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Aim: Diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) are common types of non-
Hodgkin’s lymphoma, and real-world evidence continues to be lacking for healthcare costs and utiliza-
tion among DLBCL and FL patients. Our study aims to describe medical and pharmacy costs and health
resource utilization and to characterize longitudinal treatment patterns among these patients. Methods:
A retrospective observational study was performed among adult patients with DLBCL or FL using the US
MarketScan (Truven) administrative claims data from 1 January 2007 to 31 December 2015. Diagnoses of
DLBCL and FL were based upon ICD-9 codes. Identifications of treatment lines involved 30 lymphoma-
specific anticancer systemic agents. Direct healthcare costs and utilizations were computed in the 1-year
postdiagnosis period. Generalized linear models with a gamma link were used to compare healthcare
costs between therapies with and without rituximab. Results: A total of 2767 DLBCL and 5989 FL patients
received frontline therapy. The majority received treatment within 3 months after initial diagnosis (DLBCL
79.9% and FL 62.4%) and were treated with rituximab or bendamustine either alone or in combination
(DLBCL 67.4% and FL 84.7%). The total healthcare costs were US $15,555 and $10,192 per patient per
month within 1 year following their initial diagnosis for DLBCL and FL, respectively. The medical costs
were nearly twice as much as the drug costs for DLBCL patients. Both DLBCL and FL patients receiving
rituximab had higher pharmacy costs but lower medical costs (p < 0.001). During the first year following
initial diagnosis, the resource utilization (per patient per month) of DLBCL patients included 0.21 inpatient
admissions, 0.26 radiation therapy, 2.63 outpatient or office visits, 0.18 emergency room visits, 0.06 inten-
sive care unit admissions and 0.10 stem cell transplantation. FL patients occupied less health resources
than DLBCL patients. Conclusion: The healthcare costs and health resources utilized were considerable in
non-Hodgkin’s lymphoma, especially DLBCL patients.
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Non-Hodgkin’s lymphoma (NHL) is a cancer that typically starts in lymphocytes in the lymph nodes and other
lymphoid tissues, such as the spleen and bone marrow, which serve as part of the immune system. NHL is one of
the most common cancers in the USA, with approximately 72,240 Americans diagnosed with NHL in 2017 [1].
For unknown reasons, NHL incidence rates have almost doubled since the 1970s [1]. Furthermore, substantial
healthcare costs and utilization have become a significant burden for both the healthcare system and the patient’s
family [2,3].

Approximately 85% of NHL cases are diagnosed with B-cell lymphomas in the USA, and diffuse large B-cell
lymphoma (DLBCL) is the most common type of NHL, representing approximately one out of every three
lymphoma diagnoses [4]. DLBCL can affect any age group but occurs most frequently among older individuals.
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DLBCL usually begins as a quickly growing mass in a lymph node deep within the body, such as in the chest or
abdomen, or in a lymph node in the neck or armpit, but it can also start in other areas, such as the intestines, bone,
or even brain or spinal cord [4]. The five-drug chemoimmunotherapy combination R-CHOP remains the standard
frontline treatment of DLBCL and has not changed in more than 15 years since the anti-CD20 monoclonal
antibody rituximab was added to the CHOP backbone as standard-of-care for DLBCL in 2002 [5]. However, at
least a third of patients are not cured by R-CHOP, and relapsed or refractory DLBCL is fatal in approximately 90%
of patients [6]. Recently, genomics and personalized medicine have been discussed to improve treatment options for
DLBCL [7].

Another common type of NHL is follicular lymphoma (FL) accounting for approximately 15−30% of all NHLs
in developed countries [3,8,9]. The term follicular indicates that the cells tend to grow in a nodular pattern within
the lymph nodes. The average age for patients with FL is 60 years and usually occurs throughout many lymph
node sites in the body and bone marrow [4]. FL is known as ‘indolent’ or ‘low-grade’ but is difficult to cure. Death
occurs at a median of 12.5 years after diagnosis [10], generally as a consequence of resistant disease, transformation
to diffuse large B-cell pathology, or side effects from therapy. FL patients younger than 40 have a median overall
survival of 24 years [10]. It has been suggested that these lymphomas might not require treatment prior to a clinical
need to do so because of a lack of associated survival advantage [8]. FL may be untreated or treated by radiation
only in the early stages. Advanced disease can be treated with a variety of options, often including chemotherapy
plus immunotherapy, with rituximab frequently used in combination or alone as an immunotherapeutic agent [11].

