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Abstract

Introduction: Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin
lymphoma and is a clinically heterogenous disease. Treatment pathways for DLBCL are diverse
and integrate established and novel therapies.

Areas covered: We review the cost burden of DLBCL and cost-effectiveness of DLBCL
management including precision and cellular medicine. We utilized Medical Subject Heading
(MeSH) terms and keywords to search the National Library of Medicine online MEDLINE
database (PubMed) for articles related to cost, cost burden, and cost-of-illness of DLBCL and
cost-effectiveness of DLBCL management strategies published in English as of June 2019.

Expert opinion: Available and developing DLBCL therapies offer improved outcomes and often
curative treatment at considerable financial expense, and the total cost burden for DLBCL
management is substantial for patients and the healthcare system. In the era of personalized
medicine, CAR T cells and targeted therapies provide exciting avenues for current and future
DLBCL care and can further increase treatment cost. Determinations of cost and cost-effectiveness
in DLBCL treatment pathways should continue to guide care providers and systems in identifying
cost reduction strategies to provide appropriate therapies to the greatest number of patients in
treating DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common form of non-Hodgkin
lymphoma (NHL) and is a clinically heterogeneous disease [1]. An estimated 72,400 new
NHL cases are expected to occur in the USA in 2019 with DLBCL representing roughly
40% of NHL diagnoses [2,3]. As with other mature B-cell lymphoid cancers, DLBCL is
more common in adults with incidence increasing rapidly after 50 years of age. The
standard-care regimen of rituximab plus doxorubicin, cyclophosphamide, vincristine, and
prednisone (R-CHOP) given every 21 days is curative for more than half of DLBCL cases,
while patients who remain refractory to treatment will have a median overall survival (OS)
of < 10 months, indicating significant unmet needs for high-risk groups [4]. Advances in the
identification of DLBCL subtypes with prognostic and predictive value are providing new
options for future clinical risk-stratification [5-9], and novel precision and cellular therapies
present promising avenues for nuanced care in treating high-risk DLBCL patient populations
[10-12]. Evaluation of the cost burden of DLBCL—including current and developing
therapies—is an essential component in determining the optimal treatment strategies and
future research goals during this period of rapid advancement in the history of DLBCL care.

Current treatment guidelines

Current guidelines recommend R-CHOP plus or minus involved site radiation therapy as
first-line therapy to patients with Ann Arbor stage I-II disease [13]. Patients with Ann Arbor
stage I11-1V disease may receive R-CHOP with interim restaging or are recommended to
enroll in a clinical trial. Randomized controlled trials (RCTs) designed to improve on R-
CHORP as first-line therapy for high-risk DLBCL subgroups are currently ongoing and
compare R-CHOP with R-CHOP plus an additional targeted therapy (R-CHOP-X) [14],
though prior RCTs comparing standard care with R-CHOP-X have shown recurrent negative
results [15-17]. The recent identification of DLBCL genetic subgroups with differential
outcomes shows promise for the incorporation of upfront genetic testing in future first-line
DLBCL RCTs [3,6-9,18,19]. Following first-line therapy, all patients undergo end-of-
treatment restaging to assess response to therapy [13]. Patients exhibiting a complete
response proceed with clinical observation that more commonly occurs without surveillance
imaging [20-22]. Patients with relapsed or refractory disease regardless of initial staging are
evaluated for second-line and, if needed, subsequent therapies including hematopoietic cell
transplant (HCT), salvage and later-line chemotherapy, and the recently FDA-approved
chimeric antigen receptor (CAR) T-cell therapy [23]. For patients who are not HCT
candidates, polatuzumab was recently approved for relapsed DLBCL [24].

DLBCL outcomes

Without treatment, DLBCL outcomes are poor with a median OS under one year [25].
However, DLBCL patients who remain event-free 24 months after diagnosis following first-
line treatment with rituximab plus an anthracycline-based chemotherapy experience a
normal life expectancy [26]. Patients who are primary refractory, refractory to second-line or
greater therapy, or who relapse within one year following autologous HCT will experience
poor outcomes with median OS of 7.1 months, 6.1 months, and 6.2 months, respectively [4].
Though duration of follow-up has been limited, CAR T-cell therapy is yielding promising
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improvement in survival for patients who have failed prior therapy [27,28]. Improving
outcomes for high-risk groups will rely on development of novel therapies and likely involve
strategies selecting therapy based on suspected genomic susceptibility and sequential
evaluation of responsiveness.

The cost burden of cancer treatment is considerable. US expenditures on cancer
management are projected to rise as the US population ages and as integration of costly
novel therapies continues [29,30]. The National Cancer Institute places lymphoma among
the top five cancer sites by US national expenditure with an estimated 2018 cost in US
dollars (USD) in excess of $14 billion [30]. Given the increased incidence of DLBCL among
older populations and the need for development of new technologies for treating high-risk
DLBCL subgroups, the cost of DLBCL management will continue to place a significant
financial burden on patients and the healthcare system. The objective for this review article
is to provide an up-to-date summary of the cost burden of DLBCL including the cost of
accepted and developing treatment methods in order to advise future treatment selection and
to inform efforts to reduce costs of DLBCL care.

In constructing this literature review, the authors utilized Medical Subject Heading (MeSH)
terms and keywords to search the National Library of Medicine online MEDLINE database
(PubMed) for articles related to cost, cost burden, and cost-of-illness of DLBCL and cost-
effectiveness of DLBCL treatment methods published in English as of June 2019 (Figure 1).
Reference lists for identified articles were then evaluated for the inclusion of additional
studies. In estimating current costs, priority was given to more recent articles. All cost
estimates were converted to USD as needed using contemporaneous exchange rates [31] and
were adjusted for inflation to 2019 USD using the US Bureau of Labor Statistics Consumer
Price Index [32].

1. Total cost burden of DLBCL

Multiple studies have evaluated the total per-patient cost of DLBCL management from
diagnosis through full treatment pathways and follow-up (Table 1) [33-36]. Total-cost
studies represent expenditures identified across multiple countries (Canada, the United
Kingdom, and the United States) and multiple types of healthcare systems. In some cases,
studies evaluated cost and cost-effectiveness of discrete components of the DLBCL
treatment pathway. Some also estimated total cost burden to facilitate comparisons between
therapeutic subgroups (e.g., total cost burden of patients experiencing relapse versus patients
who do not experience relapse). Estimates of total cost burden focused on discrete
components of the DLBCL treatment pathway are addressed in the corresponding section of
the review discussing that aspect of DLBCL management. Of note, all DLBCL total-cost
studies predated the FDA approval of CAR T cells and polatuzumab in the treatment of
relapsed or refractory DLBCL.
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1.1 Estimates of total cost

While average per-patient expenses related to DLBCL care are not as high as those of some
cancers [29], total costs of DLBCL treatment still place a significant cost burden on patients
and the healthcare system. Total overall costs span a wide range and depend on treatment
modality, patient age, and time horizon. The total cost burden of DLBCL is significant on
both the individual patient level and healthcare-system levels, and the range of total cost
estimates was consistently wide across studies evaluating full treatment pathways. A recent
simulation model of the full DLBCL treatment pathway using patient-level data from a
population-based cohort estimated a mean total cost per patient of $31,499 (95% confidence
interval [CI] $31,466-$31,531) [33]. When assessing cost according to patient subgroups,
estimates of mean total cost ranged from $5,017 for patients managed with palliative care
alone to $135,493 for patients receiving autologous HCT as part of second-line therapy [33].
This study also evaluated the aggregate annual expenditure related to DLBCL treatment for
the UK healthcare system, estimating a total National Health Service cost burden of US
$151-$158 million for new and existing DLBCL patients—roughly 1/6 of the annual UK
expenditure on hematological diseases altogether [33].

