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ABSTRACT 
Objective: To examine whether differences in treatment patterns and health care costs exist among chronic 
lymphocytic leukemia (CLL) and non-Hodgkin’s lymphoma (NHL) patients receiving rituximab in a hospital 
outpatient setting versus those receiving rituximab in a physician office/community clinic setting. Methods: This 
retrospective database study used medical and pharmacy claims (1/2007-7/2012) from a large US health plan. 
Patients ≥18 years with ≥2 rituximab claims and ≥2 claims for either NHL or CLL were identified. The date of 
the first rituximab claim were set as the index date, and differences in treatment patterns and health care costs 
were examined during the period following the index date. Costs were adjusted for patient characteristics using a 
multivariate regression model. Results: A total of 4441 patients were identified; 3167 received rituximab in the 
office/clinic setting, and 1274 in the hospital outpatient setting. From 2007 to 2012, the percentage of patients 
receiving rituximab in the hospital outpatient setting increased from 22% to 39%. Patients treated in the hospit-
al outpatient setting vs. the office/clinic setting had fewer average counts of rituximab infusions (5.60 vs. 7.49, p < 
0.001), higher total health care costs (cost ratio = 1.325, p < 0.001), higher infusion day drug and administration 
costs (cost ratio = 1.509, p < 0.001), and higher rates of ER visits and inpatient stays (both p < 0.001). Conclu-
sions: These findings suggest that site of care may impact treatment patterns and costs of patients receiving ri-
tuximab, and additional research is needed to better understand the reason(s) for these differences by site of ser-
vice. 
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1. Introduction 
Chronic lymphocytic leukemia (CLL) and non-Hodg- 
kin’s lymphoma (NHL) are two common types of hema-
tological cancer that are treated with the monoclonal an-
tibody rituximab, which targets malignant B cells posi-
tive for the CD20 antigen [1]. Rituximab is administered 
intravenously, as a single agent or in combination with 
other chemotherapy, as standard of care with demonstra- 

ted progression-free and overall survival benefit in 
DLBCL, follicular lymphoma and CLL [2-7]. 

Recent reports indicate site of service may influence 
costs and treatment patterns for cancer patients receiving 
chemotherapy, with higher costs but fewer chemotherapy 
sessions typically being reported in the hospital outpa-
tient setting compared to the physician office setting 
[8,9]. While these previous studies provided a general 
overview of costs and chemotherapy patterns of cancer 
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patients based on site of service, they did not stratify pa-
tients by specific cost drivers, such as drug regimen. 
Given the potential of site of service to impact cancer 
treatment patterns and health care costs in the US, we 
performed a detailed comparison between NHL and CLL 
patients receiving rituximab in a hospital outpatient set-
ting vs. those receiving rituximab in a physician of-
fice/community clinic setting. The objective of this study 
was to examine the shift in site of service over the last 
six years for patients receiving rituximab, and investigate 
how site of service may influence health care costs and 
treatment patterns of patients receiving rituximab. 

2. Methods 
2.1. Data Sources and Subject Identification 

This study included commercial and Medicare Advan-
tage health plan members who received rituximab and 
who were diagnosed with NHL or CLL. The study was 
retrospective and used medical and pharmacy claims data 
and enrollment information from a large national health 
plan database. Additionally, linked data on the occur-
rence of death was obtained from the Social Security 
Death Master File. 

To be included in the final study sample, subjects were 
required to be 18 years or older and have 2 or more 
claims on separate days indicating receipt of rituximab 
(HCPCS code J9310) between January 2007 and July 
2012 (defined as the study period). The date of the first 
rituximab claim was defined as the index date. Patients 
were also required to have ≥2 claims with a diagnosis of 
NHL (ICD-9-CM codes 200.xx, 202.0x - 202.2x, 202.7x - 
202.8x) or CLL (ICD-9-CM code 204.1x), at least 30 
days apart and occurring between 6 months prior to the 
index date and the end of the study period. Patients may 
or may not have been newly/recently diagnosed. Conti-
nuous enrollment for 6 months prior to the index date 
(baseline period) and at least 6 months after the index 
date until the end of continuous enrollment or the end of 
the study (follow-up period) was required, with the ex-
ception that patients with less than 6 months of follow-up 
time due to death were also included. Patients with evi-
dence of rituximab during the baseline period were ex-
cluded from the study. Patients with more than one type 
of primary cancer (in addition to NHL or CLL) between 
6 months prior to the index date and the end of the study 
period were also excluded (patients were defined as hav-
ing another cancer type if they have ≥2 claims of the 
same cancer type at least 30 days apart). Diagnoses ap-
pearing on claims for a laboratory or diagnostic service 
were not considered when identifying (including or ex-
cluding) any cancer diagnosis, as a diagnosis appearing 
on such claims often reflects a “rule-out” diagnosis that 
hasn’t been confirmed. 