Given the rapid evolution in diagnostic subtyping as well as treatment regimens, it is important to examine the
economic burden, treatment patterns and outcomes among these patients based on real-world evidence utilizing
secondary databases to assist in informing those involved in the decision-making process. Our study aimed to
describe total healthcare costs and resource utilization in patients with DLBCL and FL and to characterize real-
world longitudinal treatment patterns among them, including the type, duration and sequence of therapy.

Patients & methods
Study design & data source
A retrospective observational study was performed among adult patients with DLBCL or FL using the US
MarketScan (Truven) administrative claims data from 1 January 2007 to 31 December 2015. This database has
commercial and Medicare Advantage enrollees, comprising of inpatient admissions, inpatient services, outpatient
services, outpatient drug claims, detail enrollment and laboratory test results. Data are available for over 170 million
patients who have been sampled since 1995. The MarketScan and other claims databases are some of the best tools
available to some research questions when clinical trials are not feasible. Since this study utilized a retrospective
unidentified database, we have identified no risks of relapse or survival rates for these patients.

Identification of treatment lines
The diagnoses of DLBCL and FL were based upon the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9) codes (200.7× for DLBCL, 202.0× for FL). Identification of treatment
lines involved 30 lymphoma-specific anticancer systemic agents: bendamustine, brentuximab vedotin, carboplatin,
chlorambucil, cisplatin, cyclophosphamide, cytarabine, cytosine, doxorubicin, epirubicin, etoposide, filgrastim, flu-
darabine, gemcitabine, ibritumomab tiuxetan, idelalisib, lenalidomide, mesna, methotrexate, methylprednisolone,
mitoxantrone, oxaliplatin, procarbazine, rituximab, tositumomab, vincristine, ibrutinib, ifosfamide, dexamethasone
and prednisone. These agents were extracted by the corresponding codes derived from the Healthcare Common
Procedure Coding System and/or National Drug Code (NDC). All agents received within 30 days following the
day of the first infusion or fill date constituted frontline therapy. The date of the first infusion or fill associated with
frontline therapy was the index frontline therapy date. Prednisone alone was not considered as a treatment line,
whereas dexamethasone alone was considered if it was received continuously for 42 days or more.

The second and subsequent lines of therapy were identified if a patient switched to a different agent/regimen
(e.g., from rituximab-based to bendamustine-based), if an agent was added to the regimen (except dexamethasone
and prednisone), or if the same or similar regimen had a treatment gap of greater than 120 days. Two regimens
were considered to be similar if they included the same agents, except for dexamethasone and prednisone.
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Inclusion & exclusion criteria
Patients included in this analysis met the following criteria: had at least one inpatient claim or two outpatient
claims with diagnosis of DLBCL/FL at least 60 days apart (but less than 1 year apart) during the study period; were
continuously enrolled with medical and pharmacy benefits for at least 12 months prior to the index diagnosis date
through at least 30-days postindex diagnosis date; and were age 18 years or older at the index diagnosis. Patients
who had claims for DLBCL/FL, another primary cancer, or metastatic disease during the 12-month period prior
to the index date were excluded. The follow-up period was from the index diagnosis of DLBCL/FL through
disenrollment, death, or end of available data, whichever occurred earlier.

Statistical analysis
Descriptive results were reported using frequency and percentage for categorical variables, and mean, standard
deviation, median and quartile for continuous variables. Treatment patterns were categorized by drug class
(rituximab/bendamustine either alone or in combination, vs others), autologous stem cell transplant therapy
([SCT], with and without chemotherapy/immunotherapy) and specific regimens as well as durations, which were
reported for each therapy line.

