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ABSTRACT
Immune checkpoint inhibitors (CPIs) have expanded treatment options for patients with solid tumors. 
Systemic corticosteroids (CSs) have an indispensable role in cancer care, but CS-related immunosuppres-
sion may counteract the CPI-driven antitumor immune response. This retrospective study investigated the 
association between baseline CS use (bCS; ≤14 days before, ≤30 days after CPI initiation) and clinical 
outcomes in patients with advanced non-small cell lung cancer (aNSCLC), melanoma (aMel), or urothelial 
carcinoma (aUC). We analyzed data from the Flatiron Health electronic health record–derived de- 
identified database for adults diagnosed with aNSCLC, aMel, or aUC between January 2011 and 
June 2017 who received ≥1 CPI monotherapy in any treatment line. Associations of bCS use with overall 
survival (OS) and time to next treatment (TTNT) were estimated using multivariable Cox proportional 
hazards models adjusting for demographic and clinical characteristics (i.e., ECOG performance status, site 
of metastases). In total, 2,213 patients were diagnosed with aNSCLC (n = 862), aMel (n = 742), or aUC 
(n = 609) and received ≥1 CPI administration. Most patients (67%-95%) received CSs, many during the 
baseline period (19%-30%). Patients with bCS use had shorter median OS than those with no bCS use for 
aNSCLC (6.6 vs 10.6 months; P= .00018), aMel (16.4 vs 21.5; P= .095), and aUC (4.1 vs 7.7; P= .0012). bCS use 
was associated with shorter OS (not significant for aMel) and TTNT in adjusted multivariable analyses, and 
clinical outcomes were not explained by prior CS use or other measured confounders. These findings 
suggest a potential association between bCS use and decreased CPI effectiveness, warranting further 
investigation.
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Introduction

Cancer immunotherapy has expanded the landscape of treat-
ment options in the medical management of solid tumors. The 
anti-PD-L1/PD-1 (programmed death-ligand 1/programmed 
death-1 protein) immune checkpoint inhibitors (CPIs) atezo-
lizumab, avelumab, cemiplimab, durvalumab, nivolumab, and 
pembrolizumab in particular have offered longer survival and 
improved clinical outcomes across several indications as 
monotherapies or in combination regimens (e.g., the CTLA-4 
[cytotoxic T-lymphocyte-associated protein 4] inhibitor ipili-
mumab with nivolumab).1 Some of the earliest approved indi-
cations included advanced melanoma (aMel),2–5 advanced 
urothelial carcinoma (aUC),6–8 and certain types of advanced 
non-small cell lung cancer (aNSCLC).9–13

Systemic corticosteroids (CSs) are known for their anti- 
inflammatory, analgesic, and antiemetic properties, and as 
a result have an indispensable role in cancer care. CSs have 
the ability to reduce T-cell production, function, and migration 

in immune and inflammatory processes.14,15 In addition to 
alleviating cancer-related symptoms and treating underlying 
medical disorders,16 CSs are commonly used to manage 
immune-related adverse events associated with the enhanced 
immune response induced by CPIs, such as dermatologic, 
gastrointestinal, hepatic, renal, ocular, and musculoskeletal 
events among others.17,18 The immunosuppressive and anti- 
inflammatory effects of CSs can help to alleviate short- and 
long-term symptoms and complications with or without addi-
tional immunosuppressive therapy.17,18

The mechanisms of PD-L1/PD-1 inhibitors counteract 
immune suppression in the tumor microenvironment by 
restoring antitumor activity of T cells;19 immunosuppression 
from CSs administered prior to or at the start of CPI treatment, 
or “baseline” CS use (bCS), may counteract the CPI-driven 
antitumor immune response.20–22 On the other hand, CSs 
used to manage immune-mediated adverse events later in the 
course of CPI treatment may not hinder its efficacy.18,23–25 In 
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fact, differences in survival outcomes and peripheral blood 
immune cells associated with CSs may be limited to use within 
the first 28 days of CPI treatment. 20, 22

Patients receiving bCSs may be limited or excluded from 
participation in CPI clinical trials due to the potential impact 
on CPI efficacy;20,21,26 therefore, clinical trials have not directly 
addressed the potential interactions between CSs and CPIs, 
which may vary by tumor site.18,27,28 Real-world data can 
provide insight into CS use and impact on CPI effectiveness 
in clinical practice, particularly across multiple indications. 
Recent observational studies have suggested a negative impact 
of bCS use on CPI effectiveness, but have been conducted 
predominantly in patients with aNSCLC; questions remain 
regarding the impact of early CS exposure, dosing, and dura-
tion on the effectiveness of CPI treatment.20,21,26,29,30 Given the 
increasing use of CPIs across tumor types, it is critical for 
clinicians and population health managers, and policymakers 
to understand the potential impact of CSs on CPI efficacy. This 
real-world study explored the association between bCS use and 
clinical outcomes including survival and time to next treatment 
(TTNT) in a large US database of abstracted medical records 
from patients receiving CPIs for aNSCLC, aMel, or aUC.

