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Abstract
Background Patients with classical Hodgkin lymphoma (cHL) relapsed or refractory (R/R) disease who relapse after or 
are ineligible for autologous stem cell transplantation have a poor prognosis. Recently, the anti-PD1 monoclonal antibodies 
nivolumab and pembrolizumab were approved by the US Food and Drug Administration (FDA; May 2016 and March 2017, 
respectively) as treatment options for R/R cHL patients.
Objective In the absence of comparative clinical trials between these agents, this observational study was conducted to 
evaluate the healthcare resource utilization (HRU) of patients with cHL initiated on pembrolizumab compared to nivolumab 
in the USA.
Patients and Method Healthcare insurance claims from Symphony Health’s IDV® (Integrated Dataverse)  (July 2014–June 
2018) were used in this retrospective study. The study population included adult patients with cHL initiated on pembrolizumab 
or nivolumab (index date). Inverse probability of treatment weighting was used to adjust for differences in patient characteris-
tics between cohorts. All-cause and cHL-related hospitalizations and outpatient visits were measured during the observation 
(post-index) period and reported per patient-year (PPY). Rates of HRU were compared between cohorts using rate ratios (RRs).
Results A total of 92 and 218 patients initiated on pembrolizumab and nivolumab, respectively, were included in the study 
population. After weighting, the mean age was similar at 55 years in both cohorts, while the proportion of females was lower 
in the pembrolizumab cohort (35.3%) compared to the nivolumab cohort (44.1%). Mean Quan–Charlson Comorbidity Index 
score was well balanced after weighting in the pembrolizumab and nivolumab cohorts (4.2 and 4.3, respectively). During 
the observation period, patients in the pembrolizumab cohort had significantly lower rates of all-cause hospitalizations (RR 
[95% CI] 0.33 [0.09–0.80]) and cHL-related hospitalizations (RR [95% CI] 0.14 [0.02–0.37]) than those in the nivolumab 
cohort. Rates of all-cause and cHL-related outpatient visits were not statistically different between patients in the pembroli-
zumab and nivolumab cohorts.
Conclusions In this real-world study, adult cHL patients initiated on pembrolizumab had significantly lower rates of all-cause 
and cHL-related hospitalizations compared to patients initiated on nivolumab.
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1 Introduction

Hodgkin lymphoma (HL) is a lymphoid neoplasm of B 
cell origin characterized by the presence of multinucleated 
Reed-Sternberg cells surrounded by a distinctive immune 

infiltrate [1]. HL represents approximately 10% of all lym-
phoma diagnoses in the USA, with adults aged 20–34 years 
most frequently affected [2, 3]. HL can be classified either 
as classical Hodgkin lymphoma (cHL), which represents 
approximately 95% of HL cases, or as the rarer nodular 
lymphocyte-predominant Hodgkin lymphoma (NLPHL) [4].

Frontline therapy for cHL depends on the disease stage, 
but typically includes a combination of chemotherapy and 
radiation therapy [5]. While many patients may be cured 
with initial therapy, 15–22% of treated patients are refractory 
or eventually relapse [6, 7]. For these patients, salvage chem-
otherapy followed by autologous stem cell transplantation 
(ASCT) is the standard of care, resulting in cure rates of up 
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Key Points 

Patients with classical Hodgkin lymphoma (cHL) 
relapsed or refractory (R/R) disease who relapse after or 
are ineligible for stem cell transplantation have a poor 
prognosis. The recently approved anti-PD1 monoclonal 
antibodies nivolumab and pembrolizumab may address 
the unmet needs of patients with R/R cHL.

In the absence of comparative clinical trials between 
these agents, this observational study was conducted to 
evaluate the healthcare resource utilization (HRU) of 
patients with cHL initiated on pembrolizumab compared 
to nivolumab in the US.

This real-world study found that adult cHL patients 
initiated on pembrolizumab experienced significantly 
lower rates of all-cause and cHL-related hospitalizations 
compared to those initiated on nivolumab.

outcomes, comparative studies have not been conducted 
between these two PD-1 inhibitors. Therefore, this retro-
spective study was conducted to evaluate the HRU among 
patients with cHL initiated on pembrolizumab compared to 
nivolumab in the USA.

