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ABSTRACT

Background Corticosteroids (CS) are the mainstay of
immune-related adverse effect (irAE) management, as
well as for other indications in cancer treatment. Previous
studies evaluating whether CS affect immune checkpoint
inhibitor (CPI) efficacy compared patients receiving CS
versus no CS. However, there is a paucity of clinical data
evaluating the timing of concomitant CS and CPI efficacy.
Methods We retrospectively collected data from patients
who received CS during CPI treatment at a single
institution. Patients were in two cohorts based on timing
of initiation of CS (>2 months vs <2 months after initiating
CPI). Patient characteristics, irAEs, cancer type, treatment
type, treatment response/progression per RECIST V.1.1,
and survival data were collected. Kaplan-Meier and Cox
proportional hazard regression methods estimated HRs
for the primary endpoint of progression-free survival (PFS)
along with overall survival (0S).

Results We identified 247 patients with metastatic cancer
who received CS concurrently with CPls. The median time
on CS was 1.8 months. After adjusting for treatment type,
tumor type, brain metastases, and irAEs, those treated
with CS >2 months after starting CPI had a statistically
significant longer PFS (HR=0.30, p<0.001), and OS (HR
0.34, p<0.0001) than those who received CS <2 months
after starting CPI. Objective response rate (ORR) for
patients on CS >2 months was 39.8%, versus ORR for
patients <2 months was 14.7% (p value =<0.001)
Conclusion Our results suggest that early use of CS
during CPI treatment significantly hinders CPI efficacy. This
data needs to be validated prospectively. Future studies
should focus on the immune mechanisms by which CSs
affect T-cell function early in the CPI treatment course.

BACKGROUND

Since the Food and Drug Association (FDA)
approval of ipilimumab in 2011, immune
checkpoint inhibitors (CPIs) have revolu-
tionized the cancer treatment landscape, and
are now being studied in most tumor types,
both in the metastatic and early stage setting.’
Because CPIs dysregulate physiologic mecha-
nisms of T-cell tolerance, patients can experi-
ence immune-related adverse effects (irAEs),
for which the firstline management often

consists of corticosteroids (CS).Q_7 In addi-
tion, CS are often used as palliative treatment
for cancerrelated symptoms such as anorexia,
nausea prevention, dyspnea, fatigue, and
symptomatic brain metastases.*"' For many
CPI trials, a threshold of 210mg of predni-
sone is a key exclusion criteria, because of
concerns of the immunosuppressive effects
on CPI efficacy."

The majority of retrospective data evalu-
ating CS effects on cancer immunotherapy
efficacy have found that CS does not hinder
CPI outcomes."”™” These studies compared
patients receiving CS versus no CS, which
may be confounded by higher rates of irAEs
in patients that receive CS and a known asso-
ciation of irAEs with higher response rates
to CPIs. There have been other retrospec-
tive studies demonstrating negative effects
of early and baseline CS on CPI efficacy.'®**
A large systematic review and meta-analysis
found that a negative impact of CS use was
observed for both overall survival (OS) and
progression-free survival (PFS) in patients
that received CS for supportive care or brain
metastases. CS used to mitigate irAEs did not
negatively affect outcomes, but this study
again was comparing CS versus no CS treat-
ment.'® Similar findings have been described
in a population of patients with non-small
cell lung cancer (NSCLC) treated with
single-agent Program Death Ligand 1 (PD-
(L)1) blockade, where baseline CS use of
=10 mg was associated with poorer outcomes
in patients treated with CPIs compared with
patients that did not receive CS. The most
common indications for CS in these studies
were dyspnea, fatigue, and brain metas-
tases—factors that would likely affect prog-
nosis negatively compared with patients that
are not on baseline CS prior to CPI initia-
tion.'” Based on these data, it is difficult to
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make conclusions regarding the direct effects of CS on
CPI efficacy.

