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Article 

Is Timing of Steroid Exposure Prior to Immune Checkpoint  
Inhibitor Initiation Associated with Treatment Outcomes in 
Melanoma? A Population-Based Study 
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Simple Summary: Immune checkpoint inhibitors (ICIs) have revolutionized the cancer treatment 
landscape, yet the impact of the timing of the use of an immunosuppressive agent such as steroids 
on ICI outcomes is poorly described. Utilizing the SEER-Medicare-linked dataset, this study ex-
plored the relationship between timing of steroid exposure preceding ICI administration and sub-
sequent treatment outcomes in melanoma. We found steroid use up to 3 months prior increased 
risk for mortality up to 6 months after ICI initiation. Furthermore, steroid use was a significant 
contributor to poorer outcomes from ICIs, which should be considered before prescribing ICIs. 

Abstract: Immune checkpoint inhibitors (ICIs) harness the immune system and are the therapy of 
choice for multiple cancers. Although immunosuppressive agents such as steroids are also used in 
many cancers, it is unknown how their timing affects treatment outcomes. Thus, we investigated 
the relationship between the timing of steroid exposure preceding ICI administration and subse-
quent treatment outcomes in melanoma. This population-based study utilized the SEER-Medicare-
linked database to identify patients diagnosed with melanoma between 1991 and 2015 and receiving 
ICIs between 2010 and 2016, examining last steroid exposure in the 12 months preceding ICI. The 
main outcome was all-cause mortality (ACM) after ICIs. Modifications of the Cox proportional haz-
ards model were used to calculate time-dependent hazards. Of 1671 patients with melanoma re-
ceiving ICIs, 907 received steroids. Compared with no steroids, last steroid exposures ≤1 month and 
1–3 months prior to ICIs were associated with a 126% and 51% higher ACM within 3 months post 
ICI initiation, respectively (hazard ratio (HR): 2.26, 95% CI: 1.65–3.08; and HR: 1.51, 95% CI: 1.01–
2.27). Steroid exposure within 3 months of initiating ICIs was associated with increased mortality 
up to 6 months after ICI. Further investigation is warranted to elucidate mechanisms affecting out-
comes due to steroids. 

Keywords: immunotherapy; steroids; melanoma; overall mortality; all-cause mortality;  
hospitalizations; immune checkpoint inhibitors 
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1. Introduction 
According to the National Cancer Institute, approximately 40% of individuals in the 

United States (US) will be diagnosed with cancer in their lifetime [1]. Since first being 
approved in 2011 by the US Food and Drug Administration, immune checkpoint inhibi-
tors (ICIs) such as ipilimumab (cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) in-
hibitor), pembrolizumab, and nivolumab (programmed cell death protein (PD-1) inhibi-
tors) have played a significant role in survival after cancer diagnosis. ICIs, which harness 
the immune system and amplify its natural ability to fight cancer, have produced im-
proved outcomes and increased survival rates, thereby becoming a major pillar of cancer 
therapy. Providing significant improvements in survival, durable responses, and compar-
atively fewer adverse events, ICIs are currently used in multiple cancers, such as unresec-
table hepatocellular carcinoma, non-small cell lung cancer, renal cell carcinoma, colorectal 
cancer, etc. [2–5]. In cutaneous melanoma, they are used in Stage III/IV resectable disease 
as adjuvant therapy, in Stage IV unresectable melanoma as primary therapy, and in recur-
rent disease [6–9]. 

Melanoma was the first site to be approved for ICIs; since then, ICIs have measurably 
improved the prognosis of metastatic melanoma by reversing effector T-cell dysfunction, 
thereby strengthening anti-tumor immune response [10,11]. A recent update of the Phase-
III CheckMate 067 trial for melanoma found that ipilimumab and nivolumab combination 
has the highest five-year survival for melanoma (52%) compared to nivolumab alone 
(44%) and ipilimumab alone (26%) [3]. Despite the efficacy of ICIs, this improvement in 
survival is limited only to 30–40% of patients [10,12,13]; hence, it is important to identify 
factors that drive ICI response to optimize treatment strategies. 

One in five metastatic melanoma patients has brain metastasis at the time of diagno-
sis, and three of four patients develop it over time. Traditionally, these are treated with 
systemic steroids. Steroid use impairs the immune system at various levels, from inhibi-
tion of acute inflammation to immunomodulatory effects [14]. This raises a major concern 
since ICIs require a robust immune response. Moreover, steroids are widely used in can-
cer patients and are known to have a far-reaching impact, ranging from curative treatment 
in certain cancers such as leukemia and lymphoma to supportive therapy in brain metas-
tases [15–20]. 

Most clinical trials of ICIs have excluded patients treated with immunosuppressive 
agents (such as prednisone ≥10 mg) that can impair T-cell functions [21–24]. Therefore, 
data are limited on the outcomes for patients not eligible for ICI trials and receiving ICI in 
the real world. Several institution-based studies, primarily in advanced/metastatic non-
small cell lung cancer (NSCLC), have shown worsened clinical outcomes with steroid ex-
posure at baseline [25] or after initiation of ICI [26], including decreased overall response 
rate, shorter progression-free survival, and lower overall survival. It has also been re-
ported that the use of steroids for immune-related adverse events concurrently with ICIs 
does not impact survival among patients [5]. Therefore, the impact of steroid use on the 
effectiveness of ICIs is debatable. 

Specifically, the relationship between the timing of steroid exposure prior to ICI ini-
tiation and subsequent outcomes for patients with melanoma remains unknown. It is also 
unclear how long the effects of steroids may last. Thus, we conducted a population-based 
study to fill these knowledge gaps by focusing on melanoma patients using steroids prior 
to ICI initiation and their treatment outcomes. 

2. Materials and Methods 
This study was approved by the Institutional Review Board at Thomas Jefferson Uni-

versity IRB 17D.389.   
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2.1. Data Source 
We utilized the Surveillance, Epidemiology, and End Results linked Medicare (SEER-

Medicare) database for this study, which includes all patients with cancer aged 65 and 
over. As of 2017, the SEER program covers approximately 31% of the US population with 
a 98% case ascertainment rate, and it collects data on cancer status at diagnosis, primary 
cancer therapy, demographic characteristics, and cause of death among patients with can-
cer [27]. Medicare is the major health insurance provider among Americans aged 65 years 
and over and covers approximately 18% of the entire US population [28]. Part A of Medi-
care provides coverage for hospital care, skilled nursing facility services, other institu-
tional care, some home health care, and hospice care [29]. Part B covers services from phy-
sicians, other health professionals, ambulatory surgical centers, outpatient dialysis, home 
health, and other ambulatory services [29]. Part D covers prescription drugs under private 
drug plans [29]. 

