs of 0.59 and 0.50, respectively, and an incremental cost of $46,307. 
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2.4.3 Deterministic Sensitivity Analyses  

 The results of DSA for ibrutinib vs. acalabrutinib, ibrutinib vs. zanubrutinib, and 

acalabrutinib vs. zanubrutinib are presented as tornado diagrams in Figure 2.4, which reflect the 

level of robustness for the results and the uncertainty that arises when the inputs are varied. The 

ICER for ibrutinib vs. acalabrutinib is strongly influenced by the cost of ibrutinib; as the cost of 

ibrutinib decreases, the ICER increases. Figure 2.4B shows that the ICER of ibrutinib vs. 

zanubrutinib is strongly influenced by the costs of both ibrutinib and zanubrutinib. In addition, 

Figure 2.4C demonstrates that the highest change in the ICER for acalabrutinib vs. zanubrutinib 

is driven by the costs of acalabrutinib and zanubrutinib. 

2.4.4 Probabilistic Sensitivity Analyses 

 The PSA results confirmed those estimated by the base-case analyses. The PSA yielded 

ICERs of $61,689/PFS LY gained and $53,883/PFS LY gained for ibrutinib vs. acalabrutinib and 

ibrutinib vs. zanubrutinib, respectively, and ICURs of $86,750/ PFS QALY gained and 

$82,897/PFS QALY gained for ibrutinib vs. acalabrutinib and ibrutinib vs. zanubrutinib, 

respectively. 

 Figure 5 shows the cost-effectiveness plane, which represents the scatter of 100,000 PSA 

iterations for each treatment. All scatter points are located in the northeast quadrant, indicating 

that all BTK inhibitors are associated with incremental effectiveness and costs. Figure 6 displays 

CEACs, which estimate the probabilities that the three BTK inhibitors will be cost-effective at 

different WTP thresholds. The cost-effective probabilities of ibrutinib, acalabrutinib, and 

zanubrutinib for a WTP of $100,000 are 16%, 50%, and 34%, respectively.  
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2.4.5 Expected Value of Perfect Information Analyses 

 The EVPI to resolve all uncertainties for an individual patient is $94,474, which 

represents 0.93 QALYs of forgone NHBs per patient if a decision is based on the current 

evidence with corresponding uncertainties. As demonstrated above, acalabrutinib was associated 

with an additional NHB of 1.49 QALYs (NMB=$149,069), but the expected value of resolving 

the uncertainty will contribute an additional 0.93 QALYs per patient at a threshold of $100,000 

per QALY. This factor also represents the maximum value for acquiring additional information 

to resolve the uncertainty among the three treatments. Using the expected incidence of MCL for 

the year 2020 (4,634 patients), the population EVPI was calculated. It is determined that MCL 

patients can receive a maximum benefit of approximately $437 million if all uncertainties are 

resolved.  

 EVPPI analyses were conducted to examine the relative importance of different 

parameters and their uncertainties with regard to the overall EVPI and overall forgone NHBs. As 

shown in Table 2.5, the maximum EVPPI is found for safety and adverse event disutility values, 

equaling $85,949 per patient, followed by the effectiveness of acalabrutinib and zanubrutinib.  
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2.5  Discussion 

Most patients with MCL experience a serial relapse at some point in their disease. 

Therefore, most recent studies on MCL have focused on novel agents for treating R/R MCL. 

BTK inhibitors, including ibrutinib, acalabrutinib, and zanubrutinib, are treatment options, 

particularly for elderly patients, who form the largest subset of the disease population. At a 

median follow-up of 15.3 months, the phase II clinical trial of ibrutinib showed a median PFS of 

13.9 months and an ORR of 68% (CR rate [CRR]=21%, partial response rate [PRR]=47%), and 

the OS was not reached [16]. At a median follow-up of 15.2 months in the phase II clinical trial 

of acalabrutinib (ACE-LY-004), the PFS and OS were not reached, and the ORR was 81% 

(CRR=40%, PRR=39%) [27]. The phase II clinical trial of zanubrutinib (BGB-3111) reported a 

median PFS of approximately 19 months and an ORR of 87.2% (CRR=25.6%, PRR=61.5%) at a 

median follow-up of 15.3 months [23]. 

