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METHODS

BACKGROUND

Healthcare resource utilization (HCRU), costs, and
mortality in relation to select immune-related
adverse events (irAEs) and line of therapy
(LOT) in patients with advanced or metastatic
urothelial cancer (UC) treated with immune
checkpoint inhibitor (ICI) monotherapy

• Five ICIs have been approved by the FDA for the treatment of patients
with advanced or metastatic UC and are increasingly used in US clinical
practices
• Data on HCRU and costs in US patients with UC treated with ICIs are in
their infancy, as there is limited information by LOT or focused on irAEs due
to ICI use
• In addition, the relationship between irAEs and mortality is controversial,1-6
with some studies suggesting a tendency towards improved survival in
patients with irAEs,7 while others have found no association
• We assessed the association of irAEs and LOT with HCRU, costs, and
mortality in patients with UC treated with ICI monotherapy

• This retrospective cohort study used administrative claims data linked with
mortality data from the National Death Index and Social Security Death
Index to identify US commercial and Medicare Advantage plan members
with UC treated with ICI monotherapy between September 1, 2014 and
April 30, 2019 (Table 1)
• Twenty-one irAEs were chosen a priori based on American Society
of Clinical Oncology and National Comprehensive Cancer Network
guidelines and clinical input
• Patients were followed for newly occurring irAEs, based on International
Classification of Diseases codes from claims, from ICI initiation to earliest of
the following: 6 months after initial ICI LOT ended, start of new treatment,
death, disenrollment, or April 30, 2019; HCRU and costs were assessed via
claims during same time
• Adjusted hazard ratios (HRs) for mortality, adjusting for ICI LOT and time
varying irAEs, were conducted using Cox proportional hazards regression
• Lin’s regression was used to calculate mean 6-month all-cause costs by irAE
group

Table 1. Flowchart of cohort assembly
Patients
remaining
n

%

Patients with ≥2 nondiagnostic claims for UC >30 days apart from
03/01/14-04/30/19 (date of earliest cancer claim=disease diagnosis date)
1,189
AND ≥1 claim for an ICI between 09/01/14 and 04/30/19, but after the disease
diagnosis date. The first claim date=index date

100

Evidence of only 1 cancer type*

1,160

97.6

≥18 years of age as of the index date and continuous health plan enrollment
≥6 months prior to and ≥3 months following the index date (unless less due to
death) and between the disease diagnosis and index dates

864

74.5

No pregnancy, clinical trial participation, or other primary malignancies

546

63.2

No claims for UC 90 days prior to cancer diagnosis date, no missing
demographic data

518

94.9

No pre-index claims for any of the 21 irAEs (final sample)

417

80.5

ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; UC, urothelial cancer
* For patients with multiple cancers, a count of claims for each cancer was ascertained. The cancer having >10 claims more than the cancer with the next highest number of
claims was assigned into that cancer cohort. Patients with multiple cancers who did not meet this threshold of >10 claims were dropped from the study.
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Patient characteristics
• Of the 417 eligible patients included in the study, 21.6% (n=90) of patients
had an irAE of any grade after initiating ICI monotherapy, while 78.4%
(n=327) did not experience any irAEs (Table 2)
• The mean (SD) age of patients at ICI initiation was 74.2 (9.8) years; 71.5%
were male, and 17.3% had prior systemic steroid use

Table 2. Patient demographics and clinical characteristics
Baseline characteristics

irAE (n=90)

No irAE (n=327)

p value

Age, mean (SD), years

75.3 (9.0)

73.9 (10.0)

0.223

Male

61 (67.8)

237 (72.5)

Female

29 (32.2)

90 (27.5)

73 (81.1)

264 (80.7)

0.936

Northeast

15 (16.7)

45 (13.8)

0.487

Midwest

24 (26.7)

89 (27.2)

0.917

South

43 (47.8)

165 (50.5)

0.652

West

8 (8.9)

28 (8.6)

0.922

74 (82.2)

261 (79.8)

0.611

Sex, n (%)

SCOPE
• We assessed the association between irAEs and LOT with HCRU, costs, and
mortality in UC patients treated with ICI monotherapy

0.382

Insurance type, n (%)
Medicare

Adjusted association of irAEs with risk of all-cause emergency
room (ER) visits, inpatient stays, and mortality
• After adjustment for potential confounding variables, patients with irAEs
had a 60% higher risk of an all-cause ER visit (HR: 1.6, 95% CI: 1.0-2.5) and
more than double the risk of an all-cause inpatient stay (HR: 2.6, 95% CI:
1.7-4.0) than patients without irAEs (Table 3)
• No statistically significant association was found between irAEs and
mortality; mortality rates were similar between UC patients with and
without irAEs (Table 3)

Table 3. Cox regression models (modeled as time-varying, irAE vs none) of the
association between irAEs and ER visits, inpatient stays, and mortality
UC (N=417)

Region, n (%)

CONCLUSIONS
• This study provides relevant insight about the association of all-cause HCRU and
costs in UC patients who developed irAEs with ICI monotherapy:
– Patients with irAEs had higher all-cause HCRU and costs than patients without
irAEs
– Patients who received ICIs as second-line (2L) treatment had higher HCRU
and costs than those with first-line (1L) ICI monotherapy
• irAEs did not show a statistically significant association with mortality in patients
with UC treated with ICI monotherapy
• Future research should include a longer follow-up period, analysis by grade of
severity, and number of irAEs, which would inform optimum use of ICIs and the
management of their toxicities

Rural residence, n (%)
Autoimmune disease

3 (3.3)

13 (4.0)

0.779

Cardiovascular disease

69 (76.7)

220 (67.3)

