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Abstract

Activated B-cell-like (ABC) diffuse large B-cell lymphoma (DLBCL) is associated with worse 

survival after standard rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone 

(RCHOP) chemoimmunotherapy compared to germinal center B-cell-like (GCB) subtype. 

Preliminary evidence suggests that benefits from novel agents may vary by subtype. 

Hypothesizing that treatment stratified by DLBCL subtype could be potentially cost-effective, we 

developed micro-simulation models to compare three first-line treatment strategies: (1) standard 

RCHOP for all patients, (2) subtype testing followed by RCHOP for GCB and novel treatment for 

ABC DLBCL, and (3) novel treatment for all patients. Based on phase 2 evidence, we used 

lenalidomide+RCHOP as a surrogate novel treatment. The subtype-based approach showed a 

favorable incremental cost-effectiveness ratio of $15,015/quality-adjusted life year compared with 

RCHOP. Although our exploratory analyses demonstrated a wide range of conditions where 

subtype-based treatment remained cost-effective, data from phase 3 trials are needed to validate 

our models’ findings and draw definitive conclusions.

Keywords

lymphoma; diffuse large B-cell lymphoma; cost-effectiveness; ABC DLBCL; subtype testing

INTRODUCTION

Approximately 24,000 new cases of diffuse large B-cell lymphoma (DLBCL) were 

diagnosed in the United States in 2016, accounting for approximately one-third of non-
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Hodgkin lymphomas [1]. Patients with DLBCL experience widely divergent outcomes 

despite harboring histologically similar tumors. Gene expression profiling (GEP) and 

immunohistochemistry (IHC) distinguish two major biological subtypes of DLBCL: 

germinal center B-cell-like (GCB) and activated B-cell-like (ABC, classified as “non-GCB” 

by some IHC algorithms) [2–8]. These subtypes exhibit substantial differences in survival 

when treated with standard-of-care therapies such as rituximab, cyclophosphamide, 

doxorubicin, vincristine, and prednisone (RCHOP) [5,8]: ABC DLBCL patients treated with 

RCHOP exhibit markedly worse outcomes, with a 3-year overall survival (OS) of 69% 

compared with 85% in GCB DLBCL [9].

Investigational efforts to improve survival for poor-risk DLBCL patients include addition of 

novel agents to first-line chemoimmunotherapy. One phase 2 study by Nowakowski et al. 

[10] showed that adding the immunomodulatory drug lenalidomide to RCHOP (R2CHOP) 

yielded considerably better outcomes in non-GCB DLBCL compared to a historical control 

arm treated with RCHOP alone, including improved 24-month progression-free survival 

(PFS; 60% vs. 28%) and 24-month OS (83% vs. 46%); no significant benefits were derived 

for the GCB subtype. However, randomized trials evaluating the addition of other novel 

agents to standard frontline therapy thus far have provided insufficient evidence proving that 

such an approach improves treatment efficacy. For instance, no improvement was observed 

in a randomized phase 2 study comparing combinatory treatment with the proteasome 

inhibitor bortezomib and RCHOP to RCHOP alone in ABC subtype [11]. Phase 3 

randomized trials examining the addition of novel agents such as lenalidomide [12], 

ibrutinib (a Btk inhibitor), and others to RCHOP [13–15] are currently accruing but have yet 

to provide definitive data regarding benefit, subtype-specific or otherwise.

Given the differential survival benefit of novel agents between ABC and GCB DLBCL, we 

hypothesized that customizing clinical management strategy by subtype could potentially 

optimize the use of such agents in DLBCL treatment by applying the principles of precision 

medicine. Indeed, such an approach has been successfully applied in a cost-effective manner 

in the management of other malignancies, notably breast cancer [16] and lung cancer [17]. 

However, no modeling study to date has evaluated the costs and clinical outcomes of tailored 

treatment strategies in DLBCL. In this study, we performed modeling analyses with 

illustrative examples based on currently available data to demonstrate the potential cost-

effectiveness of precision medicine in DLBCL, and to better understand the driving factors 

the influence the cost-effectiveness outcomes of the precision medicine approach.

