The Immuno-Oncology

ncologist
Temporal Trends and Outcomes Among Patients Admitted for

Immune-Related Adverse Events: A Single-Center Retrospective
Cohort Study from 2011 to 2018

GaerieL E. Mouna,®" Levre Zusiri,®" JusTing V. Comen,® Sienna M. Dursin,® Laura PeTRILLO,S Ian M. Adten,?

Yonina R. MURCIANO-GOROFF,d MicHaeL DouGan,® Moty F. THomas,® ALEXANDER T. FAJE,f MICHELLE RENGARAJAN,f Amanpa C. Guibon,®
Steven T. CHEN,h DANIEL 0|<|N,i Bensamin D. MEDOFF,i Mazen NASRALLAH,j MINNA J. KOHLER,j SARA R. SCHOENFELD,j Resecca S. Karp LeaF,®
MeGHan E. SISE,k Tomas G. NEILAN,I DanieL A. ZL0T0FF,I JoceLyn R. FARMER,™ MEGHAN J. Moorabian,? Apitva Barbia,® Mini Mai,?
Rvan J. Sutuivan,® Yeveeniy R. SEMENOV,h ALEXANDRA CHLOE VILLANI,“'+ Kerry L. Revnoros @

Divisions of Hematology and Oncology, “Palliative Care, *Gastroenterology, Mass General Center for Cancer Research, 'Neuroendocrine
Unit, Endocrinology, 'Pulmonary and Critical Care Medicine, 'Rheumatology, Allergy, Immunology, “Nephrology, 'Cardio-Oncology
Program, Cardiology, MAllergy and Immunology, Department of Medicine, Massachusetts General Hospital, Boston, MA,
€Neuromuscular Disorders, Neurology, hDermatoIogy, "Massachusetts General Hospital Center for Immunology and Inflammatory
Diseases. Mass General Center for Cancer Research Oncology, Massachusetts General Hospital, Harvard Medical School, Boston,
Massachusetts, USA; bDivision of Oncology, Department of Medicine, University of Pennsylvania, Perelman School of Medicine,
Philadelphia, Pennsylvania, USA; dDepartment of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York, USA
Contributed equally.

Disclosures of potential conflicts of interest may be found at the end of this article

Key Words. Hospital admissions e Immune-related adverse events

GBSTRACT

Background. The aim of this study was to characterize
severe immune-related adverse events (irAEs) seen among
hospitalized patients and to examine risk factors for irAE
admissions and clinically relevant outcomes, including length
of stay, immune checkpoint inhibitor (ICl) discontinuation,
readmission, and death.

Methods. Patients who received ICI therapy (ipilimumab,
pembrolizumab, nivolumab, atezolizumab, durvalumab,
avelumab, or any ICI combination) at Massachusetts Gen-
eral Hospital (MGH) and were hospitalized at MGH follow-
ing IClI initiation between January 1, 2011, and October
24, 2018, were identified using pharmacy and hospital
admission databases. Medical records of all irAE admissions
were reviewed, and specialist review with defined criteria
was performed. Demographic data, relevant clinical history
(malignancy type and most recent ICl regimen), and key
admission characteristics, including dates of admission and
discharge, immunosuppressive management, ICI discontinu-
ation, readmission, and death, were collected.

Results. In total, 450 admissions were classified as irAE
admissions and represent the study’s cohort. Alongside the
increasing use of ICls at our institution, the number of

patients admitted to MGH for irAEs has gradually increased
every year from 9 in 2011 to 92 in 2018. The hospitalization
rate per ICl recipient has declined over that same time period
(25.0% in 2011 to 8.5% in 2018). The most common toxicities
leading to hospitalization in our cohort were gastrointestinal
(30.7%; n = 138), pulmonary (15.8%; n = 71), hepatic (14.2%;
n = 64), endocrine (12.2%; n = 55), neurologic (8.4%; n = 38),
cardiac (6.7%; n = 30), and dermatologic (4.4%; n = 20). Mul-
tivariable logistic regression revealed statistically significant
increases in irAE admission risk for CTLA-4 monotherapy
recipients (odds ratio [OR], 2.02; p < .001) and CTLA-4 plus
PD-1 combination therapy recipients (OR, 1.88; p < .001),
relative to PD-1/PD-L1 monotherapy recipients, and patients
with multiple toxicity had a 5-fold increase in inpatient
mortality.