There have been no clinical trials comparing these agents directly, and no phase III 

clinical trials have included these treatments to enable an indirect comparison such as a network 

meta-analysis. Acalabrutinib and zanubrutinib were designed to be more kinase-selective with 

weaker off-target effects than ibrutinib, and indeed, acalabrutinib showed a reduced incidence of 

atrial fibrillation and bleeding [72]. The phase II clinical trial of zanubrutinib showed lower 

proportions of serious adverse events, such as atrial fibrillation, compared with ibrutinib. The 

phase II clinical trials for these three BTK inhibitors suggest differences in the safety and 

efficacy profiles of acalabrutinib and zanubrutinib when compared with ibrutinib. Therefore, the 

differences in the benefits of these BTK inhibitors with respect to the incremental LYs and 

QALYs gained must be evaluated. To the best of our knowledge, such evidence is lacking. In 

this study, we aimed to assess the cost-effectiveness of ibrutinib, acalabrutinib, and zanubrutinib 



 

42 
 

in the treatment of R/R MCL by using a Markov model consisting of two health states (PF and 

progression or death) from the US payer perspective. Because we used phase II clinical trials as 

the source for effectiveness and safety parameters in this model, expected uncertainties may 

contribute to the model robustness and decision quality. Thus, EVPI analyses were conducted to 

assess the level of uncertainty and the expected forgone health benefits for decisions based on 

analysis results and to examine the importance of further evidence, if needed, to guide healthcare 

professionals and US payers in their decisions.  

Using a naïve simulation analysis, we reconstructed KM curves of PFS for ibrutinib, 

acalabrutinib, and zanubrutinib, as given for the clinical trials reported by Dreyling et al., Wang 

et al., and Tam et al., respectively [18, 23, 27]. Based on the goodness-of-fit theory (visual 

approach and AIC and BIC scores) and clinical plausibility, we selected an exponential 

distribution to extract the transition probabilities of the Markov health states and to extrapolate 

these curves over a lifetime horizon. The median PFS was estimated as 15 months for ibrutinib, 

21 months for acalabrutinib, and 19 months for zanubrutinib. In the base-case analysis results 

over a lifetime horizon, acalabrutinib was associated with an incremental LY gained of 1.61and 

an incremental QALY of 1.27 compared with ibrutinib and an incremental LY gained of 0.63 

and an incremental QALY of 0.50 compared with zanubrutinib. These results suggest the 

potential benefits of acalabrutinib over ibrutinib and zanubrutinib in terms of PFS. However, the 

gains in QALYs are associated with incremental costs of $110,931 and $46,307 over ibrutinib 

and zanubrutinib, respectively. The ICER and ICUR are $61,689/LY and $86,750/QALY for 

acalabrutinib vs. ibrutinib and $78,610/LY and $92,760/QALY for acalabrutinib vs. 

zanubrutinib. Zanubrutinib was associated with an incremental LY gain of 0.98 and an 

incremental QALY gain of 0.77 when compared with ibrutinib, with an incremental cost of 
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$64,624, yielding an ICER and ICUR of $53,883/LY and $82,897/QALY. As shown in Table 

2.4, the PSA mean values of incremental effectiveness, incremental costs, and ICERs/ICURs 

were close to the base-case analysis results, indicating incremental benefits for acalabrutinib and 

zanubrutinib over ibrutinib. When we refer these results to the most common WTP in the US (up 

to $100,000 per QALY), we find that acalabrutinib is more cost-effective than ibrutinib or 

zanubrutinib. Additionally, zanubrutinib is more cost-effective than ibrutinib in treating patients 

with R/R MCL. 

