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ABSTRACT

immune-related adverse eﬀects (IRAEs) as a result of
impaired self-tolerance from loss of T-cell inhibtion.7
Studies of PD-1 inhibitors have shown IRAEs to
include colitis, rash, hepatitis, and other immune-mediated
manifestations.2-6 To manage these reactions, protocols
have been developed using immunosuppressive agents like
corticosteroids in addition to holding or discontinuing
PD-1 inhibitor treatment, depending on the severity of the
reaction.8-10 ere is, however, a theoretical concern that the
use of immunosuppressive management (IM) for IRAEs
may reduce the therapeutic eﬀect of PD-1 inhibitors by
reducing the inﬂammatory response associated with both
IRAEs and treatment eﬃcacy.
Retrospective data from melanoma patients treated
with ipilimumab have suggested that the use of IM may
not aﬀect survival outcomes.11 Conversely, in pooled
analyses of melanoma patients treated with ipilimumab or
nivolumab, the occurrence of IRAE has had a neutral
to positive eﬀect on survival time.12,13 e inﬂuence of
IRAEs and IM on the survival outcomes of NSCLC
patients treated with nivolumab and pembrolizumab has
not been studied in a clinical trial or in a real-world clinical
setting.
us, the goal of this retrospective cohort study was
to evaluate the inﬂuence of IRAEs and immunosuppressive treatment of IRAEs on the survival outcomes
of NSCLC patients treated with PD-1 inhibitors in
an integrated healthcare system based on observational
data.

Background: The programmed death 1 (PD-1) inhibitors may
improve survival outcomes of non-small cell lung cancer (NSCLC)
patients but are associated with immune-related adverse eﬀects
(IRAEs). Management of IRAEs may include immunosuppression
(ie, corticosteroids), but there is concern that this may aﬀect
eﬃcacy. This study evaluated the inﬂuence of IRAEs and immunosuppression for IRAEs on survival outcomes of NSCLC patients
treated with PD-1 inhibitors (pembrolizumab and nivolumab).
Methods: We retrospectively examined data from Kaiser
Permanente Southern and Northern California members diagnosed with NSCLC who received a PD-1 inhibitor from March 1,
2011 to September 30, 2016. Our primary goal was to evaluate the
eﬀects and management of IRAEs on survival with PD-1 inhibitors.
Electronic database records were used to identify the occurrence
of IRAEs, medication utilization, and death. Cox proportional
hazard models were used to evaluate variables for association
with increased risk of death.
Results: A total of 662 patients were included in the study
(median age = 68 years) (interquartile range 61-74). IRAEs were
identiﬁed in 18% of patients, of which 62% received immunosuppression. Median overall survival was 10 months (interquartile
range = 4 months to not reached). Adjusting for covariates, use of
immunosuppression during PD-1 inhibitor treatment was not
associated with a signiﬁcantly higher risk of death (hazard ratio =
1.04, 95% conﬁdence interval = 0.84-1.29), whereas corticosteroid
use before initiating PD-1 inhibitor therapy was (hazard ratio =
1.48, 95% conﬁdence interval = 1.14-1.91).
Conclusions: In a large, real-world cohort from an integrated
healthcare system, use of corticosteroids prior to PD-1 inhibitors
was associated with worse survival outcomes, whereas concomitant treatment was not.

INTRODUCTION
e programmed death 1 (PD-1) inhibitors pembrolizumab and nivolumab reduce inhibition of the body’s
innate immune response to unrecognized antigens including cancer cells, resulting in an anticancer eﬀect.1 Both
have been approved for the treatment of non-small cell lung
cancer (NSCLC) due in part to clinical trial data showing
signiﬁcant increases in median overall survival (OS) of 3 to
4 months compared with standard chemotherapy.2-6
Unlike traditional cytotoxic chemotherapy, these medications are associated with unique and potentially fatal
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MATERIALS AND METHODS
Health Plan and Oncology Setting
Study Sample

is study was conducted within Kaiser Permanente
Northern and Southern California, a large, integrated
healthcare delivery system with over 8 million members.
Health plan pharmacy databases and cancer registry data
were used to identify histologically deﬁned NSCLC patients
administered either of the PD-1 inhibitors pembrolizumab
or nivolumab during March 1, 2011 to September 30, 2016.
All patients were presumed to have received cancer treatment
within Kaiser Permanente due to the Kaiser Permanente’s
structure as a health maintenance organization. Index date
was deﬁned as the ﬁrst day of PD-1 inhibitor administration,
and follow-up continued until patient death; end of Kaiser
Permanente Membership; or December 31, 2016; whichever
came ﬁrst. is study was approved by the Kaiser Permanente
Northern and Southern California Institutional Review
Boards, and a waiver of informed consent was obtained due
to the nature of the study.