Materials and methods

Study design and patients

A retrospective observational study was conducted using the 
Flatiron Health electronic health record (EHR)–derived de- 
identified database, which contains structured and unstruc-
tured data curated via technology-enabled abstraction. The 
database is a longitudinal, de-identified database derived 
from EHRs from >265 cancer clinics representing >2 million 
patients with cancer in the United States. Institutional Review 
Board approval of the study protocol was obtained prior to 
study conduct, and included a waiver of informed consent, and 
the study was conducted in accordance with the Declaration of 
Helsinki.

Eligible adults (≥18 years) diagnosed with aNSCLC 
(International Classification of Diseases, Ninth Revision 
[ICD-9] 174.x or Tenth Revision [ICD-10] C34), aMel (ICD- 
9 172.x or ICD-10 C43x or D03x) or aUC (ICD-9 188x, 189.1, 
189.2, 189.3, or ICD-10 C65x, C66x, C67x, C68.0) between 
January 1, 2011, and June 30, 2017, who received ≥1 adminis-
tration of CPI only (or ipilimumab and nivolumab combina-
tion therapy for aMel) in any treatment line were included in 
the study; patients who received other concomitant targeted 
therapy (i.e., tyrosine kinase inhibitors) or chemotherapy were 
excluded. The database began on January 1, 2011, for all can-
cers, and ipilimumab was the first CPI approved by the US 
Food and Drug Administration in 2011, while other CPIs were 
approved from 2014 to 2017. The first CPI taken in any line of 
therapy was considered for this analysis for patients who 
received at least one administration and were exclusively trea-
ted with CPI in that line of treatment (aMel patients were also 
eligible if they received nivolumab and ipilimumab; for all 
others, CPI monotherapy). Of the CPIs with FDA approval, 
atezolizumab, nivolumab (and nivolumab-ipilimumab combi-
nation), and pembrolizumab were the only ones received by 

these patients during the study period. Follow-up information 
for outcomes was available through March 30, 2018. The ana-
lysis included all patients who were diagnosed with advanced- 
stage cancer on or after January 1, 2011. Patients with aNSCLC 
were diagnosed with stage IIIB or IV NSCLC at diagnosis or 
recurrent NSCLC; patients with aMel had evidence of patho-
logic stages III or IV or had developed first locoregional or 
distant recurrence; and patients with aUC had stage IV or 
evidence of advanced transitional cell (urothelial) cancer. To 
ensure that patient journeys were completely captured in the 
database, the analysis focused on patients who initiated first- 
line treatment within 90 days of their date of advanced 
diagnosis.

Systemic CSs that were administered via intravenous (IV), 
intramuscular (IM), or oral routes were evaluated, which 
included betamethasone, dexamethasone, hydrocortisone, flu-
drocortisone, methylprednisolone, prednisolone, prednisone, 
and triamcinolone; topical and ocular CSs were excluded. To 
standardize documented CS doses (when available), we calcu-
lated a prednisone-equivalent dose based on the published 
literature (Supplementary Table S3).31,32 Baseline CS use was 
defined as the presence of ≥1 IM or IV administration or 
a recorded order for oral CSs within 14 days before or within 
30 days after the CPI start date. Prior CS use was defined as ≥1 
administration or oral order of CSs > 14 days before the start of 
CPI treatment.

Measured outcomes and statistical analysis

Outcomes included overall survival (OS) and TTNT from the 
CPI start date (index date) to OS or TTNT event. Overall 
follow-up time was accrued from the index date until the 
date of death or last visit in the EHR database before 
March 30, 2018, whichever came earlier during the study 
period. OS was estimated based on a composite mortality 
variable generated using structured and unstructured EHR 
data, commercial sources (obituary data), and the Social 
Security Death Index, and validated against the National 
Death Index.33 This composite OS variable has a sensitivity of 
90% for these indications (90.4% for aNSCLC, 89.5% for aMel, 
90.2% for aUC).34 Mortality data were in month and year 
format and included deaths due to any cause. The last day of 
the month was imputed for the date of death. TTNT is used as 
a proxy for disease progression in real-world data and has been 
correlated with OS in observational settings.35 A TTNT event 
was defined as time from start of CPI treatment to initiation of 
a new line of non-maintenance anti-neoplastic systemic treat-
ment or death within 60 days of the last CPI treatment during 
the index line of therapy if a subsequent line of treatment was 
not observed. Remaining patients without a subsequent treat-
ment (or death) were censored at the latter of either their last 
CPI administration or last recorded visit in the database before 
March 30, 2018.

