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Abstract

In view of recent therapeutic advances in mantle cell lymphoma (MCL), the aim of this
retrospective cohort analysis was to assess treatment patterns, adverse events (AESs), resource
utilization, and health care costs in patients with MCL in a US-based commercial claims database.
A total of 783 patients with MCL (median age=65 years) were selected. Among patients receiving
systemic therapy (n=457), the most common treatment regimens were bendamustine/rituximab
(BR) (41.1%), rituximab/cyclophosphamide/doxorubicin/vincristine (RCHOP) (26.7%), rituximab
monotherapy (20.4%), and ibrutinib monotherapy (14.2%). Mean monthly costs during treatments
with BR, RCHOP, rituximab, and ibrutinib were $12,958, $24,719, $13,153, and $21,690,
respectively. Mean monthly cost during follow-up was $13,650 among patients with =6 AEs
versus $5,131 among those without AEs. The costs of MCL varied considerably by treatment
regimen and care setting. The overall economic burden of managing patients with MCL can be
substantially affected by costs associated with managing AEs occurring during treatment.
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Introduction

Methods

Mantle cell lymphoma (MCL) represents approximately 3% of all newly diagnosed non-
Hodgkin lymphoma cases in the United States (US) [1]. MCL is incurable, often presents
aggressively, and frequently infiltrates extranodal tissues [2]. Median overall survival has
improved over the past several decades [3] but remains limited to approximately 5 to 7 years

[4].

Patients with early-stage MCL are generally treated with chemotherapy with or without
radiation therapy. Those with more advanced stages, who represent the majority of patients,
or rapid disease progression are candidates for a more intensive approach. Dose-intensive
chemotherapy combinations with rituximab (chemoimmunotherapy) or stem cell
transplantation (SCT) are often considered for first-line treatment, especially among younger
patients and medically fit older individuals [5,6]. Patients with relapsed MCL are treated
with systemic therapies that may include chemotherapy, rituximab, or newer targeted agents
such as bortezomib, lenalidomide, or ibrutinib [7,8].

MCL therapies are often associated with hematologic and nonhematologic adverse events
(AEs) [9,10]. Newer targeted therapies such as the tyrosine kinase inhibitors have been
reported to increase the risk of cardiac events, particularly atrial fibrillation (A-fib) [11].
Moderate to severe AEs, which often require medical intervention, may adversely affect
adherence to planned treatment and lead to increased health care resource use (HCRU) and
costs. Real-world data on HCRU and economic burden associated with MCL treatments and
related AEs are sparse in the current literature [12,13].

In view of recent advances in MCL management, it is important to explore current, real-
world data on treatment and costs. Therefore, the aims of this study were: (1) to assess
treatment patterns, AEs, HCRU, and direct health care costs in privately insured patients in
the US with diagnosis of MCL; and (2) to explore in these patients specific factors
associated with AEs, inpatient admission, and health care costs.

Design and data source

Data for this retrospective cohort study were taken from the Truven MarketScan Research
Databases, which contain administrative claims information on more than 60 million unique
individuals enrolled in employer-sponsored private health insurance plans across the US.
These databases provide longitudinal data on medical and pharmacy service utilization, and
associated payments, collected from nearly 350 employers and payers. They contain health
care information for employed individuals and their dependents covered under fee-for-
service and various capitated health plans. Patient data for each healthcare encounter and
associated diagnoses and treatments, as recorded in claims forms using applicable coding
systems (e.g., International Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM], Current Procedural Terminology [CPT]), are recorded. Payments and charges
including amounts paid by the health plan and the amount of patient responsibility (i.e.,
patient co-payment, coinsurance, and deductible) are also captured. The Medicare-covered
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portion of payment (represented as the coordination of benefits amount) and the employer-
paid portion are both included.

Patient selection

Patients with a first diagnosis of MCL during the patient selection time period—July 1,
2012, through June 30, 2015—were identified using the ICD-9-CM) and International
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis
codes (200.4X [ICD-9-CM] and C83.1X [ICD-10-CM]). Patients were required to have at
least two medical claims on separate dates with diagnosis code(s) for MCL. The date of the
first observed diagnosis of MCL during the selection period defined the study index date.
Eligible patients also were = 18 years of age at the index date; had > 12 months of
continuous enrollment (with gaps < 30 days permitted) in medical and drug plans, with no
capitation, before the study index date; and had no evidence of MCL diagnosis or MCL-
directed treatment (systemic therapy and/or SCT) during the 12-month baseline period
before their index date. All patients were followed up through disenrollment from the
medical and/or drug plan or end of the study period (June 30, 2016), whichever was first. A
summary of the study design is presented in Figure 1.