conditions deemed by investigators to be related to IRAEs
(Table 1). Certain diagnoses for conditions considered to be
chronic were excluded if the patient had a previous diagnosis
for the same condition up to 1 year prior to index date.
Diagnoses were considered to be related to IRAEs if they
occurred after index and up to 180 days after the last PD-1
prescription dose.
IM was deﬁned as the use of any systemic corticosteroid
or alternate immunosuppressive medication used up to
30 days after an IRAE. Systemic corticosteroids included oral
or injected betamethasone, cortisone, dexamethasone, hydrocortisone, methylprednisolone, prednisone, prednisolone, and
triamcinolone. Alternate immunosuppressive medications included adalimumab, antithymocyte globulin, cyclophosphamide, cyclosporine, inﬂiximab, mycophenolate, and tacrolimus.
IM use in patients without an identiﬁed IRAE during PD-1
inhibitor treatment and up to 30 days after the end of PD-1
inhibitor treatment was also recorded and analyzed.
Date of death was determined from Kaiser Permanente
Beacon and Kaiser Permanente inpatient records and membership data.

Outcomes and Covariables

Medical, laboratory, and pharmacy dispensing data were
collected from the Kaiser Permanente California Region
electronic database. Baseline characteristics included patient
age, sex, ethnicity, comorbidities, and corticosteroid use
recorded up to 6 months before index. Corticosteroid use
before index was converted to a cumulative prednisone
equivalent dose over the period of 6 months before index
date. Comorbidities used to calculate Charlson Comorbidity Index included data up to 1 year before index, with
the calculation of the Charlson Comorbidity Index performed as described in the medical literature.14
Cancer type was identiﬁed using histological data from
the Kaiser Permanente Northern California Cancer Registry
(KPNCCR) and the Kaiser Permanente Southern California
Cancer Registry (KPSCCR). KPNCCR and KPSCCR
were established in 1994 and 1998, respectively. Both
registries manage a database of all Kaiser Permanente
California members with a cancer diagnosis. e KPNCCR
currently includes cases diagnosed from 1947 to present,
and the KPSCCR includes cases diagnosed from 1980 to
present. Both registries document invasive and in situ
cancer, including all solid tumors (eg, breast and prostate)
and systemic malignancies (eg, lymphoma, leukemia, and
multiple myeloma). ese cases are reported, as mandated, to the California Cancer Registry and the national
Surveillance, Epidemiology, and End-Results Program,
which prepares an annual report.
IRAEs were identiﬁed by International Classiﬁcation
of Diseases, 9th or 10th edition, Clinical Modiﬁcation (ICD-9 or ICD-10) codes for a variety of diﬀerent
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Statistical Analysis
OS was compared between groups deﬁned by IRAE
occurrence, IM, and whether subsequent doses of PD-1
inhibitor were administered after the date of IRAE (Figure 1).
OS outcomes were compared using Kaplan-Meier estimates,
with log rank tests used to compare diﬀerences between
groups. Cox proportional hazard modeling was used to
determine the relative risk of death associated with various
baseline and treatment variables. Additional post hoc sensitivity analyses were performed on diﬀerent criteria for the
deﬁnition of preindex corticosteroid use by varying the
parameters of the variable entered into the model. A p value
less than 0.05 was used as the criterion for statistical signiﬁcance. All data were analyzed using SAS version 9.4
(SAS Institute, Cary, NC).

Figure 1. Immunosuppressive management of immune-related adverse effects in
non-small cell lung cancer patients treated with programmed death receptor-1
inhibitors. DC = discontinued; IM = immunosuppressive management;
IRAE = immune-related adverse effect.
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Figure 2. Unadjusted survival outcomes of non-small cell lung cancer patients
treated with programmed death receptor-1 inhibitors stratiﬁed by occurrence
of immune-related adverse effect, immunosuppressive management, and
continuation or discontinuation of therapy after immune-related adverse
effect. DC = discontinued; IRAE = immune-related adverse effect;
IS = immunosuppression.