METHODS

We hypothesized that a tailored therapeutic approach in DLBCL treatment may be beneficial 

from a cost-effectiveness standpoint. In this study, our modeling analysis aims to to provide 

an initial evaluation of the hypothesis based on currently available evidence. It may also 

serve as illustrative examples to guide comprehensive evaluations as more definitive data 

become available.
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Modeling Framework Overview

We developed micro-simulation models to evaluate the lifetime cost and health outcomes of 

three different first-line treatment strategies for patients with newly diagnosed DLBCL: (1) 

administering RCHOP to all patients as the current standard of care; (2) performing subtype 

testing first, and subsequently administering RCHOP to patients with GCB subtype and the 

novel treatment to patients with non-GCB subtype, and (3) administering novel treatment to 

all patients.

To design a model that reflected actual clinical outcomes, our base case analysis specified 

“novel treatment” in the frontline treatment as R2CHOP based on the Nowakowski study 

[10]. In subsequent exploratory analysis, we considered “novel treatment” as a hypothetical 
regimen with a wide range of efficacy. Upon disease progression, we assumed that patients 

would receive salvage chemotherapy followed by autologous stem cell transplant (ASCT) as 

the current standard of care for fit individuals with relapsed DLBCL [18,19].

The micro-simulation assigned each patient an age sampled from the age distribution from 

the Surveillance, Epidemiology, and End Results (SEER) database for DLBCL patients [20], 

and a specific subtype was randomly generated according to the previously reported 

prevalence of each subtype derived from a systematic review and meta-analysis [7].

In the subtype-based strategy, treatment selection was based on the patient’s subtyping test 

result. The GEP test was considered the gold standard with perfect accuracy, while IHC 

testing using the Hans algorithm exhibited imperfect sensitivity and specificity [6] that could 

lead to misclassification and suboptimal treatment assignment (Figure 1).

Patients in the model followed a clinical path through three health states: progression-free 

survival, relapse, and death (Supplement S1), where the likelihood of transition from one 

health state to another was derived from PFS and OS data dependent on subtype and 

treatment, and background mortality dependent on age (see Supplement S1 for additional 

method details). Patients were designated cured if they did not progress by 5 years, and at 

that point only background mortality was considered. A model cycle constituted three weeks 

to reflect the typical length of a single cycle of RCHOP chemotherapy for DLBCL. Model 

outcomes included total life years (LYs), quality-adjusted life years (QALYs), direct costs of 

each treatment strategy, and incremental cost-effectiveness ratios (ICERs) compared with 

standard-of-care treatment. All cost estimates were converted to 2016 US dollars based on 

the Consumer Price Index for medical care [21]. All model outcomes were discounted at an 

annual rate of 3%.

Treatment Effectiveness

Survival data for patients treated with RCHOP as the standard of care, stratified by true 

GCB and ABC subtype (as classified by GEP), were derived from seven studies reviewed in 

our previous meta-analysis [7]. Survival of novel treatment was parameterized by applying 

certain hazard ratios (HRs; β) to the survival functions of standard RCHOP (i.e., survival 

function for RCHOP=S(t), and survival for the novel treatment=S(t)β). As an illustrative 

example, we used R2CHOP as the surrogate for a novel treatment (lenalidomide as an 

example novel agent for addition to standard RCHOP) and the HR estimates observed from 
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the phase 2 Nowakowski study [10] in our base case analysis. Next, to investigate how 

variation in treatment efficacy parameters for novel treatment might affect the performance 

compared to standard RCHOP treatment, we systematically examined various HRs over a 

wide range to characterize improvements in PFS and OS.

Cost and Utility

We adopted a US payer’s perspective and considered direct medical costs, including costs of 

drugs, administration, and follow-up (Table I), following our established methodology 

[22,23]. Average sales prices of drugs were estimated based on payment limits from Centers 

for Medicare and Medicaid Services (CMS) [24] for drugs covered by Medicare part B (e.g., 

intravenous agents), and the approach described by Bach [25] for oral drugs covered by 

Medicare part D (e.g., lenalidomide as the surrogate novel agent). Drug costs for a full 

treatment cycle were calculated based on standard dose (rounded up to the next full vial). 

We also included the cost of pegfilgrastim (6mg once per cycle) for patients older than 60 

receiving RCHOP and for all patients receiving R2CHOP [10]. Adverse event costs were not 

considered because no significant differences in adverse event incidences have been 

observed after introducing lenalidomide to standard RCHOP [10].