Study measures

Demographic and other baseline characteristics, including Charlson Comorbidity Index
(CCI) score, were assessed on the index date or during the 12-month baseline period [14].
Patients’ baseline risk of A-fib was determined based on a previously published algorithm
[15] involving seven risk factors: heart failure, hypertension, diabetes, age 65 to 74 years (at
index), age = 75 years (at index), coronary artery disease, and chronic kidney disease.
Patients were defined as “high risk’ for A-fib if they had evidence of at least one of the
following: (1) any two of the first five risk factors listed above, (2) any three of all seven risk
factors listed above, or (3) previous A-fib during the baseline period.

Mantel cell lymphoma-directed treatments included in the NCCN Clinical Practice
Guidelines (version 1, 2017) [16] were identified using Healthcare Common Procedure
Coding System codes, Current Procedural Terminology codes, and ICD-9-CM and ICD-10-
CM procedure codes as applicable. A treatment regimen was defined as the combination of
all agents observed on or within 35 days after the first claim for a systemic therapy drug
(excluding claims with generic chemotherapy encounter/administration codes) [17,18]. For
parenteral drugs, the first-line therapy ended 30 days after the last administration. For oral
medications (e.g., ibrutinib), the prescription days’ supply was used to determine the
duration of treatment. The date of the end of days’ supply based on the last observed refill of
the oral regimen, with a subsequent treatment gap = 90 days, defined the end of the first-line
therapy. The end of the therapy line for oral regimens was calculated by adding the total
number of days’ supply to the prescription fill date plus the allowed gap of 90 days. Patients
who switched regimens, with or without a 90-day gap in treatment, were considered as
having initiated a new line of therapy. Maintenance therapy with rituximab was defined as
rituximab monotherapy initiated within 7 months after completion of a rituximab-containing
combination therapy (e.qg., rituximab/cyclophosphamide/doxorubicin/vincristine [RCHOP]
with or without prednisone). A gap of more than 7 months after the last administration of
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rituximab defined the end of rituximab maintenance therapy. Detailed treatment
characteristics, including composition, time to initiation, and duration, were assessed for the
most common treatment regimens used in the study population, for up to four lines of
therapy. We did not evaluate use of either autologous or allogeneic SCT by line of therapy as
this analysis focused on receipt of routinely administered systemic therapies.

Incident AEs were defined as the first occurrence of the AE over the course of a given
treatment. Additionally, the total number of unique AEs recorded per patient during the
follow-up period was tabulated (categorized as 0, 1-2, 3-5, or = 6 AESs). Costs associated
with specific MCL treatments were defined using all costs incurred over the course of the
first episode of therapy (regardless of the line of therapy in which it was initiated). AE-
related HCRU and costs were assessed using a subset of medical claims containing an
applicable diagnosis and/or treatment code (at primary position or elsewhere) for the AE in
question. AE-related monthly costs were calculated over the follow-up period and stratified
by the number of unique AEs and during specific treatments.

Data analysis

Results

All study measures were analyzed descriptively. Cost data, adjusted to 2016 US dollars
using the medical care component of the US Consumer Price Index, were assessed from the
payer’s perspective and included health plan paid amounts and the coordination of benefit
amounts. All-cause and MCL-related HCRU and costs were estimated overall and by care
setting (e.g., inpatient, emergency, hospice). To account for variability in length of follow-
up, mean per-patient monthly costs were assessed. The incremental HCRU and costs
associated with AEs were analyzed by stratifying these measures by the number of AEs
experienced during follow-up (i.e., 0, 1-2, 3-5, and = 6 AES).