RESULTS
Cohort Characteristics
A total of 662 patients were included in the study cohort
(Table 2). Median follow-up time was 7 months
(interquartile range [IQR] = 4-11 months). During the
study period, there were 349 deaths, with a median time
from drug exposure to death of 10 months (IQR = 4 months
to not reached); 93% of patients were treated with nivolumab versus 7% with pembrolizumab, with a median PD1 exposure time of 3 months (IQR = 2-6 months).
IRAE Incidence
IRAEs were identiﬁed in 114 (17%) of patients at a
median time to occurrence of 64 days (IQR = 27-126 days)
(Figure 1). Dermatologic, gastrointestinal, and pulmonary
IRAEs were the most commonly reported at 8%, 3%, and
3%, respectively. Timing and incidence of IRARs were
detailed in Table 3.
IRAE Management
Of the 548 patients not identiﬁed as having an IRAE,
259 (47%) received IM between index and 30 days after the
end of PD-1 inhibitor treatment. Of the 114 patients with
identiﬁed IRAEs, 71 (62%) received IM within 30 days
of the IRAE, but the remaining 43 (38%) did not. Of the
71 patients treated with IM, 49 (69%) did not receive
subsequent PD-1 inhibitor doses after IRAE, whereas 20 of
43 (47%) patients who did not receive IM did not receive
subsequent PD-1 inhibitor doses after IRAE.
Overall Survival
e median survival time for the cohort was 10 months
(IQR = 9-11 months). Median survival time in the groups
that continued therapy after the occurrence of an IRAE
was numerically higher than in the groups with no IRAE.
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Conversely, the median survival time for groups that
discontinued therapy after IRAE was lower than groups
with no IRAE. Groups treated with IM had similar survival
times compared with those without IM (Table 4). KaplanMeier curve was shown in Figure 2.
Cox proportional hazard modeling of mortality risk
showed that IM during PD-1 inhibitor treatment was
not associated with a signiﬁcant increase in mortality risk
(hazard ratio [HR] = 1.04, 95% conﬁdence interval [CI] =
0.84-1.29) (Table 5). In contrast, the use of corticosteroids
up to 6 months before initiation of PD-1 inhibitor treatment was associated with a signiﬁcantly increased mortality
risk (HR = 1.48, 95% CI = 1.14-1.91). Compared with
patients with no IRAE, the occurrence of IRAE followed
by continued therapy was associated with a signiﬁcantly
reduced mortality risk (HR = 0.49, 95% CI = 0.30-0.82),
whereas an IRAE followed by treatment discontinuation
was associated with a signiﬁcantly higher mortality risk
(HR = 1.37, 95% CI = 1.01-1.86). None of the other
variables included as part of the Cox model was a signiﬁcant predictor of mortality, except for Charlson
Comorbidity Index equal to or greater than 5 (HR = 1.36,
95% CI = 1.00-1.85).
Sensitivity analyses were performed to further investigate
the inﬂuence of corticosteroids used before PD-1 inhibitor
initiation, which included the eﬀects of diﬀerent time and
dose criteria (Table 6). All criteria for time of corticosteroid
use from 2 weeks to 6 months prior produced signiﬁcantly
increased risk of death with corticosteroid exposure before
initiation of a PD-1 inhibitor. Variation in dose criteria
showed a signiﬁcantly increased risk of death when no
dose criteria were used and with a cumulative prednisone
equivalent dose of 1000 mg or greater. Risk of death was
numerically higher but not statistically signiﬁcant with
prednisone equivalent doses of 500 mg or greater.

DISCUSSION
To our knowledge, the current study is the largest single
retrospective study of the outcomes of NSCLC patients
treated with PD-1 inhibitors within the United States
population. We found IRAE incidence and management
rates that were comparable to those seen in clinical trials.
Our data also suggest that, although the use of corticosteroids before PD-1 inhibitor treatment initiation and
treatment discontinuation after IRAE are associated with
worse OS outcomes, the use of IM during PD-1 inhibitor
treatment was not.
e rates of IRAE and IRAE management seen in this
study are diﬃcult to compare with those found in existing
literature due to diﬀerences in study methodology. e vast
majority of data available on the adverse eﬀect proﬁle of
pembrolizumab and nivolumab comes from the clinical
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Table 1. International Classiﬁcation of Diseases Diagnosis Codes for immune-related adverse effects
Category