Multiple retrospective, observational studies using DLBCL treatment claims data have
evaluated total per-patient-per-month (PPPM) costs of DLBCL care [34,35]. One recent
study incorporating Optum claims information from 2007-2013 identified a mean total
PPPM cost of $12,804 (SD $12,400) with median total PPPM cost of $8,790 (interquartile
range [IQR] $4,611-$17,459) [34]. A similar study utilizing US MarketScan claims data
found higher overall costs with mean PPPM of $16,751 (SD $21,485) [35]. A third study
estimating time-dependent total costs developed a linear regression model to estimate the
cost burden of DLBCL at six-month intervals [36]. Over the first 6 months following
diagnosis, mean total cost of care was estimated to be $25,743 and was observed to drop
significantly thereafter. A similar pattern occurred following relapse, with patients who
relapsed incurring a mean total cost of $16,337 in the first six months following second-line
therapy with a rapid decline in total fees in subsequent six-month intervals. Distributions of
time-dependent costs in these three studies all exhibited rightward skew, consistent with
prior observations that a small percentage of patients is contributing to the majority of the
cost burden for DLBCL care [37]. While studies that utilize claims data to determine
healthcare utilization and estimate healthcare expenditures provide meaningful estimates of
costs of care from the system perspective, they omit out-of-pocket costs to patients and may
be driven by few patients who experience high-cost care.

1.2 Significant contributors to total cost

Drug cost was consistently among the most significant contributors to overall DLBCL cost
burden [33-36]. Unit costs for key components common to DLBCL management pathways
are available in multiple studies [33,37]. The largest contributors to healthcare resource
utilization in the first year following DLBCL diagnosis were outpatient or office visits,
radiation therapy, and inpatient admissions [35]. Regarding variations in expenditure over
time, the total cost burden of DLBCL management declined from year one to year two with
decreased frequency of drug administration, hospital admissions, and outpatient services
[34]. In terms of PPPM expenditure, immunochemotherapy was the largest monthly
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contributor to treatment cost. Multiple studies also reported cost of inpatient hospitalization
and outpatient charges as considerable contributors to overall expenses, both in terms of total
cost and PPPM cost [34-36], consistent with prior research evaluating cost of NHL care
[38]. In studies evaluating the overall cost of DLBCL treatment pathways, HCT led to the
highest total per-patient expenses.

Assessments of clinical characteristics in relation to total cost burden showed age to be a
significant determinant of total expenditure per patient, with younger patients exhibiting
both higher total expenses and higher total survival [33]. Notably, cost differences between
younger and older patients were minimal when cost assessment was limited to the initial five
years following diagnosis and first treatment, indicating that older patients were responsive
to therapy [33], a finding consistent with observed treatment response rates among older
DLBCL patients [39].

2. Costs associated with first-line management of DLBCL

Since the early 2000s with the addition of the monoclonal antibody rituximab to CHOP, R-
CHOP has been the standard first-line therapy for DLBCL [40]. Recent studies involving
treatment patterns in the management of DLBCL indicate that R-CHOP is by far the most
common initial therapy, selected as first-line treatment in roughly two-thirds of patients
[34,35]. Additional regimens used in the first-line setting include bendamustine-based,
gemcitabine-based, and lenalidomide-based regimens and others, though each of these
regimens may be used in fewer than 10% of patients for first-line care [35]. The present
review addresses costs and cost-effectiveness of first-line therapy using R-CHOP.
Additionally, we discuss integration of precision therapies in the first-line treatment of
DLBCL and associated issues of cost.

2.1 R-CHOP

2.1.1 Background and clinical use—The 2002 LNH-98.5 study first demonstrated
improved complete response rate, event-free survival, and OS for R-CHOP versus CHOP in
DLBCL patients aged 60-80 years with no substantial increase in toxicity [41-43].
Improved outcomes were corroborated in subsequent studies [44] and for younger age
groups [45,46], confirming R-CHOP as the consensus first-line therapy for DLBCL
regardless of age at presentation. Roughly 60% of patients will experience a cure on R-
CHOP [47]. R-CHOP is administered for 6-8 cycles given every 21-days and may require
G-CSF for supportive treatment of neutropenia particularly for patients > 60 years old.
Infusion occurs predominantly in outpatient offices and clinics, though increasing numbers
of DLBCL patients receive R-CHOP infusion in the outpatient hospital setting [48]. Of note,
multiple studies have conducted cost analyses of G-CSF therapies for febrile neutropenia
prophylaxis in first-line or later-line chemotherapy in NHL with conflicting conclusions
regarding cost-effectiveness [49-56]. In-depth evaluation of these studies is beyond the
scope of this review.

2.1.2 Cost burden and cost-effectiveness—Following the addition of rituximab to
CHORP in the first-line treatment of DLBCL, multiple studies investigated the total cost
burden of R-CHOP and its cost-effectiveness in comparison with CHOP (Table 2) [37,57—
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63]. Estimates of mean total cost burden for patients receiving R-CHOP as front-line therapy
incorporating all elements of the treatment pathway range from $27,659 to $69,633
depending on time horizon [37,57,60,62,63]. Mean total drug costs related to R-CHOP range
from $14,543 [62] to $28,726 [59], while one study estimated the mean total costs of
administration including hospitalization at approximately $45,000 [57]. Increased costs
related to R-CHOP administration were associated with hospitalization. Some data suggest
that altering the location where R-CHOP infusion is delivered may reduce total costs [48].

In most evaluations of cost-effectiveness of R-CHOP in comparison with CHOP, R-CHOP
has been shown to be cost-effective regardless of age group [57-61], though two studies
incorporating population-based, retrospective cohorts suggest that R-CHOP may not be cost-
effective in treating very elderly patients [62,63]. Studies indicating diminished cost-
effectiveness in older patients attribute higher incremental cost-effectiveness ratio (ICER)
values to increased survival associated with R-CHOP leading to greater subsequent non-
cancer costs due to non-cancer comorbidities [62,63]. Despite these considerations, R-
CHORP is universally accepted as the standard of care therapy for all patients with DLBCL
unless there are cardiac or other concerns about ability to tolerate this regimen.