Conclusion. This study illustrates that cancer centers must
be prepared to manage a wide variety of irAE types and
that CTLA-4 and combination ICI regimens are more likely
to cause irAE admissions, and earlier. In addition, admis-
sions for patients with multi-organ involvement is common
and those patients are at highest risk of inpatient mortality.
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Implications for Practice: The number of patients admitted to Massachusetts General Hospital for immune-related adverse
events (irAEs) has gradually increased every year and the most common admissions are for gastrointestinal (30.7%), pulmo-
nary (15/8%), and hepatic (14.2%) events. Readmission rates are high (29% at 30 days, 49% at 180 days) and 64.2% have to
permanently discontinue immune checkpoint inhibitor therapy. Importantly, multiple concurrent toxicities were seen in
21.6% (97/450) of irAE admissions and these patients have a fivefold increased risk of inpatient death.

INTRODUCTION

Since ipilimumab was approved in 2011 for the treatment
of advanced melanoma [1], the use of immune checkpoint
inhibitors (ICls) to treat cancer has rapidly grown. Currently,
seven ICls are approved, with new indications accumulating
at a rapid pace. In 2011, only 1.5% of patients with cancer
in the United States were eligible for ICls; however, by 2019
the percentage had risen to 36.1% [2]. For several types of
advanced cancer, most patients now receive an ICl as part of
their first-line therapy [3]. In parallel, ICl-induced immune-
related adverse events (irAEs) are also increasing [4, 5], und-
erscoring the importance of research into their incidence,
type, severity, and mitigation.

Much of the current data on irAEs are derived from the
clinical trial experience and, to date, real-world irAE studies
have been hampered by the relatively recent introduction
of ICI therapy, which limits the sample sizes of irAE occur-
rences and hospitalizations [6]. Furthermore, the process of
identifying and characterizing irAE hospital admissions,
often through review of patient charts or databases, is
complicated and without clear definitions [7]. Among clini-
cal trials, reported rates of treatment-related grade >3
irAEs have ranged from 0% to 42% [8-16], and serious irAE
rates have ranged from 3% to 21% [8, 9, 14-17]. In addi-
tion to varying ICI toxicity profiles (e.g., combination ICI
regimen may carry increased risk of severe or life-
threatening irAEs compared with ICI monotherapy [18]),
this discrepancy may be caused by the absence of accurate
definitions and classification paradigms for irAEs, as there
is not a gold standard grading criteria specific for toxicities
secondary to ICls.

The aim of this study was to characterize severe irAEs
seen among hospitalized patients and to examine risk factors
for irAE admissions and clinically relevant outcomes, includ-
ing length of stay (LOS), ICI discontinuation, readmission,
and death. It addresses prior sample size and disease
criteria limitations by including all 450 irAE hospitalizations
at a major academic medical system over 8 years and a mul-
tistep review process, including specialists with irAE exper-
tise to confirm all irAEs along standardized diagnostic
criteria.

METHODS

This study was approved by the Partners Human Research
Committee, the institutional review board of Partners
HealthCare (#2017P000501).