Descriptive statistics summarized demographic and clinical 
characteristics through the use of Chi-squared and t tests to 
compare categorical and continuous variables, respectively. 
Kaplan-Meier methods were employed for the univariate ana-
lysis of OS and TTNT between patients who did or did not 
receive bCSs (yes/no bCS) in each tumor type. Associations of 
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bCSs with OS and with TTNT in each tumor type were esti-
mated using Cox proportional hazards multivariate models 
adjusting for confounders and important predictors at baseline 
including sex, race/ethnicity (White, other, missing), stage at 
initial diagnosis (0-II, IIIA, IIIB, IV, missing), prior CS use 
(yes/no), age at start of CPI treatment (years), modified 
Charlson Comorbidity Index (CCI) score (0–1, 2+, 
Missing),36 Eastern Cooperative Oncology Group (ECOG) 
performance status as of the CPI index date (<2, ≥2, missing), 
brain metastases prior to or at CPI index date (yes/no), and line 
of therapy (first line, second or subsequent line). Persons with 
missing values (i.e., race/ethnicity, CCI) were modeled as 
a separate category and included in the final multivariable 
models. Other important indication-specific variables adjusted 
in final multivariate models included smoking status (ever/ 
never for aNSCLC and aUC), histology (squamous, non- 
squamous, or not otherwise specified for aNSCLC), and 
tumor grade (low, high, missing for aUC). The CCI is 
a validated instrument used for predicting clinical prognosis 
and mortality, and it generates an index score based on a list of 
15 conditions (e.g., congestive heart failure, chronic obstructive 
pulmonary disease, liver disease) weighted by the condition’s 
relative risk of 1-year mortality. The modified CCI excludes 
patients with cancer and weights each comorbid condition on 
a scale of 0 to 4, where a higher CCI score indicates a greater 
comorbidity burden (a score of 0 indicates none of the major 
conditions were present in that patient).36,37 The CCI is pre-
valent in real-world research because it can be calculated from 
information often available in observational data sources and it 
provides a single value that can be used as a model parameter. 
For this analysis, histology and smoking status were also 
included for patients with aNSCLC, and tumor grade and 
smoking status were included for patients with aUC. 
Sensitivity analyses were conducted to test the robustness of 
the primary findings, including further adjustment for che-
motherapy prior to first CPI, a history of liver metastases at 
baseline, abnormal hemoglobin at baseline, abnormal alkaline 
phosphatase at baseline, and a subset analysis in patients with 
CPI treatment limited to early lines of therapy (first- or second- 
line) or patients with at least three cycles of CPI treatment.

Results

Study population

A total of 2,213 patients were diagnosed with aNSCLC 
(n = 862), aMel (n = 742), or aUC (n = 609), and received 
≥1 CPI administration during the study period. Overall, most 
patients were men (1,436 of 2,213; 65%) and White (1,680 of 
2,213; 76%); median age at CPI start date was 69 to 74 years 
across tumor types (Table 1). Median follow-up time from 
CPI start date to the date of death or last visit, whichever 
came earlier during the study period, was 5.0 months in 
patients with aUC (interquartile range [IQR], 2.4–9.9), 
7.6 months with aNSCLC (IQR, 3.2–13.5), and 11.4 months 
with aMel (IQR, 4.7–19.8; Table 1). Patients with aMel most 
often received CPI during their first line of therapy (88%), 
while the majority of patients with aNSCLC or aUC received 
their first CPI during the second line of therapy (55% and 

56%, respectively; Table 1). All patients received CPI with 
doses consistent with their labels during the baseline period 
(Table 1).

Corticosteroid use

The majority of patients (67%-95%) had evidence of CS use 
(≥1 administration of IM or IV, or oral CS order) at any time 
in their patient record across tumor types. When we focused 
on the baseline period around CPI start date (inclusive of 
14 days prior to and up to 30 days after), 19% to 30% of 
patients across tumor types received CSs during the baseline 
period (Table 1). Baseline characteristics were generally simi-
lar by bCS use (Table 2), with the exception of statistically 
significant differences observed in patients with bCSs who 
had brain metastases (all groups, P < .05) or liver metastases 
(aNSCLC, P< .001; aUC, P < .05) at CPI initiation, stage IV 
disease at diagnosis (aNSCLC, P < .05), CCI < 2 (aMel, 
P < .05), and ECOG performance status ≥2 at the start of 
CPI treatment (aUC, P < .01; Table 2). Dexamethasone was 
the most commonly used steroid across tumor types (58%- 
73%), followed by prednisone and methylprednisolone 
(Table 1). These three compounds accounted for >90% of 
the CS use across tumor types during the baseline period and 
during the entire CPI line of therapy. Data were missing on 
dose for oral CSs, which was the majority of CS use across all 
indications.