Subjects were stratified for cohort assignment based 
on site of service where rituximab was received (physi-
cian office/clinic vs. hospital outpatient facility). Patients 
who received rituximab at more than one site of service 
type (that is, office/clinic and outpatient setting) were ex- 
cluded (approximately 7% of patients were excluded). 
General comorbid conditions were determined during the 
baseline period based on the presence of ICD-9-CM di-
agnosis codes on medical claims, and a Quan-Charlson 
comorbidity score was calculated for the baseline period 
[10]. Date of death was identified using a combination of 
Social Security Death Master File data and facility-based 
discharge codes identifying death. 

2.2. Episodes of Care 
An episode of care (EOC) was defined as beginning on 
the date of the first infusion for rituximab (index date) 
and ending at the earliest of the following: death; dise-
nrollment; end of the study period; or 30 days after a 
rituximab administration that occurred prior to a ≥7 
month gap in therapy during the study period (the length 
of the gap was based on the rituximab dosing schedule, 
which includes a 6 month gap for some indications). The 
EOC length and count of rituximab infusions during the 
EOC were captured. Additionally, evidence of can-
cer-related surgery, hormone therapy, radiation therapy, 
and other anti-cancer systemic therapy (chemotherapy, 
targeted therapy) was captured during the EOC. During 
the EOC, it was determined whether rituximab was re-
ceived as monotherapy or in combination with other an-
ti-cancer therapy. 

2.3. Health Care Costs and Utilization 
Total health care costs (medical and pharmacy costs) 
were computed as the combined health plan and patient 
paid amounts in the post-index period. Costs were pre-
sented as per-patient-per-month (PPPM) amounts to ac-
count for varying lengths of follow-up time. Costs were 
adjusted using the annual medical care component of the 
Consumer Price Index to reflect inflation between 2007 
and 2012. Additionally, aggregate costs of rituximab and 
drug administration incurred by a patient on each day of 
infusion were captured (defined as infusion day costs); 
these costs were also presented as costs PPPM. Health 
care resource utilization was calculated in the post-index 
period for emergency room visits and inpatient admis-
sions as rates (events/person-time). 

2.4. Statistical Analysis 
Differences between cohorts were evaluated by chi- 
square test (proportions) and t-test (continuous measures). 
Differences in rates of health care utilization were eva-
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luated using the binomial exact test. The number of ri-
tuximab infusions during the EOC was modeled using a 
negative binomial regression with offset to account for 
variable observation time. Health care costs were mod-
eled with a generalized linear model using a gamma dis-
tribution with a log link. All models were adjusted for 
age, squared age, gender, insurance type, baseline Charl- 
son comorbidity score and receipt of rituximab as mono-
therapy. 

3. Results 
In total, 4441 patients were identified for final inclusion 
in the study (full study population). There were no sig-
nificant differences in average age or gender distribution, 
or in the proportion of patients with NHL or CLL, be-
tween the cohort who received rituximab infusions in the 
office/clinic setting and the cohort who received ritux-
imab in the outpatient setting (Table 1). Some geo-
graphic differences were observed: in the Northeast a 
higher percentage of patients received treatment in the 
hospital outpatient setting (vs. the office clinic setting), 
while in the South a higher percentage of patients re-
ceived treatment in the office/clinic setting (vs. the hos-
pital outpatient setting) (both p < 0.001) (Table 1). The 
mean baseline Charlson comorbidity index score was 
slightly higher among patients in the hospital outpatient 
setting compared to the office/clinic setting (3.27 vs. 3.11, 
p = 0.007) (Table 1). The percentage of patients who 
died during the study period and the mean time to death 
were not significantly different between the hospital 
outpatient and office/clinic cohorts (Table 1). Of the 
patients in the full study population, 3074 had commer-
cial insurance and 1367 had Medicare insurance; these 
individuals were assigned to a commercial population 
subgroup and Medicare population subgroup, respec-
tively (Table 1). 