2.2 Precision therapy

2.2.1 Background—The potential benefits of precision medicine therapeutics, which
rely on molecularly selective agents and clearly defined biomarker targets, have captured the
attention of the medical community. Specifically, targeted therapies may reduce adverse
drug effects and increase therapeutic efficacy making these therapies a special focus in
oncologic research [14]. The National Cancer Institute especially promotes precision
medicine research and has established two large clinical trials utilizing precision medicine
approaches, National Cancer Institute-Molecular Profiling-based Assignment of Cancer
Therapy (NCI-MPACT) and National Cancer Institute-Molecular Analysis for Therapy
Choice (NCI-MATCH) [64].

2.2.2 Precision medicine in DLBCL—Diffuse large B-cell lymphoma (DLBCL)
presents a specific case where targeted therapies could be especially important. Gene
expression profiling (GEP) was first used in 2000 to subtype DLBCL by cell-of-origin
(COO0) [5]. This work identified at least two biologically distinct subgroups: germinal center
B-cell-like (GCB)-DLBCL and activated B-cell-like (ABC)-DLBCL. ABC-DLBCLs tend to
have a more aggressive course and inferior outcomes [65]. Currently, GEP is minimally used
in clinical practice and only recently part of clinical trials because of lack of certified,
expression-based standardized testing, time requirements for testing, and uncertain costs.
Consequently, COO subtypes are clinically assessed with immunohistochemical (IHC)
classification systems as substitutes for GEP. While IHC is easier than GEP to use in a
clinical setting, IHC is much less accurate and frequently does not replicate the prognostic
significance that GEP conveys [66].

Despite difficulties associated with GEP and IHC classification approaches, both have been
implemented in RCTs for DLBCL as COO subtype-specific therapies are investigated as
potential routes for precision medicine. Unfortunately, current strategies for subtype-specific
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treatments are not viable options [67]. For example, results from early phase trials suggested
that adding bortezomib, a proteasome inhibitor, to R-CHOP (VR-CHOP) could improve
poor outcomes in non-GCB-DLBCL patients, but more recent data from a randomized trial
showed no difference in OS between R-CHOP and VR-CHOP in this population [16], and
subsequent phase 3 evidence from the REMoDL-B study indicated no subtype-specific
improvement in progression-free survival (PFS) with the addition of bortezomib [68].
Another RCT added ibrutinib, a Bruton tyrosine kinase inhibitor, to R-CHOP and has also
not shown a survival benefit by subtype [69]. The most recent data presented from the
randomized phase 3 trial of lenalidomide + R-CHOP vs. R-CHOP from the ROBUST trial
demonstrated no benefit for the experimental arm in patients with ABC-DLBCL [70].
However, data from a randomized phase 2 trial with slightly different dosing of lenalidomide
demonstrated benefit with a one-sided p-value making interpretation of this approach more
complicated [71]. The substantial genetic heterogeneity in DLBCL potentially explains
subtype-directed therapy’s lack of success because even the most common aberrations are
found infrequently [72-75]. While targeting COO subtype is an intuitive strategy for
precision medicine in DLBCL, turning to more precise molecular hallmarks like those seen
in double- and triple-hit lymphomas and others may be a necessary turning point in trial
design [76,77].

2.2.3 Genetic subgroups and precision medicine in DLBCL—The advent of
next-generation sequencing has also presented special opportunities for precision medicine
strategies in treating DLBCLS [78]. Recent sequencing efforts have identified DLBCL’s
driving genetic aberrations and the aberrations which are preferentially distributed among
DLBCL subtypes [79]. Identifying potential biomarkers is key to selecting precision
medicine therapies, and molecular hallmarks based on mutations are increasingly accepted
as nascent biomarkers [80,81]. Efforts to identify potentially targetable mutations in DLBCL
are underway [6-8,11]. Recent sequencing analyses could help identify new therapeutic
targets and advance precision medicine efforts by associating genetic aberrations with
dysregulated molecular pathways. For DLBCL, including sequencing results in prognostic
modeling and therapeutic decision-making could define new subgroups based on actionable
mutations, potentially allowing for more precise therapeutic strategies.

Based on these new genetic subgroups and targeted therapeutics, clinical DLBCL trials
could potentially use up-front genetic testing. However, the development of new modalities
for Clinical Laboratory Improvement Amendments (CLIA)-certified genomics and treatment
strategies based on testing are needed to make targeted therapies a new norm in DLBCL
treatment. Because the genetic heterogeneity of DLBCL and relatively low mutation
frequency, a potential strategy to incorporate genetic testing in clinical trials should separate
patients into various treatment arms based on genetic subgroups, a master protocol known as
an umbrella trial. Rigorous trial design for precision medicine must take external
considerations into account by standardizing sequencing methods and informatics pipelines
across multi-center collaborations to increase reproducibility [82]. Moreover, DLBCL
precision trials with genetic biomarkers require quick turnaround for the genomic
sequencing due to the disease’s aggressive nature and the frequent need for urgent treatment.
Based on the potential trials’ results, clinicians will need to create collaborative relationships
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with bioinformaticians to balance clinical, tumor microenvironment, and genetic prognostic
factors when determining treatment strategies by subtype or patient while also generating
clinically relevant reports containing this streamlined data for the electronic health record
[83-85].

2.2.4 Costs associated with integration of precision therapy—While precision
therapies can potentially benefit DLBCL patients, the clinical advantages must be balanced
against the economic costs of treatment. Consequently, cost-effectiveness analyses may be
crucial to bring novel therapeutics into clinical practice. Patients can incur costs during their
diagnostic process and during their treatment process. Blombery et al. note the importance
of accurate diagnostic process because improper treatment intensification would ratchet up
the costs from delivery of supportive care for managing treatment toxicity [86,87].
Developing comprehensive, rigorously evaluated, and multifaceted prognostic platforms are
paramount for reducing cost burdens associated with the diagnostic process. Clinicians
hoping to employ precision strategies based on COO subtypes must carefully decide
between various IHC or GEP methods, especially when using subtype in first-line treatment
considerations. Nowakowski et al. reviewed the difference between IHC and GEP as
diagnostic tools and noted that while IHC is a more clinically palatable tool, GEP is more
accurate and has better prognostic and potentially predictive ability [88]. However, new GEP
technologies have expanded the options for assessing COO subtype in the clinical setting
[88].

In this vein, King et al. analyzed the impact of real time expert central pathology review in a
phase Il open-label study for DLBCL patients (ClinicalTrials.gov identifier ) and found that
real time pathology review was much more efficient compared to traditional review (Table 3)
[87]. The real time review process added a step O review so that ineligible patients were
rejected before enrollment instead of rejecting patients at the end as a traditional review
process would. The eligibility notification was delivered in an average of 1 working day
(range 0-4) and saved costs associated with prevention of lost study slots. Treatments for
DLBCL would especially benefit from the potential for more accurate pathology analysis
given DLBCL’s high molecular heterogeneity. Despite its clear benefits, real time review
still has limitations, such as increased time and work for pathologists to ensure a rapid
process.