Direct healthcare costs were computed in the 1-year postdiagnosis period utilizing the variable ‘total pay’ in the
claims data, which represents the combined health plan reimbursement (payouts from the insurance/payers) and
patient paid amounts (out of pocket from patients). Average total costs were reported on a per patient per month
basis in 2015 US dollars, which were adjusted by the annual medical care component of the consumer price index.
Total costs were calculated and presented in categories of pharmacy costs, and medical costs which consisted of
inpatient costs, outpatient facility costs, office visit costs, emergency room (ER) costs and other outpatient costs.
During the same time period, healthcare resource utilization was also reported, including inpatient admissions,
facility outpatient or office visits, ER visits and intensive care unit (ICU) admissions.

Generalized linear models with a gamma link were used to compare healthcare costs between therapies with and
without rituximab. All relevant statistical tests were two-tailed with a 0.05 cut-off value for statistical significance.

Results
Patient characteristics
Based upon the inclusion and exclusion criteria, from a total of 50,173 patients, 4651 DLBCL and 10,429 FL
patients were identified. Of these, 2794 DLBCL patients and 6021 FL patients received one of the proposed
treatments (SCT, chemo, or immunotherapy) and met the other inclusion and exclusion criteria (Figure 1). The
average age was 61 (standard deviation [SD] 14.3) years for DLBCL patients and 60 (SD 13.1) years for FL
patients. The proportion with inpatient claims were 54.9 and 34.3%, for DLBCL and FL respectively (Table 1).
Demographics were otherwise similar between DLBCL and FL patients. The top three co-morbidities were cancer,
diabetes without complications and chronic pulmonary disease for both DLBCL and FL patients (Table 2). Among
those receiving therapy, the majority received frontline treatment within 3 months after initial diagnosis (79.9%
for DLBCL, 62.4% for FL). Of DLBCL patients, 977 received second-line treatment, and 330 received three or
more lines of treatments. Of FL patients, 2406 received second-line treatment, and 406 received three or more
lines of treatment.

Treatment patterns
Among 2767 DLBCL patients who received frontline treatment, their physician specialties included oncology
(36.3%), radiotherapy (27.9%), internal medicine (26.8%), hematology (31.1%) and multispecialty (8.2%).
During frontline treatment, 4.5% received both SCT and chemo/immunotherapy, and 67.4% were treated by
rituximab or bendamustine either alone or in combination (Figure 2). More patients received SCT in the second-
line (10.3%) and third-line (14.5%) of treatment (Figure 3). The percentage of patients who received G-CSF agents
as supportive care were 65.8, 48.1 and 40.9% during frontline, second-line and third-line therapies respectively.

For FL patients, their physician specialties were similar to those described for DLBCL patients. During frontline
treatment, 1.9% received both SCT and chemo/immunotherapy, and 84.7% were treated by rituximab or ben-
damustine either alone or in combination (Figures 2 & 3). The percentage of patients who received G-CSF agents
as supportive care were 35.6, 32.2 and 26.8% during frontline, second-line and third-line of treatment respectively.
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Patients with diagnosis (15,079 DLBCL and 35,094 FL) between 1/1/2007 and 6/30/2015 in the
database

Patients aged 18 years old or above (14,892 DLBCL and 34,845 FL)

Patients continuously enrolling with medical and pharmacy benefits for 12 months prior to the
index diagnosis date (9348 DLBCL and 17,111 FL)

Patients who did not have other primary cancers or metastatic disease during the wash-out
period (4651 DLBCL and 10,429 FL)

Patients receiving any proposed treatment, such as SCT, chemotherapy, and immunotherapy
(2795 DLBCL and 6,038 FL)

Patients continuously enrolling with medical and pharmacy benefits for at least 30 days after
initiation of treatment (2794 DLBCL and 6,021 FL)

Final analysis dataset:
Patients who received the frontline of treatment (2,767 DLBCL and 5,989 FL)

Patients who received the second line of treatment (977 DLBCL and 2,406 FL)
Patients who received the third or later line of treatment (330 DLBCL and 406 FL)

Figure 1. Population selection.
DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; SCT: Stem cell transplantation.