Excluded if preexisting*

ICD-10

ICD-9

Description

Dermatologic

No

L139

6949

Bullous dermatitis

Dermatologic

No

L27

-

Dermatitis due to substance taken internally

Dermatologic

No

L270

6930

Dermatitis due to substance taken internally

Dermatologic

No

L271

6930

Dermatitis due to substance taken internally

Dermatologic

No

L278

6938

Dermatitis due to substance taken internally

Dermatologic

No

L279

6939

Dermatitis due to substance taken internally

Dermatologic

No

L29

-

Pruritus

Dermatologic

No

L298

6988

Pruritis other

Dermatologic

No

L299

6989

Pruritis NOS

Dermatologic

No

L309

6929

Dermatitis

Dermatologic

No

L309

-

Drug reaction/eruption

Dermatologic

No

L51

-

Erythema multiforme

Dermatologic

No

L511

69,513

SJS

Dermatologic

No

L512

69,515

TEN

Dermatologic

No

L513

69,514

SJS/TEN overlap

Dermatologic

No

L518

69,511

Other erythema multiforme

Dermatologic

No

L518

69,512

Other erythema multiforme

Dermatologic

No

L518

69,519

Other erythema multiforme

Dermatologic

No

L519

69,510

Erythema multiforme unspeciﬁed

Dermatologic

No

L80

70,901

Vitiligo

Dermatologic

No

-

6929

Dermatitis

Dermatologic

No

-

9952

Drug reaction/eruption

Dermatologic

No

-

502,164

Dermatitis due to chemotherapy

Dermatologic

No

R21

7821

Rash NOS

Endocrine

No

E032

2443

Hypothyroidism due to medicaments and other exogenous
substances

Endocrine

Yes

E038

2448

Other speciﬁed hypothyroidism

Endocrine

Yes

E039

2449

Hypothyroidism unspeciﬁed

Endocrine

Yes

E0580

24,280

Other thyrotoxicosis

Endocrine

Yes

E0581

24,281

Other thyrotoxicosis

Endocrine

Yes

E0590

24,290

Thyrotoxicosis, unspeciﬁed

Endocrine

Yes

E230

2532

Hypopituitarism

Endocrine

Yes

E230

2533

Hypopituitarism

Endocrine

Yes

E230

6281

Hypopituitarism

Endocrine

No

E231

2537

Drug-induced hypopituitarism

Endocrine

Yes

E236

2534

Other disorders of pituitary gland

Endocrine

Yes

E236

2538

Other disorders of pituitary gland

Endocrine

Yes

E237

2539

Disorder of pituitary gland, unspeciﬁed

Endocrine

Yes

E271

25,541

Primary adrenocortical insufﬁciency

Endocrine

No

E273

-

Drug-induced adrenocortical insufﬁciency

Endocrine

Yes

E2740

25,541

Unspeciﬁed adrenocortical insufﬁciency

Endocrine

Yes

E2749

25,542

Other adrenocortical insufﬁciency

Endocrine

Yes

E2749

2555

Other adrenocortical insufﬁciency

Endocrine

Yes

E278

2558

Other speciﬁed disorders of adrenal gland

Endocrine

Yes

E279

2559

Disorder of adrenal gland, unspeciﬁed

Gastrointestinal

No

K2900

53,500

Acute gastritis

Gastrointestinal

No

K2901

53,501

Acute gastritis

(continued on following page)

4

·

The Permanente Journal For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.

·

The Permanente Journal https://doi.org/10.7812/TPP/20.034

ORIGINAL RESEARCH ARTICLE
Immune-related Adverse Eﬀects Associated with Programmed Death-1 Inhibitor Therapy in the Treatment of Non-Small Cell Lung Cancer: Incidence, Management, and Eﬀect on Outcomes

Table 1. International Classiﬁcation of Diseases Diagnosis Codes for immune-related adverse effects (continued)
Category