Chen et al. evaluated the cost-effectiveness of three DLBCL management strategies: R-
CHORP for all patients, lenalidomide plus R-CHOP (R2-CHOP) for ABC patients and R-
CHOP for GCB patients, and R2-CHOP for all patients (Table 3) [89], utilizing data from a
phase 2 trial of R2-CHOP [90]. This analysis preceded the availability of results from the
randomized studies described above. The base case analysis for subtype-specified treatment
demonstrated a favorable ICER of $16,006/quality-adjusted life year (QALY) compared
with R-CHOP. These authors noted that the cost-effectiveness of subtype driven therapies is
predicated on the therapies’ asymmetric survival benefit for each subtype. In other words,
subtype-based treatment is most cost-effective as a front-line approach when there is a
significant differential efficacy in GCB and ABC subtypes, so rigorously investigating the
benefit of treatment in both subtypes is paramount. Chen et al. also found that the more
accurate subtyping method is preferred as the difference in survival grows, even at higher
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test costs. While phase 3 results ultimately failed to demonstrate a subtype-specific benefit
for R2-CHOP, this study provides baseline evidence for important considerations related to
the economics of precision medicine treatment strategies. Additional data from precision
medicine RCTs are needed to corroborate findings and inform the use of novel therapies for
DLBCL.

3. Costs associated with relapsed and refractory DLBCL

Standard therapy for patients with relapsed and refractory DLBCL involves second-line
chemotherapy and determination of transplant eligibility followed by high-dose therapy and
autologous HCT for transplant candidates [13]. For DLBCL patients who continue to exhibit
refractory disease or who relapse following second-line chemotherapy or autologous HCT,
additional therapy options include allogeneic HCT and CAR T-cell therapy. Topics reviewed
here include cost burden associated with second-line chemotherapy, cost and cost-
effectiveness of HCT, and cost and cost-effectiveness of CAR T cells in DLBCL care.

3.1 Second-line chemotherapy

3.1.1 Background—Recommended second-line immunochemotherapy regimens in
DLBCL treatment differ pending transplant eligibility [13]. Regimens for patients
proceeding to transplant include ICE (ifosfamide, carboplatin, and etoposide), DHAP
(dexamethasone, cisplatin, and cytarabine), and others, while regimens for non-candidates
include bendamustine, rituximab monotherapy, and others [13,91]. Addition of rituximab is
commonly included in second-line therapy regardless of chemotherapy regimen [92].

3.1.2 Cost burden—Limited research has been conducted to evaluate the cost of
relapsed and refractory DLBCL beginning with second-line chemotherapy (Table 4) [93],
though available studies indicate high costs for relapsed and refractory patients. A 2016
study evaluated the total monthly costs of second-line chemotherapy in the outpatient setting
over a two-year period using SEER-Medicare data [92]. Average PPPM costs were roughly
$4,800 and $5,800 for the refractory and relapsed populations, respectively. Total
expenditures amounted to $116,342 for the refractory population and $139,194 for the
relapsed group over the 24-month period with lower costs observed in the refractory cohort
due to increased early mortality in this group. A recent study using Medicare claims for cost
estimation compared total monthly costs between relapsed and non-relapsed cohorts [94].
Price comparisons began at 60 days following completion of first-line treatment. Initial
PPPM costs were comparable in each group at roughly $3,600 and $4,600 for non-relapsed
and relapsed cohorts, respectively. PPPM costs for the relapsed cohort then rose to
approximately $11,000 PPPM following start of second-line therapy to end of follow-up,
indicating significant increase in expenses due to relapse. Drug costs and outpatient fees
were the largest contributors to cost for patients with relapsed DLBCL.

3.2 Hematopoietic cell transplant

3.2.1 Background and clinical use—The PARMA [95] and CORAL [96] trials,
conducted in the pre-rituximab and rituximab eras, respectively, demonstrated survival
benefits for chemosensitive NHL patients after relapse and confirmed autologous HCT as
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standard therapy in the relapsed or refractory population. However, 1/3 of DLBCL patients
undergoing autologous HCT may experience relapse or progression, and autologous HCT
may not be indicated for patients with refractory disease [97]. In these patient groups,
allogeneic HCT represents an additional treatment option that may provide a cure [97].
Clinical use of HCT involves the mobilization and collection of stem cells from the patient
or donor followed by a conditioning regimen of chemotherapy and transplantation. Analyses
of cost burden indicate that these therapies come with considerable expense in all phases of
care from stem cell collection through long-term follow-up.

3.2.2 Cost and cost-effectiveness across hematologic malignancies—
Multiple cost and cost-effectiveness studies have been conducted since the 1990s to evaluate
the use of autologous HCT and allogeneic HCT in hematologic malignancies, and many of
those studies have been reviewed in depth [98,99]. Estimates for costs of both modalities
include wide ranges depending on time horizon and types of direct medical costs included in
evaluation. In one review, costs of initial transplant hospitalization were reported as low as
$87,000 and $166,000 for autologous HCT and allogeneic HCT, respectively, and were
shown to increase considerably over longer follow-up periods [98]. Higher costs were driven
by length of hospitalization, disease severity, and posttransplant complications, and
allogeneic HCT was consistently more expensive than autologous HCT [98,99]. The
Milliman actuarial group recently estimated total costs per patient from pretransplant care
through 180 days following discharge of approximately $429,000 and $934,000 for
autologous HCT and allogeneic HCT, respectively, across all indications for HCT [100].
Differences in total cost between autologous HCT and allogeneic HCT were due to
substantially greater costs of hospital transplant admission, posttransplant care 180 days
following discharge, and stem cell procurement seen in allogeneic HCT.

Cost-effectiveness studies across hematologic malignancies have been inconsistent in their
conclusions and vary based on donor source and treatment pathways selected for comparison
[98,99]. Additional studies have investigated cost and cost-effectiveness of more nuanced
aspects of HCT administration in hematologic malignancies including drugs used in stem
cell mobilization [101-106]; management of complications [107] including chemotherapy-
induced nausea and vomiting [108], mucositis [109], and neutropenia [110-112]; and
chemotherapy regimens prior to transplant [113,114]. Evaluation of these studies is beyond
the scope of the present review.

3.2.3 Cost and cost-effectiveness in DLBCL—Few cost analyses of autologous
HCT and allogeneic HCT have focused on DLBCL (Table 5). A 2012 study utilized a
Markov model to evaluate the cost-effectiveness of G-CSF with plerixafor (G+P) versus G-
CSF alone for stem cell mobilization in DLBCL patients undergoing autologous HCT [115].
Total lifetime cost for autologous HCT was roughly $75,000 using G-CSF and $104,000 in
the G+P cohort. Cost-effectiveness comparisons yielded an ICER of approximately $16,000/
QALY gained using G+P, indicating cost-effectiveness of this mobilization strategy in
treating DLBCL. A 2018 investigation of immediate and long-term cost burden associated
with allogeneic HCT for patients with DLBCL indicated high costs over a three-year follow-
up period [116]. During the first year after allogeneic HCT administration, average per-
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patient costs totaled $490,787 (SD $254,333) with an average of 38 inpatient days and 68
office visits per patient. Inpatient expenses including allogeneic HCT administration were
the largest contributor to total cost. Expenses were lower in years two and three but
remained significant, reaching $78,563 (SD $57,331) in the third year after allogeneic HCT.
The largest contributor to total cost in years two and three was office visit fees. These studies
confirm the substantial expenses associated with HCT for adult patients with DLBCL.