DSA and PSA were performed to assess the uncertainties of the Markov model. The 

tornado diagrams in Figure 2.4 show the DSA results, which represent the effect of a single 

parameter on the ICUR. These diagrams show that the ICUR for acalabrutinib vs. ibrutinib is 

highly sensitive to the WAC of ibrutinib, i.e., a greater decrease in the WAC will result in an 

increased ICUR. For example, decreasing the cost of ibrutinib by up to 50% can result in an 

ICUR more than $100,000/PFS QALY, rending ibrutinib more cost-effective than acalabrutinib 

at a WTP threshold of $100,000. As displayed in Figure 2.4B, the ICUR for zanubrutinib vs. 

ibrutinib was highly sensitive to variations in the ibrutinib WAC: the lowest possible WAC for 

ibrutinib caused the ICUR to increase to $250,000/ PFS QALY. As this value which exceeds the 

WTP of $100,000 per US payer, zanubrutinib cannot be cost-effective if compared with ibrutinib 

when the payer receives a greater reimbursement for ibrutinib. Figure 2.4C illustrates the effects 

of the parameters on the ICUR for acalabrutinib vs. zanubrutinib, indicating that a decrement in 

the cost of acalabrutinib can result in a saving ICUR. The acalabrutinib cost must be discounted 

by at least 10% to reach the cost-saving (lower right) quadrant in the cost-effectiveness plane. 

The effects of all possible uncertainties in the model parameters were assessed by PSA. 

The resulting ICUR scatters of 100,000 iterations are located in the upper left quadrant of the 
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cost-effectiveness plane for the three BTK inhibitors, as shown in Figure 2.5. The scatters 

overlap in most regions. The acalabrutinib scatter suggests that acalabrutinib can be associated 

with a higher effectiveness and slight increment in cost for some iterations when compared with 

zanubrutinib. The CEAC shows that acalabrutinib has a 43% probability of being cost-effective 

while zanubrutinib has a 34% probability of being cost-effective at a WTP of $100,000 (Figure 

2.6). The CEAC indicates the decision uncertainty associated with these interventions, 

particularly between acalabrutinib and zanubrutinib. Thus, the expected ICERs or ICURs could 

lead to uncertain decisions. The decision to adopt acalabrutinib in all R/R MCL patients will be 

associated with an error of 0.50. This uncertain decision will also lead to the forfeit of health 

benefits in some patients. The EVPI results show that decisions based on the existing model and 

the current evidence are associated with an uncertainty cost of $92,474 per patient or 0.93 

QALYs forgone per patient at a cost-effectiveness threshold of $100,000. This factor also 

represents the maximum value of additional evidence for these three BTK inhibitors per patient. 

Therefore, an EVPI of $437 million is obtained for the estimated 2020 MCL population, which is 

much lower than the expected cost of conducting clinical trials to compare these agents. These 

results illustrate the relative importance of having strong evidence that directly compares these 

agents and resolves overall uncertainty sources in the decision-making process. The EVPPI 

analyses demonstrated the relative importance and effect of specific parameters on the overall 

sources of uncertainty. The cost of uncertainty in the effectiveness of acalabrutinib was the 

highest compared with the other medications ($66,710), followed by the cost of uncertainty in 

zanubrutinib effectiveness ($53,916) and then ibrutinib ($984). These results suggest the 

importance of conducting a phase III clinical trial comparing second-generation BTK inhibitors 

in terms of efficacy. Uncertainty due to drug costs had a weaker impact on the overall 
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uncertainty in the decision-making process. Because there have been no specific studies 

assessing the disutility values related to BTK inhibitors in R/R MCL, we retrieved these values 

from different articles in the cancer literature. Therefore, we conducted a third EVPPI analysis 

on the uncertainty source for disutility values. The results revealed that the cost of uncertainty 

associated with disutility values is $85,949, which is relatively high, indicating the importance of 

prioritizing future research to evaluate the HRQoL in R/R MCL patients receiving BTK 

inhibitors (ibrutinib, acalabrutinib, and zanubrutinib).  