Administration cost (and physician visit, chemotherapy infusion) and IHC test cost were 

estimated based on the 2016 CMS physician fee schedule [22]. Since GEP test is not 

commercially available for DLBCL at present, we used the cost of two GEP tests for breast 

cancer (Mammaprint and Oncotype) [26,27] as a proxy cost estimate for GEP testing for 

DLBCL in our analysis. Monitoring cost included routine laboratory blood tests and 

physician visits (see Supplement S2 for details).

Survival was adjusted by health-related quality of life using published utility estimates from 

the literature. We used a utility of 0.83 for progression-free state and 0.39 for relapsed state 

with progressive disease, following the utility estimates used in previous economic 

evaluation studies for DLBCL patients receiving RCHOP [28].

Exploratory Analysis

In exploratory analyses, we relaxed the assumption that novel treatment does not improve 

survival for GCB patients in the base case analysis. In particular, we evaluated the cost-

effectiveness of treatment strategies with hypothetical novel treatment under various HR 

values for both GCB and ABC DLBCL patients.

To examine joint effects of additional cost and survival benefits introduced by the 

hypothetical novel treatment, we varied drug cost and subtype-specific HRs for GCB and 

ABC patients independently, and identified the frontiers for given willingness-to-pay (WTP) 

thresholds.

Sensitivity Analysis

We performed probabilistic sensitivity analysis (PSA), where the values of cost and utility 

parameters were sampled simultaneously from statistical distributions [29] for each 

parameter over 10,000 iterations. We assumed gamma distributions for costs and beta 
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distributions for utility parameters, each with a standard deviation assumed to be 20% of the 

baseline value (Table I). Extended PSA with greater parameter uncertainties are provided in 

Supplement S3. We also evaluated the uncertainties in the model’s transition probabilities 

using different fitted survival distributions, and assessed all treatment strategies using direct 

survival estimates from the Nowakowski study in an additional trial-based scenario analysis 

(see Supplement S3).

RESULTS

Base Case Analysis

Examining the three treatment strategies with HRs based on the phase 2 Nowakowski study 

(i.e., HR=0.35 for PFS and HR=0.24 for OS for non-GCB patients, and HR=1 for both PFS 

and OS in GCB patients) [10] demonstrated that RCHOP provided 9.85 QALYs (12.19 LYs) 

at a cost of $53,406; subtype-based treatment guided by GEP testing provided 12.02 QALYs 

(14.82 LYs) at a cost of $86,104, resulting in an ICER of $15,015/QALY compared with 

RCHOP. Since novel treatment did not benefit GCB patients as observed in the clinical study 

[10], providing novel treatment to all patients did not further improve the health outcomes, 

but increased cost to $111,842, and thus was dominated (i.e., outperformed) by subtype-

based treatment.

Exploratory Analyses

To extend our analysis to more general hypothetical settings, we used more conservative 

HRs for PFS and OS ranging from 0.4 to 0.9 for both subtypes (Table II). We found that 

with GEP testing, the ICERs of subtype-based treatment compared with RCHOP were 

influenced primarily by the HR for ABC patients. For instance, the ICER decreased from 

$118,759/QALY to $35,719/QALY as the HR for ABC patients decreased from 0.9 to 0.7. 

Conversely, ICERs for universal novel treatment compared with subtype-based treatment 

were affected predominantly by the HR for GCB patients, with ICERs <$100,000/QALY 

when HR was <0.8 for GCB patients. When the novel treatment improved survival for GCB 

patients more than for ABC patients, subtype-based treatment was dominated by universal 

novel treatment.

Subtype-based treatment using IHC testing became increasingly cost-effective compared 

with GEP testing as survival benefit for the novel treatment in GCB patients increased. For 

example, at HR=0.4 for ABC DLBCL and HR=0.9 for GCB DLBCL, the ICER of subtype-

based treatment with IHC testing was $16,186/QALY compared with $15,478/QALY with 

GEP testing; when HR=0.5 for GCB DLBCL, the ICER of subtype-based treatment with 

IHC testing was $14,692, compared with $15,478/QALY with GEP testing.