METHODS
Patients
This retrospective cohort study included patients with
metastatic cancer who presented to the Ochsner Cancer
Institute and received CS during their CPI treatment
between October 1, 2014 and January 21, 2020. Data
were gathered through the electronic medical record.
A total of 600 patients were captured who had a cancer
diagnosis and received both CS and immunotherapy.
Patients who received at least one cycle of Program
Death-1/Program Death-Ligandl (PD-1/PD-L1) immu-
notherapy (nivolumab, pembrolizumab, atezolizumab, or
durvalumab) with or without the combination of Cytotoxic
T-Lymphocyte-Associated Protein 4 (CTLA-4) inhibitor,
ipilimumab, during the study period were eligible. Patients
who did not receive CS while on immunotherapy or those
who did not undergo re-staging imaging while on treat-
ment were excluded. Patients who received chemotherapy
concurrently with immunotherapy were excluded. IrAEs
were defined using the Common Terminology Criteria for
Adverse Events version 5 (CTCAEVDS) criteria.
Demographics (age, gender, race, smoking history),
Eastern Cooperative Oncology Group (ECOG) Perfor-
mance Status at the start of treatment, imaging results
(CT scans, MRI, positron emission tomography), time on
treatment, best response to CPI, date of progression of
disease, prevalence and type of irAE while on CPI, predni-
sone equivalent dosing, and date of steroid initiation while
on CPI were collected. Patient’s smoking status was also
collected. Smoking status was categorized as light smoker
(<10pack years) and heavy smoker (=10 pack years).

Statistical analysis

Bivariate analyses were performed between time on CS
(22 months or <2 months) with patients’ demographics,
medical history, and clinical outcomes. For categor-
ical data, %* or Fisher-exact test was used to compare
the groups, and results are reported as frequencies
and percentages. For continuous variables, indepen-
dent sample ttest or Mann-Whitney U test was used to
compare patient groups. SAS V.9.4 for windows was used
to conduct all statistical analyses. Tests were performed
at a significance level of 0=0.05. Values were considered
statistically significant if p value was less than 0.05.

The primary endpoint is PFS with key secondary
endpoints of OS and objective response rate (ORR).
ORR and progression were defined per Response Evalua-
tion Criteria in Solid Tumors version 1.1 (RECIST v 1.1).
Kaplan-Meier and Cox proportional hazard regression
methods were used to estimate the survival probability
and Hazard Ratios (HRs). Crude and adjusted HRs of
progressive disease and mortality were calculated. CS for
brain metastases, irAEs, cancer type, and drug type were
identified as potential confounders and were adjusted in

the final (adjusted) Cox proportional hazard regression
model.

RESULTS

Patient characteristics

We identified 247 patients with metastatic cancer who
received CS for irAE who met the study criteria. The
median age of patients was 69 years. The median time on
CS for all patients was 1.8 months. There were 24 patients
that were on baseline CS. Demographic characteristics
between those who received CS 22 months after CPI initi-
ation and those who received CS <2 months after CPI
initiation were similar between the two groups for gender,
smoking, ECOG, body mass index, but different for age
and race (p=0.04) (table 1).

The majority of patients who received CS had NSCLC
(n=98, 40%), followed by renal cell carcinoma (n=43,
17.40%), and melanoma (n=30, 12.5%). In terms of
treatment type, most patients were on nivolumab (n=168,
68.0%), and pembrolizumab (n=61, 25.7%) immuno-
therapy and a total of 195 (79.0%) patients received
ipilimumab either alone or in combination with a PD-1/
PD-L1 inhibitor (table 1).

Of 247 patients, a total of 137 (55.5%) had an irAE.
Of these patients with irAEs, 51.8% (n=71) started CS =2
months after immunotherapy and 48.1% (n=66) started
CS <2 months after immunotherapy. In the study popu-
lation, the most common adverse effects were thyroid-
itis (n=39, 15.8%), dermatitis (n=38, 15.4%), and colitis
(38, 15.4%). Among the =2 months CS group, the most
common irAEs were thyroiditis (64.5%, n=25), and colitis
(55.2%, n=21). Among those that started CS <2 months,
dermatitis (60.5%, n=23) was the most common followed
by pneumonitis (55.8%, n=19) (table 2).

Progression-free survival

For PFS, the median follow-up time for those on CS >2
months after CPI initiation was 24.5 months, and the
median follow-up time CS <2 months after CPIs was
22.9 months. CSs received 22 months after initiation of
immunotherapy were associated with an increased PFS
compared with patients who received CS <2 months
(figure 1; median PFS 14.9 vs 2.8 months; adjusted
HR=0.30; p value <0.0001). This association was signifi-
cant both after adjusting for confounding factors such as
brain metastases, irAEs, cancer type, drug type and unad-
justed using a multivariable analysis (adjusted HR and
unadjusted HR). Steroid dosage was also evaluated. We
compared those patients who had received 21000 mg of
prednisone equivalents to those who received <1000 mg
of prednisone equivalents while receiving CPIs. There
was not a significant relationship between the dose of CS
received while on CPIs and PFS (HR=1.10, p=0.55).