2  Methods

2.1  Data Source

Healthcare insurance claims from the Symphony Health’s 
IDV® (Integrated Dataverse) from July 2014 to June 2018 
were used. This large, nationally representative data source 
covers about 280 million lives annually and includes claims 
submitted to all payer types, including commercial plans, 
Medicare Part D, cash, assistance programs, and Medicaid. 
The data for study participants were de-identified and com-
plied with the Health Insurance Portability and Accountabil-
ity Act (HIPAA); therefore, no reviews by an institutional 
review board were required.

2.2  Study Design

A retrospective cohort design was used to compare mutu-
ally exclusive pembrolizumab and nivolumab cohorts. 
Patients were included in the study population if they had at 
least one pharmacy or procedure claim for pembrolizumab 
or nivolumab (with the first dispensing or administration 
assigned as the index date), at least 12 months of contin-
uous clinical activity prior to the index date, at least one 
hospitalization or two outpatient visits with a primary or 
secondary diagnosis of cHL (International Classification of 
Diseases, 9th Revision, Clinical Modification [ICD-9-CM]: 
201.0x–201.2x, 201.5x–201.9x; International Classification 
of Diseases, 10th Revision, Clinical Modification [ICD-
10-CM]: C81.1x–C81.9x) prior to the index date, and were 
at least 18 years of age at the index date (Fig. 1). Patients 
were excluded if they had a claim with a primary or second-
ary diagnosis of nodular lymphocyte-predominant Hodgkin 
lymphoma (NLPHL) at any time prior to or after the index 
date.

Patients who initiated nivolumab (approval 17 May 
2016) prior to pembrolizumab approval (15 March 2017) 
and then received the latter were classified in the pembroli-
zumab cohort since it was used while both treatments were 
approved. A sensitivity analysis was conducted excluding 
patients who received both pembrolizumab and nivolumab 
to remove the impact of any potential bias associated with 
receiving both treatments.

This study used an intent-to-treat (ITT) design whereby 
patients were not required to be treated throughout the 
observation period. The observation period (i.e., follow-up 

to 50% [8]. However, not all patients are eligible for ASCT, 
including elderly patients for whom ASCT may substantially 
increase the risk of mortality, or patients who do not respond 
to salvage chemotherapy prior to ASCT [1, 8]. Patients who 
relapse after or are ineligible for ASCT reliably have a poor 
prognosis [1]. Subsequent treatment may include the CD30-
directed antibody drug conjugate brentuximab vedotin (BV), 
which was approved by the US Food and Drug Administra-
tion (FDA) in August 2011 for the treatment of patients with 
cHL whose disease has progressed after ASCT or after two 
prior chemotherapy treatments for those who cannot receive 
ASCT [9]. BV has demonstrated improved outcomes and 
disease management in patients with cHL who have failed 
ASCT; however, a subset of treated patients eventually pro-
gress after treatment with BV [10, 11].

The anti-programmed cell death 1 (PD-1) monoclonal 
antibodies nivolumab and pembrolizumab were approved 
by the FDA in May 2016 and March 2017, respectively, 
as treatment options for patients with cHL who relapsed 
after three or more lines of prior therapy and/or ASCT [12, 
13]. Approval was based on the single-arm clinical trials 
CHECKMATE-205 [14, 15] and CHECKMATE-039 [16] 
for nivolumab and KEYNOTE-087 [17] for pembroli-
zumab, which demonstrated overall response rates (ORRs) 
of 66–87% and 69%, respectively.

In addition to a poorer prognosis, relapsed cHL is also 
associated with higher healthcare resource utilization (HRU) 
and healthcare costs, with added costs for each additional 
line of therapy required [18, 19]. While both nivolumab and 
pembrolizumab have been associated with promising clinical 
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period) spanned from the index date up to the end of contin-
uous clinical activity (defined as consecutive quarters with 
one or more pharmacy claim) or data availability, which-
ever occurred first. The baseline period was defined as the 
12 months prior to the index date.

2.3  Study Outcomes

Study outcomes measured during the observation period 
included all-cause and cHL-related hospitalizations and out-
patient visits. In addition, length of stay was also evaluated 
for all-cause and cHL-related hospitalizations. cHL-related 
HRU was identified based on claims with a primary or sec-
ondary diagnosis of cHL.