Overall survival and time to next treatment

At least half of the patients died during the study period, 
including 47% (347 of 742) with aMel, 61% (530 of 862) with 
aNSCLC, and 62% (379 of 609) with aUC. Patients who did not 
receive bCSs had longer median OS than those who received 
bCSs: aNSCLC, 10.6 vs 6.6 months (P = .00018); aMel, 21.5 vs 
16.4 months (P = .095); and aUC, 7.7 vs 4.1 months (P = .0012) 
in unadjusted analyses. Multivariable analyses adjusted for key 
demographic and clinical characteristics, including prior CS 
use, showed worse OS in patients with aNSCLC and aUC who 
received bCSs than those who did not receive bCSs – HR, 1.34 
(95% CI, 1.12–1.61), and 1.44 (95% CI, 1.12–1.87), respec-
tively – but no significant difference in patients with aMel 
(HR, 1.24 [95% CI, 0.97–1.57]; Figure 1).

More than half of the patients (58%-61%) experienced 
a TTNT event during the study period. Across all tumor 
types, the median TTNT was shorter in patients who received 
bCSs than those who did not (3.5 vs 6.4 months in patients 
with aNSCLC, respectively; 3.0 vs 5.5 months with aMel; 2.1 vs 
4.1 months with aUC). Multivariable analyses adjusting for key 
demographic and clinical characteristics, including prior CS 
use, showed a shorter TTNT across tumor types in patients 
who received bCSs than in those who did not (Figure 2).

Sensitivity analyses showed that the associations of bCS use 
with OS and with TTNT were consistent after adjusting for 
important characteristics in additional models, such as pre-
sence of liver metastases, abnormal hemoglobin at baseline, 
abnormal alkaline phosphatase at baseline, and chemotherapy 
prior to CPI. Additional sensitivity analyses limited to the 
subset of patients who completed at least 3 CPI cycles of 
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treatment or had their first CPI during early lines of therapy 
(first- and second-line only), or patients with aMel who took 
CIT monotherapy, yielded similar findings (Supplementary 
Tables S1 and S2).

Discussion

This retrospective observational study examined the use of bCS in 
patients receiving CPI treatment for aNSCLC, aMel, or aUC. 
Overall CS use was highly prevalent across tumor types, including 
bCS use in one-fifth to one-third of patients. Baseline CS use was 
associated with shorter OS and TTNT for patients with aNSCLC 
or aUC after adjusting for baseline characteristics, including prior 
CS use and other measured potential confounders. This study was 
focused on the baseline period around the CPI start date and did 
not evaluate the impact of CSs during later periods of CPI. CS use 
during these later CPI treatment periods may have different 
biological implications and different underlying reasons, such as 
management of immune-mediated adverse events.18,23 Our find-
ings are consistent with recent reports of clinical outcomes asso-
ciated with CPI treatment and bCS use in many of the same tumor 
types, including shorter OS and/or progression-free survival (PFS) 
in patients who received concomitant CSs with CPI20–22,27,30,38,39 

Table 1. Demographic and clinical characteristics.

Patients, n (%) unless noted
aNSCLC 

(n = 862)
aMel 

(n = 742)
aUC 

(n = 609)

Age at CPI start date, median 
(IQR)

69.0  
(61.3–76.0)

69.0  
(59.0–77.0)

74.0  
(67.0–80.0)

Male 466 (54) 520 (70) 450 (74)
Smoking historya 

Yes 
No

759 (88) 
100 (12)

N/A 
N/A

436 (72) 
163 (27)

Race/ethnicity 
Non-Hispanic White 
Non-Hispanic Black or African   

American 
Non-Hispanic Asian or other 
Hispanic or Latino 
Missing

604 (70) 
59 (7)  

85 (10) 
28 (3) 

86 (10)

629 (85) 
4 (1)  

37 (5) 
11 (2) 
61 (8)

447 (73) 
26 (4)  

46 (8) 
29 (5) 

61 (10)
Practice typeb 

Academic 
Community

88 (10) 
774 (90)

131 (18) 
611 (82)

31 (5) 
578 (95)

ECOG performance status 
0–1 
2+ 
Missing

468 (54) 
133 (16) 
261 (30)

357 (48) 
80 (11) 

305 (41)

343 (56) 
142 (23) 
124 (21)

Stage at initial diagnosis 
0–II 
III 
IIIA 
IIIB 
IV 
Missing

103 (12) 
11 (1) 

86 (10) 
93 (11) 

551 (64) 
18 (2)

233 (31) 
59 (8) 
19 (3) 
42 (6) 

226 (30) 
163 (22)

53 (9) 
36 (6) 
N/A 
N/A 

222 (36) 
298 (49)

Modified Charlson 
Comorbidity Index score 
0 
1 
2+

411 (48) 
335 (39) 
116 (14)

540 (73) 
113 (15) 
89 (12)