2.2. Study Participants 
We identified patients diagnosed with melanoma between 1 January 1991 and 31 De-

cember 2015 from the patient entitlement and diagnosis summary files. For patients with 
multiple diagnoses of melanoma, the most recent melanoma diagnosis was used to iden-
tify patients. Patients were excluded if melanoma was diagnosed at death or autopsy. Pa-
tients were also excluded if they were enrolled in a health maintenance organization, or 
had no Medicare parts A, B, or D coverage during the study period. 

2.3. Drug Exposures 
The ICIs included in the study were ipilimumab (YERVOY®; identified using the 

Healthcare Common Procedure Coding System (HCPCS) code “J9228”), nivolumab 
(OPDIVO®; HCPCS code “J9229”), pembrolizumab (KEYTRUDA®; HCPCS code “J9271”), 
and ipilimumab/nivolumab combination. The last prescription of all intravenous and in-
jectable steroids prescribed within 12 months prior to ICI initiation were included in the 
study. For oral steroids, the last date of steroid exposure was calculated by adding the 
information on days of supply to the last prescription date. All inhalational and topical 
steroids were excluded from the analysis. In the database, medication follow-up infor-
mation was available until 31 December 2016 for all patients. Therefore, all drug exposures 
were identified from Medicare claims between 1 January 2010 and 31 December 2016. 

2.4. Steroid-Exposure Timing 
According to the timing of their last steroid exposure during the 12 months prior to 

ICI initiation, patients were grouped into one of four categories: (a) ≤1 month prior, (b) 1 
month to ≤3 months prior, (c) 3 to 12 months prior, or (d) no steroids (reference group). 

2.5. Endpoints 
The primary endpoint was all-cause mortality (ACM). The survival time was defined 

as the time from the first dose of ICIs until death or the end of the follow-up period. The 
secondary endpoint was the risk of inpatient ER and non-ER hospitalization following the 
initiation of ICIs. Patients were followed until death or the last follow-up date, 31 Decem-
ber 2016. 

2.6. Descriptive Variables 
Demographic variables included in the study were age at the time of diagnosis, sex, 

race, marital status, income, SEER region, year of diagnosis, and state buy-in. Clinical var-
iables included in the study were cancer stage at the time of diagnosis and CCI.   
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2.7. Statistical Analysis 
Descriptive statistics were presented for continuous variables as medians with inter-

quartile ranges, and for categorical variables as frequency counts with percentages and 
chi-square tests. 

2.8. Modeling All-Cause Mortality (ACM) 
Median survival was estimated using Kaplan–Meier methods compared by log-rank 

test [30]. The crude overall ACM incidence rates were estimated as the number of deaths 
divided by the number of patients at risk by steroid-exposure timing groups. Cox model-
ing was used to examine the association between ACM and the timing of the last steroid 
exposure after adjusting for all demographic and clinical variables [31]. The Schoenfeld 
residual plots were assessed for time dependence between last steroid-exposure timing 
prior to ICI initiation and ACM. We observed time-dependent hazards that violated the 
proportional hazards assumption. To address this, we programmed survival time indica-
tor variables to interact with the steroid-timing-exposure indicator variables in the model 
to represent the interaction between steroid-exposure timing and follow-up time periods, 
allowing the hazards model coefficients to change during survival at 3 months and again 
at 6 months after initiating ICI [32]. 

2.9. Modeling Hospitalizations 
We stratified hospitalizations as ER or non-ER because ER hospitalizations are asso-

ciated with more severe symptoms and higher cost to the patient as well as the health 
system [33]. The counting process approach was used for structuring the survival data for 
recurrent events as well as for computing the time to hospitalization events for non-ER 
and ER hospitalizations, respectively [34]. This method is an extension of the Cox model-
ing framework, which is useful when an outcome event of interest can recur. The time at 
risk for hospitalization for each patient was calculated as the difference between the time 
of ICI initiation and the time of death or the end of the follow-up period. These models 
were used to estimate hospitalization HRs adjusted for covariates, including age, sex, 
Charlson comorbidity index (CCI), marital status, and the year of diagnosis for each pa-
tient. The proportional hazards assumption was violated, so we applied the same ap-
proach to allow the hospitalization–hazards model coefficients to change during survival 
at 3 months and again at 6 months, after initiating ICI as described above for modeling 
ACM. 

2.10. Pre-Planned Evaluation of Unmeasured Confounding Effects 
To assess the robustness of our study results, we used E-values to evaluate the po-

tential effects that unmeasured confounding would need to have in order to change the 
conclusions [35]. The E-value measures the minimum strength of association that an un-
measured confounder must have with both the exposure and outcome, while taking into 
account all potential covariates, to negate the observed exposure–outcome association by 
making the estimated HR equal to 1. 

The significance level of all tests was set a priori at the 0.05 level. We performed all 
the analyses with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). 

3. Results 
We identified 1671 eligible patients for this study (858 prescribed ipilimumab, 258 

prescribed nivolumab, 456 prescribed pembrolizumab, and 99 prescribed an ipili-
mumab/nivolumab combination) (Figure 1). Of these, 864 (51.70%) were exposed to ster-
oids within 12 months prior to ICI initiation. Using the sequence variable, we identified 
that for 89.7% of the patients, melanoma was either the only cancer diagnosis in the da-
taset or was the first cancer to be diagnosed. The numbers of patients exposed to steroids 
within 1 month, 1 to ≤3 months, and 3 to 12 months prior to ICI initiation were 343, 215, 
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and 306, respectively. The demographics and clinical characteristics of patients exposed 
and those not exposed to steroids were similar (Table 1). Patients (median age 68) were 
predominantly male (71.2%), white (97.3%), married (61.5%), or non-metastatic (M0) at 
the time of primary diagnosis (77.3%) (Table 1). The median survival for patients without 
steroid exposure was 20.5 months and median survival for patients without steroid expo-
sure was 20.5 months, median survival for those exposed to steroids 4–12 months prior 
was 21.2 months, median survival for those exposed 1 to ≤3 months prior was 14.0 months, 
and median survival for those exposed ≤1 month prior was 8.9 months (p < 0.05; Table S1). 