Over the course of the study period (from 2007 to 
2012), the proportion of patients in the full population 
receiving rituximab infusions in the office/clinic setting 
decreased, while the proportion of patients receiving ri-
tuximab in the hospital outpatient setting increased. In 
2007, about 78% of patients in the full population re-
ceived rituximab in the office/clinic setting, and this per-
centage decreased to only about 61% in 2012 (Figure 1). 
Conversely, the proportion of patients receiving ritux-
imab in the hospital outpatient setting nearly doubled 
over this same period, from 22% in 2007 to 39% in 2012 
(Figure 1). Similar shifts in site of service were seen for 
both the commercial population and the Medicare popu-
lation (Figure 1). 

Characteristics of episodes of care (EOCs) were inves-
tigated. In the full population, EOCs in the office/clinic 
setting were on average longer than EOCs in the hospital  

outpatient setting (246 days vs. 226 days, p = 0.004), and 
EOCs in the office/clinic setting had a higher average 
count of rituximab infusions (7.49 vs. 5.60, p < 0.001) 
(Table 2). The recommended dose for rituximab is 6 to 8 
cycles [11]. The percentages of EOCs with evidence of 
combination therapy (p = 0.942), radiation treatment (p = 
0.094), or hormone therapy (p = 0.229) were similar be-
tween the office/clinic setting and the hospital outpatient 
setting (Table 2). However, a higher percentage of EOCs 
had evidence of cancer-related surgery in the hospital 
outpatient setting vs. the office/clinic setting (32% vs. 
26%, p < 0.001) (Table 2). In the commercial and Medi-
care populations, EOC treatment trends were gener-
ally similar to those observed for the full population 
(Table 2).  

Health care costs were calculated during the follow-up 
period, and were adjusted for patient demographic and 
clinical characteristics with a multivariate regression 
model. In the full study population, patients in the outpa-
tient group had higher adjusted total health care costs 
(PPPM) than those in the office/clinic group (cost ratio = 
1.325, p < 0.001). Adjusted PPPM total health care costs 
of the outpatient group compared to the office/clinic 
group were $16,515 vs. $12,466 (Figure 2). Adjusted 
infusion day costs (which comprised all rituximab and 
drug administration costs incurred on the day of infusion) 
were also significantly higher in the outpatient group 
compared to the office/clinic group (cost ratio = 1.509, p 
< 0.001). Adjusted PPPM infusion day costs were $9843 
(60% of total costs) for the hospital outpatient group vs. 
$6521 (52% of total costs) for the office/clinic group 
(Figure 2). Site of service health care cost trends in the 
commercial population were similar to those observed 
for the full population for adjusted total and infusion day 
costs (both p < 0.001) (Figure 2). However, in the Med-
icare population, adjusted total health care costs and ad-
justed infusion day costs tended to be slightly higher for 
patients who received treatment in the office/clinic set-
ting vs. those who received treatment in the hospital out-
patient setting (both p < 0.001) (Figure 2).  

Incidence rates of health care visits were measured 
during the follow-up period as the number of events per 
person-month. In the full population, rates of ER visits 
(rate ratio = 1.36, p < 0.001) and inpatient stays (rate 
ratio = 1.35, p < 0.001) were both significantly higher 
among patients who received rituximab in the hospital 
outpatient setting vs. the office/clinic setting (data not 
shown). Similar trends in health care utilization inci-
dence rates were observed in both the commercial popu-
lation and the Medicare population, though rates in inpa-
tient stays among the Medicare population were not sig-
nificantly different by cohort (data not shown). 
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Table 1. Patient population characteristics. 

 Full Population (N = 4441) Commercial Population (N = 3074) Medicare Population (N = 1367) 

 
Office/clinic  

setting  
(N = 3167) 

Outpatient  
setting  

(N = 1274) 
p-value 

Office/clinic  
setting 

(N = 2235) 

Outpatient  
setting 

(N = 839) 
p-value 

Office/clinic  
setting 

(N = 932) 

Outpatient  
setting 

(N = 435) 
p-value 

Age (mean, SD) 63 13 63 15 0.507 59 12 57 14 0.001 75 7 75 7 0.524 
Gender (N, %)                

Male 1684 53 699 55 0.318 1245 56 479 57 0.514 439 47 220 51 0.245 
Female 1,483 47 575 45 0.318 990 44 360 43 0.514 493 53 215 49 0.245 

Baseline Charlson  
comorbidity index 

 (mean, SD) 
3.11 1.71 3.27 1.86 0.007 3.01 1.65 3.10 1.72 0.178 3.36 1.81 3.61 2.06 0.031 

Coverage type (N, %)                
Commercial 2235 71 839 66 0.002 2235 100 839 100 – 0 0 0 0 – 

Medicare 932 29 435 34 0.002 0 0 0 0 – 932 100 435 100 – 
Geographic region (N, %)                