Excluded if preexisting*

ICD-10

ICD-9

Description

Gastrointestinal

No

K2960

53,520

Other gastritis

Gastrointestinal

No

K2961

53,521

Other gastritis

Gastrointestinal

No

K2970

53,550

Gastritis unspeciﬁed

Gastrointestinal

No

K2971

53,551

Gastritis unspeciﬁed

Gastrointestinal

No

K2980

53560

Duodenitis

Gastrointestinal

No

K2981

53,561

Duodenitis

Gastrointestinal

No

K521

5582

Toxic gastroenteritis and colitis

Gastrointestinal

No

K5289

5589

Noninfective gastroenteritis and colitis

Gastrointestinal

No

K529

5589

Enterocolitis

Gastrointestinal

No

-

78,791

Diarrhea

Gastrointestinal

No

-

53,540

Other gastritis

Gastrointestinal

No

-

53,541

Other gastritis

Gastrointestinal

No

-

5368

Gastritis/dyspepsia

Gastrointestinal

No

R197

-

Diarrhea

Hepatic

Yes

K71

-

Toxic liver disease

Hepatic

Yes

K716

5733

Toxic liver disease

Hepatic

Yes

K72

-

Hepatic failure NOS

Hepatic

Yes

K7200

570

Hepatic failure NOS

Hepatic

Yes

K7210

5728

Hepatic failure NOS

Hepatic

Yes

K7290

5722

Hepatic failure NOS

Hepatic

Yes

K754

57,142

Autoimmune hepatitis

Hepatic

Yes

K759

5733

Inﬂammatory liver disease NOS

Neurologic

Yes

G7000

35,800

Myasthenia gravis without (acute) exacerbation

Neurologic

Yes

G7001

35,801

Myasthenia gravis with (acute) exacerbation

Neurologic

No

I6783

34,839

Posterior reversible encephalopathy syndrome

Neurologic

No

G0481

32,381

Other encephalitis and encephalomyelitis

Neurologic

No

G0489

32,382

Other myelitis

Neurologic

No

G0489

3239

Encephalitis and encephalomyelitis, unspeciﬁed

Neurologic

No

G0491

3239

Myelitis, unspeciﬁed

Pancreatic

No

K853

-

Drug induced pancreatitis

Pancreatic

No

K858

-

Other acute pancreatitis

Pancreatic

No

K859

5770

Pancreatitis

Pulmonary

No

J702

-

Acute drug-induced interstitial lung disorders

Pulmonary

Yes

J703

-

Chronic drug-induced interstitial lung disorders

Pulmonary

No

J704

-

Drug-induced interstitial lung disorder, unspeciﬁed

Pulmonary

No

J708

5088

Respiratory conditions due to external agents

Pulmonary

No

-

486

Pneumonitis

Renal

Yes

N052

5831

Unspeciﬁed nephritic syndrome

Renal

Yes

N055

5832

Unspeciﬁed nephritic syndrome

Renal

Yes

N058

58,389

Unspeciﬁed nephritic syndrome

Renal

Yes

N059

5830

Unspeciﬁed nephritic syndrome

Renal

Yes

N2889

59,389

Unspeciﬁed nephritic syndrome

Renal

Yes

N289

5939

Disorder of kidney and ureter, unspeciﬁed

Renal

Yes

-

5834

Unspeciﬁed nephritic syndrome

Renal

Yes

-

5839

Unspeciﬁed nephritic syndrome

Renal

Yes

-

58,381

Nephritis

*Excluded if same diagnosis code was recorded up to 1 y before index.
NOS = not otherwise speciﬁed; SJS = Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis.
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Table 2. Baseline characteristics (n = 662)
Number of patients

662

Median age at treatment initiation, IQR
Male, %

68 (61-74)
51

Table 3. Incidence and timing of immune-related adverse effects
in non-small cell lung cancer patients treated with programmed
death receptor-1 inhibitors (n = 662)
Dermatologic
%

Ethnicity, %
White

61

Median days to occurrence, n (IQR)
Gastrointestinal

Asian/Paciﬁc Islander

17

African American

12

%

10

Median days to occurrence, n (IQR)

Hispanic
Other

1
14

Median Charlson comorbidity index
Chronic pulmonary disease, %

%

46

Median days to occurrence, n (IQR)

3
31 (11-65)

Hepatic
%

Within 6 mo

Median days to occurrence, n (IQR)

Any dose

73

≥ 500 mg prednisone equivalent

17

≥ 1000 mg prednisone equivalent

1

%

Within 3 mo

56

Median days to occurrence, n (IQR)

Within 2 mo

47

Within 1 mo

26

Within 2 wk

13

PD-1 = programmed death 1. mo = month.