 
Figure 1. Consort flow diagram. 

Table 1. Demographic and clinical characteristics of the study sample by steroid-exposure status in 
the 12 months prior to ICI initiation. 

Characteristic  
Total 

Participants 
(N = 1671) 

No 
Steroids 
(N = 807) 

Steroids  
(N = 864) 

p-Value 

Sex    
0.088 Male 1189 (71.2) 590 (73.1) 599 (69.2) 

Female 482 (28.9) 217 (26.9) 265 (30.7) 
Race    

0.702 White  1626 (97.3) 784 (97.2) 842 (97.5) 
Non-white 45 (2.7) 23 (2.9) 22 (2.5) 

Marital status    
0.234 

Missing and unknown 193 (11.6) 86 (10.7) 107 (12.4) 
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Single (never married), Unmarried 
or domestic partner (same sex or 

opposite sex or unregistered) 
196 (11.7) 97 (12.0) 99 (11.5) 

Widowed, divorced, and 
separated 

254 (15.2) 136 (16.9) 118 (13.7) 

Married (including common law)  1028 (61.5) 488 (60.5) 540 (62.5) 
Age at diagnosis, median (IQR) 69 (63–75) 69 (64–76) 68 (63–74)  

Age at diagnosis    

0.009 
<60 244 (14.6) 113 (14.0) 131 (15.2) 

60–69  648 (38.8) 295 (36.6) 353 (40.9) 
70–79 583 (32.9) 283 (35.1) 300 (34.7) 

80+ 196 (11.7) 116 (14.4) 80 (9.3) 
Age at first ICI use, median (IQR) 75 (70–81) 75 (70–81) 74 (69–80)  

Year of diagnosis    

0.554 
1991–1999 107 (6.4) 46 (6.0) 61 (6.7) 
2000–2005 278 (16.6) 129 (16.9) 149 (16.4) 
2006–2010 470 (28.1) 204 (26.7) 266 (29.3) 
2011–2015 816 (48.8) 385 (50.4) 431 (47.5) 
Sequence    

0.094 
Only 807 (48.3) 411 (50.9) 396 (45.8) 
1st 691 (41.4) 313 (38.8) 378 (43.8) 

Subsequent (2nd–11th)  173 (10.4) 83 (10.3) 90 (10.4) 
Charlson comorbidity index    

0.043 
0 973 (58.2) 495 (61.4) 478 (55.4) 
1 336 (20.1) 152 (18.9) 184 (21.3) 
≥2 360 (21.5) 159 (19.7) 201 (23.2) 

SEER region    

0.185 
Northeast 386 (23.1) 196 (24.3) 190 (21.6) 

South 344 (20.6) 150 (18.6) 194 (22.5) 
North Central 132 (7.9) 69 (8.6) 63 (7.3) 

West 809 (49.4) 392 (48.6) 417 (48.3) 
State buy in 1    

0.080 Yes 255(15.2) 136 (16.9) 119 (13.8) 
No 1416 (84.7) 671 (83.2) 745 (86.2) 

Clinical T stage at diagnosis    

0.01 

T0 91 (5.5) 32 (4.0) 59 (6.8) 
T1 322 (19.3) 165 (20.5) 157 (18.2) 
T2 178 (10.7) 79 (9.8) 99 (11.5) 
T3 70 (4.2) 36 (4.5) 34 (3.9) 
T4 706 (42.3) 362 (44.9) 344 (49.1) 
TX 284 (17.0) 128 (15.9) 156 (18.1) 

Clinical N stage at diagnosis    

0.675 
N0 964 (57.7) 459 (55.9) 505 (58.5) 
N1 210 (12.6) 109 (13.5) 101 (11.7) 
NX 119 (7.12) 59 (7.3) 60 (6.9) 

missing 377 (22.6) 180 (22.3) 197 (22.8) 
Clinical M stage at diagnosis    

0.432 
M0 1292 (77.3) 631 (78.2) 661 (76.5) 

All M1 153 (0.1) 65 (0.1) 88 (0.1) 
MX 194 (11.6) 91 (11.3) 103 (11.9) 

Missing 32 (1.9) 20 (2.5) 12 (1.4) 
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Melanoma specific mortality as of 
31 December 2016  

   
0.712 

Dead 398 (23.8) 189 (22.4) 209 (24.2) 
Alive 1273 (76.2) 618 (76.6) 655 (75.8) 

All-cause mortality as of 31 
December 2016 

   
0.011 

Dead 1031 (61.7) 482 (59.7) 549 (63.5) 
Alive 640 (38.3) 325 (40.3) 315 (36.5) 

1 State buy-in: indicating that the state pays part or all of the patient’s Medicare Part B premium or 
that the person is in the Medicaid program, bolt values represent significant values. 

3.1. ACM and Steroid Exposure Prior to ICI Initiation 
Figure 2 and Table 2 depict the results from the time-dependent hazards model for 

ACM, evaluating its association with steroids prior to ICIs. Exposures to steroids ≤1 
month and 1 to ≤3 months prior to ICI initiation were associated with a 126% and 51% 
higher ACM within 3 months post ICI initiation, respectively (HR = 2.26; 95% CI: 1.65–
3.08; p < 0.001 for 1 month prior and HR = 1.51; 95% CI: 1.01–2.27; p = 0.04 for 1 to ≤3 months 
prior). Similarly, steroid exposure ≤1 month prior to ICI initiation was associated with a 
100% increase in ACM 3 to 6 months after ICI initiation (HR = 2.00; 95%CI: 1.42–2.82; p < 
0.001). In general, the nearer the last steroid exposure to ICI initiation, the higher the ACM 
risk. This association followed an approximately linear trend with a statistically signifi-
cant non-zero slope (p < 0.001). 

Table 2. Steroid-exposure timing prior to ICI initiation and its time-dependent association with all-
cause mortality after ICI initiation. 