2.4  Statistical Analysis

To minimize potential confounding between the pem-
brolizumab and nivolumab cohorts, inverse probability of 
treatment weighting (IPTW) based on the propensity score 
(PS) was used to adjust for observed differences in baseline 
covariates between cohorts [20]. The propensity score was 
derived from multivariable logistic regression conditional 
on baseline covariates (i.e., measured during the baseline 
period or on the index date), including age, sex, region, type 
of insurance coverage, year of index date, Quan-Charlson 
Comorbidity Index (Quan-CCI) score [21], number of hos-
pitalizations and outpatient visits, anti-cancer therapy use 
(which could account for differences in line of therapy), 
and Elixhauser and Diagnostic and Statistical Manual Of 

Fig. 1  Sample selection. cHL classical Hodgkin lymphoma, GPI 
Generic Product Identifier, HCPCS Healthcare Common Procedure 
Coding System, ICD-9-CM International Classification of Diseases, 
9th Revision, Clinical Modification, ICD-10-CM International Clas-
sification of Diseases, 10th Revision, Clinical Modification, NLPHL 
nodular lymphocyte-predominant Hodgkin lymphoma. 1 Patients 
who received both treatments and who initiated nivolumab prior 
to pembrolizumab approval or in the first months after were classi-
fied in the pembrolizumab cohort. Patients with an index treatment 

of pembrolizumab prior to nivolumab were considered as part of the 
pembrolizumab cohort (i.e., cohorts were mutually exclusive). 2 Pem-
brolizumab (GPI: 2135305300; HCPCS: J9271) and nivolumab (GPI: 
2135304100; HCPCS: J9299) were identified from pharmacy and 
procedure claims. 3 Diagnosis of cHL in the primary or secondary 
position (ICD-9-CM: 201.0x–201.2x, 201.5x–201.9x; ICD-10-CM: 
C81.1x–C81.9x). 4 Diagnosis of NLPHL in the primary or secondary 
position (ICD-9-CM: 201.4x; ICD-10-CM: C81.0x)
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Mental Disorders, 5th edition (DSM-V) comorbidities (those 
with ≥ 10% prevalence in either cohort) [22, 23]. DSM-V 
comorbidities were included because HL has been shown 
to be associated with long-term psychiatric comorbid-
ity, including anxiety and depression [24, 25]. Probability 
weights were calculated as 1/PS for the pembrolizumab 
cohort and 1/(1–PS) for the nivolumab cohort. Baseline 
characteristics were summarized using mean, standard 
deviation (SD), and median values for continuous vari-
ables, and relative frequencies and proportions for categori-
cal variables.

Rates of HRU among weighted cohorts were calculated as 
the number of events divided by person-time of observation, 
to account for varying length of observation across patients, 
and were reported per person-year (PPY). Rates of HRU 
were compared between cohorts using rate ratios (RRs) from 
Poisson regression models with log-link; 95% confidence 
intervals (CIs) and P values were calculated using non-par-
ametric bootstrap procedures with 999 replications.

All analyses were conducted using SAS Enterprise Guide 
Version 7.1 (SAS Institute, Cary, NC, USA).

2.5  Sensitivity Analyses

A sensitivity analysis excluding patients who received both 
pembrolizumab and nivolumab was conducted. Moreover, 
patients could have participated in a clinical trial since the 
study period overlaps with the approval dates for pembroli-
zumab and nivolumab (15 March 2017 and 17 May 2016, 
respectively). While clinical trial participation as measured 
by diagnosis and procedure codes (ICD-9-CM: V70.7; ICD-
10-CM: Z00.6; Healthcare Common Procedure Coding Sys-
tem [HCPCS]: S9988, S9990, S9991, S9992, S9994, S9996) 
might be under-reported in claims, a sensitivity analysis was 
also conducted adjusting for enrollment in a clinical trial 
during baseline or on the index date to account for the differ-
ence in nivolumab and pembrolizumab FDA approval dates 
and potentially higher proportion of clinical trial patients 
in one cohort. PS and weights were re-calculated for both 
sensitivity analyses.

3  Results

3.1  Patient Characteristics

A total of 92 patients initiated on pembrolizumab and 218 
patients initiated on nivolumab met the selection criteria 
and were included in the analysis (Table 1). Most baseline 
covariates were balanced between the weighted cohorts (i.e., 
standardized difference (std. diff.) < 20%). After weight-
ing, the mean age was similar at 55 years in both cohorts, 
while the proportion of female patients was lower in the 

pembrolizumab cohort (35.3%) compared to the nivolumab 
cohort (44.1%; std. diff. = 17.9%). Approximately one-
third of pembrolizumab and nivolumab patients received 
BV during baseline (29.9% and 35.3%, respectively; std. 
diff. = 11.7%). Of the 92 patients in the pembrolizumab 
cohort, six patients received nivolumab during the baseline 
period and one patient received nivolumab prior to the base-
line period (i.e., more than 12 months prior to the index 
date).