Multivariable Cox regression models were used to assess the risk of A-fib and bleeding in
first-line therapy among patients who received a first-line therapy. The outcome variables
(e.g., time to first occurrence of A-fib during first-line therapy) were measured from the start
of the first-line treatment episode. The models controlled for baseline patient characteristics
and the type of first-line treatment regimen. Hazard ratios (HR) and 95% confidence
intervals (Cls) were estimated. To assess factors associated with an inpatient admission and
total costs in first-line therapy, multivariable logistic regression and generalized linear
models were fit, respectively. A binary variable representing the number of unique AEs
observed during the first-line treatment episode (1-2 and 3-4 AESs) was included in the
model as the primary independent variable to assess incremental inpatient admission and
cost burdens associated with more AEs. All analyses were performed using SAS statistical
software, version 9.4 (SAS Institute Inc.; Cary, NC; 2011).

Baseline patient characteristics

A total of 783 patients with MCL met the selection criteria (median age, 65 years [range,
19-99 years]; 70% male). The mean CCI score in the 12-month baseline period was 2.4
(range: 0 to 13), with a mean daily pill burden of 2.8 (range: 0 to 17) in the month before the
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study index date. Approximately 46% of patients were identified as being at high risk of A-
fib. The mean of monthly all-cause costs over the baseline period was $1,303 (standard
deviation [SD] = $3,680). Table 1 provides a detailed description of baseline patient
characteristics and costs.

Treatments and adverse events

Patients had a mean length of follow-up of 19.4 months (Q1 = 8.2, Q3 = 28.5) after the first
MCL diagnosis. Of the total sample, 71.9% received at least one treatment for MCL.
Chemotherapy was the most common category of treatment (62%), followed by biologic
therapy/immunomodulators (52.4%), radiation therapy (26.2%), targeted therapy (13.9%),
and autologous SCT (8.2%). No MCL-directed treatment was recorded for 28.2% of patients
during follow-up. A majority of patients received an agent-specific first-line systemic
therapy (n = 457; 58.4%). Among patients treated with first-line therapy (n = 457), 33.3%
received second-line therapy during the follow-up period, 52 (11.4%) received third-line
therapy, and 24 (5.3%) received fourth-line therapy. The most common treatment regimens,
regardless of therapy line, were bendamustine/rituximab (BR) (41.1%), RCHOP (26.7%),
rituximab monotherapy (20.4% [including maintenance]), and ibrutinib monotherapy
(14.2%). Bortezomib, lenalidomide, and cytarabine treatments were received by 5.1%, 4.1%,
and 4.0% of patients initiating a systemic therapy, respectively.

The most common therapy regimen in the first line was BR (35.4%), followed by RCHOP
(24.9%) and rituximab monotherapy (12.9%). In all subsequent therapy lines, rituximab
monotherapy (including maintenance) was the most common regimen (22% in the second
line; 29% in both third and fourth lines), followed by ibrutinib monotherapy. Use of
maintenance rituximab was observed in 6.1% (n = 28) of all patients treated with an MCL-
directed systemic therapy. Among patients receiving second, third, and fourth lines of
therapy, 14.5%, 21.2%, and 16.7%, respectively, received maintenance rituximab. The
sequence of MCL therapies, as patients moved from first- to third-line therapy, is presented
in Figure 2. In patients aged = 65 years, 42% received BR as first-line therapy (vs. 28% in
patients aged 18-64 years). In contrast, RCHOP was used in 19% of patients aged = 65
years (vs. 32% in those aged 18-64 years).

For the most common regimens, the median durations of exposure were: ibrutinib
monotherapy, 6.1 months (43% still on therapy at the end of follow-up); BR, 5.6 months;
RCHOP, 4.3 months; and rituximab monotherapy, 2.4 months.

The most common incident AEs (= 5% in patients receiving at least one of the most
common treatments) are shown in Table 2. The proportions of patients experiencing
hematologic AEs, fever, diarrhea, dehydration, and infection were highest among those
receiving RCHOP; A-fib and renal failure/chronic kidney disease were most frequent among
those receiving ibrutinib monotherapy.

Resource use and costs

Mean (SD) total all-cause and MCL-related monthly costs during follow-up were $10,964
($17,530) and $8,613 ($16,166), respectively. Inpatient admission costs ($5,929 [$15,623])
and outpatient office visit costs ($2,262 [$4,070]) were the largest drivers of total all-cause
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costs (Figure 3a). Mean (SD) monthly all-cause costs during treatments with BR, RCHOP,
rituximab monotherapy, and ibrutinib monotherapy were $12,958 ($12,687), $24,719
($44,996), $13,153 ($27,516), and $21,690 ($24,773), respectively. Mean (SD) monthly all-
cause costs were $5,131 ($10,352) among those with no AEs and nearly three times higher
($13,560 [$18,466]) among those with six or more AEs during follow-up (Figure 3b).