trial setting.2-6 In this highly regulated and structured
environment, the level of adverse eﬀect detection and
reporting are likely to be diﬀerent than what we have seen
in our real-world retrospective study. Furthermore, our
methodology using ICD codes to identify IRAEs lacks
severity information, and thus it is diﬃcult to determine how
our IRAE detection compared with clinical trials. Treatmentrelated adverse eﬀects were reported in clinical trials at
rates of 58% to 73%, with rates of grade 3 or higher
adverse eﬀects at 7% to 27%.2-6 Speciﬁcally, KEYNOTE-010
and KEYNOTE-024 reported rates of 19% to 29% for
investigator-designated immune-mediated adverse eﬀects.5,6
ese numbers are similar to the 17% identiﬁed in our
current study, although diﬀerences in detection undoubtedly exist between our retrospective methodology and
the individually assessed adverse eﬀects from clinical
trials. Overall, the trends in IRAE incidence seem comparable to our study. Gastrointestinal and dermatologic
eﬀects appear to be relatively more common, and the
median time to occurrence of IRAE appears to be roughly
1 month to 2 months.
Regarding the use of IM to manage IRAEs, the authors
of the CheckMate-017 and CheckMate-057 studies reported steroid use rates of 11% to 83% in NSCLC patients
treated with nivolumab depending on the type of IRAE.2,3
ese numbers are in alignment with the overall 62% seen
in the current study. It is also interesting to note that almost

2
102 (52-201)

Renal
1
55 (28-108)

Pancreatic
%
Median days to occurrence, n (IQR)

0
52 (13-91)

Endocrine
%
Median days to occurrence, n (IQR)

·

4
83 (43-154)

Pulmonary

3

Use of corticosteroids before starting PD-1 inhibitor, %

6

8
81 (35-132)

1
69 (29-90)

Neurologic
%
Median days to occurrence, n (IQR)

0
176 (176-176)

Any IRAE
%
Median days to occurrence, n (IQR)

17
64 (27-126)

Twelve patients (2%) experienced >1 type of immune-related adverse effect.
IQR = interquartile range.

half of the patients in our study with no identiﬁed IRAE
required IM for another indication. Preliminary chart review
has shown that these indications included chronic obstructive pulmonary disease exacerbations, brain metastases, and
procedural preparation; however, these patients warrant
further formal investigation.
Treatment discontinuation rates found in previous literature ranged from 3% to 7.1%, whereas the proportion
of patients in our study who did not receive subsequent
doses of PD-1 inhibitors after an identiﬁed IRAE was
10%.2,3,6 is higher rate may reﬂect the fact that not all
of the patients in our study who “discontinued” therapy did
so because of adverse eﬀects. Some may have coincidentally stopped treatment for disease progression or treatment
futility at approximately the same time that an adverse
eﬀect occurred.
e signiﬁcant diﬀerence in survival outcomes seen between patients who discontinue therapy after an IRAE
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Table 4. Unadjusted overall survival outcomes of non-small cell
lung cancer patients treated with programmed death receptor-1
inhibitors

Table 6. Sensitivity analysis of altering parameters of
corticosteroid use before programmed death receptor-1 inhibitor
initiation

IRAE + Continue (n = 23)

Time (any dose)

Median months survival

NR

95% CI

6 mo

12-NR

HR

IRAE + IS + Continue (n = 22)

95% CI

Median months survival

17

95% CI

3 mo

11-NR

HR

IRAE + DC (n = 20)

95% CI

Median months survival

6

95% CI

HR

IRAE + IS + DC (n = 49)

95% CI
6

95% CI

HR

No IRAE (n = 289)

95% CI
10

95% CI

HR

No IRAE + IS (n = 259)

95% CI
10

95% CI

1.37
1.09-1.73

2 wk

8-13

Median months survival

1.43
1.16-1.77

1 mo

4-9

Median months survival

1.39
1.12-1.73

2 mo

2-NR

Median months survival

1.48
1.14-1.19

1.87
1.41-2.49

Dose (over 6 mo)

8-11

Any dose

DC = discontinued; IM = immunosuppressive management; IRAE = immune-related
adverse effect; NR = not reached.