Healthcare costs
The averages of all healthcare costs were $15,555 and $10,192 per patient per month (PPPM) within 1 year after
initial diagnosis for DLBCL and FL, respectively (Table 3). Two-thirds of total costs were medical costs ($10,398
per patient per month) for DLBCL patients, and 56% of total costs were medical costs ($5731 per patient per
month) for FL patients.

As depicted in Table 4, compared with those who did not received rituximab, DLBCL patients receiving
rituximab had higher pharmacy costs ($5473 vs $2118; p < 0.001) and lower medical costs ($6417 vs $8782;
p < 0.001) within 1 year after initial diagnosis. Similarly, FL patients receiving rituximab also had higher pharmacy
costs ($6387 vs $2406, p < 0.001) and lower medical costs ($4740 vs $7138; p < 0.001).

Health resource utilization
During the first year after initial DLBCL diagnosis, the average healthcare resource utilization PPPM included 0.21
inpatient admissions, 0.26 radiation therapy, 2.63 outpatient or office visits, 0.18 ER visits, 0.06 ICU admissions
and 0.10 stem cell transplantation. During the study period, the percentages of DLBCL patients receiving at least
once inpatient admission, radiation therapy, ICU, or SCT were 78.1, 29.5, 34.5 and 9.6%, respectively. Overall,
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Table 1. Demographics.
Characteristics Label DLBCL (n = 2794) FL (n = 6021)

n % n %

Age group (years): – 18–44 322 11.5 633 10.5

– 45–64 1428 51.1 3330 55.3

– 65–69 264 9.4 585 9.7

– 70–74 258 9.2 528 8.8

– 75–79 221 7.9 452 7.5

– 80+ 301 10.8 493 8.2

Sex: – Males 1585 56.7 3067 50.9

– Females 1209 43.3 2954 49.1

Patient type: – Inpatients 1533 54.9 2064 34.3

– Outpatients 1261 45.1 3957 65.7

Region: – Northeast 456 16.5 1016 17.1

– North Central 788 28.5 1740 29.3

– South 1084 39.2 2277 38.4

– West 436 15.8 901 15.2

Data type: – Fee for service 1470 52.6 3283 54.5

– Encounter 174 6.2 398 6.6

– Medicare 1052 37.7 2136 35.5

– Medicare encounter 98 3.5 204 3.4

Insurance plan: – Comprehensive 612 21.9 1152 19.1

– HMO 248 8.9 558 9.3

– POS 144 5.2 337 5.6

– PPO 1434 51.3 3219 53.5

– Others 356 12.7 755 12.5

DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; HMO: Health maintenance organization; POS: Point-of-service; PPO: Preferred provider organization.

Rituximab-based

Bendamustine/rituximab-based

Bendamustine-based

Gemcitabine-based

Lenalidomide-based

Ibrutinib-based

Ifosphamide-based

Proportion of patients receiving a regimen

Diffuse large B-cell lymphoma

100 7020 30 40 50 60
Proportion of patients receiving a regimen

Follicular lymphoma

100 7020 30 40 50 60

3rd line 2nd line 1st line

Figure 2. Regimens for diffuse large B-cell lymphoma and follicular lymphoma.

FL patients occupied less healthcare resources than DLBCL patients. During the first year after initial FL diagnosis,
the average healthcare resource utilization PPPM included 0.10 inpatient admissions, 0.12 radiation therapy, 2.06
outpatient or office visits, 0.11 ED visits, 0.03 ICU admissions and 0.04 stem cell transplantation. During the
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Table 2. Clinical characteristics at baseline.
Co-morbidities DLBCL (n = 2794) FL (n = 6021)