Factors associated with atrial fibrillation and bleeding

Patients with high A-fib risk status at baseline had a 15 times higher rate of A-fib during
first-line therapy for MCL (HR, 15.21; 95% Cl, 3.54-65.39). Patients with a history of
pneumonia had a three times higher rate of A-fib than those without such history (HR, 3.51;
95% Cl, 1.22-10.12). Patients treated with ibrutinib monotherapy (vs. BR) had an estimated
hazard ratio of 2.97 (95% CI, 0.93-9.49).

The risk of bleeding during the first-line therapy was estimated to be significantly higher
among patients with a history of anemia (HR, 2.71; 95% CI, 1.49-4.93) or a history of
previous bleeding (HR, 2.06; 95% CI, 1.13-3.75) during the baseline period.

Factors associated with inpatient admission

Patients who experienced 3-4 AEs during first-line therapy had nearly seven times greater
odds of an inpatient admission during first-line therapy than those with 1-2 AEs (odds ratio
[OR], 6.90; 95% ClI, 4.00-11.93). Older patients (aged = 65 years) were less likely than
younger patients to have an inpatient admission (OR, 0.54; 95% Cl, 0.32-0.92). First-line
therapy with RCHOP was associated with a nearly 2.6 times greater likelihood of an
inpatient admission (OR, 2.60; 95% CI, 1.48-4.56).

Factors associated with health care costs

Patients in the older age group (= 65 years) had significantly lower monthly costs than
younger patients during first-line therapy (cost ratio [CR], 0.70; 95% CI, 0.53-0.91).
Patients diagnosed with MCL during 2014-2015 had 29% higher costs than patients
diagnosed in earlier years, 2012-2013 (CR, 1.24; 95% CI, 1.00-1.53). First-line therapy
with RCHOP, compared with BR, was associated with 69% higher monthly costs (CR, 1.59;
95% Cl, 1.18-2.14).

Discussion

The study findings provide an overview of patient characteristics, treatment patterns, AE
incidence, and health care costs among commercially enrolled patients diagnosed with MCL
in the US. The median age of the study sample (65 years) is representative of the age of
patients with MCL in the US population (68 years).! Although this population is clearly
heterogeneous, the findings of significant comorbidities, daily pill burden, and monthly
health care costs at baseline suggest a substantial subgroup of patients who are relatively
frail.

This study identifies the most common treatment regimens used in the management for
MCL in routine practice during a period when targeted therapies were approved and readily
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available in clinical practice. The distribution of treatment regimens and incidence of
potentially treatment-related AEs observed in this study are largely consistent with those
previously reported in clinical studies [19,20]; such data from real-world settings are absent.
BR was the preferred first-line regimen, which aligns with the findings of a randomized,
phase 3 trial reporting that BR increased progression-free survival and was associated with
fewer hematological and other AEs than RCHOP, a historically common first-line regimen
for older patients with MCL [19]. Concordant with the NCCN guideline recommendations,
our study shows that most patients (68%) received treatment with immunochemotherapy
regimens (BR and RCHOP) in the first line and then with noncytotoxic targeted/biologic
therapy regimens in the second and subsequent therapy lines. Rituximab monotherapy was
also received by almost 13% of the patients during the first line and 20.4% during the overall
follow-up period. Results from an observational claims database study also reported a
similar proportion of MCL patients receiving rituximab monotherapy (20.0%) during the
follow-up period [21]. Although not a suggested treatment regimen according to the NCCN
Clinical Practice Guidelines, the higher than expected usage of rituximab monotherapy in
our population may be a reflection of the inclusion of elderly patients who may be less able
to tolerate chematherapy, for whom rituximab monotherapy could be considered an
alternative in community practice.

The results of this study indicate that resource utilization and the economic burden
associated with MCL are substantial across all lines of therapy and with all agents studied,
with mean monthly costs varying considerably by treatment and care setting. Inpatient
admissions and office visits were the largest drivers of total monthly all-cause and MCL-
related costs, consistent with findings of a similar analysis by Wade and colleagues [22].