The EVPI analyses quantified the uncertainty level in the current evidence and 

emphasized the importance of conducting further research. Table 1 shows the differences in 

some prognostic factors among studies. For example, in the study by Dreyling et al., 99% of 

patients had an ECOG status of 0 or 1, while approximately 8% of patients in the studies by 

Wang et al. and Tam et al. had an ECOG >2. Moreover, Tam et al. included more patients with 

high MIPI scores, while the other two trials included more patients with low to intermediate 

scores. Other possible confounders can also affect the results of indirect comparisons, such as 

genetic mutation backgrounds and the length of time to relapse after frontline therapy [37, 38]. 

All of these confounders can introduce confounding biases that result in over- or underestimates 

of the actual relationship between BTK inhibitors and health outcomes (efficacy and safety). 

This qualitative assessment of the current evidence confirms the EVPI results.  

Because there is no available economic evaluation of BTK inhibitors in R/R MCL in the 

literature, the study results were compared to a recently published study on the cost-effectiveness 

of acalabrutinib and ibrutinib for relapsed chronic lymphocytic leukemia in the United Kingdom 

[39]. Vreman et al. reported that acalabrutinib is associated with a QALY increment of 3.44 and 

incremental costs of £213,339 ($277,194) compared with ibrutinib, while the ICUR was £61,941 
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($80,480)/QALY. In our study, acalabrutinib was associated with a PFS QALY increment of 

1.27 and an incremental cost of $110,931 for the PF health state. Vreman et al. used a three-

health-state Markov model (PF, progression, and death) and a naïve simulation to retrieve the 

transition probabilities among the health states of the model. Due to a lack of direct evidence 

between these agents and in order to increase the robustness of the analysis, Vreman et al. 

suggested different scenarios regarding the expected HRs of the two medications to predict the 

ICERs. In our study, we applied an additional analysis to assess the model and its possible 

sources, including efficacy, safety, utility, and cost inputs. We attempted to determine whether 

making decisions based on these available data and information would result in the best health 

benefits for R/R MCL patients. EVPI analyses indicated the need for additional evidence in order 

to make decisions with fewer forgone health benefits. This study shows the degree of uncertainty 

in conducting CEAs or making clinical decisions based on phase I/II clinical trials. As a strength 

of this research, these results help to identify gaps in the current evidence and provide 

recommendations for future studies in the most valuable areas, based on the value of additional 

information in reducing uncertainty.  

This analysis has some limitations that should be acknowledged. The two-health-state 

Markov model did not include any costs or health utilities related to disease progression, which 

could contribute to the overall treatment costs, particularly for ibrutinib, because the number of 

patients suffering in the progression health state is higher than that for acalabrutinib and 

zanubrutinib at each time point in the follow-up. However, due to (1) the unavailability of 

overall survival data for the zanubrutinib phase I/II clinical trial, (2) the poor response of R/R 

MCL patients to salvage chemotherapy or supportive therapy after the failure of ibrutinib or 

acalabrutinib treatment [40], and (3) the concern of both patients and healthcare professionals 
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regarding PFS outcomes when choosing between therapies, we assumed that a two-health-state 

Markov model would give a good health and economic assessment for these medications. 

Moreover, the median follow-ups were limited to up to 20, 15.2, and 15.3 months in the 

ibrutinib, acalabrutinib, and zanubrutinib trials, respectively, which leads to uncertainties 

regarding the time to progress for the second-generation agents compared with ibrutinib. 