302 (50) 
203 (33) 
104 (17)

Number of unique organ 
sites of metastases at or 
prior to first CPI 
None 
1 
2 
≥ 3

61 (7) 
331 (38) 
244 (28) 
226 (26)

53 (7) 
251 (34) 
186 (25) 
252 (34)

32 (5) 
273 (45) 
157 (26) 
147 (24)

Metastatic sites prior to first 
CPI 
Liver 
Bone 
Lung 
Brain 
Lymph nodes

173 (20) 
356 (41) 
406 (47) 
181 (21) 
168 (20)

194 (26) 
195 (26) 
423 (57) 
172 (23) 
218 (29)

157 (26) 
193 (32) 
209 (34) 

15 (3) 
353 (58)

PD-L1/PD-1 statusc 

Positive 
Negative 
Unknown/pending/ 
equivocal//missing

104 (12) 
101 (12) 
657 (76)

22 (3) 
33 (4) 

687 (93)

20 (3) 
41 (7) 

548 (90)

First CPI line of therapy 
1 L 
2 L 
3 L+

163 (19) 
477 (55) 
222 (26)

653 (88) 
73 (10) 
16 (2)

178 (29) 
340 (56) 
91 (15)

Number of CPI 
administrations/orders, 
median (IQR)d

6 (4–14) 6 (4–15) 4 (2–9)

Follow-up time from CPI start 
date to end of follow-up 
(IQR), monthse

7.6  
(3.2–13.5)

11.4  
(4.7–19.8)

5.0  
(2.4–9.9)

Mean CPI dose during 
baseline, mgf 

Nivolumab 
Pembrolizumab 
Atezolizumab

227 
185 

1200

243g 

172 
N/A

236 
197 

1199
Recorded CS useh 

Ever CS use 
Prior to baseline 
Baseline (bCS)

821 (95) 
747 (87) 
258 (30)

500 (67) 
120 (16) 
182 (25)

527 (87) 
486 (80) 
116 (19)

(Continued)

Table 1. (Continued).

Patients, n (%) unless noted
aNSCLC 

(n = 862)
aMel 

(n = 742)
aUC 

(n = 609)

Type of bCS usei 

Oral only 
IM or IV administration only 
Oral + IM or IV

(n = 258) 
110 (43) 
93 (36) 
55 (21)

(n = 182) 
97 (53) 
53 (29) 
32 (18)

(n = 116) 
36 (31) 
62 (53) 
18 (16)

Specific bCS usei,j 

Dexamethasone 
Prednisone 
Methylprednisolone

342 (63) 
94 (17) 
65 (12)

214 (58) 
82 (22) 
49 (13)

152 (73) 
34 (16) 
16 (8)

1L, first-line; 2L, second-line; 3L, third-line; ALP, alkaline phosphatase; aMel, 
advanced melanoma; aNSCLC, advanced non-small-cell lung cancer; aUC, 
advanced urothelial carcinoma; CS, corticosteroid; CPI, immune checkpoint 
inhibitor; ECOG, Eastern Cooperative Oncology Group; Hb, hemoglobin; HR, 
hazard ratio; IM, intramuscular; IQR, interquartile range; IV, intravenous; N/A, 
not available; OS, overall survival. 

aSmoking status is not collected from medical records for patients with aMel. Data 
were missing for < 4 patients with aNSCLC and 10 patients with aUC. 

bAcademic practice type was comprised of EHR system records from National 
Cancer Institute-Designated Cancer Centers. 

cPD-L1/PD-1 status determined through abstraction of the EHR for any clinical/ 
pathological notes or data on expression/staining intensity. 

dCombination treatment of nivolumab + ipilimumab (when given at the same 
time and on the same date) was counted as 2 CPI administrations; 28% of aMel 
patients had 2 administrations. 

eEnd of follow-up occurred at the earliest of a TTNT event, death, or last visit date 
in the Flatiron Health database. 

fDefined as the mean per-person CPI dose during the baseline period. Approved 
monotherapy dosing (per OPDIVO, KEYTRUDA, or TECENTRIQ US package inserts 
during the study period): nivolumab at 240 mg every 2 weeks or 480 mg every 
4 weeks; pembrolizumab at 2 mg/kg every 3 weeks or 200 mg every 3 weeks; 
atezolizumab at 1200 mg every 3 weeks. 

gIncludes nivolumab monotherapy only (no ipilimumab + nivolumab combina-
tions for aMel). 

hDefined as any time prior to, during, or after CPI treatment. Prior to baseline was 
defined as > 14 days prior to CPI start date. Baseline CS use was defined as the 
14-day period prior to CPI start date and up to 30 days later. During CPI included 
the duration of the entire line of therapy. 

iProportions of patients are based on those who received bCSs. 
jPatients could have received > 1 specific bCS.
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– although some differences have emerged in smaller study popu-
lations or subgroups, such as those receiving CSs related versus 
unrelated to cancer care.24,30,38