The high burden of AEs in patients treated with the common MCL therapies, as observed
here, is largely consistent with reports from clinical trials [19,20,23]. Hematologic AEs were
more commonly observed in patients treated with RCHOP than with the other regimens.
Noncytotoxic regimens (rituximab and ibrutinib monotherapy) were generally less toxic, but
ibrutinib was associated with the highest incidence of A-fib (10.8%). In clinical trials,
ibrutinib-associated A-fib occurred in 6%-16% of patients [24-28].

Several AEs—including anemia, neutropenia, thrombocytopenia, infection, and nausea—
were associated with substantial costs, which varied by type of treatment. The mean monthly
costs increased with the number of unique AEs experienced during the follow-up period. In
the adjusted analysis, patients at high baseline risk of A-fib (vs. low risk) had a substantially
higher rate of A-fib during the first-line therapy—a finding consistent with results indicated
in randomized trials [29,30], although, the magnitude of incremental rate observed in our
study is higher than those seen in these trials. Patients with a greater number of AEs were
observed to have higher utilization of inpatient care. The finding that older patients aged =
65 years were less likely to have an inpatient admission and had lower monthly costs than
their younger counterparts is potentially due to differences in treatment selection. A
relatively higher proportion of older patients in this study received less aggressive outpatient
therapies (e.g., BR), which are associated with lower severity and frequency of toxicities
than the more intense therapies that require more health care resources spent to manage
toxicities.
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The findings of this analysis should be viewed in the context of certain limitations. The
analyses are based on a nationally representative database of individuals enrolled in
employer-sponsored health plans in the US. As such, individuals who are enrolled only in
public health insurance program (e.g., Medicare, Medicaid) with no supplemental private
insurance, or those who are unemployed and/or uninsured, are not represented, and
therefore, findings cannot be generalized to the general US population. The selection of the
study cohort was based on diagnosis codes indicative of MCL as recorded in insurance
claims, and any erroneous coding could have misclassified patients. In the absence of access
to patients’ medical records, this study assumed that claims associated with treatments, AEs,
and costs were accurately coded. Because all payments associated with claims containing a
diagnosis and/or procedure code for the AE in question were attributed to the AE, there may
be overlaps and possible overestimation of individual AE-related costs. Conversely, costs not
coded as relating to an AE but still spent toward managing the AE were unaccounted for,
which may have offset some of the overestimation. In assessing the proportion of patients
with incident AEs, those with evidence of AEs prior to treatment initiation were excluded
from the numerator but were retained in the denominator to reflect the proportion of new
cases in the total cohort. Although a 12-month baseline period was required to identify
patients with newly diagnosed MCL, it is possible that some patients with more than 12
months of encounter-free time related to previously diagnosed MCL may still have been
included. Finally, patients had different observation periods depending on the timing of
MCL diagnosis in relation to acquisition of data for this study, and treatment practices may
have changed during the study entry period. Despite these limitations, the findings from this
study are important in that they set a comprehensive benchmark against which the future
therapeutic landscape—potentially affected by increasing uptake of novel agents including
idelalisib, venetoclax, and acalabrutinib—can be evaluated.

In conclusion, this study demonstrates that chemoimmunotherapy combinations, particularly
BR, remain the most common choice for initial treatment for patients with MCL. After
rituximab, ibrutinib was the most commonly used targeted agent, with few patients receiving
lenalidomide- or bortezomib-based therapies during the study period. The burden of AEs
among patients receiving systemic therapy is considerable, and the overall cost of managing
patients with MCL can be substantially affected by the costs associated with managing AEs
occurring during treatment.

This work was supported by AstraZeneca.
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Treatment characteristics (e.g., regimens,
episodes), adverse events (e.g., atrial fibrillation,
neutropenia), HCRU and costs, HCRU
and costs associated with AEs

Figure 1. Graphical Summary of the Study Design
AE = adverse event; HCRU = health care resource use; MCL = mantle cell lymphoma.
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Third Line (N = 52)

Second Line (N =152)

First Line (N = 457)

Il BR

M R-CHOP

M Rituximab only
Other R+chemo

[ Other chemo

M Ibrutinib only

M Other

I No treatment

Figure2.
Distribution and Sequence of Treatments Received in the First Three Lines of Therapy in

Patients With MCL

Note: The areas highlighted in gray color in the second and third lines of therapy represent
proportions of patients who did not receive any treatment subsequent to the current line of
therapy.