Moreover, a median PFS was not achieved in the acalabrutinib trial. However, (1) the median 

PFS estimates from the parametric distributions for ibrutinib and zanubrutinib were very close to 

the actual median PFS in the trials, (2) the estimated PFS proportions for acalabrutinib were very 

close to its KM curve, and (3) the scales of the utilized exponential parametric distributions were 

included in the PSA and produced consistent results.  

2.6 Conclusion 

This early CEA based on phase I/II clinical trials of BTK inhibitors in R/R MCL implies an 

additional PFS benefit for second-generation BTK inhibitors compared with ibrutinib. 

Acalabrutinib can be considered as the best among these agents and the most cost-effective agent 

for a WTP of $100,000. However, the uncertainty associated with decisions based on this 

analysis can lead to an opportunity cost or lost health benefits for some populations, which 

suggests the importance of conducting future studies to directly compare the efficacy of BTK 

inhibitors and the HRQoL of patients in each treatment arm, particularly in relation to adverse 

event disutility values. 
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Table 2.1: Patients and disease characteristics. 

                   BTK inhibitor 

Baseline  

characteristics 

Ibrutinib 

(Dreyling et al, 2016)  

Acalabrutinib 

(Wang et al, 2018) 

Zanubrutinib  

(Tam et al, 2019) 

Number of patients 139 124 39 

Age, years  

Median 

Range 

 

67 

NA 

 

68 

61-75 

 

71 

(42-90) 

ECOG* performance  

0 or 1 

2 

>2 

 

99% 

1% 

0% 

 

92% 

7% 

1% 

 

92% 

8% 

0% 

MIPI** score 

Low  

Intermediate 

High 

 

 

32% 

47% 

22% 

 

39% 

44% 

17% 

 

23% 

35% 

38% 

Number of previous therapies 

Median 

Range  

 

2 

1-9 

 

2 

1-2 

 

1 

1-4 

Advanced stage disease 81% 75% 85% 

Refractory disease  26% 24% NA 

Patients with prior rituximab-

containing therapies 

 

NA 95% 75% 

*ECOG: Eastern Cooperative Oncology Group 

**MIPI: Mantle Cell Lymphoma International Prognostic Index 
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Table 2.2: Markov model input parameters. 

Attribute Value Distribution Unit 

Time Horizon Over lifetime horizon - Years  

Transition Probabilities Treatment Distribution Parameter (SE)* 

PFS Ibrutinib Exponential Rate: 0.048 (0.006) 

PFS Acalabrutinib Exponential 

 

Rate: 0.033 (0.005) 

PFS Zanubrutinib Exponential  Rate: 0.036 (0.009) 

Utilities Mean± SD Distribution  Source 

PF 0.78 (0.112) Beta [53] 

Utility decrement due to adverse 

event 

Mean decrement Distribution Source  

Anemia 0.09  Beta [55] 

Neutropenia 0.163 Beta [75] 

Pneumonia 0.20 Beta [55] 

Thrombocytopenia 0.108 Beta [75] 

Major hemorrhage 0.703 Beta [57] 

Atrial fibrillation 0.218 Beta [57] 

Leukopenia 0.01 Beta [75] 

Myalgia  0.123 Beta [58] 

Cellulitis 0.371 Beta [59] 

Diarrhea 0.09 Beta [60] 

Fatigue 0.07 Beta [61] 

Cough 0.05 Beta [62] 

Headache 0.03 Beta [63] 

Tumor lysis syndrome 0.218 Beta assumed 

Costs ($) Mean Cost (per cycle) 

± SD 

Distribution  Source 

Ibrutinib  $12,966 ± $6,505 Gamma [26] 

Acalabrutinib $13,394 ± $2,796 Gamma  [26] 

Zanubrutinib $12,935 ± $2,618 Gamma  [26] 

Anemia $2,150 ± $215 Gamma  [66] 

Neutropenia $3,506 ± $350 Gamma  [66] 

Pneumonia $15,128 ± $1,513 Gamma  [76] 

Thrombocytopenia $1,242 ± $124 Gamma  [66] 