3.3 CAR T-cell therapy

3.3.1 Background—CAR T-cell therapy enables the targeted destruction of cancer cells
using a patient’s own T-lymphocytes [117,118]. CAR T-cell therapy was first approved for
the management of a hematologic malignancy in 2017 with the Food and Drug
Administration (FDA) approval of tisagenlecleucel in the treatment of pediatric B-cell acute
lymphoblastic leukemia [119,120]. Following promising results from phase | and phase 11
studies in adult patients with DLBCL [27,28,121], the FDA approved CAR T-cell therapy
for treatment of relapsed or refractory DLBCL after two or more failed systemic therapies
[23]. The ZUMA-1 trial was a multicenter phase 11 study for the treatment of refractory large
B-cell lymphomas with axicabtagene ciloleucel, an anti-CD19 CAR T-cell therapy [27].
ZUMA-1 demonstrated high levels of durable response among patients with refractory
disease. The JULIET trial, an international phase Il study of the anti-CD19 CAR T-cell
therapy tisagenlecleucel in relapsed or refractory DLBCL, also showed high rates of durable
response [28]. A trial investigating a third therapy, lisocabtagene maraleucel, is ongoing and
is demonstrating durable responses across high-risk hematologic malignancies including
DLBCL [122]. Multiple review articles discuss the success and use of CAR T-cells in
lymphoma [123,124].

3.3.2 Clinical use—CAR T cells are indicated for DLBCL patients who fail two or more
systemic therapies, have an Eastern Cooperative Oncology Group (ECOG) performance
status of 0-1, and have no prior CNS disease or major comorbidities [118]. In clinical
application, CAR T-cell therapy is provided as a one-time administration in three primary
clinical scenarios: post-autologous HCT relapse, first salvage treatment failure, and partial
response to first salvage treatment [118]. The treatment requires multiple stages, beginning
with leukapheresis to collect a patient’s T cells for preparation prior to infusion [118].
Patients then receive a lymphodepleting chemotherapy regimen of cyclophosphamide and
fludarabine or bendamustine followed by infusion of CAR T cells [125,126]. A recent
evaluation of treatment with lisocabtagene maraleucel showed the average number of
hospital days for patients receiving infusion ranging between 9.3 and 15.6 days [127]. Major
adverse reactions associated with CAR T-cell therapy include cytokine release syndrome
(CRS) and neurological toxicities, necessitating administration in a certified healthcare
facility capable of managing these toxicities [118,128]. In addition, intravenous
immunoglobulin (IVIG) may be required following lymphodepleting chemotherapy due to
potential for B-cell aplasia [129].

3.3.3 Cost burden—CAR T cells have received significant attention as the most
expensive cancer drug yet developed [130]. Tisagenlecleucel was first introduced for
treatment of pediatric acute leukemia with a single-dose price of $475,000 [131]. By
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comparison, common anticancer drugs typically cost on the order of $4,000-$10,000 per
month [132]. Treatment with axicabtagene ciloleucel or tisagenlecleucel for relapsed or
refractory DLBCL now costs $373,000 [118], still considerably more expensive than other
notable, high-priced drugs such as the hepatitis C therapies sofosbuvir ($84,000 for a 12-
week course) and sofosbuvir + ledipasvir ($94,500 for a 12-week course) [133]. Moving
forward, CAR T-cell therapy is projected to comprise nearly half of all drug sales for
DLBCL care despite limiting indications to a small set of eligible patients [134]. Costs of
hospitalization and management of toxicities are not included in the infusion fee and may
add an additional $150,000-$200,000 to the overall expense [128]. When all associated
costs are considered, estimates for total cost range from $500,000-$1.5 million depending
on the complexity of the case [135].

3.3.4 Cost-effectiveness—Initial evaluations of cost-effectiveness for CAR T cells
pertained to treatment of pediatric acute leukemia [136-142]. In general, these studies found
CAR T-cell therapy to be cost-effective compared to standard pediatric ALL therapy but
ultimately concluded that long-term follow-up data regarding duration of response is
required for robust estimates of cost-effectiveness [131,138,139]. Multiple studies of cost-
effectiveness in DLBCL have since reached similar conclusions (Table 6), suggesting that
CAR T-cell therapy in the treatment of relapsed or refractory DLBCL is potentially cost-
effective given presently available data though long-term follow-up is required for reliable
estimates [142-147]. In adults, cost-effectiveness in practice may depend on other factors
including: insurance contracting, patient age, comorbidities and other factors that influence
non-relapse mortality.

The Institute for Clinical and Economic Review conducted a cost-effectiveness analysis for
CAR T-cell therapy in B-cell malignancies using Markov modeling [142]. In the Markov
model, treatment with axicabtagene ciloleucel was compared with chemotherapy for
relapsed or refractory adult B-cell lymphoma in patients ineligible for autologous HCT. A
price-per-unit mark-up of $100,000 was used in this study for a total drug cost of $473,000.
In the base case, the axicabtagene ciloleucel arm exhibited a total discounted cost of
$617,000 compared with $155,000 for salvage chemotherapy. Axicabtagene ciloleucel
yielded a base-case ICER of roughly $112,000/LY gained and $136,000/QALY gained. In
this analysis, axicabtagene ciloleucel met the cost-effectiveness threshold of $150,000/
QALY gained assuming a cure for patients remaining in complete response to CAR T-cell
therapy after five years. Model results were observed to yield ICER values in excess of
$150,000/QALY when assumptions regarding durable response did not hold. Significant
determinants of model results related to outcome discount rate, whether patients were alive
and responding to treatment, drug cost mark-up, the standardized mortality ratio, and
duration of administration of 1\VIG as prophylaxis during prolonged B-cell aplasia. Overall,
the authors found CAR T-cell therapy cost-effective in this population with the caveat that
additional information regarding long-term response rates is needed.

In a study comparing axicabtagene ciloleucel to salvage chemotherapy using a decision
model, the base-case analysis identified lifetime costs for CAR T-cell therapy at roughly
$550,000 and salvage chemotherapy at approximately $170,000 [143]. In this study,
Axicabtagene ciloleucel exhibited an ICER of $58,000/QALY gained. The authors note that
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the significant differences in ICER observed in this study in comparison with the study from
the Institute for Clinical and Economic Review were due to survival modeling methods. The
decision model exhibited sensitivity to percentage of patients in long-term remission,
outcome discount rate, and drug cost. Notably, this study was funded by Kite, the
pharmaceutical company producing axicabtagene ciloleucel.