n % n %

Cancer 743 26.6 1541 25.6

Diabetes without complications 560 20.0 1066 17.7

Chronic pulmonary disease 462 16.5 950 15.8

Mild liver disease 327 11.7 547 9.1

Metastatic carcinoma 285 10.2 476 7.9

Peripheral vascular disease 235 8.4 433 7.2

Cerebrovascular disease 206 7.4 385 6.4

Congestive heart failure 200 7.2 357 5.9

Renal disease 171 6.1 274 4.6

Connective tissue
disease-rheumatic disease

147 5.3 230 3.8

Diabetes with complications 121 4.3 228 3.8

Peptic ulcer disease 84 3.0 89 1.5

Myocardial infarction 67 2.4 137 2.3

AIDS/HIV 30 1.1 40 0.7

Paraplegia and hemiplegia 16 0.6 23 0.4

Moderate or severe liver
disease

14 0.5 16 0.3

Dementia 9 0.3 17 0.3

Time distribution from initial diagnosis to first-line treatment

– �3 months 2211 79.9 3740 62.4

– 3–5 months 197 7.1 760 12.7

– ≥6 months 359 13.0 1489 24.9

DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma.
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Figure 3. Autologous stem cell transplant therapy for follicular lymphoma and diffuse large B-cell lymphoma.
ASCT: Autologous stem cell transplant.

study period, the percentages of FL patients receiving at least once inpatient admission, radiation therapy, ICU or
SCT were 59.4, 17.8, 22.8 and 4.9%, respectively.

Discussion
This observational study provides real-world evidence of treatment patterns, healthcare cost and healthcare resource
utilization in patients with DLBCL and FL. The majority of DLBCL and FL patients were treated by rituximab
or bendamustine either alone or in combination during frontline treatment, and more than a quarter of patients
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Table 3. Healthcare costs during 1 year following frontline treatment in 2015 US dollars.
Categories Diffuse large B-cell lymphoma Follicular lymphoma

Mean PPPM Standard deviation Mean PPPM Standard deviation

Average total costs 15,555 19,951 10,192 15,556

Drug costs 5157 6134 4462 6041

Medical costs 10,398 18,139 5731 13,626

– Inpatient 6257 15,806 2895 11,848

– Outpatient facility 1366 3721 982 2872

– Other outpatient 2298 2978 1513 2147

– Office visit 247 330 195 279

– Emergency room 230 700 145 791

PPPM: Per patient per month.

Table 4. Healthcare costs by regimen.
Healthcare cost ($)† Diffuse large B-cell lymphoma Follicular lymphoma

Regimen with
rituximab

Regimen without
rituximab

Adjusted p-value Regimen with
rituximab

Regimen without
rituximab

Adjusted p-value

–Total costs 12,021 11,083 0.036 10,865 9365 �0.001

– Pharmacy costs 5473 2118 �0.001 6387 2406 �0.001

– Medical costs 6417 8782 �0.001 4740 7138 �0.001

received second-line therapies within 1 year from the initial date of frontline treatment. The healthcare costs and
healthcare resource utilizations were considerable, especially for DLBCL patients. The medical costs were nearly
twice as much as the drug costs for DLBCL patients during frontline treatment. Our findings also demonstrated
that patients receiving rituximab had lower medical costs than those who did not receive rituximab for both DLBCL
and FL patients, although they had relatively higher pharmacy costs.

Healthcare costs for NHL could be affected by numerous types of lymphoma, different treatment therapies,
diverse side effects from various treatment, complicated prognoses and the growing emergence of new drugs. Patients
with aggressive NHL tended to accrue higher costs compared with those with indolent lymphomas [2]. In our study,
the healthcare costs of DLBCL patients were more than $5000 PPPM higher than FL patients during the first year
of frontline treatment. Previously studies have demonstrated that rituximab has a favorable economic profile in
both DLBCL and FL patients [12–14]. However, this result is not consistent with the findings from Griffiths et al.
that reported rituximab could result in higher 4-year total costs of $23,097 in DLBCL patients, although rituximab
was associated with survival benefits [15]. Our study demonstrated that DLBCL patients receiving rituximab had
higher pharmacy costs ($3355 PPPM) and lower medical costs (save $2365 PPPM) than those who did not receive
rituximab. Aside from costs, the use of rituximab as a maintenance therapy for DLBCL continues to be a point of
controversy [16], although a recent Phase III clinical trial reported that rituximab maintenance therapy improved
survival in male patients with DLBCL [17]. On the other hand, growing evidence demonstrates that rituximab
maintenance therapy could significantly prolong progression-free survival for patients with FL, but without an
improvement in overall survival or quality of life after first-line induction chemoimmunotherapy [18–20]. Also, NHL
patients receiving myelosuppressive chemotherapy often take G-CSF agents, such as pegfilgrastim and filgrastim,
in order to reduce the risk of febrile neutropenia. Our study found that 35.8% of DLBCL patients and 35.6%
of FL patients received G-CSF agents during frontline treatment. Lyman et al. reported that the incremental
cost–effectiveness of pegfilgrastim versus 6-day filgrastim primary prophylaxis was $2167 per febrile neutropenia
episode avoided [21]. In addition, allogeneic SCTs in DLBCL and FL patients could significantly increase their
economic burden [22].