Hospital Admission Review Process
Patients who received ICI therapy (ipilimumab, pembro-
lizumab, nivolumab, atezolizumab, durvalumab, avelumab,
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or any ICl combination) at Massachusetts General Hospital
(MGH) and were hospitalized at MGH following ICl initiation
between January 1, 2011, and October 24, 2018, were iden-
tified using pharmacy and hospital admission databases.
Admissions underwent a multistage review process. Each
was screened broadly for the presence of a potential irAE
based on documentation in the electronic health record,
including hospitalization records and primary inpatient
team suspicion. These potential irAE admissions, catego-
rized by type of toxicity, were then sent to the appropriate
specialist with expertise in ICIs at our institution (allergy:
JRF; cardiology: TGN, DAZ; dermatology: STC; endocrinol-
ogy: ATF, MR; gastroenterology/hepatology: MLD, MFT;
hematology: RSKL; nephrology: MES; neurology: ACG;
pulmonology: DO, BDM; rheumatology: MN, MK, SS) for
chart review and determination of irAE likelihood as
“confirmed,” “suspected,” or “not toxicity.” Specialists
followed consistent organ system—specific diagnostic
criteria (supplemental online Table 1). Only “confirmed”
and “suspected” cases were considered “irAE admission”
for subsequent analyses.

Data Collection

Medical records of all irAE admissions were reviewed.
Demographic data, relevant clinical history (malignancy
type and most recent ICl regimen), and key admission char-
acteristics, including dates of admission and discharge,
immunosuppressive management, ICI discontinuation,
readmission, and death during irAE hospitalization, were
collected. In cases of multiple confirmed toxicities, the pri-
mary irAE was defined as that which prompted hospitaliza-
tion and/or determined treatment.

Statistical Analysis

Statistical analyses were performed using Stata, version
15.0 (StataCorp, College Station, TX). Multivariate logistic
and linear regressions were used to predict risk of irAE
admission, time to admission, length of stay, treatment with
corticosteroids and nonsteroidal immunosuppression, ICI
discontinuation, irAE readmission, and inpatient mortality,
adjusted for age, sex, admission year, malignancy, ICl class,
irAE confirmation status, primary irAE, and presence of multi-
ple toxicities. Multinomial logistic regression was used to
determine baseline characteristics associated with the devel-
opment of each primary irAE. A p value of <.05 was consid-
ered statistically significant. Benjamini-Hochberg procedure
was performed for a false discovery rate of 5%, and only
those p values that remained significant after this correction
are presented.
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Outcomes Among Patients Admitted for irAEs

Table 1. Characteristics of ICl recipients and patients admitted for IrAE

Characteristic ICI recipients®

Patients admitted for IrAE® IrAE admission rates®

Total ICI recipients 2,884

Age, mean (SD), years 65.1 (13.2)

Female sex 1,220

Cancer type
Melanoma 994
Thoracic 776
Gastrointestinal 354
Head and neck 226
Genitourinary 164
Gynecologic 122
Hematologic 89
Neurologic 82
Breast 60
Sarcoma 17

ICI type
PD-1/PD-L1 2,265
CTLA4 355
CTLA4 + PD1 264

344 (11.9)

64.5 (13.1)

132 (38.3)

165 (48.0) 16.6
77 (22.4) 9.9
43 (12.5) 12.2

7 (2.0) 3.1
17 (4.9) 10.4
9 (2.6) 7.4
10 (2.9) 11.2
8(2.3) 9.8
7(2.0) 11.7
1(0.93) 5.9

223 (67.7) 9.9
67 (19.5) 18.9
54 (15.7) 20.5

*Total number of ICI recipients for corresponding characteristic, unless otherwise indicated.

bData are presented as number (percentage) of patients admitted for irAE (excluding readmissions) unless otherwise indicated.

‘Data are presented as percentage of patients admitted for irAE within each row category (cancer and ICI type).

Abbreviations: Cl, confidence interval; CTLA-4, cytotoxic T-lymphocyte antigen-4; ICl, immune checkpoint inhibitor; irAE, immune-related adverse
event; OR, odds ratio; PD-1, programmed death-1; PD-L1, programmed death-ligand 1; SD, standard deviation.