When interpreting our findings in the context of similar 
published reports, between-study differences in contributing 
factors should be considered, such as the prevalence and defi-
nition of CS use, time window of CS use, source populations 
(US vs EU, academic vs community-based, single center vs 
oncology network), baseline conditions (autoimmune dis-
eases), and analytic approaches to address confounding comor-
bidities and/or reasons for CS use. Nevertheless, six studies 
consistently reported significantly shorter OS and PFS with CS 
use during CPI treatment in final or multivariable models 
adjusting for baseline characteristics and conditions (Table 
S4).20–22,26,27,39 Spakowicz and colleagues evaluated the effect 
of five types of concomitant medications (antibiotics, CSs, 
proton pump inhibitors, histamine 2 blockers, and non- 
steroid anti-inflammatory drugs) on OS among 690 CPI- 
treated patients with advanced/metastatic melanoma (29%), 
NSCLC (23%), or other cancers. Multivariate HRs showed 
associations of OS with CS use within 28 days of the CPI 
start date for patients with melanoma (HR, 1.57; P = .01) or 
NSCLC (HR, 1.85; P < .01).22 In a study of 640 patients with 
NSCLC, Arbor and colleagues compared those who received 
≥10 mg/day prednisone equivalent at the start of CPI treatment 
with those who received <10 mg and found significantly 
shorter OS (5.4 vs. 12.1 months; P < .001) and PFS (1.9 vs. 
2.6 months; P = .001) in analyses adjusting for smoking history, 
performance status, and brain metastases (HR for OS, 1.66 
[P < .001]; HR for ORR, 0.42 [P = .053]; HR for PFS, 1.31 
[P = .03]).21 Martínez Bernal also reported a significantly worse 

OS (3 vs 10 months; P = .002) and more progressive disease 
(P = .011) in patients with NSCLC receiving ≥20 mg daily 
prednisone during CPI treatment.39 In a smaller study of CS 
use in 27 patients receiving CPIs for aNSCLC, aMel, or renal 
cell carcinoma and >10 mg/day prednisone equivalent, Pan27 

reported poorer clinical outcomes in patients who received CSs 
for >2 weeks than in those with shorter courses of CSs 
(≤2 weeks).27 In a study of 151 patients with aNSCLC, Fuca 
and colleagues observed a lower median OS (4.9 vs 
15.1 months; P < .001) and PFS (2.0 vs 3.9 months; P = .003) 
in patients who had CS exposure ≥10 mg daily for ≥1 day 
during the first 28 days of CPI treatment vs <10 mg per day. 
Corresponding changes were observed at the cellular level, 
including neutrophil count, neutrophil-to-lymphocyte ratio, 
and eosinophil count at 4 and 6 weeks after CPI initiation.20 

Recent evidence suggests that dexamethasone may differen-
tially impact immune checkpoint inhibition compared with 
prednisone.22,40 A sub-analysis of our study focused on 
patients receiving baseline dexamethasone exclusively yielded 
stronger associations for both endpoints across all three indi-
cations (multivariate HRs for OS in aNSCLC, 1.49 [95% CI: 
1.19, 1.88]; aMel, 1.51 [1.10, 2.08]; and aUC, 1.55 [1.15, 2.09]).

A few studies have reported that the reason for CS use can 
be an independent predictor of outcomes or that the associa-
tion of CS use with OS or PFS is restricted to those patients 
who receive CSs for cancer-related symptoms (Table 
S4).24,30,38 Riudavets and colleagues evaluated a 6-month 
period around CPI start date (± 3 months) in 267 patients 
with NSCLC and reported shorter OS (6.5 vs 16.5 months; 
P < .001) in patients who received bCS for conditions at 
baseline (rather than for treatment of immune-related 

Table 2. Patterns and patient characteristics related to bCS use.

Patients, n (%) unless noted
aNSCLC 

(n = 862)
aMel 

(n = 742)
aUC 

(n = 609)

Key characteristics by bCS use No bCS 
(n = 604)

bCS 
(n = 258)

No bCS 
(n = 560)

bCS 
(n = 182)

No bCS 
(n = 493)

bCS 
(n = 116)

Age at first CPI, mean (SD) 69 (9.8) 68 (9.6) 67 (13.0) 66 (13.0) 73 (8.9) 73 (8.9)
Male 332 (55) 134 (52) 389 (69) 131 (72) 365 (74) 85 (73)
Race/ethnicity 

Non-Hispanic White 
Non-Hispanic Black or  

African American 
Non-Hispanic Asian or other 
Hispanic or Latino 
Missing

421 (70) 
42 (7)  

61 (10) 
20 (3) 

60 (10)

183 (71) 
17 (7)  

24 (9) 
8 (3) 