Mean Quan-CCI score was well-balanced in the pem-
brolizumab and nivolumab cohorts (4.2 and 4.3, respec-
tively; std. diff. = 2.2%). Among patients in the pembroli-
zumab and nivolumab cohorts, 36.2% and 37.9% had 
hypertension (std. diff. = 3.4%), and 30.6% and 26.9% had 
cardiac arrhythmias (std. diff. = 8.2%) at baseline, respec-
tively. Moreover, among pembrolizumab and nivolumab 
initiators, 13.8% and 15.0% had depressive disorders (std. 
diff. = 3.7%), and 10.2% and 13.9% had anxiety disorders 
(std. diff. = 11.2%), respectively. The mean number of base-
line hospitalizations (1.6 in the pembrolizumab cohort and 
1.5 in the nivolumab cohort; std. diff. = 3.1%) was also well 
balanced after weighting.

The mean (median) observation period was 295 (264) 
days for patients in the pembrolizumab cohort and 274 (208) 
days for patients in the nivolumab cohort. Patients initiated 
on pembrolizumab received a mean (median) of 7.1 (6) infu-
sions while those initiated on nivolumab received a mean 
(median) of 8.6 (6) infusions.

3.2  Hospitalizations

Patients in the pembrolizumab cohort had significantly lower 
rates of all-cause hospitalizations (0.46 PPY) compared to 
those in the nivolumab cohort (1.39 PPY), corresponding to 
67% fewer hospitalizations PPY (RR [95% confidence inter-
val (CI)]: 0.33 [0.09–0.80], P = 0.014; Fig. 2). The mean 
length of hospital stay was 3.5 days for the pembrolizumab 
cohort and 4.0 days for the nivolumab cohort (Table 2).

Patients in the pembrolizumab cohort also had signifi-
cantly lower rates of cHL-related hospitalizations (0.06 
PPY) compared to those in the nivolumab cohort (0.42 
PPY). for a RR of 0.14 (95% CI 0.02–0.37, P < 0.001; 
Fig. 2). The mean length of cHL-related hospital stay was 
6.4 days for the pembrolizumab cohort and 7.2 days for the 
nivolumab cohort (Table 2). Similar results were observed 
when truncating follow-up at 12 months.

3.3  Outpatient Visits

The rates of all-cause outpatient visits were not signifi-
cantly different between pembrolizumab initiators com-
pared to nivolumab initiators (29.0 PPY vs. 34.7 PPY; RR 
[95% CI] 0.84 [0.56–1.11], P = 0.200; Fig. 3). Similarly, 
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Table 1  Patient demographics and clinical characteristics

Characteristics Unweighted cohorts Weighted  cohortsa

Pembrolizumab cohort Nivolumab cohort Std. diff. (%) Pembrolizumab cohort Nivolumab cohort Std. diff. (%)

(N = 92) (N = 218) (N = 92) (N = 218)

Observation period,b 
days, mean ± SD 
(median)

228.3 ± 174.0 (214) 296.1 ± 222.5 (239) 34.0 295.2 ± 236.5 (264) 274.0 ± 213.0 (208) 9.4

Demographicsc

 Age, years, 
mean ± SD 
(median)

59.2 ± 16.0 (63) 52.8 ± 18.5 (55) 37.4 54.8 ± 18.7 (58) 54.7 ± 18.3 (58) 0.3

 Gender, female, n 
(%)

37 (40.2) 96 (44.0) 7.7 32 (35.3) 96 (44.1) 17.9

Year of index date,d 
n (%)

 2015 0 (0.0) 3 (1.4) 16.7 0 (0.0) 3 (1.2) 15.5
 2016 7 (7.6) 51 (23.4) 44.7 26 (28.7) 42 (19.2) 22.3
 2017 49 (53.3) 104 (47.7) 11.1 42 (45.6) 107 (49.0) 6.9
 2018 36 (39.1) 60 (27.5) 24.8 24 (25.7) 67 (30.6) 10.8