RESULTS

After reviewing 2,726 hospitalizations following ICl initiation in
2,884 ICl patients between January 1,2011, and October 24,
2018, 688 (25.2%) screened positive for potential irAE (Fig. 1).
Following expert specialist review, 238 (34.6% of 688 positive
screens) were removed. In total, 450 admissions were classified
as irAE admissions and represent our study’s cohort (258 “con-
firmed”” and 192 “suspected,” as per expert classification).

Temporal Trends: 2011-2018

Alongside the increasing use of ICls at our institution
(Fig. 2A), the number of patients admitted to MGH for irAEs
has gradually increased every year from 9 in 2011 to 92 in
2018 (Fig. 2B). The hospitalization rate per ICI recipient has
declined over that same time period (25.0% in 2011 to
8.5% in 2018), though it has remained steady since 2015.
Nevertheless, the proportion of total MGH Cancer Center
admissions that are due to irAEs has grown from 0.40% in
2011 to 2.86% in 2017 (R? = 0.752; Fig. 2C).

Although patients with melanoma accounted for >95% of
all irAE admissions from 2011 to 2015, their fraction of admis-
sions dropped to 26.5% by 2018. Patients with thoracic and
gastrointestinal (Gl) cancers now make up a substantial propor-
tion of admitted patients (Fig. 3A). Similarly, ICI regimens of
hospitalized patients have also changed over time. The leading
ICI class administered prior to irAE admissions has transitioned
from CTLA-4 monotherapy before 2015 (73.2%; 30/41) to PD-1
monotherapy after 2015 (71.7%; 81/113; Fig. 3B).

The most common toxicities leading to hospitalization
in our cohort were Gl (30.7%; 138/450), pulmonary (15.8%;
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71/450), hepatic (14.2%; 64/450), endocrine (12.2%; 55/450),
neurologic (8.4%; 38/450), cardiac (6.7%; 30/450), and der-
matologic (4.4%; 20/450). No other toxicity type exceeded
3% of admissions. From 2011 through 2015, GI toxicities
represented the majority of all irAE admissions. However,
after 2015, the spectrum of primary inpatient irAEs rapidly
diversified, with each of the 11 different toxicity types
accounting for 20% or less of all admissions (Fig. 3C).

Risk Factors and Timing of irAE Admissions

Among all 2,884 ICl recipients at our institution, 344 patients
(mean age, 64.5 +/— 13.1 years; 38.4% women) were admit-
ted for irAE (450 total admissions and readmissions occurring
in 344 patients), representing an admission rate of 11.93%
across an 8-year period (Table 1). IrAE admission rates by
malighancy type ranged from the lowest at 3.1% for head
and neck cancers to the highest at 16.6% for melanoma.
Multivariable logistic regression revealed statistically signifi-
cant increases in irAE admission risk for CTLA-4 monotherapy
recipients (odds ratio [OR], 2.02; 95% confidence interval
[CI], 1.37-2.99; p < .001) and CTLA-4 plus PD-1 combination
therapy recipients (OR, 1.88; 95% Cl, 1.33-2.67; p < .001),
relative to PD-1/PD-L1 monotherapy recipients. Age and sex
were not significant predictors of irAE admission. On multi-
nomial logistic regression, adjusting for age, sex, malignancy,
and ICI type, patients with thoracic cancer had a signifi-
cantly increased risk of admission for pulmonary toxicity
(relative risk ratio, 6.81; 95% Cl, 2.44-19.02; p < .001) rela-
tive to patients with melanoma. Of note, 14/344 patients
had underlying autoimmune conditions at baseline. A total
of 5/14 of these patients were on disease-modifying
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Total MGH admissions for ICI Recipients
between 1/1/2011 and 10/24/2018

N =2726

Initial screening for irAE suspicion
by primary inpatient team

Screened negative (irAE not suspected
by primary team or investigators)