0.087

Obesity

15 (16.7)

48 (14.7)

0.641

Dyslipidemia

63 (70.0)

191 (58.4)

0.046

Hypertension

71 (78.9)

248 (75.8)

0.546

6.4 (2.5)

6.4 (2.3)

0.944

Treatment and disease characteristics
Metastatic disease at index, n (%)

55 (61.1)

233 (71.3)

0.065

Radiation during preindex, n (%)

15 (16.7)

57 (17.4)

0.865

Period between diagnosis and index
date, mean (SD), months

12.4 (11.0)

15.4 (12.2)

0.038

PD-1 inhibitor

57 (63.3)

190 (58.1)

0.371

PD-L1 inhibitor

33 (36.7)

137 (41.9)

Index ICI medication, n (%)

PD-1/PD-L1 LOT, n (%)
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1L

42 (46.7)

93 (28.4)

0.001

2L

32 (35.6)

146 (44.7)

0.122

3L

12 (13.3)

56 (17.1)

0.389

≥4L

4 (4.4)

32 (9.8)

0.110

Systemic steriods within 30 days prior to
13 (14.4)
PD-1/PD-L1 inhibitor initiation, n (%)

59 (18.0)

0.424

Duration of PD-1/PD-L1 inhibitor therapy,
196.9 (154.2)
mean (SD), days

149.7 (151.3)

0.009

Bolded values above denote a statistically significant difference or p-value <0.05.
1L, first-line; 2L, second-line; 3L, third-line; 4L, fourth-line; irAE, immune-related adverse event; ICI, immune checkpoint inhibitor; LOT, line of therapy; PD-1, programmed death 1;
PD-L1, programmed death ligand 1.

263 (138.5)

Unadjusted HR (95% CI)

1.5 (1.0-2.3)

Adjusted* HR (95% CI)

1.6 (1.0-2.5)

Inpatient stays, n (person-years at risk)

Comorbidities, n (%)

Baseline Quan-Charlson comorbidity
score, mean (SD)

Emergency visits, n (person-years at risk)

227 (165.5)

Unadjusted HR (95% CI)

2.1 (1.4-3.3)

Adjusted* HR (95% CI)

2.6 (1.7-4.0)

Mortality, n (person-years at risk)

285 (313.5)

Unadjusted HR (95% CI)

1.3 (0.9-1.7)

Adjusted* HR (95% CI)

1.2 (0.9-1.6)

ER, emergency room; HR, hazard ratio; irAE, immune-related adverse event; UC, urothelial cancer.
* Using Cox regression, adjusted for potential confounding variables: Treatment line no. of PD-1/PD-L1 inhibitor therapy, age at the time of PD-1/PD-L1 inhibitor initiation, sex,
metastatic disease at time of PD-1/PD-L1 inhibitor initiation, region, insurance type, cardiovascular disease at the time of PD-1/PD-L1 inhibitor initiation, radiation during the 6
months prior to PD-1/PD-L1 inhibitor initiation, hypertension at time of PD-1/PD-L1 inhibitor initiation, dyslipidemia at time of PD-1/PD-L1 inhibitor initiation, and inpatient stay or ER
visit during the 6 months prior to PD-1/PD-L1 inhibitor initiation

Adjusted association of irAEs with all-cause total (medical +
pharmacy) health care costs
• After adjustment for potential confounding variables, patients in the irAE
group incurred an average of $98,415 in all-cause total health care costs
in the 6 months after initiation of ICI monotherapy (Figure 1)
– This is a mean of $23,115 more in all-cause total health care costs than
the cohort without an irAE over over the same period (95% CI: $11,615$34,615; p<0.001)

Figure 1. Adjusted* and unadjusted 6-month all-cause total (medical +
pharmacy) costs by irAE group, among patients who received PD-1 and/or PDL1 inhibitor monotherapy
$120,000
Mean all-cause total costs, USD
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ER, emergency room; irAE, immune-related adverse event; PD-1, programmed death 1; PD-L1, programmed death ligand 1; UC, urothelial cancer; USD, US dollars.
*Using Lin's regression, adjusted for potential confounding variables: Treatment line no. of PD-1/PD-L1 inhibitor therapy, age at the time of PD-1/PD-L1 inhibitor initiation, sex,
metastatic disease at time of PD-1/PD-L1 inhibitor initiation, region, insurance type, cardiovascular disease at the time of PD-1/PD-L1 inhibitor initiation, radiation during the
6 months prior to PD-1/PD-L1 inhibitor initiation, hypertension at time of PD-1/PD-L1 inhibitor initiation, dyslipidemia at time of PD-1/PD-L1 inhibitor initiation, and inpatient stay or
ER visit during the 6 months prior to PD-1/PD-L1 inhibitor initiation.

Adjusted association of LOT with risk of all-cause ER visits,
inpatient stays, and mortality
• Patients receiving ICIs as 2L treatment were 1.5 (95% CI: 1.1-2.0; p=0.009)
and 1.7 (95% CI: 1.2-2.4, p=0.001) times more likely to have all-cause
ER visits and inpatient stays, respectively, than those who received 1L
monotherapy (data not shown)
• There was no difference in risk of mortality between 2L and 1L treatment
(HR: 1.2, 95% CI: 0.9-1.6, p=0.222) who were treated with ICI monotherapy
(data not shown)

Limitations
• Potential for residual confounding due to observational study design
• Steroid use prior to PD-1/PD-L1 inhibitor initiation was common; patients
may have already been immunocompromised
• Because claims data rely on diagnosis codes and health care encounters
to indicate the presence of irAEs, irAEs coded incorrectly or not severe
enough to warrant an encounter would be missed
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