Sensitivity Analyses

In the PSA, we presented the cost-effectiveness acceptability curves (CEACs) of three 

treatment strategies. These represent the probability that each strategy was considered cost-

effective at any given value of WTP. Commonly used thresholds of WTP values are $50,000/

QALY–$100,000/QALY [30]. The CEACs (Figure 2A) demonstrated that when novel 

treatment produced minimal improvement in survival (HR≥0.9) in both subtypes, subtype-
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based treatment was unlikely to be cost-effective (with probability <15%) at a WTP below 

$100,000/QALY, whereas standard RCHOP was cost-effective with high probability in that 

scenario. When novel treatment produced modest survival improvement for ABC (HR~0.75) 

but limited improvement for GCB (HR=0.9), subtype-based treatment was cost-effective 

with high probability (>80%) over a wide range of WTP values (Figure 2B). When novel 

treatment provided survival improvement in both subtypes (HR≤0.75), universal novel 

treatment became the most cost-effective approach and demonstrated the highest cost-

effectiveness probability for WTP>$50,000/QALY (Figure 2C).

The same general patterns were also observed in the CEACs that used IHC testing for the 

subtype-based strategy (Supplement S3). Notably, when both subtypes had similar survival 

benefits with novel treatment, subtype-based treatment with IHC testing showed higher 

likelihood of cost-effectiveness than GEP testing.

We found that our model outcomes were also robust across various fitted survival 

distributions, and yielded similar findings in the trial-based scenario analysis using survival 

data from Nowakowski’s study (see Supplement S3 for details). In addition, we identified 

the threshold frontiers of drug cost (i.e., the per-cycle cost of adding a novel agent to 

RCHOP) and survival improvement of the novel treatment at different WTP thresholds 

(Supplement S4). Given the current cost of our surrogate novel agent lenalidomide, subtype-

based treatment was expected to be cost-effective at WTP thresholds of $100,000/QALY 

(cost-effective) and $50,000/QALY (highly cost-effective) when ABC-specific HRs were 

<0.9 and <0.8, respectively. We translated these results to project the corresponding 2-year 

PFS for novel treatment (Supplement S5), which can serve as reference points to determine 

the clinical benefit and cost-effectiveness of subtype-based treatment approaches as new data 

emerge.

DISCUSSION

As emerging agents show promise for improving outcomes in certain DLBCL subtypes, 

efforts to optimize treatment strategy in this heterogeneous patient population will become 

ever more important. We hypothesized that tailoring treatment based on DLBCL subtype 

could potentially improve the cost-effectiveness of DLBCL treatment strategies. To examine 

this issue, our study utilized a modeling approach and currently available clinical trial data to 

compare the cost-effectiveness of three strategies for utilizing novel agents in the first-line 

treatment of DLBCL patients: standard-of-care treatment with RCHOP, tailored treatment 

based on subtype that assigned RCHOP to GCB patients and novel therapy to ABC patients, 

and novel treatment for all patients regardless of subtype.

We utilized a general analytical model framework and performed analyses with a wide range 

of parameters and assumptions to evaluate subtype-based therapy. In particular, based on the 

best available observations from a phase 2 study, subtype-based treatment showed a 

favorable cost-effectiveness profile. In exploratory analyses, we examined joint effects of 

multiple factors under various conditions, including how variations in treatment cost, 

survival benefit, and subtype testing methods influence cost-effectiveness of subtype-based 
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treatment. Furthermore, our models may help define survival endpoints for examining cost-

effectiveness of subtype-based treatment approaches in DLBCL.

Precision medicine aims to deliver care customized to the needs of an individual patient. 

Thus, we can expect that, in the case of DLBCL treatment, a subtype-based treatment 

strategy would show its maximum advantages in the settings with an unbalanced survival 

benefit introduced by the novel treatment across different subtypes. This hypothesis is in line 

with our initial analysis: we found that subtype-based treatment was shown to be highly 

cost-effective when benefit for ABC patients significantly outweighed that for GCB, such as 

in the scenario based on the outcomes from Nowakowski’s study. Similar findings resulted 

when the HR of novel treatment was >0.8 for GCB and <0.8 for ABC in our exploratory 

analysis. Conversely, subtype-based treatment was less cost-effective than or even 

dominated by universal novel treatment when the novel therapy improved survival for both 

subtypes. Although novel agents such as bortezomib, carfilzomib, and ibrutinib have been 

evaluated predominantly in ABC DLBCL [12–15], our findings suggest that understanding 

the differential efficacy in GCB subtype will also be important to guide the efficient use of 

these therapeutic resources in the frontline setting.