Timing of Steroid 
Exposure Prior to ICI 

Initiation 

0 to ≤3 Months 
Post ICI Initiation 

Hazard Ratios 1 

(95% CI) 

3 to ≤6 Months Post 
ICI Initiation 
Hazard Ratios 

(95% CI) 

≥6 Months Post ICI 
Initiation 

Hazard Ratios 
(95% CI) 

No steroids in 12 months 
before ICI 

Ref Ref Ref 

Steroids ≤ 1 month prior 
to ICI 

2.26 (1.65–3.08) 2 2.00 (1.42–2.82) 2 1.05 (0.82–1.35) 

Steroids 1 to ≤3 months 
prior to ICI 

1.51 (1.01–2.27) 2 1.04 (0.65–1.35) 0.91 (0.68–1.22) 

Steroids 3 to 12 months 
prior to ICI 

1.02 (0.68–1.52) 1.25 (0.86–1.84) 0.98 (0.77–1.24) 

1. Hazard ratios estimated by time-dependent hazards model adjusted for sex, age, marital status, 
sequence of cancer diagnosis, year of diagnosis, and Charlson comorbidity index. 2 p < 0.001. 
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Figure 2. Time-dependent all-cause mortality hazard ratios for all steroid-exposure groups and sur-
vival time periods. 

3.2. ER-Hospitalization Risk and Timing of Steroid Exposure before ICI initiation 
Steroid exposure within 12 months of ICI initiation was also associated with a higher 

incidence of ER hospitalizations. Figure 3 panel A and Table 3 show the HRs and 95% CI 
for ER hospitalizations post ICI initiation for different steroid-exposure timing groups. 
Steroids within 1 month prior to ICI initiation was associated with a 62% higher incidence 
of ER hospitalizations during the first 3 months (HR = 1.62; 95% CI: 1.36–1.94; p < 0.001) 
and a 37% higher incidence of ER hospitalizations during the next 3 months of survival 
post ICI initiation (HR: 1.36; 95% CI: 1.08–1.74; p = 0.01). Steroid exposure within 1 to ≤3 
months prior was associated with a 27% higher incidence of ER hospitalization during the 
first 3 months post initiation (HR: 1.27; 95% CI: 1.01–1.58; p = 0.037). Similarly, steroid 
exposure 3 to 12 months prior was associated with higher HR for ER hospitalizations 3 
months post ICI initiation compared to patients with no prior steroids (Table 3). Beyond 
the first six months post ICI initiation, steroid exposure was not associated with an in-
crease in ER hospitalizations. 

Table 3. Steroid-exposure timing prior to ICI initiation and its time-dependent association with ER 
hospitalization after ICI initiation. 

Timing of Steroid Exposure Prior to 
ICI Initiation 

0 to ≤3 Months Post ICI 
Initiation 

Hazard Ratios 1 
(95% CI) 

3 to ≤6 Months Post ICI 
Initiation 

Hazard Ratios 1 
(95% CI) 

≥6 Months Post ICI 
Initiation 

Hazard Ratios 1 

(95% CI) 
No steroids in 12 months before ICI Ref Ref Ref 

Steroids ≤1 month prior to ICI 1.62 (1.36–1.94) 2 1.37 (1.08–1.74) 2 1.01 (0.83–1.24) 
Steroids 1 to ≤3 months prior to ICI 1.27 (1.01–1.58) 2 1.16 (0.88–1.54) 0.94 (0.75–1.17) 
Steroids 3 to 12 months prior to ICI 1.15 (0.94–1.41) 1.11 (0.87–1.42) 0.84 (0.70–1.03) 

1 Hazard ratios estimated by time-dependent hazards model adjusted for sex, age, marital status, 
sequence of cancer diagnosis, year of diagnosis, and Charlson comorbidity index. 2 p < 0.001. 
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(a) (b) 

Figure 3. Time-dependent ER (panel a) and non-ER hospitalization (panel b) hazard ratios for all 
steroid-exposure groups and survival time periods. (a) Steroid exposure prior to ICI use is associ-
ated with higher ER hospitalization rates up to 6 months post ICI initiation. Steroid exposure up to 
3 months prior is associated with higher ER hospitalization rates up to 6 months post ICI initiation. 
The elevated risk of ER hospitalization associated with prior steroid exposure diminished over time 
and vanished by 6 months post ICI. (b) For non-ER hospitalizations, steroid exposure 1 month prior 
is associated with higher non-ER hospitalizations up to 3 months post ICI initiation and steroid 
exposure 1–3 months prior is associated with higher non-ER hospitalization rates up to 6 months 
post ICI initiation. The elevated risk of non-ER hospitalization associated with prior steroid expo-
sure diminished over time and vanished by 6 months post ICI. 

3.3. Non-ER-Hospitalization Risk and Steroid Exposure before ICI Initiation 
Figure 3 panel B and Table S2 show the HRs and 95% CI for non-ER hospitalizations 

post ICI initiation for different steroid-exposure timing groups. For the first 3 months of 
survival post ICI-initiation, steroid exposure within ≤1 month prior was associated with 
a 77% higher risk of non-ER hospitalizations (HR = 1.77; 95% CI: 1.29–2.45; p = 0.005). 

3.4. Pre-Planned Analysis to Evaluate Unmeasured Confounding 
The E-values in Table 4 suggest the minimum strength of unmeasured confounding 

association that would nullify the HRs to which they specifically correspond in Figure 2. 
It is unlikely that an unmeasured or unknown confounder would change our HR results 
for ACM during the first 6 months of survival after ICI initiation associated with steroid 
exposure within 1 month prior to ICI initiation. The confounder would need to have a 
relative risk association of at least 3.27 with both ACM and exposure to steroids within 1 
month prior to ICI initiation. It would need to have relative risk associations greater than 
3.44 for both ACM and steroid exposure 1 month prior. 

Table 4. Assessment of the robustness (using E-values 1) of observed associations for all-cause mor-
tality with steroid exposure presented in Figure 2. 