26 (10)

475 (85) 
4 (< 1)  

29 (5) 
9 (2) 

43 (8)

154 (85) 
< 4 (< 1)  

8 (4) 
< 4 (< 1) 

18 (10)

368 (75) 
21 (4)  

32 (7) 
24 (5) 

48 (10)

79 (68) 
5 (4)  

14 (12) 
5 (4) 

13 (11)
Modified Charlson Comorbidity Index < 2 527 (87) 219 (85) 484 (86) 169 (93)* 411 (83) 94 (81)
Smoking history, yes 538 (89) 221 (86) N/A N/A 350 (71) 86 (74)
First CPI line of therapy 
1 L 
2 L 
3 L+

115 (19) 
336 (56) 
153 (25)

48 (19) 
141 (55) 
69 (27)

490 (88) 
58 (10) 
12 (2)

163 (90) 
15 (8) 
4 (2)

148 (30) 
272 (55) 
73 (15)

30 (26) 
68 (59) 
18 (15)

Stage IV at initial diagnosis 367 (61) 184 (71)* 164 (29) 62 (34) 173 (35) 49 (42)
ECOG performance status 
0–1 
2+ 
Missing

328 (54) 
89 (15) 

187 (31)

140 (54) 
44 (17) 
74 (29)

262 (47) 
63 (11) 

235 (42)

95 (52) 
17 (9) 

70 (39)

294 (60) 
103 (21) 
96 (20)

49 (42)** 
39 (34)** 

28 (24)
Metastatic sites prior to first CPI 
Liver 
Bone 
Lung 
Brain

103 (17) 
240 (40) 
299 (50) 
113 (19)

70 (27)** 
116 (45) 

107 (41)* 
68 (26)*

151 (27) 
144 (26) 
312 (56) 
116 (21)

43 (24) 
51 (28) 

111 (61) 
56 (31)**

118 (24) 
154 (31) 
178 (36) 

9 (2)

39 (34)* 
39 (34) 
31 (27) 

6 (5)

*P < 0.05 vs No bCS; **P < 0.01 vs No bCS. 
1L, first-line; 2L, second-line; 3L, third-line; ALP, alkaline phosphatase; aMel, advanced melanoma; aNSCLC, advanced non-small-cell lung cancer; aUC, advanced 

urothelial carcinoma; bCS, baseline corticosteroid; CPI, immune checkpoint inhibitor; ECOG, Eastern Cooperative Oncology Group; N/A, not available.
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Figure 1. Univariate Kaplan-Meier curves of OS by bCS use and tumor type. Analyses 
are shown for patients with (a) aNSCLC, (b) aMel, and (c) aUC. Multivariable 
association of bCS use with OS was adjusted for baseline demographic and clinical 
characteristics including prior CS use (yes/no), age at CPI start, sex, stage at initial 
diagnosis (0-II, IIIA, IIIB, IV, missing), race/ethnicity (White, other, missing), Eastern 
Cooperative Oncology Group performance status at CPI start (< 2, 2+, missing), 
modified Charlson Comorbidity Index (CCI) score, treatment sequence, brain metas-
tases, smoking status (aNSCLC, aUC), histology (aNSCLC; squamous, nonsquamous, 
not specified) and grade (aUC). P values were generated by log-rank test. aMel, 
advanced melanoma; aNSCLC, advanced non-small-cell lung cancer; aUC, advanced 
urothelial carcinoma; bCS, baseline corticosteroid; CPI, immune checkpoint inhibitor; 
HR, hazard ratio; OS, overall survival.

Figure 2. Univariate Kaplan-Meier curves of TTNT by bCS use and tumor type. 
Analyses are shown for patients with (a) aNSCLC, (b) aMel, and (c) aUC. The 
base model adjusted for baseline demographic and clinical characteristics 
including prior CS use (yes/no), age at CPI start, sex, stage at initial diagnosis 
(0-II, IIIA, IIIB, IV, missing), race/ethnicity (White, other, missing), Eastern 
Cooperative Oncology Group performance status at CPI start (< 2, 2+, 
missing), modified Charlson Comorbidity Index (CCI) score, treatment 
sequence, brain metastases, smoking status (aNSCLC, aUC), histology 
(aNSCLC; squamous, nonsquamous, not specified) and grade (aUC). P values 
were generated by log-rank test. aMel, advanced melanoma; aNSCLC, 
advanced non-small-cell lung cancer; aUC, advanced urothelial carcinoma; 
bCS, baseline corticosteroid; CPI, immune checkpoint inhibitor; HR, hazard 
ratio; TTNT, time to next treatment.
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adverse events).30 Ricciuti and colleagues reported shorter 
OS (4.9 vs 11.2 months; P < .001) and PFS (2.0 vs 3.4 months; 
P = .01) in patients receiving ≥10 mg/day prednisone during 
CPI treatment (n = 91); this difference was not significant in 
patients receiving CSs for reasons unrelated to cancer.38 De 
Giglio24 reported no negative impact on prognosis in patients 
with aNSCLC who received ≥10 mg prednisone-equivalent 
CSs within the first 8 weeks of CPI if the indication for CS 
use was not cancer-related symptoms.24 We were unable to 
adequately capture reasons for steroid use in our study, 
although, as done in other studies,20,21 we adjusted for his-
tory of prior CS use, CCI score, and brain metastases, which 
are related to baseline conditions and/or cancer-related 
symptoms. We also conducted sensitivity analyses further 
adjusting for prior chemotherapy (a proxy for cancer- 
related symptoms).