The National Institute for Health and Care Excellence (NICE), a division of the UK
Department of Health, published cost-effectiveness analyses of both axicabtagene ciloleucel
[144] and tisagenlecleucel [145]. The ICER for axicabtagene ciloleucel was estimated at in
excess of $63,000/QALY gained. The review committee noted that cost-effectiveness
estimates for axicabtagene ciloleucel encompass a wide range of potential values given
limited data regarding long-term follow-up. NICE ultimately concluded that the range of
ICER values demonstrates potential cost-effectiveness for axicabtagene ciloleucel with the
need for additional data regarding outcomes and usage of 1VVIG. ICERs for tisagenlecleucel
ranged between roughly $55,000-$70,000/QALY gained with significant uncertainty
regarding underlying model values. The committee advised once again that there was a need
for additional data collection pertaining to outcomes and usage of immunoglobulin. It
remains unclear whether the exclusion of this or other downstream costs were the reason for
the dramatic difference in ICERs between this study and the previously discussed studies.

A recent study utilized five separate survival models to develop outcomes and cost-
effectiveness estimates for axicabtagene ciloleucel in comparison with chemotherapy [146].
Assessments of cost-effectiveness were determined based on payer status with ICER
estimates of $82,400-$230,900/QALY gained and $100,400-$289,000/QALY gained for
public and commercial payers, respectively. Wide ranges for estimates of ICER were due to
different long-term survival estimates from the five models employed, and the authors
conclude that additional outcomes data are required for more precise estimates.

A 2019 study using Markov models evaluated cost-effectiveness of both axicabtagene
ciloleucel and tisagenlecleucel in comparison with salvage chemotherapy and stem-cell
transplant over a range of possible long-term CAR T-cell treatment responses [147]. ICER
estimates for axicabtagene ciloleucel ranged from $133,000/QALY gained with an assumed
5-year PFS of 40% to $164,000/QALY gained assuming a 5-year PFS of 30%. For
tisagenlecleucel, model estimates of ICER ranged from $174,000/QALY gained under an
assumed 35% 5-year PFS to $230,000/QALY gained assuming a 25% 5-year PFS. All model
estimates carried wide-ranging 95% uncertainty intervals with potential to either meet the
$150,000/QALY threshold or to exceed it considerably. The variation in findings from these
studies illustrate the challenges in applying cost-effectiveness analysis to novel cancer
therapies particularly when follow-up time is short for expensive therapies with an expected
likelihood of cure.

3.3.5 Remaining financial challenges—Significant financial challenges associated
with the cost of CAR T cells remain. Alternate pricing techniques have been proposed to
manage the expense of CAR T cells including indication-specific pricing, pricing that
incorporates the present uncertainty of long-term outcomes, and pricing based on treatment
response [147-149]. Notably, the outcomes-based rebate offered by Novartis for
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tisagenlecleucel will likely not increase the value of this drug [131,138]. Many additional
CAR T-cell therapies are being developed for indications spanning oncology [134], and
future production of competing CAR T-cell therapies for treatment of DLBCL may affect
drug pricing [149]. One-way uncertainty analysis indicates that decreasing costs associated
with other aspects of CAR T-cell therapy including costs of drug administration, treatment
related to toxicities, and follow-up are unlikely to affect overall cost-effectiveness of CAR T
cells [131]. Reducing uncertainty in the estimates of cost-effectiveness and the
implementation of truly value-based pricing for CAR T cells will require long-term data
regarding duration of response [131].

Presently, the Centers for Medicaid and Medicare Services (CMS) has not yet stipulated a
standard, nationwide plan for the coverage of CAR T-cell therapy, though methods for
national coverage of CAR T cells have been proposed [150,151]. Additionally, CMS has
planned an increase in reimbursement rates for CAR T-cell therapy through new technology
add-on payments from $186,500 per treatment to $242,450 per treatment [152].
Reimbursements at this scale will remain insufficient to cover the estimated $500,000-$1.5
million per-patient cost and will continue to place considerable financial strain on hospitals
with potential to dissuade treatment centers from providing CAR T-cell therapy to patients
relying on Medicare [135]. Other concerns related to reimbursement include difficulty in
standardizing billing codes for CAR T-cell therapies [153].

The cost of CAR T cells also may limit global drug availability, affecting economically
disadvantaged countries in particular where high-priced anticancer treatments can be
especially unaffordable for patients in need [91,128]. Proposed technologies to increase
CAR T cell availability include universal cell banks in lieu of autologous therapy [149,154],
and early trials incorporating this approach have demonstrated promising results [155].

4. Costs associated with surveillance imaging

4.1 Background and clinical guidelines

Relapse in DLBCL is associated with inferior outcomes [4], and past methods for the early
detection of disease recurrence involved repeated cross-sectional imaging in asymptomatic
patients [156]. However, modern investigations of long-term surveillance indicate that
surveillance imaging is not associated with survival benefit or adequate detection of relapse
[20,22]. In 2013, the Choosing Wisely medical stewardship initiative recommended limiting
routine computed tomography (CT) scans in long-term follow-up of patients with aggressive
lymphomas [157], and current clinical guidelines advise use of CT imaging for two years
following completion of treatment [13] or not at all [158] absent clinical indication. Despite
quality improvement campaigns and modern clinical guidelines, practice patterns may
continue to incorporate excessive use of surveillance CT imaging [159].

4.2 Cost and cost-effectiveness

Cost and cost-effectiveness evaluations indicate that surveillance imaging is not cost-
effective even at time horizons matching current clinical guidelines (Table 7) [160]. A 2015
study developed a Markov model to compare cost and cost-effectiveness of clinical follow-
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up with no imaging, clinical follow-up with biannual CT, and clinical follow-up with
biannual positron-emission tomography (PET)/CT [160]. Total estimated per-patient costs
involving the full treatment pathway were $42,084 with no imaging, $45,723 with biannual
CT, and $46,778 with biannual PET/CT, resulting in an added per-patient cost between
$3,500 and $5,000 with biannual imaging for two years. In comparison with clinical follow-
up alone, follow-up with biannual imaging yielded ICERs in excess of $180,000/QALY
gained. By these metrics, imaging surveillance is not cost-effective in the posttreatment
follow-up of asymptomatic DLBCL patients. Additional methods of disease surveillance are
being investigated including detection of circulating tumor DNA (ctDNA) [156], and
consideration of novel methods will require similar scrutiny regarding survival benefits and
cost-effectiveness prior to clinical integration.

5. Conclusion

DLBCL carries a substantial cost burden for patients and for the healthcare system. Total
cost estimates are wide ranging and depend in large part on treatment modality. Standard
first-line care alone incurs considerable expense. Patients with relapsed/refractory disease
will require additional costly therapies including HCT and CAR T cells, leading to dramatic
increases in per-patient fees and financial strain on hospitals. Exciting advances in DLBCL
treatment and surveillance including novel precision therapies and ctDNA have potential to
improve outcomes, but these technological advances may yield greater costs as well.
DLBCL prevalence is likely to increase with the ageing population, and determination of
cost-effective first-line and later-line therapies and surveillance modalities in DLBCL will
require continued economic evaluation to limit the significant financial burden placed on
patients and hospitals in the treatment of DLBCL.