BR = bendamustine/rituximab; MCL = mantle cell lymphoma; RCHOP = rituximab/
cyclophosphamide/doxorubicin/vincristine/prednisone; other R+chemo = rituximab/other
chemotherapy; other chemo = other chemotherapy.
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Mean Per-Patient Direct Monthly Costs in the Follow-Up Period After MCL Diagnosis. ()

All-Cause and MCL-Related Costs by Care Setting and (b) All-Cause Costs by Care Setting
and Number of Adverse Events
ED = emergency department; MCL = mantle cell lymphoma; SNF = skilled nursing facility.
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Table 1.
Baseline Characteristics of Patients With MCL (Online Only)
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All Patients, n (%) 783 (100.0%)
Age at index, years
Mean (SD) 66.8 (12.0)
Median (Q1, Q3) 65 (59, 76)
Age Group, n (%)
18-44 years 20
45-54 years 79
55-64 years 270
65-79 years 283
80+ years 131

Health plan type, n (%)

HMO 102 (13.0%)
PPO 403 (51.5%)
POS 49 (6.3%)
Other 211 (27.0%)
Unknown 18 (2.3%)

Year of study index date (first diagnosis), n (%)

20126 163 (20.8%)
2013 281 (35.9%)
2014 247 (31.6%)
2015° 92 (11.8%)
Length of follow-up (months)éi
Mean (SD) 19.4 (12.8)
Median 17.9
Min, Max 0.1,47.9

Atrial fibrillation risk statusb, n (%)

High risk 363 (46.4%)

Low risk 420 (53.6%)
CCl score

Mean (SD) 24(2.4)

Median (Q1, Q3) 2(1,49)

Min, Max 0,13
Daily pill burden®

Mean (SD) 2.8(2.8)

Median (Q1, Q3) 2(1,49)

Min, Max 0,17
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All Patients, n (%) 783 (100.0%)
Average monthly costsd
Mean (SD) $1,303 ($3,680)
Median (Q1, Q3) $429 ($203, $934)
Min, Max $0, $61,882

All costs are in 2016 US dollars.

CCI = Charlson Comorbidity Index; HMO = health maintenance organization; MCL = mantle cell lymphoma; POS = point of service; PPO =
preferred provider organization; SD = standard deviation.

aFoIIow—up time calculated as the number of days between the study index date and the end of the follow-up divided by 30.5.
bAtriaI fibrillation risk status was defined based on the method used by Chyou et al., 2015.15
cMean number of oral medications available in-hand, on a daily basis, during the 30-day period before the study index date.

Mean monthly all-cause costs over the 12-month baseline period (includes costs for inpatient stays, emergency department visits, office visits,
other outpatient and ancillary care, and pharmacy visits) as incurred by health plans.

elndicates data for partial year: For 2012, data included diagnoses from July through December, and for 2015, data include diagnoses from January
through June.
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Incident AEs During MCL Therapies

Table 2.

BR RCHOP Rituximab Monotherapy Ibrutinib Monotherapy

Adverse Event n =188 n=122 n=93 n=65
N % N % N % N %

Anemia 18 96 40 3238 1 11 1 15
Atrial fibrillation 6 32 3 25 1 11 7 10.8
Dehydration 27 144 24 197 8 8.6 5 7.7
Diarrhea 12 6.4 11 9.0 3 3.2 4 6.2
Fever/pyrexia 19 101 25 205 7 75 2 3.1
Hemorrhage/bleeding 17 9.0 9 7.4 2 2.2 5 7.7
Hypertension 10 53 7 5.7 1 11 1 15
Infection 13 69 15 123 3 3.2 4 6.2
Neutropenia 53 282 40 328 1 11 3 4.6
Renal failure/chronic kidney failure 8 4.3 5 4.1 4 43 5 77
Thrombocytopenia 12 6.4 23 189 1 11 4 6.2

AE = adverse event; BR = bendamustine/rituximab; MCL = mantle cell lymphoma; RCHOP = rituximab/cyclophosphamide/doxorubicin/

vincristine (with or without prednisone).
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