It is not surprising that DLBCL patients consume more healthcare resources than FL patients because of the
aggressive tendency of DLBCL. In our study, 34.5% of DLBCL patients and 22.8% of FL patients required ICU
admission prior to or during chemotherapy. According to the findings reported in a recent study, hemodynamic
(37.8%) or respiratory failure (24.3%) may be the primary reasons for requiring ICU treatments in DLBCL
patients [23]. Our study also found that advanced DLBCL patients were more likely to receive SCT (10.3 and
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14.5% in second-line and third-line treatment, respectively). This might be, at least in part, attributed to the fact
that the efficacy and feasibility of SCT have recently become confirmed in DLBCL patients, even among elderly
patients [24–26]. However, there is no evidence suggesting that adding SCT as part of FL initial treatment could
improve overall survival [27].

As a claim-based analysis, some inherent limitations are unavoidable. First, the data may incompletely capture
the conditions and outcomes documented in the medical records when filing a claim or reimbursement. Since no
validated approach could be used to identify nonresponses and relapses in this database, we did not report these
clinical outcomes in our paper. Second, as survival data were not available in our analysis, we did not adjust average
costs when utilizing the Kaplan–Meier Sample Average estimator approach. To minimize bias associated with
censored data, we only analyzed healthcare costs and healthcare resource utilization during the first year after initial
diagnosis. Finally, the diagnosis was based upon ICD-9 coding system that might not correspond to histologic
diagnosis. Despite its limitations, this study adds to the body of research in economic burden and treatment patterns
for DLBCL and FL patients. Our findings may be useful for relevant patients, health providers, stakeholders and
researchers in this field.

Conclusion
The healthcare costs and health resources utilized were considerable in non-Hodgkin’s lymphoma, especially among
DLBCL patients.

Summary points

• Given the rapid evolution in diagnostic subtyping as well as treatment regimens, it is important to examine
economic burden, treatment patterns and outcomes among non-Hodgkin’s lymphoma patients, including diffuse
large B-cell lymphoma (DLBCL) and follicular lymphoma (FL).

• The majority of DLBCL and FL patients were treated with rituximab or bendamustine either alone or in
combination during frontline treatment, and more than a quarter of patients received second-line therapies
within 1 year from the initial date of frontline treatment.

• The total healthcare costs were US $15,555 and $10,192 per patient per month within 1 year following their
initial diagnosis for DLBCL and FL, respectively. The medical costs were almost twice as much as the drug costs for
DLBCL patients during frontline treatment.

• DLBCL patients occupied more health resources than FL patients. During the first year following initial diagnosis,
inpatient admissions per patient per month were 0.21 for DLBCL and 0.10 for FL.

Financial & competing interests disclosure

CV Asche and J Ren are consultants for Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of Takeda Pharmaceutical

Company Limited, MA, USA. A Galaznik and Y Shou are employed by Millennium Pharmaceuticals, Inc., a wholly owned subsidiary

of Takeda Pharmaceutical Company Limited. The roles of authors include study design (A Galaznik, CV Asche, J Ren, Y Shou),

statistical analysis (CV Asche and J Ren), results interpretation (A Galaznik and Y Shou) and manuscript draft and revision (all

authors). This study was sponsored by Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of Takeda Pharmaceutical

Company Limited, Cambridge, MA. The authors have no other relevant affiliations or financial involvement with any organization

or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from

those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct

The authors state that they have obtained appropriate institutional review board approval or have followed the principles outlined

in the Declaration of Helsinki for all human or animal experimental investigations.