6. Expert opinion

6.1 Applications to current and future practice

For a subset of DLBCL patients with high-risk disease, presently available therapies may
offer improved outcomes or cure at great financial cost to patients, payers, and the healthcare
system. The economic analyses addressed in this review should act alongside patient-level
clinical characteristics and tumor biology to inform practice patterns at all stages of the
DLBCL treatment pathway. Expensive therapies that prove curative for a given patient will
likely be cost-effective at accepted willingness-to-pay thresholds, but clinical outcomes are
uncertain in practice. Physicians should weigh potential patient-level treatment responses
against societal financial burden. We have seen the implementation of cost-based quality
improvement through the Choosing Wisely campaign. Future cost-based initiatives and
clinical guidelines should similarly reflect the economic realities of expensive treatments
and surveillance in management of DLBCL. Nevertheless, providing care for individual
DLBCL patients requires identifying and implementing treatment strategies with the greatest
likelihood of benefit to the individual.
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6.2 Key areas for improvement

As investigation into targeted therapies for DLBCL subgroups continues, it remains unclear
in what circumstances precision medicine approaches will prove to be cost-effective for this
biologically heterogeneous disease. Subgroup-specific therapy will incur additional costs at
multiple stages along the diagnostic and treatment pathways as clinicians identify
appropriate patients for available therapies, and these additional steps will require evaluation
from clinical and cost-based viewpoints. Ongoing research into genetic subgroups provides
promising targets for future precision therapies, and current cost-based efforts should focus
on anticipating expenses and streamlining diagnostic steps to reduce costs in associated
clinical trials and future clinical workflow.

At present, we lack sufficient long-term follow-up data for robust evaluations of novel and
expensive cellular therapies. Multiple estimations of cost-effectiveness for CAR T cells
indicate the potential for cost-effectiveness in eligible patients, but current methods for
evaluation rely on unproven assumptions to simulate a wide range of potential outcomes. We
will not truly know the cost-effectiveness of currently available and future CAR T-cell
therapies until we have reliable data regarding duration of durable response. While we wait
for long-term follow-up, we should work to resolve remaining financial challenges related to
pricing, reimbursement, and availability of CAR T-cell therapies.

6.3 Potential for future research

As the number of approved personalized treatment options expands in the coming years,
issues of cost-effectiveness will become increasingly nuanced through the comparison of
similar therapies targeting discrete subsets of the DLBCL patient population. In five years,
we expect that individual precision therapeutics will require subgroup-specific cost and cost-
effectiveness analyses for subtyping and treatment. Results of long-term follow-up with
CAR T-cell therapy will enable true evaluation of cost-effectiveness. Additionally, answers
to current financial challenges associated with CAR T cells may lead us to reevaluate our
assumptions regarding cost and availability, necessitating additional studies of cost burden
and cost-effectiveness. Surveillance techniques currently in development such as ctDNA will
similarly require evaluations of scientific efficacy and cost-effectiveness in a clinical setting
to identify preferred methods for interim and long-term follow-up. This remains an exciting
time for novel treatment in the management of DLBCL, and economic analyses will play an
important role in the development and selection of therapies in the next era of DLBCL care.
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Article highlights:

The total cost burden of DLBCL is substantial for patients and the healthcare
system.

Cost and cost-effectiveness analysis of novel precision therapies will be an
essential component of their eventual clinical integration.

Treatment for relapsed and refractory DLBCL adds considerable expense
through costly interventions such as hematopoietic cell transplant and
chimeric antigen receptor (CAR) T-cell therapy.

Early CAR T-cell therapy cost-effectiveness evaluations indicate potential for
cost-effectiveness despite high drug costs. Long-term follow-up data
regarding duration of durable response is required for robust estimates, and
additional financial challenges remain.

Routine surveillance imaging adds significant cost with no demonstrated
survival benefit and is not a cost-effective form of long-term surveillance.
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Records identified through Additional records identified
database searching through other sources
(n=623) (n=23)
A A

Records after duplicates
removed
(n = 386)

Records excluded after title
> review
(n =268)

Abstracts assessed for
eligibility
(n=118)

Records excluded after
abstract review

(n=79)
. E;}i/g\r,:,d the scope of the Full articles assessed for
+ Review articles ‘?:Qzlbgg;/
¢ Clinical trials

Records excluded after full-
article review
(n=12)

* Not focused on DLBCL

+ Insufficient specificity
regarding costs and/or
cost-effectiveness

Articles included in the
review
(n=27)

Figure 1.
Flowchart of article selection.

Database searches included searching the National Library of Medicine online MEDLINE
database (PubMed) using the Medical Subject Heading (MeSH) terms “lymphoma, large B-
cell, diffuse,” “rituximab,” “precision medicine,” “therapy,” “stem cell transplantation,”
“receptors, chimeric antigen,” “Supplementary Concept: axicabtagene ciloleucel,”
“Supplementary Concept: tisagenlecleucel,” “costs and cost analysis,” “cost-benefit
analysis,” “cost of illness,” “Subheading: economics,” and “Subheading: therapy” and the
keywords “DLBCL,” “R-CHOP,” “rituximab,” “precision therapy,” “precision medicine,”
“stem cell transplantation,” “chimeric antigen receptor,” “axicabtagene ciloleucel,”
“tisagenlecleucel,” “surveillance,” “cost,” “cost burden,” “cost-effectiveness,” and “cost of
illness.”
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Table 1.

Studies estimating the total cost burden of DLBCL.

Page 29

Intervention of

Mean total cost (2019

Study Location interest Indication Conclusion
Wang, et al. [33] United Total treatment DLBCL Per-patient: $31,499 Considerable variability with range
Kingdom pathway $5,017 (palliative care alone) to

$135,493 (patients receiving autologous
HCT)

Morrison, et al. USA Total treatment DLBCL PPPM: $12,804 Significant cost burden, particularly in

[34] pathway the first year after DLBCL diagnosis

Ren, et al. [35] USA Total treatment DLBCL PPPM: $16,751 Considerable healthcare costs and

pathway resource utilization
Costa, et al. [36] Canada Total treatment DLBCL Per-patient: first 6 Greatest cost observed in first 6 months

pathway

months following
diagnosis, $25,743;
first 6 months
following relapse,
$16,337

after diagnosis or disease progression
with significant drop in cost in
subsequent time intervals

Abbreviations: DLBCL, diffuse large B-cell lymphoma; HCT, hematopoietic cell transplant; ICER, incremental cost-effectiveness ratio; PPPM,
per-patient-per-month; USD, US dollars
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Table 2.

Cost and cost-effectiveness studies comparing R-CHOP and CHOP in DLBCL treatment.