-
‘ N =2038

N =688
I

Expert clinical specialist review for
final irAE confirmation status

[ Screened positive (irAE suspected) }

[ Deemed to be “not irAE” by specialist }
-

N =238

Total irAE admissions to MGH between
1/1/2011 and 10/24/2018
N =450

“Confirmed” admissions = 258
“Suspected” admissions = 192

Figure 1. Study flow diagram. Flow diagram of study’s method-
ology, hospitalization screening, and final case selection.
Abbreviations: ICl, immune checkpoint inhibitor; irAE, immune-
related adverse event; MGH, Massachusetts General Hospital.

therapy at baseline (supplemental online Table 2), which
included (a) prednisone 5 mg + hydroxychloroquine for
polymyalgia rheumatic, (b) prednisone 5 mg for rheumatoid
arthritis, (c) leflunomide for rheumatoid arthritis, (d) low-
dose azathioprine for ulcerative colitis, and (e) sulfasalazine
for ulcerative colitis.

Median time from ICl initiation to first irAE admission
was 61 days (interquartile range [IQR], 28-128.5 days). Time
to admission varied significantly by ICI type and by type of
irAE (Fig. 4A and 4B). In multivariable regression modeling,
treatment with CTLA-4 monotherapy (coefficient, —81.1;
95% Cl, —148.6 to —13.6; p = .019) and CTLA-4 plus PD-1
combination therapy (coefficient, —102.5; 95% Cl, —158.6 to
—46.5; p < .001) were associated with significantly earlier
time to irAE admission relative to treatment with PD-1/PD-L1
monotherapy.

Multiple Inpatient Toxicities

Multiple concurrent toxicities were seen in 21.6% (97/450)
of irAE admissions. Among ICl regimens, patients on CTLA-4
plus PD-1 combination therapy had the highest rate of mul-
tiple toxicities at 35.9% (28/78) of admissions, followed by
CTLA-4 monotherapy at 22.6% (21/93) and PD-1/PD-L1
monotherapy at 17.2% (48/279). On multivariable logistic
regression, age (OR, 1.03; 95% CI, 1.01-1.05; p = .016),
female sex (OR, 2.67; 95% Cl, 1.56—-4.56; p < .001), and com-
bination therapy (OR, 3.75; 95% Cl, 1.79-7.85; p < .001)
were all associated with significantly increased risk of multi-
ple toxicities during irAE admission.
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Patient-Related Outcomes: Length of Stay, Inpatient
Management, ICI Discontinuation, Readmission, and
Mortality

Median LOS among our 450 irAE admissions was 5 days
(IQR, 3-9 days). Lengths of stay were similar across all can-
cer types and culprit ICl regimens. Among toxicity types
(Fig. 4C), admission for cardiac irAE (median, 11; IQR,
7-18) was associated with a statistically significant increase
in LOS in multivariable regression modeling (coefficient,
5.70; 95% Cl, 2.63-8.76; p < .001) relative to admission for
Gl toxicity.

Excluding patients who died during hospitalization and
patients with thyroid toxicities and diabetes mellitus irAE,
for which steroid treatment is not indicated, patients were
discharged on systemic corticosteroids for their presenting
toxicities in 80% (324/405) of irAE admissions. Patients
with Gl toxicity had the highest rate of steroid usage on
discharge (91.9%; 125/136). Patients received second-line,
nonsteroidal immunosuppressive treatments in 14.5%
(65/450) of irAE admissions. Second-line immunosuppres-
sion was relatively common for inpatient hematologic
(30%; 3/10), Gl (25.4%; 35/138), and cardiac (23.3%; 7/30)
toxicities.

Excluding all endocrine toxicities (for which ICI discon-
tinuation is not recommended), patients who discontinued
ICI treatment prior to admission or for non-irAE reasons,
and patients who died during hospitalization, 64.2%
(179/279) of irAE admissions resulted in permanent ICI dis-
continuation because of presenting toxicity (Table 2). In
multivariable regression modeling, significantly increased
risk of ICI discontinuation was seen among admissions for
cardiac (89%; OR, 6.30; p = .034) and hepatic irAEs (71%;
OR, 2.82; p = .028). Inpatient dermatologic irAEs were asso-
ciated with significantly decreased risk of ICI discontinua-
tion (20%; OR, 0.18; p = .021).