An important trade-off in precision medicine lies between the accessibility (e.g., clinical 

availability, costs) and the accuracy (i.e., sensitivity and specificity) of testing. By comparing 

the cost-effectiveness of subtype-based treatment using (imperfect) IHC and (perfect) GEP 

testing, we found that when the disparity between subtype-specific survival outcomes was 

substantial (e.g., HR>0.9 for GCB and HR <0.5 for ABC subtype), more accurate testing 

was preferred, even at a higher per-test cost. On the other hand, if the novel treatment 

showed comparable improvements for both subtypes, subtype-based treatment with IHC 

testing became more favorable than using GEP testing. Thus, the improved ICER resulted 

from the IHC test’s lower cost coupled with the fact that the decreased accuracy of such 

testing did not result in significant loss of health outcomes given similar survival benefits for 

both subtypes, despite risk of possible misclassifications.

Our hypothesis-generating study should be interpreted as a proof of concept that showcases 

the promising cost-effectiveness profile of subtype-based treatment, a precision medicine 

approach, for DLBCL primarily based on data from a phase 2 study. However, we 

acknowledge that phase 2 studies are prone to overestimate benefits and underrepresent 

toxicity. To draw more definitive conclusions, further validations will be needed, with more 

mature data from phase 3 trials comparing subtype-specific outcomes after novel and 

standard treatments. Such trials already in progress include a phase 3 study comparing 

R2CHOP with RCHOP for ABC DLBCL [12] and a phase 3 study comparing first-line 

ibrutinib and RCHOP vs. RCHOP for non-GCB patients [13]. In particular, three recent 

unpublished randomized controlled trials have demonstrated no benefit for novel therapy 

over RCHOP [31–33].

Examination of the cost-effectiveness of precision medicine treatment strategies for DLBCL 

should continue in a broader scope as new molecular data about this heterogeneous disease 

emerge. Many clinical studies have proposed new predictive biomarkers and testing 

techniques that could be used for tailoring the management of DLBCL patients. For 
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example, a blood-based non-invasive test utilizing circulating tumor DNA to predict cell-of-

origin classification [34] has been shown to successfully stratify poor-risk groups. Another 

study found that concurrent MYC, BCL2 and/or BCL6 chromosomal translocations (in so-

called double- or triple-hit lymphomas) were also predictive of clinical outcomes when 

combined with the cell-of-origin classification [35]. A recent study combining whole-exome 

and transcriptome analysis as well as single nucleotide polymorphism (SNP) arrays in 

>1000 DLBCL patients [36] has identified other mutations associated with poor survival that 

could be targeted with new therapies.

In addition to molecular biomarkers, clinical factors may also influence treatment options 

for certain patient groups. For example, the phase 3 REMARC trial [37] found that 2-year 

lenalidomide maintenance in elderly patients who responded to first-line RCHOP 

significantly improved PFS (HR=0.708 with 95% CI 0.538–0.932). Such results suggest that 

patient-level factors such as age and treatment responses can be utilized to determine the 

best use of available therapeutic options. As our knowledge of this disease becomes more 

extensive, we expect a more comprehensive approach that includes cell-of-origin subtype, 

genetic abnormalities, and patient factors will be crucial in informing decisions about 

tailored therapy, and improving the cost-effectiveness of healthcare resource utilization.

Our study has some limitations. First, the utility estimates were obtained from previously 

published cost-effectiveness studies in DLBCL treatment, which are not specific to treatment 

and do not differentiate cured patients from those who have not yet progressed. Second, we 

did not consider adverse event-related treatment discontinuation or dose reduction, or the 

cost of adverse events associated with novel treatment. In the Nowakowski study, most 

patients completed full cycles of treatment. Only 13% of total treatment cycles underwent 

lenalidomide dose reduction, and no significantly different adverse event incidences were 

observed between treatment groups [10]. Thus, we believed that incorporating these events 

would not substantially change our findings. To address these concerns, we performed 

sensitivity analyses to examine uncertainty in cost estimates and other model variables. 

These analyses indicated that changes in these parameters had little influence on model 

results.