Region,c n (%)
 South 37 (40.2) 98 (45.0) 9.6 43 (46.9) 95 (43.4) 7.0
 Northeast 22 (23.9) 33 (15.1) 22.3 13 (14.1) 36 (16.6) 7.1
 Midwest 19 (20.7) 52 (23.9) 7.7 23 (25.2) 49 (22.6) 6.1
 West 14 (15.2) 33 (15.1) 0.2 13 (13.9) 36 (16.7) 7.8
 Unknown 0 (0.0) 2 (0.9) 13.6 0 (0.0) 2 (0.7) 12.2

Insurance plan type,e,f 
n (%)

 Commercial 59 (64.1) 149 (68.3) 8.9 59 (64.0) 145 (66.5) 5.3
 Medicare 25 (27.2) 46 (21.1) 14.2 26 (28.1) 52 (23.9) 9.6
 Medicaid 3 (3.3) 13 (6.0) 12.9 2 (2.6) 11 (5.0) 12.9
 Government 3 (3.3) 8 (3.7) 2.2 2 (1.8) 8 (3.9) 12.4
 Unknown 2 (2.2) 2 (0.9) 10.2 3 (3.6) 2 (0.7) 19.8

Baseline anti-cancer 
therapies,g n (%)

 Any 68 (73.9) 188 (86.2) 31.2 79 (85.7) 184 (84.4) 3.4
 Brentuximab Vedotin 24 (26.1) 86 (39.4) 28.8 27 (29.9) 77 (35.3) 11.7
 Nivolumab 6 (6.5) – – 6 (6.4) – –
 Ibrutinib 0 (0.0) 5 (2.3) 21.7 0 (0.0) 4 (2.1) 20.5
 Pembrolizumab – 0 (0.0) – – 0 (0.0) –

Baseline all-cause 
HRU,g mean ± SD 
(median)

 Hospitalizations 1.47 ± 2.17 (1) 1.44 ± 1.96 (1) 1.1 1.56 ± 2.36 (1) 1.49 ± 1.96 (1) 3.1
 OP visits 36.0 ± 29.9 (28) 35.4 ± 25.5 (33) 2.1 33.6 ± 26.6 (27) 35.7 ± 25.8 (33) 7.9

Quan-CCI score,g 
mean ± SD (median)

4.89 ± 2.72 (5) 4.01 ± 2.64 (3) 32.7 4.22 ± 2.64 (3) 4.28 ± 2.75 (3) 2.2

Elixhauser 
comorbidities,g n (%)

 Hypertension 45 (48.9) 72 (33.0) 32.7 33 (36.2) 83 (37.9) 3.4
 Cardiac arrhythmias 30 (32.6) 58 (26.6) 13.2 28 (30.6) 59 (26.9) 8.2
 Chronic pulmonary 

disease
27 (29.3) 42 (19.3) 23.7 17 (18.9) 47 (21.5) 6.3
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cHL classical Hodgkin Lymphoma, DSM-V Diagnostic and Statistical Manual of Mental Disorders, 5th edition, HRU healthcare resource utiliza-
tion, IPTW inverse probability of treatment weighting, Quan-CCI Quan-Charlson Comorbidity Index, SD standard deviation, std. diff. standard-
ized difference
a IPTW weights based on the propensity score were derived from a multivariable logistic model conditional on baseline covariates including age, 
sex, region, type of insurance coverage, year of index date, Quan-CCI, number of hospitalizations, number of outpatient visits, any anti-cancer 
therapy use, and all Elixhauser and DSM-V comorbidities with ≥ 10% prevalence in either cohort
b The observation period spanned from the index date up to the end of data availability or end of clinical activity
c Evaluated at the index date
d The index date was defined as the first dispensing or administration of either pembrolizumab or nivolumab
e Evaluated at the index date or during the 12-month baseline period (using the pharmacy claim closest to the index date)
f General insurance plan type categories (commercial, Medicare, etc.) only. Government includes Veteran’s Administration and Medical Military 
(TRICARE)
g Evaluated during the 12-month baseline period
h These conditions include relation problems, abuse and neglect, educational and occupational problems, housing and economic problems, other 
problems related to the social environment, other health-service encounters for counseling and medical advice, and other circumstances of per-
sonal history

Table 1  (continued)

Characteristics Unweighted cohorts Weighted  cohortsa

Pembrolizumab cohort Nivolumab cohort Std. diff. (%) Pembrolizumab cohort Nivolumab cohort Std. diff. (%)

(N = 92) (N = 218) (N = 92) (N = 218)