Defining the duration of “early” CS use may also be an 
important factor in interpreting our findings along with those 
of other recent studies. Although poorer clinical outcomes 
were observed in patients who received CSs for >2 weeks vs 
≤2 weeks,27 studies that focused on longer time periods – such 
as 8 weeks24 or 3 months30 to define “early” CS use after 
starting CPI treatment – did not find significant associations. 
Svaton41 did not find significant differences for a 2-month 
period of CS use around CPI treatment, which the authors 
attributed to a small number of low-dose CS users (22 out of 
224 patients).41 Fuca and colleagues also found that significant 
differences in PFS, OS, and peripheral blood immune cells were 
limited to the first 28 days of CPI treatment and did not persist 
when considering the entire CPI treatment period. Spakowickz 
et al. 22 also evaluated a 28-day CPI window for multiple 
concomitant medications and found the strongest effects for 
CS at day 0 of CPI start (Table S4).

To our knowledge, this study is the first of its size to evaluate 
CS use with CPI treatment across multiple indications. We 
analyzed a largely community-based real-world setting from 
a national US oncology EHR-derived database with detailed 
data on treatment and reliable follow-up information. Detailed 
evaluation of bCS use was available, and our analysis accounted 
for prior CS exposure along with a multitude of important 
potential confounders, including demographic and clinical 
characteristics; however, residual confounding from measured 
factors and unmeasured variables may still have influenced the 
results. We observed consistent findings of CS use with CPI 
monotherapy across multiple indications, suggesting these 
findings may be generalizable across tumor types; however, 
the magnitude of effect may be different from other tumors. 
Findings from the sensitivity analyses accounting for poten-
tially influential factors were consistent with those of the pri-
mary analyses.

Because the data source did not provide reliable data on 
reasons for CS use and was limited to cancer-related encoun-
ters, we did not have access to information on non-cancer- 
related reasons for CS use, which may have provided further 
insight into potential confounding factors. Additionally, PD- 
L1/PD-1 status was not available in the medical records for 
most patients (76%-93% across tumor types), which was not 
unexpected considering the study period included diagnoses as 
early as January 2011, before such testing was required. Use of 

other immunosuppressive treatments was not included in the 
analysis, which may have impacted levels of immunosuppres-
sion and subsequent outcomes.

TTNT is commonly used as a proxy for disease progression 
in real-world data sources and is likely the best possible mea-
sure of progression in EHR-based research42–44 however, it 
should be noted that TTNT does not directly evaluate tumor 
response patterns, and treatment changes could have been due 
to reasons other than disease progression (such as toxicity or 
treatment preferences). In addition, tumor burden assessments 
in real-world settings are not subject to trial-based RECIST 
methodology and are conducted at the discretion of treating 
physicians. For long-term outcomes, although OS has been 
validated with high sensitivity in Flatiron Health,33 other out-
come measures such as objective response were not available. 
Evaluations of dose and duration of CS use were not possible 
because complete data on CS dosing and frequency were avail-
able only for IM or IV administrations, which represented 29% 
to 53% of CS use across tumor types. As a result, the dose of IV/ 
IM administration-only CSs was high and not representative of 
all CS use. Use of oral CSs was based on orders and did not 
indicate if the CS was taken by the patient; this study assumed 
that every ordered CS was received by the patient. Since this 
was a US clinical practice–based EHR database, health system 
factors and clinical practice patterns related to cancer care, CS 
use, and CPI treatment will differ in other parts of the world, 
potentially limiting generalizability to other settings.

CPI-treated patients with aNSCLC or aUC receiving CSs at 
baseline had worse OS, and patients across tumor types had 
shorter TTNT, than those who did not receive bCSs; this obser-
vation persisted when adjusted for available demographic and 
clinical characteristics, including prior CS exposure. A shorter 
treatment duration may limit the potential long-term benefits of 
CPI use. Additional studies are needed to further explore these 
observations, including patterns of CS use prior to CPI and 
prospective evaluations that may capture timing, dosing, and 
reasons related to CS use. These data suggest that CS use at 
initiation of CPIs should be carefully considered.
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