Major hemorrhage $28,126 ± $281 Gamma  [67] 

Atrial fibrillation $19,472 ± $195 Gamma  [76] 

Leukopenia $187 ± $19 Gamma [67] 

Myalgia  $375 ± $38 Gamma  [68] 

Cellulitis $7,963 ± $796 Gamma [69] 

Diarrhea $11,287 ± $113 Gamma  [76] 

Fatigue $9,779 ± $978 Gamma  [76] 

Cough $200 ± $20 Gamma  assumed 

Headache $100 ± $10 Gamma  assumed 

Tumor lysis syndrome $1,340 ± $134 Gamma  [70] 
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Table 2.3: Adverse drug events probabilities. 

 

 

 

 

Table 2.4A: Economic evaluation results. 

 

 

 

 

                       

Adverse events 

Probability (%) of ≥ Grade III or serious adverse events or others have 

impact on the clinical outcomes 

Ibrutinib (follow up= 27 

months) 

Acalabrutinib (follow up= 

24 months) 

Zanubrutinib 

(follow up= 26 

months) 

Anemia 0.08 0.09 0.08 

Neutropenia 0.13 0.10 0.15 

Pneumonia - 0.05 0.07 

Thrombocytopenia 0.09 - 0.05 

Major hemorrhage 0.10 - 0.063 

Atrial fibrillation 0.04 - 0.021 

Leukopenia - - 0.05 

Myalgia  - - 0.06 

Cellulitis  - - 0.06 

 Other adverse events (Grade I or more) have clinical impact on patient’s 

health outcomes 

Diarrhea 0.29 0.31 0.33 

Fatigue 0.22 0.27 0.25 

Cough 0.22 0.19 0.13 

Headache - 0.38 0.13 

Tumor lysis syndrome - 0.016 - 

Base case analyses 

 Ibrutinib Acalabrutinib Zanubrutinib 

Cost $316,928 $427,859 $381,552 

PFS LY gained 3.94 5.55 4.92 

PFS QALY gained 3.40 4.67 4.17 

Incremental (LY, QALY) Reference 1.61/1.27 0.98/0.77 

Incremental cost Reference $110,931 $64,624 

Probabilistic analyses 

Cost $316,789 $427,829 $381,449 

PFS LY gained 3.80 5.60 5.01 

PFS QALY gained 3.42 4.70 4.20 

Incremental (LY, QALY) Reference 1.80/1.28 1.21/0.78 

Incremental cost Reference $111,040 $64,660 
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Table 2.4B: Probabilistic sensitivity analysis: ICER ($/PFS LY) / ICUR ($/PFS QALY). 

Ibrutinib   

$61,689 / $86,750 Acalabrutinib  

$53,883 / $82,897 $78,610 / $92,760 Zanubrutinib 

 

 

 

Table 2.5: EVPI and EVPPI.  

EVPI $92,474 

EVPPI  

    Efficacy (PFS) of all BTK inhibitors 84,662 

    Ibrutinib effectiveness  $984 

    Acalabrutinib effectiveness $66,710 

    Zanubrutinib effectiveness $53,916 

    Safety and disutility $85,949 

    Ibrutinib cost $2,613 

   Acalabrutinib cost $5,464 

   Zanubrutinib cost $619 
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Figure 2.1: Analytical framework. 

 

 

 

Figure 2.2: Markov model. 
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Figure 2.3: PFS Probabilities (fitting and extrapolation results). 
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Figure 2.4: Tornado diagrams for ICURs obtained from one-way sensitivity analyses. 
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Figure 2.5: Scatter plot in CE plane. 