 Solid tumor without 
metastasis

23 (25.0) 30 (13.8) 28.7 13 (14.2) 35 (16.2) 5.5

 Metastatic cancer 22 (23.9) 38 (17.4) 16.1 19 (20.5) 43 (19.6) 2.1
 Diabetes 18 (19.6) 34 (15.6) 10.4 16 (16.9) 39 (17.8) 2.2
 Coagulopathy 17 (18.5) 38 (17.4) 2.7 13 (14.2) 41 (19.0) 13.1
 Valvular disease 17 (18.5) 26 (11.9) 18.3 11 (12.4) 28 (13.0) 1.9
 Peripheral vascular 

disorders
16 (17.4) 24 (11.0) 18.4 9 (9.6) 28 (13.0) 10.7

 Congestive heart 
failure

15 (16.3) 34 (15.6) 1.9 15 (16.5) 35 (16.2) 0.8

 Liver disease 12 (13.0) 23 (10.6) 7.7 12 (13.4) 26 (11.7) 5.2
 Weight loss 11 (12.0) 38 (17.4) 15.5 13 (14.3) 35 (16.0) 4.7
 Obesity 11 (12.0) 19 (8.7) 10.7 7 (7.3) 21 (9.7) 8.7
 Renal failure 10 (10.9) 18 (8.3) 8.9 9 (9.8) 23 (10.4) 1.8
 Pulmonary circula-

tion disorder
10 (10.9) 14 (6.4) 15.9 5 (5.7) 15 (6.7) 4.0

 Deficiency anemias 9 (9.8) 25 (11.5) 5.5 6 (6.2) 24 (11.1) 17.7
DSM-V 

comorbidities,g n (%)
 Depressive disorders 17 (18.5) 32 (14.7) 10.2 13 (13.8) 33 (15.0) 3.7
 Substance-related 

and addictive disor-
ders

15 (16.3) 18 (8.3) 24.7 8 (8.5) 22 (10.2) 5.8

 Other conditions 
that may require 
a focus of clinical 
 attentionh

13 (14.1) 21 (9.6) 13.9 9 (9.5) 25 (11.5) 6.4

 Sleep–wake disor-
ders

10 (10.9) 25 (11.5) 1.9 8 (8.8) 23 (10.6) 6.0

 Anxiety disorders 8 (8.7) 35 (16.1) 22.5 9 (10.2) 30 (13.9) 11.2
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no significant difference was observed in the rates of cHL-
related outpatient visits among the pembrolizumab and 
nivolumab cohorts (16.1 PPY vs. 17.9 PPY; RR [95% CI] 
0.90 [0.47–1.42], P = 0.647; Fig. 3). Similar results were 
observed when truncating follow-up at 12 months.

3.4  Sensitivity Analyses

Of the 92 patients in the pembrolizumab cohort, a total of 
seven patients had prior use of nivolumab and were excluded. 
Similar results were found after excluding these patients. 
Pembrolizumab initiators had significantly lower rates of 
all-cause hospitalizations (RR [95% CI] 0.29 [0.08–0.75], 
P = 0.020) and cHL-related hospitalizations (RR [95% 
CI] 0.09 [0.01–0.25], P = 0.002) compared to those in the 
nivolumab cohort. Patients in the pembrolizumab cohort 
also had significantly lower rates of all-cause outpatient 
visits (RR [95% CI] 0.78 [0.54–0.97], P = 0.022), though 
a non-significant difference in cHL-related outpatient visits 
was observed (RR [95% CI] 0.86 [0.44–1.36], P = 0.460). 
Similar results were found when adjusting for patients who 
had an encounter as part of a clinical trial (pembrolizumab: 
four patients (4.3%), nivolumab: ten patients (4.6%)) during 
the baseline period or on the index date (all-cause RR [95% 
CI] 0.33 [0.09–0.81], P = 0.014; cHL-related RR [95% CI] 
0.12 [0.00–0.36], P < 0.001).