Page 30

Study Location Indication

Mean total cost (2019

ICER (2019 USD)

Conclusion

Lee, etal. [37] Canada Untreated DLBCL

R-CHOP, $46,812; CHOP,
$34,871

Cost of rituximab was
the greatest
contributor to cost
difference between
total treatment
pathways

Best, et al. [57] France Untreated DLBCL

R-CHOP, $65,826; CHOP,
$45,161

$19,235/QALY

Cost-effective

Groot, et al. [58] The
Netherlands

Untreated DLBCL,
stages 11-1V

R-CHOP: age < 60 years,
$53,480; age = 60 years,
$56,610; CHOP: age < 60
years, $37,380; age = 60
years, $35,830

Age < 60 years,
$18,052/QALY; age =
60 years, $23,152/
QALY

Cost-effective

Hornberger, et al. USA Untreated DLBCL,

[59] stages 11-1V, ages
60-80 years, ECOG
0-2

R-CHOP, $56,699; CHOP,
$41,928

$26,931/QALY

Cost-effective

Untreated DLBCL,
ages 18-60 with <1
IP1 risk factor

Ferrara, et al. [60] Italy

R-CHOP, $37,037; CHOP,
$38,239

R-CHOP was the
dominant therapy

Cost-effective

Johnston, et al. Canada Untreated DLBCL

[61]

R-CHOP: age < 60 years,
$52,635; age = 60 years,
$48,721; CHOP: age < 60
years, $41,762; age = 60
years, $39,721

Age < 60 years,
$21,746/QALY; age >
60 years, $6,648/
QALY

Cost-effective

Griffiths, et al. [62] USA Untreated DLBCL, R-CHOP, $27,659 $74,753/LY Not cost-effective
ages = 66 years
Khor, et al. [63] Canada Untreated DLBCL R-CHOP, $86,082; CHOP,  Ages < 60 years, Cost-effective for

$69,633

$32,094/LY; 60-79
years, $81,346/LY; >
80 years, $111,119/LY

patients aged < 60
years; may not be
cost-effective among
older patients

Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DLBCL, diffuse large B-cell lymphoma; ICER, incremental
cost-effectiveness ratio; LY, life year; QALY, quality-adjusted life year; R, rituximab; USD, US dollars
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Table 3.

Cost and cost-effectiveness studies for precision medicine in DLBCL treatment.
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Study Location Inteil;]vtir;(telsotn of Indication Cotrr:]g‘f:g;cor IC%Félgz)Olg Conclusion Comments
King,et  USA Real-time EPCR Cell-of- Retrospective - Real-time EPCR -
al. [87] origin EPCR alone may reduce costs
testing in precision-
medicine therapy
and trials
Chen,et  USA R2-CHOP for Untreated R-CHOP for $16,006/QALY  Cost-effective Based on phase 2
al. [89] ABC-DLBCL; R- DLBCL ABC- and GCB- when there is a evidence;
CHOP for GCB- DLBCL significant subsequent phase 3
DLBCL efficacy results did not
difference indicate a subtype-
between subtypes  specific benefit for
R2-CHOP
R2-CHOP for Untreated R-CHOP for Not reported Not cost-effective  Based on phase 2
ABC- and GCB- DLBCL ABC- and GCB-  given evidence;
DLBCL DLBCL significant subsequent phase 3
increase in cost results did not
with this indicate a subtype-

intervention

specific benefit for
R2-CHOP

Abbreviations: ABC, activated B-cell-like; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DLBCL, diffuse large B-cell

lymphoma; EPCR, expert central pathology review; GCB, germinal center B-cell-like; ICER, incremental cost-effectiveness ratio; QALY, quality-

adjusted life years; R, rituximab; R2, rituximab plus lenalidomide; USD, US dollars
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Table 4.
Cost and cost-effectiveness studies for relapsed/refractory DLBCL treatment beginning with second-line
chemotherapy.
Stud Location Intervention of interest Indication Mean total cost Conclusion
Y (2019 USD)
Danese, et al. USA Total treatment pathway Relapsed DLBCL ~ PPPM: $5,800; per-  Second-line therapy incurs
[92] from second-line in older patients patient: $139,194 considerable expense

chemotherapy

Refractory
DLBCL in older
patients

PPPM: $4,800; per-
patient: $116,342

Second-line therapy incurs
considerable expense; higher
initial mortality rate for
refractory disease leads to lower
overall costs

Huntington, etal.  USA
[94]

Total treatment pathway
from 60 days following
first-line therapy

Non-relapsed
DLBCL in older
patients

PPPM: $3,600

Post-first-line treatment PPPM
expenses for non-relapsed and
relapsed patients are comparable
prior to initiation of second-line
therapy in the relapsed
population

Relapsed DLBCL
in older patients

PPPM: $4,600 prior
to initiation of
second-line therapy;
$11,000 after
initiation of second-
line therapy

Significant increase in expenses
due to relapse

Abbreviations: DLBCL, diffuse large B-cell lymphoma; PPPM, per-patient-per-month; USD, US dollars
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Table 5.

Cost and cost-effectiveness studies for hematopoietic cell transplant in DLBCL treatment.
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] ICER
: Intervention A Comparator Mean total cost :
Study Location of interest Indication therapy (2019 USD) 8&139; Conclusion
Kymes, et USA G+P Stem cell G-CSF alone G+P, $104,000; G- $16,000/ Cost-effective
al. [115] mobilization for CSF alone, $75,000 QALY
autologous HCT in
patients with
relapsed DLBCL
Maziarz,et ~ USA Allogeneic Refractory or - First year after HCT - Significant
al. [116] HCT relapsed DLBCL administration, per- economic
after chemotherapy patient: $490,787 burden
or autologous HCT following
allogeneic
HCT

Abbreviations: G+P, G-CSF plus plerixafor; G-CSF, granulocyte-colony stimulating factor; HCT, hematopoietic cell transplant; DLBCL, diffuse
large B-cell lymphoma; ICER, incremental cost-effectiveness ratio; USD, US dollars; QALY, quality-adjusted life year
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Table 7.

Cost and cost-effectiveness studies for surveillance imaging in DLBCL treatment.

- Mean total ICER
Study Location In;e_rvtenth[n Indication Cq[rr'?parator cost (2019 (2019 Conclusion ~ Comments
of interes erapy USD) UsD)
Huntington, USA Routine DLBCL Routine Total per- $181,000/ Not cost- Conclusions
et al. [160] follow-up patients in follow-up with  patient QALY effective were robust
including first no imaging costs: across one-way
biannual CT remission biannual and
CT, probabilistic
$45,723; no sensitivity
imaging, analyses
$42,084
Routine DLBCL Routine Total per- $186,000/ Not cost- Conclusions
follow-up patients in follow-up with  patient QALY effective were robust
including first no imaging costs: across one-way
biannual remission biannual and
PET/CT PET/CT, probabilistic
$46,778; no sensitivity
imaging, analyses
$42,084

Abbreviations: CT, computed tomography; DLBCL, diffuse large B-cell lymphoma; ICER, incremental cost-effectiveness ratio; PET, positron-
emission tomography; QALY, quality-adjusted life year; USD, US dollars
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