References
Papers of special note have been highlighted as: • of interest; •• of considerable interest

1. Cancer Statistics Center, Americal Cancer Society. 2017 estimates. (2017). https://cancerstatisticscenter.cancer.org/#/

2. Kutikova L, Bowman L, Chang S, Long SR, Arning M, Crown WH. Medical costs associated with non-Hodgkin’s lymphoma in the
United States during the first two years of treatment. Leuk. Lymphoma 47(8), 1535–1544 (2006).

400 J. Comp. Eff. Res. (2019) 8(6) future science group

https://www.cancerstatisticscenter.cancer.org/#/


Economic burden & treatment patterns for DLBCL and FL Research Article

• This retrospective study demonstrated that the treatment of non-Hodgkin’s lymphoma was associated with substantial healthcare
costs in the USA.

3. Foster T, Miller JD, Boye ME, Russell MW. Economic burden of follicular non-Hodgkin’s lymphoma. Pharmacoeconomics 27(8),
657–679 (2009).

4. American Cancer Society. Types of non-Hodgkin lymphoma. (2017)
www.cancer.org/cancer/non-hodgkin-lymphoma/about/types-of-non-hodgkin-lymphoma.html

5. Coiffier B, Lepage E, Briere J et al. CHOP chemotherapy plus rituximab compared with CHOP alone in elderly patients with diffuse
large-B-cell lymphoma. N. Engl. J. Med. 346(4), 235–242 (2002).

6. Friedberg JW. Relapsed/refractory diffuse large B-cell lymphoma. Hematol. Am. Soc. Hematol. Educ. Program 2011, 498–505 (2011).

7. Amin AD, Peters TL, Li L et al. Diffuse large B-cell lymphoma: can genomics improve treatment options for a curable cancer? Cold
Spring Harb. Mol. Case Stud. 3(3), a001719 (2017).

8. Rohatiner AZ, Lister TA. The clinical course of follicular lymphoma. Best Pract. Res. Clin. Hematol. 18(1), 1–10 (2005).

9. Italiano A, Thyss A. Follicular lymphoma: a therapeutic update. Bull. Cancer 92(10), E57–E64 (2005).

10. Conconi A, Lobetti-Bodoni C, Montoto S et al. Life expectancy of young adults with follicular lymphoma. Ann. Oncol. 26(11),
2317–2322 (2015).

11. Provencio Pulla M, Alfaro Lizaso J, De La Cruz Merino L et al. SEOM clinical guidelines for the treatment of follicular non-Hodgkin’s
lymphoma. Clin. Transl. Oncol. 17(12), 1014–1019 (2015).

12. Johnston KM, Bolbocean C, Connors J, Peacock S. Cost–effectiveness of rituximab in follicular lymphoma. Expert Rev. Pharmacoecon.
Outcomes Res. 12(5), 569–577 (2012).

13. Chen Q, Ayer T, Nastoupil LJ, Rose AC, Flowers CR. Comparing the cost–effectiveness of rituximab maintenance and
radioimmunotherapy consolidation versus observation following first-line therapy in patients with follicular lymphoma. Value
Health 18(2), 189–197 (2015).

14. Khor S, Beca J, Krahn M et al. Real world costs and cost–effectiveness of rituximab for diffuse large B-cell lymphoma patients: a
population-based analysis. BMC Cancer 14, 586 (2014).

•• This population-based study showed that the addition of rituximab to standard CHOP chemotherapy was associated with
improvement in survival but at a higher cost.

15. Griffiths RI, Gleeson ML, Mikhael J, Dreyling MH, Danese MD. Comparative effectiveness and cost of adding rituximab to first-line
chemotherapy for elderly patients diagnosed with diffuse large B-cell lymphoma. Cancer 118(24), 6079–6088 (2012).

16. Zhou X, Ma T, Zhang Y, Zhou N, Li J. Rituximab maintenance therapy for patients with diffuse large B-cell lymphoma: a
meta-analysis. PLoS ONE 12(3), e0174648 (2017).