Timing of Steroid 
Exposure Prior to ICI 

Initiation 

0 to ≤3 Months 
Post ICI Initiation 

Hazard Ratios 

3 to ≤6 Months Post 
ICI Initiation 
Hazard Ratios  

≥6 Months Post ICI 
initiation 

Hazard Ratios 1  
Steroids ≤ 1 month prior to 

ICI 
3.27 3.44 1.58 

Steroids 1 to ≤ 3 months 
prior to ICI 

2.82 1.77 1.49 

Steroids 3 to 12 months 
prior to ICI 

1.89 1.69 1.40 

1. E-value measures the minimum strength of association that an unmeasured confounder must 
have with both the exposure and outcome, and considers the covariates to nullify the observed 



Cancers 2022, 14, 1296 10 of 14 
 

 

exposure–outcome association. The further an E-value shown here is from 1, the less likely that 
unmeasured confounding would account for its corresponding HR in Figure 2. 

4. Discussion 
This is the first population-based study to demonstrate a strong association between 

the timing of steroids preceding ICI initiation and clinical outcomes among patients with 
melanoma. We found that shorter time between last steroid exposure and ICI initiation 
was associated with significantly worse outcomes. Specifically, steroid exposure within 3 
months of initiating ICIs was associated with increased mortality during the first 6 months 
after ICI initiation, with risk elevated at least twofold if steroids were used within 1 month 
prior to initiation. Additionally, these patients were more likely to have ER and non-ER 
hospitalizations when exposed to steroids within 1 month prior to ICI initiation. These 
findings are thought-provoking given the concerns for the potential ICI-suppressive ef-
fects of steroids. Our data suggest potential interplay between ICIs and immunosuppres-
sive agents; therefore, oncologists and cancer caregivers are advised to take into account 
the potential effects of immunosuppressive agents such as steroids before initiating ICIs. 

Our findings are consistent with another retrospective study that found that baseline 
steroid exposure within 30 days of receiving ICIs for NSCLC was associated with worse 
ACM after adjusting for covariates, including history of brain metastases [25]. Another 
study using the large Flatiron dataset found that baseline steroid exposure was associated 
with worse ACM among patients with NSCLC and melanoma [36]. We found a similar 
trend in our study; patients with prior steroid exposure had worse ACM compared to 
those without steroid exposure. Moreover, we suspect that the ACM in our study popu-
lation could be higher compared to results from clinical trials, since clinical trials usually 
exclude patients with active, untreated metastases, and those with high baseline or 
chronic steroid exposure. In our study, patients exposed to steroids within 1 month before 
ICI initiation did much worse than the expected mortality; median OS was 8.9 months for 
patients with steroids exposure within 1 month prior to ICI compared to 11.4 months in a 
meta-analysis of over 1600 patients [20]. We posit that the increase in short-term ACM is 
suggestive of an acute medical process. However, the exact mechanism is unknown and 
further studies are needed. 

Exposure to steroids prior to ICI initiation was associated with higher risk of ER hos-
pitalizations post ICI. Due to data limitations, we were unable to address whether the 
increased hospitalizations were a result of immune-related adverse events or steroid ex-
posure. To minimize unmeasured confounding effects, we chose to model risk of hospi-
talization (6 months post ICI vs. 6 months before ICI) because socioeconomic status, access 
to care, health habits, and comorbidities were likely to have modest changes within a short 
period of time. In addition, we used E-values to assess the robustness of the findings and 
found that any unmeasured confounding would require a high HR to nullify the major 
conclusions of the study. 

Melanoma was the first cancer approved for ICIs and thus has the most mature data 
for analyzing steroids preceding ICI initiation. Unlike NSCLC, where COPD and brain 
metastases are more likely to require steroids [37], the indications for steroids preceding 
ICIs in our population is unclear, since the SEER-Medicare database does not reliably cap-
ture metastasis information beyond initial cancer diagnosis. However, having at least one 
comorbidity increased the likelihood of steroid exposure, which could signal poorer 
health overall. Although patients with CCI ≥ 2 had higher mortality risk and hospitaliza-
tion risks in all cohorts, steroid exposure remained an independently prognostic factor 
after adjusting for comorbidity and relevant covariates. Thus, our findings are robust 
among melanoma patients with steroid exposure. 
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4.1. Potential Mechanisms 
One potential explanation for these results is the role played by T cells in the mecha-

nism of action for steroids and ICIs. Steroid exposure is associated with suppression of T-
cell activity, leading to impaired immune function and inferior outcomes [38], whereas 
ICIs require the activation of T cells for antitumor activity. Therefore, steroid exposure 
prior to ICIs may result in decreasing the efficacy of ICIs due to suppression of the CD8-
positive T cells that are required for an ICI blockade [24]. A preclinical study found that 
dexamethasone increased PD-1 expression in certain subsets of T cells, therefore suggest-
ing that inhibition of PD-1 might overcome T-cell exhaustion [39]. Another study found 
that dexamethasone use blocked the proliferation of T cells and attenuated the stimulation 
of CD28 cells more than memory T cells. A mouse model further found that although 
CTLA-4 inhibition partially restored tumor infiltration of T cells alongside consequent 
dexamethasone exposure, there was no significant increase in CD8 T cells, hence suggest-
ing that early exposure to steroids led to significantly suppressed ICI response. Given 
these findings, we propose that patients using steroids at baseline should be included in 
future clinical trials and data analysis in order to optimize results. To this effect, the NCI 
is currently working with multiple cancer sites to conduct two randomized clinical trials 
among patients with autoimmune diseases (most using steroids) and cancer receiving 
nivolumab: NCT03656627 (Nivolumab in Treating Patients with Autoimmune Disorders 
or Advanced, Metastatic, or Unresectable Cancer) and NCT03816345 (A Phase Ib Study of 
Nivolumab in Patients With Autoimmune Disorders and Advanced Malignancies (AIM-
NIVO)) [40,41]. Until further information regarding the safety of such concurrent medica-
tion use is available, ICIs must be administered with caution and after careful assessment 
of the risk–benefit ratio for each patient. 