Overall survival

For OS, the median follow-up time for those on CS =2
months after CPI initiation was 26.8 months, and the
median follow-up time CS <2 months after CPIs was
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Table 1 Demographics characteristics of patients by steroids timing (n=247)

Patient’s characteristics Steroids <2 months Steroids >2 months P value
Median age (IQR), overall: 69 67 (13) years 71 (15) 0.0048
Gender
Male 87 (52.73) 78 (47.27) 0.8232
Female 42 (51.22) 40 (48.78)
Race
Black 28 (53.85) 24 (46.15) 0.04*
White 99 (54.10) 84 (45.90)
Others 2 (16.67) 10 (83.33)
Smoking
Never/light smoker 59 (57.28) 44 (42.72) 0.1619
Heavy smoker 69 (48.25) 74 (51.75)
ECOG grade
Grade 0 45 (51.44) 43 (48.86) 0.3242
Grade 1 50 (47.17) 56 (52.83)
Grade 2 28 (63.63) 16 (36.36)
Grade 3 3 (50.00) 3 (50.00)
BMI
Underweight 5(51.72) 4 (48.28) 0.4375
Normal 6 (26.67) 1(42.27)
Overweight 30 (51.72) 28 (48.28)
Obese 8 (21.71) 5 (55.56)
Brain metastases
Yes 29 (64.44) 16 (35.56) 0.0696
No 100 (49.50) 102 (41.30)
Cancer subtypes
NSCLC 5 (45.92) 3 (54.08) 0.0395*
RCC (51 .16) (48 84)
Melanoma 9 (63.33) 1 (36.67)
Urothelial 8 (57.14) 6 (42.86)
HCC 4 (40.00) 6 (60.00)
Small cell 15 (88.24) 2 (11.76)
Other 16 (45.71) 19 (564.29)
Drug
Nivolumab 94 (55.95) 74 (44.05) 0.0531
Pembrolizumab 24 (39.34) 37 (60.66)
Atezolizumab 9 (69.23) 4 (30.77)
Durvalumab 1 (25.00) 3 (75.00)
Ipilimumab
Ipilimumab received 96 (49.23) 99 (50.77) 0.0348*
Ipilimumab not received 30 (66.67) 15 (33.33)

*Statistically significant at 0.05.
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; HCC, Hepatocellular Carcinoma; NSCLC, non-small cell lung cancer;
RCC, Renal Cell Carcinoma.
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Table 2 Immune-mediated adverse effect (AE) by steroids timing (n=247)

Immune-mediated AE Overall (n=247) <2 months steroids (n=129) >2 months steroids (n=118) P value
Total adverse effects 137 (55.47) 66 (48.18) 71 (51.82) 0.1548
Dermatitis 38 (15.38) 23 (60.53) 15 (39.47) 0.2655
Colitis 38 (15.38) 7 (44.74) 21 (55.26) 0.3150
Pneumonitis 34 (13.76) 9 (55.88) 15 (44.12) 0.6458
Hepatitis 21 (8.50) 2 (57.14) 9 (42.86) 0.6373
Nephritis 1(3.64) 3(33.33) 6 (66.67) 0.3171
Hypothyroid/hyperthyroid 39 (15.78) 14 (35.90) 25 (64.10) 0.0261*
Adrenal insufficiency 4 (1.62) 0 (0.00) 4 (100.00) 0.0507
Hypophysitis 4 (1.62) 3 (75.00) 1 (25.00) 0.3579
Uveitis 1(0.40) 0 (0.00) 1 (100.00) 0.2948

*Statistically significant at 0.05.

25.0 months. CS received 22 months after initiation of
immunotherapy were also associated with an increased
OS compared with patients who received CS <2 months
(figure 2; median OS 25.0 vs 6.4 months; adjusted
HR=0.34; p value <0.0001). This was also adjusted for
brain metastases, irAE, cancer type, and drug type
(adjusted and unadjusted HR). There was not a signifi-
cant relationship between the dose of CS received while
on CPIs and OS as seen with the PFS analysis (HR=1.15,
p=0.38).

Therapeutic response

In the total population, the overall response rate was
26.7% (66 patients). The 22 month group had an ORR of
39.8% (n=118) while the <2month group had an ORR of
14.7% (n=129). A total of 181 (73.2%) patients had either
stable disease (SD) or progressive disease (PD). Seven-
ty-one patients (60.2%) had SD/PD in the >2month
group while 110 patients (85.3%) had SD/PD in the
<2month group (p<0.001).
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Figure 1 Progression-free survival in those who received
CS >2 months after initiation of CPI (blue line) versus those
who received CS <2 months after initiation of CPI (red line) in
total population. CPI, checkpoint inhibitor; CS, corticosteroid;
PFS, progression-free survival.