 

 

Figure 2.6: Cost Effectiveness Acceptability Curve (CEAC) 
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CHAPTER 3 

CONCLUSION 

 

 Mantle Cell Lymphoma (MCL) is an aggressive and incurable subtype of Non-Hodgkin’s 

lymphoma. It is characterized by multiple relapses. The persistent activation of B-cell receptor 

pathway is crucial for tumorigenesis. Targeted therapies, that covalently bind to Bruton’s 

tyrosine kinase (BTK), disrupt the B cell receptor signaling downstream to cause tumor cell 

death. First generation BTK inhibitor (ibrutinib) introduced a significant improvement in the 

survival outcomes and improved quality of life of MCL patients. However, resistance is 

common, and response is limited. Second generation BTK inhibitors as acalabrutinib and 

zanubrutinib were designed to be more selective and specific to BTK in tumor cells. Although 

BTK inhibitors therapies have not been compared with other MCL therapies in phase III 

randomized clinical trials, data from phase I/II clinical trials suggest that BTK inhibitors are the 

most effective agents in relapse or refractory (R/R) MCL. Based on the currently available phase 

II clinical trials, the efficacy and safety profiles of BTK inhibitors suggest differences at least 

between the first and second generation of BTK inhibitors. 

  The direct monthly cost of ibrutinib, acalabrutinib and zanubrutinib are $12,966, 

$13,394, $12,935 respectively. Although costs of the three BTK inhibitors are approximately 

similar, the safety profiles play an important role in determining the overall costs of these 

medications in MCL patients. Having one to two adverse events result in overall costs of 

$18,830 to $31,906 per patient per month. Conducting cost-effectiveness analysis to capture the 

effectiveness, safety and all related-costs of the BTK inhibitors until patients develop disease 

progression can provide an important information to guide the decision-making process. The 
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analysis results showed that acalabrutinib and zanubrutinib are more cost-effective than ibrutinib, 

and acalabrutinib is more cost-effective than zanubrutinib. The incremental cost 

effectiveness/utility ratios (ICERs/ICURs) results are shown in table 3.1. Although probabilistic 

sensitivity analyses confirmed the base-case analyses results, among the 100,000 Monte-Carlo 

iterations, 50%, 34% and 16% showed that acalabrutinib, zanubrutinib and ibrutinib respectively 

were cost-effective at willingness to pay of $100,000. Therefore, adopting acalabrutinib in all 

R/R MCL patients will be based on a decision associated with an error of 0.50. This uncertain 

decision will also lead to forfeit health benefits in some patients. The expected value of perfect 

information analyses was conducted to assess and quantify the uncertainty in the cost-

effectiveness model. The results showed that making decision using the existing model and the 

current evidence is associated with cost of uncertainty of $92,474 per patient or 0.93 QALYs 

forgone per patient at a CE threshold of $100,000. The expected value of perfect partial 

information analyses showed the relative importance and effect of specific parameters on the 

overall sources of uncertainty. The cost of uncertainty in the effectiveness of acalabrutinib, 

zanubrutinib and ibrutinib were $66,710, $53,916, $984, respectively and the cost of uncertainty 

that is associated with disutility values is $85,949 per patient.  These results suggested the 

importance for conducting future researches that directly compare the efficacy of BTK inhibitors 

and health-related quality of life of patients who are treated with BTK inhibitors especially that 

related to adverse events disutility. 

 This research used the cost-effectiveness analysis to help decision maker to choose 

between available therapies. Furthermore, we used the CE analysis to assess the validity of the 

indirect comparisons between the current evidences of phase II clinical trials.  The results 

showed that acalabrutinib has 50% chance to be cost-effective. But further research is needed to 
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directly compare the effectiveness and the HRQoL that related to each treatment in R/R MCL to 

rule out any kind of uncertainty and to increase the robustness of the results. 

 

Table 3.1: Probabilistic Sensitivity Analysis: ICER ($/PFS LY) / ICUR ($/PFS QALY) 

Ibrutinib   

$61,689 / $86,750 Acalabrutinib  

$53,883 / $82,897 $78,610 / $92,760 Zanubrutinib 
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