4.2. Strengths and Limitations 
The study has several strengths. First, derived from a large, population-based data-

base with broad representation, our study offers excellent real-world generalizability. Sec-
ond, this is the first study to address the timing effects associated with steroid exposure 
within 12 months prior to ICI initiation. Previous studies have not examined the timing 
effects beyond 3 months prior. Third, this is the first study using national-level data spe-
cific to Medicare patients receiving ICIs. Fourth, this is the first study to include differ-
ences in hospitalization risks stratified by ER and non-ER hospitalization among patients 
exposed to steroids prior to receiving ICIs. Since ER hospitalizations are associated with 
higher cost to the patients as well as the health system, it is important to understand the 
difference between the association of steroid exposure and ICIs for both ER and non-ER 
hospitalizations. 

The study also has limitations. First, given the retrospective nature of the study, we 
were unable to formulate a cause–effect relationship between the timing of steroid expo-
sure and the clinical outcomes. Second, the SEER dataset does not provide information 
about cancer staging beyond the date of diagnosis; however, based on the treatment dates 
in our cohort, we assume that all patients receiving ICIs during the study period had ad-
vanced-stage disease since ICIs were only approved for advanced stage disease during 
this time window. Third, we did not have any data on laboratory values such as PD-1 
status, neutrophil count, neutrophil-to-lymphocyte ratio, tumor mutation burden, or line 
of therapy, which limited our analysis. Fourth, due to the limitation of the dataset, we 
were unable to identify the dosage of steroids. Fifth, we defined steroid exposure using 
only prescription data, not whether or for how long the steroids were actually used. Thus, 
there may be some misclassification of steroid exposure. Further studies are warranted to 
confirm the relationship between steroid exposure and clinical outcomes of ICIs. These 
studies should focus on the dosing of steroids, the type of steroid used, and the difference 
between acute and chronic steroid exposure. 
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5. Conclusions 
The nearer the last steroid exposure to ICI initiation, the higher the ACM risk; thus, 

care providers are advised to take this into account and consider the risk–benefit ratio 
when making therapeutic decisions. It is recommended that the care team consider delay-
ing steroid exposure and focus on steroid-sparing strategies before initiating ICIs or con-
sider delaying initiating ICIs for 3 months to allow for steroid washout. 

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/cancers14051296/s1, Table S1: Median survival and cumulative incidence of all-cause 
mortality 6 months post ICI initiation, Table S2: Timing of steroid exposure prior to ICI initiation 
and its time-dependent association with non-ER hospitalization. 

Author Contributions: Conceptualization, N.N. and G.L.-Y.; methodology, N.N., G.L.-Y., S.W.K. 
and J.B.; software, J.B., S.W.K. and N.N.; formal analysis, J.B., N.N., and S.W.K.; investigation, N.N., 
G.L.-Y. and A.S. resources, G.L.-Y.; data curation, N.N., G.L.-Y., J.B. and S.W.K.; writing—original 
draft preparation, N.N. and A.S.; writing—review and editing, N.N., J.B., A.S., S.W.K., J.J., M.W., 
S.S. and G.L.-Y.; supervision, G.L.-Y.; funding acquisition, G.L.-Y. All authors have read and agreed 
to the published version of the manuscript. 

Funding: This project is supported, in part, by the NCI Cancer Center Support Grant (NCI CCSG 
5P30CA056036). 

Institutional Review Board Statement: This study was approved by the Institutional Review Board 
at Thomas Jefferson University IRB 17D.389 approved on 07/11/2017. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data reported in this study can be obtained by writing to G.L., the 
corresponding author. 

Acknowledgments: We thank the Applied Research Branch, Division of Cancer Prevention and 
Population Science, National Cancer Institute; the Office of Information Services and Office of Stra-
tegic Planning, Centers for Medicare & Medicaid Services; Information Management Services Inc; 
and the SEER program tumor registries in the creation of the SEER-Medicare database. We thank 
Jennifer Wilson and Pamela Walter (Thomas Jefferson University, Philadelphia, PA, USA) for their 
editorial assistance. 

Conflicts of Interest: A.S.: Merck; J.J: BMS, Merck, AstraZeneca, and Rakuten-Aspyrian, M.W.: 
Pfizer and Eisai. Other authors have no potential conflicts to declare. 

References 
1. Howlader, N.; Noone, A.; Krapcho, M.; Miller, D.; Bishop, K.; Kosary, C. SEER Cancer Statistics Review (CSR) 1975–2014. Avail-

able online: https://seer.cancer.gov/archive/csr/1975_2014/ (accessed on 2 September 2021). 
2. El Aziz, M.A.A.; Facciorusso, A.; Nayfeh, T.; Saadi, S.; Elnaggar, M.; Cotsoglou, C.; Sacco, R. Immune Checkpoint Inhibitors for 

Unresectable Hepatocellular Carcinoma. Vaccines 2020, 8, 616, https://doi.org/10.3390/vaccines8040616. 
3. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.-J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.; 

Dummer, R.; et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 
2019, 381, 1535–1546, doi:10.1056/nejmoa1910836. 

4. Kwon, E.D.; Drake, C.G.; Scher, H.I.; Fizazi, K.; Bossi, A.; Van den Eertwegh, A.J.M.; Krainer, M.; Houede, N.; Santos, R.; Ma-
hammedi, H.; et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer 
that had progressed after docetaxel chemotherapy (CA184-043): A multicentre, randomised, double-blind, phase 3 trial. Lancet 
Oncol. 2014, 15, 700–712, https://doi.org/10.1016/s1470-2045(14)70189-5. 

5. Leighl, N.; Gandhi, L.; Hellmann, M.D.; Horn, L.; Ahn, M.-J.; Garon, E.B.; Hui, R.; Ramalingam, S.S.; Zhang, J.; Lubiniecki, G. 
Pembrolizumab for NSCLC: Immune-mediated adverse events and corticosteroid use. J. Thorac. Oncol. 2015, 10, S233. 

6. Coit, D.G.; Thompson, J.A.; Albertini, M.R.; Barker, C.; Carson, W.E. NCCN guidelines version 2.2019 cutaneous melanoma. J. 
Natl. Compr. Canc. Netw. 2019, 17, 367–402. 

7. Hodi, F.S.; O'Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; Robert, C.; Schadendorf, D.; 
Hassel, J.C.; et al. Improved Survival with Ipilimumab in Patients with Metastatic Melanoma. N. Engl. J. Med. 2010, 363, 711–
723. 