Differences in outcomes consistent across CS indications

In a subgroup analysis of only the patients who received
CS for irAEs, initiation 22 months was associated with an
increased PFS compared with <2 months (figure 3; median
PFS 21.0 months vs 4.8 months; adjusted HR=0.33; p value
<0.0001). For OS, initiation 22 months was also associated
with an increased OS compared with <2 months (figure 4;
median OS 31.2 months vs 9.4 months; adjusted HR=0.36;
p value <0.0001).

In a subgroup analysis of only patients who were treated
with CS for non-irAE indications, initiation =2 months
was associated with an increased PFS compared with <2
months (figure 5; median PFS 10.8 months vs 2.3 months;
adjusted HR=0.27; p value <0.0001). For OS, initiation >2
monthswasalso associated with anincreased OS compared
with <2 months (figure 6; median OS 15.8 months vs 4.3
months; adjusted HR=0.31; p value <0.0001).
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Figure 2 Overall survival in those who received CS >2
months after initiation of CPI (blue line) versus those who
received CS <2 months after initiation of CPI (red line) in total
population. CPI, checkpoint inhibitor; CS, corticosteroid; OS,
overall survival.
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Figure 3 Progression-free survival in those who received
CS >2 months after initiation of CPI (blue line) versus those
who received CS <2 months after initiation of CPI (red line)
in those who were treated with CS for irAEs. CPI, checkpoint
inhibitor; CS, corticosteroid; irAE, immune-related adverse
effect; PFS, progression-free survival.

DISCUSSION/GONGLUSION

After adjusting for possible confounding factors such as
rates of irAEs, drug type, tumor type, and presence of
brain metastases, this analysis of 247 patients with cancer
who received CS during immune CPI therapy implicates
the timing of steroid initiation having a significant impact
on outcomes. Patients who received CS =2 months after
CPI initiation had significantly improved PFS and OS
compared with CS initiated <2 months. Interestingly we
found that, unlike the timing of initiation of CS, higher
total steroid dosage did not impact outcomes of patients
treated with CPIs.

Many previous studies suggest that CS do not hinder
CPI efficacy. Horvat et al studied irAEs caused by ipilim-
umab, steroid use for irAE management, and effects on
OS. They reviewed 254 patients who experienced an irAE
from ipilimumab, 103 of which received systemic CS, and
31 required further immunosuppressive therapy. They
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Figure 4 Overall survival in those who received CS >2
months after initiation of CPI (blue line) versus those who
received CS <2 months after initiation of CPI (red line) in
those who were treated with CS for irAEs. CPI, checkpoint
inhibitor; CS, corticosteroid; irAE, immune-related adverse
effect; OS, overall survival.
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Figure 5 Progression-free survival in those who received
CS >2 months after initiation of CPI (blue line) versus those
who received CS <2 months after initiation of CPI (red line)
in those who were treated with CS for non-irAEs indications.
CPI, checkpoint inhibitor; CS, corticosteroid; irAE, immune-
related adverse effect; PFS, progression-free survival.

observed that there was no difference in time to treat-
ment failure or OS when stratified for administration of
systemic CS."” Another study by Garant et al reviewed 155
abstracts comparing patients on immunotherapy who did
ordid notreceive CS also finding that CS did not negatively
impact CPI clinical 1response.14 Kapoor et al reviewed 155
patients (38 received CS) and also found no difference
in OS between those who received CS and those who did
not."” Although these data suggest that use of CS to treat
irAEs will not abrogate responses to immunotherapy, they
do not support a conclusion that CS does not affect CPI
efficacy. Immunotherapy toxicity is associated with higher
response rates and improved cancer outcomes from CPIs,
and patients that require CS are more likely to have irAEs
than patients not requiring CS. We report longer PFS and
OS among patients with a documented irAE compared
with those without irAEs, which supports this previously
reported association of CPI toxicity and improved effi-
cacy.23 We also found throughout our subgroup analyses
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Figure 6 Overall survival in those who received CS >2
months after initiation of CPI (blue line) versus those who
received CS <2 months after initiation of CPI (red line) in
those who were treated with CS for non-irAEs indications.
CPI, checkpoint inhibitor; CS, corticosteroid; irAE, immune-
related adverse effect; OS, overall survival.
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of irAE patients and non-irAE patients, that this assooci-
ation of decreased CPI efficacy with early initiation of CS
was consistent across different CS indications.