HR
95% CI

1.48
1.14-1.91

500 mg cumulative prednisone equivalent

versus those who continue therapy is an intriguing ﬁnding
with two possible explanations. First, patients have discontinued therapy because of declining health and functional status. In such a situation, prescribers may be making
a decision to focus on patient quality of life rather than
trying to marginally extend OS. e other possibility is that

Table 5. Cox-proportional hazard model of risk associated with
various baseline and treatment factors in non-small cell lung
cancer patients treated with programmed death receptor-1
inhibitors
Overall survival
95% CI

p
value

Factor

HR

IM during PD-1 inhibitor treatment: yes vs no

1.04 0.84-1.29

0.71

PD-1 after IRAE occurrence: yes vs no IRAE

0.49 0.30-0.82

<0.01

PD-1 after IRAE occurrence: no vs no IRAE

1.37 1.01-1.86

0.05

Corticosteroid use before PD-1 inhibitor treatment: 1.48 1.14-1.91
yes vs no

<0.01

Charlson Comorbidity Index: 5 vs 1-2

1.36 1.00-1.85

0.05

Charlson Comorbidity Index: 3-4 vs 1-2

1.29 1.00-1.67

0.05

PD-1 inhibitor: pembrolizumab vs nivolumab

1.25 0.83-1.88

0.29

Ethnicity: white vs non-white

1.09 0.87-1.37

0.44

Sex: male vs female

0.98 0.79-1.21

0.82

Age: ≥65 y vs <65 y

0.84 0.66-1.06

0.13

CI = conﬁdence interval; HR = hazard ratio; IRAE = immune-related adverse effect; PD-1 =
programmed death 1.
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HR
95% CI

1.3
0.99-1.69

1000 mg cumulative prednisone equivalent
HR

2.38

95% CI

1.08-5.21

CI = conﬁdence interval; HR = hazard ratio. mo = month.

patients with an IRAE who can continue therapy have
increased treatment eﬃcacy along with toxicity, as has been
suggested by previous data showing better OS outcomes in
patients with IRAE.13
e fact that IM during PD-1 inhibitor treatment does
not produce worse treatment outcomes supports a growing
body of literature that suggests the same. Two pooled
analyses of clinical trial data from metastatic melanoma
patients have suggested that response rates are not aﬀected
by corticosteroid use during treatment, and an additional
retrospective study of 298 metastatic melanoma patients
suggests that OS is also not aﬀected.11,15,16 us, this study
provides data from a larger sample to support the hypothesis
that the same patterns seen in melanoma patients may be
similar in NSCLC.
In contrast, data from this study suggest that the use of
corticosteroids before the initiation of PD-1 therapy may be
correlated with worse survival outcomes. In general, patients
in clinical trials were required to be free from corticosteroids, with few exceptions, in the period immediately before
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the initiation of therapy for a period of 3 to 14 days.2-6
Beyond the period of time immediately before the initiation
of therapy, the numbers of patients exposed to corticosteroids were not reported. Our data suggest that, either due
to interference with the therapeutic eﬀect of PD-1 inhibitors or identiﬁcation of higher risk patients, this factor may
help to identify patients who may have shorter expected
survival when treated with PD-1 inhibitors. is eﬀect also
seems relatively stable regardless of the time frame used up
to 6 months prior to ﬁrst exposure or the cumulative dose of
corticosteroid used. Similar results have been observed in a
recent study by Arbour et al17.
As a retrospective study based on database variables, there
are a number of potential limitations to this study. One
limitation is that our methodology for identifying IRAEs
relies on ICD diagnosis codes. Although this allowed us to
analyze a large amount of data, it is also subject to the subjective evaluation of diﬀerent healthcare professionals. Additionally, as a study within Kaiser Permanente, our results are
not necessarily generalizable to outside healthcare systems that
may not have the level of integration present at Kaiser
Permanente. Finally, there is the potential for selection bias
because treatment decisions were made based upon clinician
judgement rather than on randomization. Regardless, this
study provides intriguing data suggesting that the use of
corticosteroids may inﬂuence or predict survival outcomes
when used outside the realm of IRAE management.
In summary, the use of corticosteroids before treatment
initiation may be associated with treatment outcomes,
whereas the use of IM during treatment may not. is may
suggest that, although the use of IM to suppress IRAEs
should be performed routinely, the use of corticosteroids
before treatment may be more problematic. With further
prospective research, we may be able to identify speciﬁc
criteria regarding the dose, timing, and indication of corticosteroid use to separate out patients that are better suited
to immunotherapy with PD-1 inhibitors. v
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