8. Robert, C.; Thomas, L.; Bondarenko, I.; O'Day, S.; Weber, J.; Garbe, C.; Lebbe, C.; Baurain, J.-F.; Testori, A.; Grob, J.J; et al. 
Ipilimumab plus dacarbazine for previously untreated metastatic melanoma. N. Engl. J. Med. 2011, 364, 2517–2526. 



Cancers 2022, 14, 1296 13 of 14 
 

 

9. Eggermont, A.M.M.; Blank, C.U.; Mandalà, M.; Long, G.V.; Atkinson, V.; Dalle, S.; Haydon, A.; Lichinitser, M.; Khattak, A.; 
Carlino, M.S.; et al. Adjuvant Pembrolizumab versus Placebo in Resected Stage III Melanoma. N. Engl. J. Med. 2018, 378, 1789–
1801, doi:10.1056/nejmoa1802357. 

10. Wolchok, J.D.; Kluger, H.; Callahan, M.K.; Postow, M.A.; Rizvi, N.A.; Lesokhin, A.M.; Segal, N.H.; Ariyan, C.E.; Gordon, R.-A.; 
Reed, K.; et al. Nivolumab plus Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2013, 369, 122–133, 
https://doi.org/10.1056/nejmoa1302369. 

11. Topalian, S.L.; Drake, C.G.; Pardoll, D.M. Immune Checkpoint Blockade: A Common Denominator Approach to Cancer Ther-
apy. Cancer Cell 2015, 27, 450–461, https://doi.org/10.1016/j.ccell.2015.03.001. 

12. Warner, A.B.; A Postow, M. Combination Controversies: Checkpoint Inhibition Alone or in Combination for the Treatment of 
Melanoma? Oncology 2018, 32, 228–34. 

13. Callahan, M.K.; Kluger, H.; Postow, M.A.; Segal, N.H.; Lesokhin, A.; Atkins, M.B.; Kirkwood, J.M.; Krishnan, S.; Bhore, R.; 
Horak, C.; et al. Nivolumab Plus Ipilimumab in Patients with Advanced Melanoma: Updated Survival, Response, and Safety 
Data in a Phase I Dose-Escalation Study. J. Clin. Oncol. 2018, 36, 391–398, https://doi.org/10.1200/jco.2017.72.2850. 

14. Coutinho, A.E.; Chapman, K.E. The anti-inflammatory and immunosuppressive effects of glucocorticoids, recent developments 
and mechanistic insights. Mol. Cell. Endocrinol. 2011, 335, 2–13, https://doi.org/10.1016/j.mce.2010.04.005. 

15. Lossignol, D. A little help from steroids in oncology. J. Transl. Intern. Med. 2016, 4, 52–54, https://doi.org/10.1515/jtim-2016-0011. 
16. Dietrich, J.; Rao, K.; Pastorino, S.; Kesari, S. Corticosteroids in brain cancer patients: Benefits and pitfalls. Expert Rev. Clin. Phar-

macol. 2011, 4, 233–242, https://doi.org/10.1586/ecp.11.1. 
17. Yennurajalingam, S.; Bruera, E. Role of corticosteroids for fatigue in advanced incurable cancer: Is it a ‘wonder drug’ or ‘deal 

with the devil’. Curr. Opin. Support. Palliat. Care 2014, 8, 346–351. 
18. Hardy, J.R.; Rees, E.; Ling, J.; Burman, R.; Feuer, D.; Broadley, K.; Stone, P. A prospective survey of the use of dexamethasone 

on a palliative care unit. Palliat. Med. 2001, 15, 3–8, https://doi.org/10.1191/026921601673324846. 
19. Petrelli, F.; Signorelli, D.; Ghidini, M.; Ghidini, A.; Pizzutilo, E.G.; Ruggieri, L.; Cabiddu, M.; Borgonovo, K.; Dognini, G.; 

Brighenti, M.; et al. Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Sys-
tematic Review and Meta-Analysis. Cancers 2020, 12, 546, https://doi.org/10.3390/cancers12030546. 

20. Schadendorf, D.; Hodi, F.S.; Robert, C.; Weber, J.; Margolin, K.; Hamid, O.; Patt, D.; Chen, T.-T.; Berman, D.M.; Wolchok, J.D. 
Pooled Analysis of Long-Term Survival Data from Phase II and Phase III Trials of Ipilimumab in Unresectable or Metastatic 
Melanoma. J. Clin. Oncol. 2015, 33, 1889–1894, https://doi.org/10.1200/jco.2014.56.2736. 

21. Bajwa, R.; Cheema, A.; Khan, T.; Amirpour, A.; Paul, A.; Chaughtai, S.; Patel, S.; Patel, T.; Bramson, J.; Gupta, V.; et al. Adverse 
Effects of Immune Checkpoint Inhibitors (Programmed Death-1 Inhibitors and Cytotoxic T-Lymphocyte-Associated Protein-4 
Inhibitors): Results of a Retrospective Study. J. Clin. Med. Res. 2019, 11, 225–236, https://doi.org/10.14740/jocmr3750. 

22. Ksienski, D.; Wai, E.S.; Croteau, N.; Fiorino, L.; Brooks, E.; Poonja, Z.; Fenton, D.; Geller, G.; Glick, D.; Lesperance, M. Efficacy 
of Nivolumab and Pembrolizumab in Patients with Advanced Non–Small-Cell Lung Cancer Needing Treatment Interruption 
Because of Adverse Events: A Retrospective Multicenter Analysis. Clin. Lung Cancer 2018, 20, e97–e106, 
https://doi.org/10.1016/j.cllc.2018.09.005. 

23. Weber, J.S.; Kähler, K.C.; Hauschild, A. Management of Immune-Related Adverse Events and Kinetics of Response with Ipili-
mumab. J. Clin. Oncol. 2012, 30, 2691–2697, https://doi.org/10.1200/jco.2012.41.6750. 

24. Langhoff, E.; Ladefoged, J.; Dickmeiss, E. The immunosuppressive potency of various steroids on peripheral blood lympho-
cytes, T cells, NK and K cells. Int. J. Immunopharmacol. 1985, 7, 483–489, https://doi.org/10.1016/0192-0561(85)90067-0. 