However, multiple retrospective analyses have found
similar results to our study, that there is a negative impact
of CS on CPI efficacy, though most of these studies specif-
ically looked at the effects of baseline CS at the time of
initiation of CPI. A large systematic review and meta-
analysis by Petrelli et al found that a negative impact of
steroid use was observed for both OS and PFS in patients
that received CS." In this review, the negative outcomes
were in patients receiving CS for supportive care or brain
metastases, while there was no difference in outcomes for
patients with irAEs. Potentially factors in these studies
affecting prognosis negatively such as brain metastases
or palliative care indications may confound conclusions
about the direct effects of CS. Similar findings have been
described by Ferrara et al,, who reviewed patients with
NSCLC treated with single-agent PD-L1 blockade, where
early steroid use of =210mg was associated with poorer
outcomes. This study found that patients who received
and discontinued CS between days 1 and 30 of CPI initia-
tion had intermediate OS and PFS compared with those
who received CS at baseline and those who received no
CS." Consistent with our data, these studies also suggest
early CSs have a negative impact on CPI efficacy, but
these studies specifically highlight the negative impacts of
baseline CS initiated prior to CPI initiation. Also, similar
to other studies, these compared patients receiving CS
to those not receiving CS. Whether CS initiated later
in the course of immune checkpoint blockade has the
same effect on cancer outcomes compared with patients
receiving earlier CS is unknown.

CS can be immunosuppressive on both the innate
and adaptive immune system by inducing effector T-cell
apoptosis and impairing maturation of dendritic cells.**
CS have also been shown to inhibit the production of
important effector T-cell cytokines such as interleukin-2
(IL-2) and interferon-gamma.” There are also preclinical
studies describing the mechanisms by which CS prefer-
entially suppress naive T cells, which are important for
initiation of an anti-tumor immune response. Xing et al
have demonstrated in mouse models that dexamethasone
enhances PD-1 expression in certain T cell subsets, which
would suggest PD-1 blockade might be able to overcome
CS T-=cell exhaustion. However, this occurred primarily in
memory T cells, but naive T cells did not have a significant
increase in PD-1 expression.”® Another study by Giles et al
found that dexamethasone specifically blocks naive T-cell
proliferation and differentiation by attenuation of CD28
co-stimulation to a greater extent than memory T cells.
They also reported in a tumor mouse model that CTLA-4
blockade could partially restore tumor infiltrating inter-
feron gamma producing T cells in the setting of dexa-
methasone exposure, but again did not see a significant
increase in naive CD8 T cells. Because co-stimulation is
essential for successful T-cell priming and expansion,
these preclinical data support the notion that early use

of CS may have the greatest impairment of response to
immunotherapy.24

Although oncologists should be cognizant that early
steroid use could reduce CPI efficacy, CS are an important
and necessary treatment for certain complications from
cancer and from immunotherapy. Along with previously
reported data demonstrating inferior outcomes with base-
line CS, our results support judicious use of CS early in
the course of CPI treatment." Since we also report in a
subgroup analysis inferior outcomes with early CS indicated
for the treatment of patients with irAEs, our data highlight
the importance of further investigation into steroid sparing
strategies using agents that target irAE inflammation (IL-6,
Tumor Necrosis Factor (TNF)-alpha, IL-1 inhibitors, etc.).
Also when possible, physicians should consider combina-
tion chemotherapy/immunotherapy regimens that do not
require steroid pretreatments or steroid-sparing anti-emetic
regimens that are recommended in National Comprehen-
sive Cancer Network (NCCN) guidelines.

A major limitation of our study is the potential for
survivorship bias, an inherent bias of retrospective studies
using an independent variable of time. As more patients
are collected, enough statistical power can be achieved
to perform more in-depth analyses at different CS initia-
tion time points. Future studies should further investigate
whether there is an inflection point at which CS do not
negatively affect CPI efficacy.

Immune CPIs are used to treat many cancer types.
These drugs can lead to irAEs, which often require treat-
ment with CS. Although baseline CS are associated with
decreased response rates and outcomes,'? more clinical
data are needed to evaluate the direct effects of concom-
itant CS and specifically how the timing of CS affects CPI
efficacy. Our study includes only patients with metastatic
cancer who were treated with CS while on single-agent or
combination CPI therapy to more clearly identify whether
timing of initiation of CS directly influences the efficacy
of CPIs. We demonstrate that immunosuppression from
CS hinders CPI efficacy early in the course of CPI treat-
ment, while late steroid use appears to be less impactful.
Delaying CS use and improving steroid-sparing strategies
should be considered in patients receiving CPlIs.
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