Northeast 196 6 243 19 <0.001 149 7 162 19 <0.001 47 5 81 19 <0.001 
Midwest 1,018 32 458 36 0.015 626 28 254 30 0.227 392 42 204 47 0.101 

South 1,510 48 409 32 <0.001 1110 50 301 36 <0.001 400 43 108 25 <0.001 
West 442 14 164 13 0.359 349 16 122 15 0.500 93 10 42 10 0.923 

Cancer type (N, %)                
NHL 2772 88 1137 89 0.113 1977 88 756 90 0.221 795 85 381 88 0.277 
CLL 395 12 137 11 0.113 258 12 83 10 0.221 137 15 54 12 0.277 

Length of total follow-up  
days (mean, SD) 246 230 226 197 0.004 260 241 228 198 <0.001 214 198 223 196 0.398 

Mortality (N, %) 238 8 104 8 0.456 115 5 49 6 0.471 123 13 55 13 0.797 

Time to death, in  
days (mean, SD) 206 148 192 109 0.340 221 142 198 116 0.325 192 153 187 104 0.793 

 
Table 2. Treatment characteristics during episodes of care (EOCs). 

 Full Population Commercial Population Medicare Population 

 
Office/clinic 

setting 
(N = 3167) 

Outpatient 
setting 

(N = 1274) 
p-value 

Office/clinic  
setting 

(N = 2235) 

Outpatient  
setting 

(N = 839) 
p-value 

Office/clinic  
setting 

(N = 932) 

Outpatient 
setting 

(N = 435) 
p-value 

 mean SD mean SD  mean SD mean SD  mean SD mean SD  
EOC length (days) 246 230 226 197 0.004 260 241 228 198 <0.001 214 198 223 196 0.398 
Count of infusions  

of rituximab 7.49 5.07 5.60 3.37 <0.001 7.75 5.16 5.63 3.35 <0.001 6.86 4.78 5.54 3.43 <0.001 

Count of infusions of  
rituximab, per month 1.19 0.57 0.97 0.48 <0.001 1.17 0.53 0.98 0.48 <0.001 1.26 0.64 0.96 0.48 <0.001 

 n % n %  n % n %  n % n %  
Evidence of combination 

therapy during EOC 2221 70 895 70 0.942 1612 72 594 71 0.472 609 65 301 69 0.176 

Cancer-related surgery 812 26 407 32 <0.001 608 27 289 34 <0.001 204 22 118 27 0.040 
Radiation 425 13 196 15 0.094 324 15 121 14 1.000 101 11 75 17 0.001 

Hormone therapy 150 5 49 4 0.229 94 4 25 3 0.141 56 6 24 6 0.805 

 
4. Discussion 

In this retrospective study, we used claims data to better 
understand differences in treatment patterns and health 
care costs of NHL and CLL patients who were adminis- 
tered rituximab in a hospital outpatient setting and those  

who were administered rituximab in a physician office/ 
community clinic setting. In the full study population, 
patients treated in the hospital outpatient setting had fe- 
wer average counts of rituximab infusions, higher adjust- 
ed total health care costs, higher adjusted infusion day 
costs, and higher rates of ER visits and inpatient stays,    
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Figure 1. Site of service by index year. 
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Figure 2. Adjusted† total and infusion day health care costs (PPPM). †Costs of full population, commercial population, and 
Medicare population adjusted for age, squared age, gender, insurance type, baseline Charlson comorbidity score and receipt 
of rituximab as monotherapy. 
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compared with patients treated in the office/clinic setting. 
Further, we found a marked increase in the proportion of 
patients receiving treatment in the hospital outpatient 
setting over the course of the study period (from 2007- 
2012). These findings indicate that there may be differ-
ences by site of service in treatment patterns and health 
care costs among NHL and CLL patients receiving ri-
tuximab, and they warrant further investigation to assess 
the impact of these differences on clinical outcomes by 
site of care. 