• This meta-analysis concluded that both survival benefits and adverse events should be taken into consideration when using
rituximab maintenance therapy for patients with diffuse large B-cell lymphoma.

17. Witzens-Harig M, Benner A, McClanahan F et al. Rituximab maintenance improves survival in male patients with diffuse large B-cell
lymphoma. Results of the HD2002 prospective multicenter randomized Phase III trial. Brit. J. Hematol. 171(5), 710–719 (2015).

18. Duhrsen U, Broszeit-Luft S, Dieing A et al. Rituximab maintenance therapy of follicular lymphoma in clinical practice. Cancer
Med. DOI:10.1002/cam4.1549 (2018) (Epub ahead of print).

19. Hilal T, Leis JF, Reeder CB. Rituximab maintenance therapy after first-line induction chemoimmunotherapy for follicular lymphoma.
JAMA Oncol. 4(6), 859–860 (2018).

•• Suggests that rituximab maintenance therapy prolongs progression-free survival without an improvement in overall survival or
quality of life after first-line induction chemoimmunotherapy.

20. Schneider T, Rosta A, Losonczy H et al. Efficacy and tolerability of a 2-year rituximab maintenance therapy in patients with advanced
follicular lymphoma after induction of response with rituximab-containing first line-Regimens (HUSOM Study). Pathol. Oncol.
Res. 24(2), 199–205 (2018).

21. Lyman G, Lalla A, Barron R, Dubois RW. Cost–effectiveness of pegfilgrastim versus 6-day filgrastim primary prophylaxis in patients
with non-Hodgkin’s lymphoma receiving CHOP-21 in United States. Curr. Med. Res. Opin. 25(2), 401–411 (2009).

22. Maziarz RT, Hao Y, Guerin A et al. Economic burden following allogeneic hematopoietic stem cell transplant in patients with diffuse
large B-cell lymphoma. Leuk. Lymphoma DOI:10.1080/10428194.2017.1375100 1–10 (2017) (Epub ahead of print).

23. Wohlfarth P, Carlstrom A, Staudinger T et al. Incidence of intensive care unit admission, outcome and post intensive care survival in
patients with diffuse large B-cell lymphoma. Leuk. Lymphoma 57(8), 1831–1838 (2016).

24. Lee MY, Kim HS, Lee JY et al. Efficacy and feasibility of autologous stem cell transplantation in patients with diffuse large B-cell
lymphoma with secondary central nervous system involvement. Int. J. Hematol. 102(6), 678–688 (2015).

• Shows that autologous stem cell transplantation had survival benefits in patients with diffuse large B-cell lymphoma with
secondary central nervous system involvement.

future science group www.futuremedicine.com 401

https://www.cancer.org/cancer/non-hodgkin-lymphoma/about/types-of-non-hodgkin-lymphoma.html


Research Article Ren, Asche, Shou & Galaznik

25. Robinson SP, Boumendil A, Finel H et al. Autologous stem cell transplantation for relapsed/refractory diffuse large B-cell lymphoma:
efficacy in the rituximab era and comparison to first allogeneic transplants. A report from the EBMT Lymphoma Working Party. Bone
Marrow Transplant. 51(3), 365–371 (2016).

26. Hermet E, Cabrespine A, Guieze R et al. Autologous hematopoietic stem cell transplantation in elderly patients (>/ = 70 years) with
non-Hodgkin’s lymphoma: a French Society of Bone Marrow Transplantation and Cellular Therapy Retrospective Study. J. Geriatr.
Oncol. 6(5), 346–352 (2015).

27. Al Khabori M, De Almeida JR, Guyatt GH, Kuruvilla J, Crump M. Autologous stem cell transplantation in follicular lymphoma: a
systematic review and meta-analysis. J. Natl Cancer Inst. 104(1), 18–28 (2012).

•• This meta-analysis suggests that high-dose therapy and autologous stem cell transplantation treatment as part of follicular
lymphoma does not improve overall survival.

402 J. Comp. Eff. Res. (2019) 8(6) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