Fig. 2  All-cause and cHL-related hospitalizations in the  weighted1 
pembrolizumab and nivolumab cohorts. CCI Charlson Comorbid-
ity Index, cHL classical Hodgkin lymphoma, CI confidence interval, 
DSM-V Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition, IPTW inverse probability of treatment weighting, PPY per 
person-year, RR rate ratio. 1 IPTW weights based on the propensity 
score were derived from a multivariable logistic model conditional 
on baseline covariates including age, sex, region, type of insurance 
coverage, year of index date, Quan-CCI, number of hospitalizations, 
number of outpatient visits, any anti-cancer therapy use, and all Elix-
hauser and DSM-V comorbidities ≥ 10% prevalence in either cohort. 
2. Rate ratios were obtained from Poisson regression models with 
log-link; confidence intervals and p-values were calculated using non-
parametric bootstrap procedure methods with 999 replications

Table 2  HRU of patients with cHL in the weighted pembrolizumab 
and nivolumab cohorts

cHL classical Hodgkin lymphoma, HRU healthcare resource utiliza-
tion, LOS length of stay, SD standard deviation
a The observation period spanned from the index date up to the end of 
data availability or end of clinical activity

Measures Pembrolizumab cohort Nivolumab cohort
(N = 92) (N = 218)

Observation  perioda

 Mean ± SD, days 295.2 ± 236.5 274.0 ± 213.0
 Total person-years 74.4 163.6

All-cause HRU
 Number of hospitaliza-

tions
34 228

  LOS, days, mean 
[median]

3.5 [3] 4.0 [2]

 Number of outpatient 
visits

2,161 5,681

cHL-related HRU
 Number of hospitaliza-

tions
4 68

  LOS, days, mean 
[median]

6.4 [1] 7.2 [4]

 Number of outpatient 
visits

1203 2933

Fig. 3  All-cause and cHL-related outpatient visits in the  weighted1 
pembrolizumab and nivolumab cohort. CCI Charlson Comorbid-
ity Index, cHL classical Hodgkin lymphoma, CI confidence interval, 
DSM-V Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition, IPTW inverse probability of treatment weighting, PPY per 
person-year, RR rate ratio. 1 IPTW weights based on the propensity 
score were derived from a multivariable logistic model conditional 
on baseline covariates including age, sex, region, type of insurance 
coverage, year of index date, Quan-CCI, number of hospitalizations, 
number of outpatient visits, any anti-cancer therapy use, and all Elix-
hauser and DSM-V comorbidities ≥ 10% prevalence in either cohort. 
2 Rate ratios were obtained from Poisson regression models with log-
link; confidence intervals and p-values were calculated using non-par-
ametric bootstrap procedure methods with 999 replications
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4  Discussion

This retrospective study based on real-world claims data 
from the Symphony Health database showed significant 
benefits of pembrolizumab compared to nivolumab on 
HRU. Adult cHL patients initiated on pembrolizumab had 
significantly lower rates of all-cause and cHL-related hos-
pitalizations compared to those initiated on nivolumab. 
Similarly, fewer all-cause and cHL-related outpatient visits 
were also observed among patients in the pembrolizumab 
cohort, though the differences were not statistically signifi-
cant. Similar trends in HRU were observed after excluding 
patients who received nivolumab prior to pembrolizumab.

Patients eligible for treatment with pembrolizumab or 
nivolumab represent a cHL population with a particular 
unmet need—those who have relapsed after three or more 
lines of prior therapy and/or ASCT [26, 27]. Patients who 
relapse after ASCT have poor outcomes, with one study 
reporting a median survival of only 26 months after ASCT 
failure [1, 28]. These patients may subsequently receive 
treatment with BV, but real-world studies have shown that 
43–51% of BV-treated patients require additional systemic 
therapy following unsuccessful treatment [29, 30]. Addi-
tionally, patients with cHL who experience disease progres-
sion after BV have poor outcomes as well. In a retrospective 
analysis of institutional databases from a large US cancer 
center, patients who progressed after BV had a cumulative 
ORR of 33% to subsequent lines of treatment, and median 
progression-free survival (PFS) was only 3.5 months [10]. 
Notably, this study was conducted before the PD-1 era, and 
many of the included patients would now likely be eligible 
for treatment with PD-1 inhibitors.