We also investigated site of service trends among sub-
groups of patients with either commercial or Medicare 
insurance. For the commercial insurance subgroup, dif-
ferences in treatment patterns, health care costs, and re-
source use by site of service were similar to those ob-
served in the full study population. Also, the results in 
the present study are consistent with findings from 
another study of cancer patients with commercial insur-
ance, which examined differences in chemotherapy 
treatment patterns and health care costs in a hospital 
outpatient setting vs. a physician’s office [8]. In this prior 
study, the average length of a chemotherapy episode was 
found to be longer among patients treated in a physi-
cian’s office compared with patients treated in a hospital 
outpatient department (3.8 months vs. 3.4 months), and 
the average cost of care of office-managed episodes was 
substantially lower than the average costs of hospit-
al-managed episodes ($19,640 vs. $26,300) [8]. Al-
though this prior study did not stratify patients by type of 
treatment, the present study used a more narrowly de-
fined population of patients who received treatment with 
a specific drug. For the subgroup of patients with Medi-
care insurance, treatment patterns and resource utilization 
were generally similar to trends observed for the full 
population. Unlike the full population, the total health 
care costs and infusion day costs in the Medicare popula-
tion were higher in the office/clinic setting than the hos-
pital outpatient setting. A prior study of cancer patients 
with Medicare insurance reported that those receiving 
chemotherapy in a physician’s office had lower PPPM 
health care costs than those receiving chemotherapy in a 
hospital outpatient setting ($4361 vs. $4981) [9], which 
differs from the findings of the present study. However, 
this prior study also found that the average number of 
annual chemotherapy sessions was higher for patients in 
the physician office setting than in the hospital outpatient 
setting (6.6 sessions vs. 3.9 sessions), which is consistent 
with the present study [9]. 

As this was not a randomized controlled study, it was 
not possible for us to determine the reason(s) for the dif-
ferences in health care costs, resource utilization, and 
rituximab treatment patterns that were observed between 
the office/clinic and hospital outpatient settings. Some 
information is not readily available in claims data that 

could have had an effect on study outcomes, such as cer-
tain clinical and disease-specific parameters. For exam-
ple, reasons for receiving care in the hospital outpatient 
setting versus the office/clinic setting, or whether the 
lower average count of rituximab infusions in the hospit-
al outpatient setting was related to specific comorbidity 
or performance status, could not be assessed. In addition, 
differences may have resulted in part from patient 
case-mix differences between the office/clinic and physi-
cian outpatient settings (e.g., it is possible patients with 
more severe disease were more likely to receive treat-
ment at one site rather than the other). The differences 
between sites may also be in part attributable to other 
factors. For example, insurance plans may reimburse the 
same or similar drugs or services at different rates de-
pending on site of service [12-14]. Also, others have 
suggested that patients may be more likely to develop 
personal relationships with caregivers in a smaller setting 
such as a physician’s office or clinic, and this may lead 
to a higher likelihood of completing more cycles of che-
motherapy[15]. Future research would be needed to bet-
ter understand the reason(s) for the site of service differ-
ences observed in this study. Additional limitations 
should be considered when interpreting the results of this 
study. Differences in treatment patterns are difficult to 
interpret as appropriate care or not, since reasons for dif-
ferences in treatment regimens were not available. Care 
received within a clinical trial may not necessarily be 
captured in a claims database. Finally these results are 
most applicable to a population of commercially insured 
patients or Medicare Advantage patients, and may not be 
generalizable to other patient populations. 

An understanding of how costs and outcomes may 
differ by site of service has important implications from a 
health care public policy perspective. Starting in 2005, 
cuts to the Medicare program led to reductions in the 
reimbursement rates for many cancer drugs [16]. While 
hospitals may still be able to receive reduced prices on 
outpatient drugs through the federal 340B drug discount 
program, these discounts are typically not available for 
drugs administered in physicians’ offices [17]. A recent 
report found that the Medicare payment rate for ritux-
imab is about 45% higher than the average acquisition 
cost for 340B hospitals [18]. Additionally, independently 
of the 340B program, Medicare reimbursement rates for 
services offered in a physician’s office frequently differ 
from rates for the same services offered in a hospital 
outpatient setting, when taking into account the total 
Medicare reimbursement to both the physician and the 
facility under the hospital outpatient prospective payment 
system [12-14]. These policies may influence where 
cancer patients receive care. A report highlighting trends 
among community oncology practices found an increase 
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in the number of practices closing, in financial difficulty, 
or merging with hospitals [19]. Further, some physicians 
have reported referring patients to hospitals to receive 
chemotherapy treatment due to financial reasons, and 
there are concerns as to whether hospitals will be able to 
adequately absorb an influx of new patients [15,20]. 

In conclusion, we found significant differences in 
health care costs and treatment patterns among CLL and 
NHL patients, depending on the site of rituximab admin-
istration. Given the trend we observed towards an in-
crease in the proportion of patients who were treated in 
the hospital outpatient setting over the study period (and 
a corresponding decrease of those treated in the of-
fice/clinic setting), these findings underscore the need to 
better understand the reason(s) behind these site of ser-
vice differences and their clinical impact. 
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