25. Arbour, K.C.; Mezquita, L.; Long, N.; Rizvi, H.; Auclin, E.; Ni, A.; Martínez-Bernal, G.; Ferrara, R.; Lai, W.V.; Hendriks, L.E.L.; 
et al. Impact of Baseline Steroids on Efficacy of Programmed Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients 
with Non–Small-Cell Lung Cancer. J. Clin. Oncol. 2018, 36, 2872–2878, doi:10.1200/jco.2018.79.0006. 

26. Fucà, G.; Galli, G.; Poggi, M.; Russo, G.L.; Proto, C.; Imbimbo, M.; Ferrara, R.; Zilembo, N.; Ganzinelli, M.; Sica, A.; et al. Mod-
ulation of peripheral blood immune cells by early use of steroids and its association with clinical outcomes in patients with 
metastatic non-small cell lung cancer treated with immune checkpoint inhibitors. ESMO Open 2019, 4, e000457, 
https://doi.org/10.1136/esmoopen-2018-000457. 

27. Surveillance, Epidemiology, and End Results (SEER) Program, SEER*Stat Databases: November 2019 Submission. Available 
online: www.seer.cancer.gov (accessed on 8 August 2020). 

28. Medicare Manuals General Information, Eligibility, Policy and Entitlement. Available online: https://www.cms.gov/regula-
tions-and-guidance/guidance/manuals/downloads/ge101c03.pdf (accessed on 3 April 2021). 

29. Centers for Medicare & Medicaid Services (CMS), HHS, Medicaid Services Medicare Program; Medicare Prescription Drug 
Benefit. Available online: https://pubmed.ncbi.nlm.nih.gov/15678603/ (accessed on 23 March 2021). 

30. Kaplan, E.L.; Meier, P. Nonparametric estimation from incomplete observations. J. Am. Stat. Assoc. 1958, 53, 457–481. 
31. Cox, D.R. Regression models and life‐tables. J. R. Stat. Soc. Series B Stat. Methodol. 1972, 34, 187–202. 
32. Therneau, T.; Grambsch, P. Modeling Survival Data: Extending the Cox Model, 1st ed.; Springer: New York, NY, USA, 2000. 
33. Tsai, M.-H.; Xirasagar, S.; Carroll, S.; Bryan, C.S.; Gallagher, P.J.; Davis, K.; Jauch, E.C. Reducing High-Users’ Visits to the Emer-

gency Department by a Primary Care Intervention for the Uninsured: A Retrospective Study. Inq. J. Heal. Care Organ. Prov. 
Financing 2018, 55, 29591539. https://doi.org/10.1177/0046958018763917. 

34. Andersen, P.K.; Gill, R.D. Cox's regression model for counting processes: A large sample study. Ann. Stat. 1982, 10, 1100–1120. 



Cancers 2022, 14, 1296 14 of 14 
 

 

35. Haneuse, S.; VanderWeele, T.J.; Arterburn, D. Using the E-Value to Assess the Potential Effect of Unmeasured Confounding in 
Observational Studies. JAMA 2019, 321, 602–603, https://doi.org/10.1001/jama.2018.21554. 

36. Drakaki, A.; Luhn, P.; Wakelee, H.; Dhillon, P. K.; Kent, M.; Shim, J; Degaonkar, V.; Hoang, T.; McNally, V.; Chui,S.Y.; et al. 47O 
Association of systemic corticosteroids with overall survival in patients receiving cancer immunotherapy for advanced mela-
noma, non-small cell lung cancer or urothelial cancer in routine clinical practice. Ann. Oncol. 2019, 30, xi16–xi17. 

37. Scott, S.C.; Pennell, N.A. Early Use of Systemic Corticosteroids in Patients with Advanced NSCLC Treated with Nivolumab. J. 
Thorac. Oncol. 2018, 13, 1771–1775, https://doi.org/10.1016/j.jtho.2018.06.004. 

38. Im, S.J.; Hashimoto, M.; Gerner, M.Y.; Lee, J.; Kissick, H.T.; Burger, M.C.; Shan, Q.; Hale, J.S.; Lee, J.; Nasti, T.H.; et al. Defining 
CD8+ T cells that provide the proliferative burst after PD-1 therapy. Nature 2016, 537, 417–421, https://doi.org/10.1038/na-
ture19330. 

39. Xing, K.; Gu, B.; Zhang, P.; Wu, X. Dexamethasone enhances programmed cell death 1 (PD-1) expression during T cell activa-
tion: An insight into the optimum application of glucocorticoids in anti-cancer therapy. BMC Immunol. 2015, 16, 1–9, 
https://doi.org/10.1186/s12865-015-0103-2. 

40. Nivolumab in Treating Patients with Autoimmune Disorders and Advanced, Metastatic, or Unresectable Cancer. Available 
online: https://clinicaltrials.gov/ct2/show/NCT03816345 (accessed on 8 August 2021). 

41. Nivolumab in Patients with Advanced Non-Small Cell Lung Cancer and Pre-Existing Autoimmune Disease. Available online: 
https://clinicaltrials.gov/ct2/show/NCT03656627 (accessed on 8 August 2021). 


	Is Timing of Steroid Exposure Prior to Immune Checkpoint Inhibitor Initiation Associated with Treatment Outcomes in Melanoma? A Population-Based Study
	Let us know how access to this document benefits you
	Recommended Citation
	Authors

	1. Introduction
	2. Materials and Methods
	2.1. Data Source
	2.2. Study Participants
	2.3. Drug Exposures
	2.4. Steroid-Exposure Timing
	2.5. Endpoints
	2.6. Descriptive Variables
	2.7. Statistical Analysis
	2.8. Modeling All-Cause Mortality (ACM)
	2.9. Modeling Hospitalizations
	2.10. Pre-Planned Evaluation of Unmeasured Confounding Effects

	3. Results
	3.1. ACM and Steroid Exposure Prior to ICI Initiation
	3.2. ER-Hospitalization Risk and Timing of Steroid Exposure before ICI initiation
	3.3. Non-ER-Hospitalization Risk and Steroid Exposure before ICI Initiation
	3.4. Pre-Planned Analysis to Evaluate Unmeasured Confounding

	4. Discussion
	4.1. Potential Mechanisms
	4.2. Strengths and Limitations

	5. Conclusions
	References