In addition to poor clinical outcomes, patients eligible 
for treatment with pembrolizumab or nivolumab have a sub-
stantial economic burden. In a real-world study of patients 
with relapsed cHL (including 39% with prior stem-cell trans-
plant), utilization of inpatient, emergency room (ER), and 
laboratory and radiology service was significantly higher 
compared to patients without relapsed cHL (i.e., propor-
tion of patients who had an inpatient admission: 66.2% vs. 
17.4%, P < 0.001; ER visit: 49.4% vs. 21.1%, P < 0.05; labo-
ratory and radiology service: 100.0% vs. 93.4%, P < 0.05; 
and pharmacy prescription: 90.9% vs. 82.7%, P > 0.05) 
[18]. Additionally, Yasenchak et al. conducted a cost analy-
sis among patients with cHL and found that each subse-
quent line of therapy (LOT) was associated with higher 
total healthcare costs (from $21,956 in LOT1 to $77,219 in 
LOT2, and $59,442 in LOT3) and even higher total health-
care costs (total cost per LOT increased seven- to eightfold 
compared to LOT1) among patients who received a stem 
cell transplant [19]. Taken together, the poor clinical and 
economic outcomes of patients with relapsed cHL highlight 

the substantial unmet need that may now be addressed with 
PD-1 inhibitors like pembrolizumab and nivolumab.

To our knowledge, the current study is the first to directly 
compare real-world outcomes associated with pembroli-
zumab and nivolumab treatment among patients with cHL. 
Comparisons of the two PD-1 inhibitors with regard to either 
clinical or economic outcomes are scarce in the literature. 
Indeed, the National Comprehensive Cancer  Network® 
(NCCN) recommends individualized treatment for patients 
with relapsed or refractory cHL since there are no data to 
support a superior outcome with any of the available treat-
ment modalities [5]. Of note, an indirect comparison of 
pembrolizumab (using data from KEYNOTE-087) versus 
standard of care was recently conducted by Keeping et al., 
which demonstrated a significantly prolonged PFS associ-
ated with pembrolizumab compared to standard of care (HR 
[95% CI] 5.00 [3.56–7.01]) [31]. However, the standard of 
care data was based on a study conducted prior to the FDA 
approval of nivolumab, and while 28 of 79 included patients 
were treated with investigational agents, the proportion 
receiving nivolumab was not disclosed [10]. With regard 
to the real-world outcomes of PD-1 inhibitors as a whole, a 
retrospective analysis of patients with relapsed or refractory 
cHL treated with a PD-1 inhibitor in US clinical practice 
was conducted by Bair et al., which identified 52 patients 
treated with nivolumab and one patient treated with pem-
brolizumab [32]. While a comparison between the two PD-1 
inhibitors was not possible, the study identified an ORR of 
68% for all patients, which is similar to the ORRs reported 
in the pivotal pembrolizumab and nivolumab clinical trials. 
With the lack of comparative trials to differentiate between 
pembrolizumab and nivolumab based on efficacy, the current 
study provides particularly important, albeit early, insight 
to differentiate between the two PD-1 inhibitors based on 
trends in HRU. Further research is warranted to identify the 
clinical drivers of the observed differences in HRU between 
pembrolizumab and nivolumab initiators.

The results of this study should be interpreted in light 
of some limitations. First, Symphony Health is a provider-
based database, which may have resulted in a patient poten-
tially being counted as multiple patients if seen by different 
doctors or offices. Although Symphony Health minimizes 
this discrepancy with a linking algorithm, it may still have 
missed extraneous patient IDs, resulting in underestimation 
of HRU at the patient level. Second, despite the adjustment 
for many covariates, there may have been residual confound-
ing between the two cohorts due to unmeasured confound-
ers. Furthermore, information on disease progression and 
survival are also not available in Symphony Health there-
fore, analyses regarding the contributions of HRU associ-
ated with progression and end-of-life care were not possible. 
Due to the ITT design, HRU associated with progression 
and end-of-life care can be attributed to pembrolizumab or 
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nivolumab cohorts even though patients were not on treat-
ment. Fourth, while cHL-related visits were identified by the 
presence of primary or secondary diagnosis codes, we do not 
know the reason for admission and cannot be certain these 
visits were truly cHL-related. Fifth, since the data source is 
provider-based, not insurance-based, the data source lacks 
patient eligibility files. While clinical activity was used to 
indicate eligibility, healthier patients who had not incurred 
any clinical services would not have been included in the 
study. Lastly, due to the nature of claims databases, coding 
inaccuracies or omissions in procedures and diagnoses could 
have occurred. However, the assumption is that these inac-
curacies were randomly assigned and thus equally present 
in both cohorts.

5  Conclusions

In this real-world study, adult patients with cHL initiated 
on pembrolizumab had significantly lower rates of all-
cause and cHL-related hospitalizations than those initiated 
on nivolumab. Additional research is warranted to further 
investigate these early trends in real-world HRU observed 
among patients with cHL initiating PD-1 inhibitors.
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