To the best of our knowledge, this study is the first to assess the potential cost-effectiveness 

of a precision medicine treatment strategy for DLBCL. Customizing treatment based on 

biological factors of individual patients has been studied for other malignancies. For 

example, in metastatic non-small-cell lung cancer, first-line treatment guided by testing for 

epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) 

gene rearrangements is considered cost-effective[38] and recommended in practice [17]. In 

breast cancer, trastuzumab treatment based on human epidermal growth factor receptor-2 

(HER2) testing [39] and adjuvant chemotherapy decisions guided by GEP testing (e.g., 

OncotypeDX 21-gene assay) [16] are both considered cost-effective. However, unlike the 

growing utilization of GEP in breast cancer [40], GEP assays to ascertain subtype of 

DLBCL are not yet widely available in the clinical setting. Tests that accurately assign 

subtype using formalin-fixed paraffin-embedded tissue samples are in development [41,42] 

and represent a promising tool that could guide DLBCL treatment in the future.
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Because data from randomized clinical trials evaluating subtype-specific therapy in DLBCL 

is currently limited, our study is not definitive, but it does support the idea that a subtype-

based treatment strategy for DLBCL patients can be cost-effective. We evaluated this 

concept under various conditions of cost and survival benefit associated with hypothetical 

novel treatments. Through our illustrative example based on currently available phase 2 

evidence, we found that subtype-based treatment could be highly cost-effective when the 

novel treatment showed significant survival benefit for ABC DLBCL but limited effects for 

GCB subtype. By exploring a wide range of parameters and model assumptions, we also 

characterized thresholds for survival benefit and drug cost of novel agents that would likely 

result in cost-effective subtype-based treatment approaches. Our analyses demonstrated the 

feasibility of establishing precision medicine strategies for DLBCL that are both practical 

and cost-effective. Additional data from larger randomized trials will be needed to confirm 

our findings and guide the best use of standard and novel therapies for DLBCL patients in 

clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Subtype-based treatment strategy allows misclassification of germinal center B-cell-like 
(GCB)/activated B-cell-like (ABC) subtype due to imperfect testing by immunohistochemistry
Treatment selection is guided by the subtype identified by the test, whereas survival is 

determined by the true subtype for a given treatment.
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Figure 2. Cost-effectiveness acceptability curves at various survival benefit levels for germinal 
center B-cell-like (GCB) and activated B-cell-like (ABC) subtypes
Subtype-based treatment is based on gene expression profiling (GEP) assay. (A) Minimal 

survival improvement for both subtypes by novel treatment, (B) modest survival 

improvement only for ABC subtype by novel treatment, (C) modest survival improvement 

for both subtypes by novel treatment.
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Table I

Model parameters

Variable Base value Range Distribution References

Probability

GCB prevalence

 Trial-based analysis 0.648 [10]

 Exploratory analysis 0.526 [7]

Subtype test: sensitivity/specificitya

 IHC: Hans algorithm 0.82/0.90 [6]

 GEP 1.00/1.00

Utility [28]

 Progression-free 0.83 (0.66,1) Beta(3.42,0.7)

 Relapsed 0.39 (0.31,0.47) Beta(14.86,23.24)

Cost ($)

Subtype test

 IHC testb 288 (230.4,345.6) Gamma(25,11.52) CPT88341, and 88342

 GEP test 4270 (3416,5124) Gamma(25,170.8) [26,43]

Drug cost per cycle

 RCHOPc 6206 (4964.8,7447.2) Gamma(25,248.24)

 Lenalidomide 6870 (5496,8244) Gamma(25,274.8)

 Supportive care for lenalidomide (pegfilgrastim) 4041 (3232.8,4849.2) Gamma(25,161.64)

Autologous SCT 114,500 (91600,137400) Gamma(25,4580) [44]

Chemo IV infusion 1 hr 136.41 (109.13,163.69) Gamma(25,5.46) CPT96413

Chemo IV infusion addl hr 28.64 (22.91,34.37) Gamma(25,1.15) CPT96415

Physician visit 51.56 (41.25,61.87) Gamma(25,2.06) CPT99213

Routine laboratory blood test 83 (66.4,99.6) Gamma(25,3.32)

GCB, germinal center B-cell-like; IHC, immunohistochemistry; GEP, gene expression profiling; SCT, stem cell transplant; IV, intravenous; hr, 
hour; addl, additional; RCHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone.

a
For detection of GCB subtype; because tests were assumed to be binary, the sensitivity for non-GCB subtype is equivalent to specificity for GCB.

b
Three IHCs are performed, and thus the total test cost is calculated as $107.41 (CPT88342) + $90.23 (CPT88341)*2=$287.87.

c
We assumed that chemotherapy infusion lasts for 6 hours in the first cycle, and 2 hours in subsequent cycles.
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