Among the 324 first-time admitted patients who did not
die during hospitalization, 73 (22.5%) were readmitted at
least once for any irAE. Within 30 days of first irAE admis-
sion, 17.6% (57/324) of patients were readmitted for any
irAE and 29.3% (95/324) were readmitted for any reason.
Within 180 days of first irAE admissions, 21.6% (70/324) of
patients were readmitted for any irAE and 49.1% (159/324)
were readmitted for any reason. IrAE readmission was most
common among Gl (30.9%; 42/136), neurologic (29.7%;
11/37), and cardiac irAEs (29.6%; 8/27). Patients who discon-
tinued ICI therapy for inpatient irAE were less likely to be
readmitted for any irAE compared with those who continued
therapy (15.3% vs. 43.3%; OR, 0.16; 95% Cl, 0.08-0.31;
p < .001). In multivariable regression modeling, combination
treatment with CTLA-4 and PD-1 significantly increased the
risk of readmission for irAE (OR, 3.93 95% Cl, 1.65-9.37;
p =.002; Table 2).

The overall inpatient mortality rate due to irAE in our
study was 5.6% (25/450). Although age, sex, and type of can-
cer, ICl, or toxicity had no statistically significant impact on
mortality, inpatient mortality rates were numerically highest
for pulmonary (15.5%; 11/71) and cardiac irAEs (10.0%;
3/30). In multivariable regression modeling, only the pres-
ence of multiple concurrent toxicities was associated with a
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A Yearly Distribution of Total ICI Recipients B Total Patients Admitted for irAEs per Year
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Figure 2. General yearly trends in ICl recipients and irAE admissions. (A): Increasing annual use of ICls at MGH, driven largely by
PD-1 therapy (orange) in recent years. (B): Absolute number of patients admitted for irAEs has increased annually (grey bar repre-
sents projected 2018 full-year data based on our 10-month data), but irAE patient admission rate per ICl recipient has declined
annually (orange line). (C): IrAE admissions account for a growing share of total Cancer Center admissions at our institution (dotted

best-fit line; R? = 0.752).*%, data end October 24, 2018.

Abbreviations: ICl, immune checkpoint inhibitor; irAE, immune-related adverse event; MGH, Massachusetts General Hospital.

statistically significant increase in inpatient mortality risk
(8.3%; OR, 5.27; 95% Cl, 1.63-17.03; p = .005; Table 2).

DiscussioN

This study characterizes our institution’s inpatient experi-
ence with irAEs, including predictors of toxicity and clinical
outcomes. In doing so, we revealed multiple findings that
hospitals may use to optimize care of these complex
patients.

The admission rate for patients receiving ICls at our
institution declined over time from 25.0% in 2011 to 8.5%
in 2018. This change, as well as the fairly steady irAE hospi-
talization rate since 2015, may reflect more favorable toxic-
ity profiles of newer ICI regimens, improved confidence in
outpatient management of irAEs, or increasingly high
thresholds for hospitalization. However, even as the irAE
admission rate declined, irAE hospitalizations began to
account for a growing share of total oncology admissions,
increasing from 0.4% in 2011 to 2.9% in 2017. The distribu-
tion of toxicity types also changed dramatically over time:
whereas gastrointestinal irAEs drove the bulk of admissions
in the early years of ICI use, after 2015 they dropped to
levels equivalent to those for pulmonary, hepatic, neuro-
logic, and endocrine toxicities. This change may reflect the
increasing diversity of ICl regimens and oncologic indica-
tions for ICls, both of which may influence the range of tox-
icities to which patients are susceptible. In practice, this

© 2021 AlphaMed Press.

means that cancer centers must be ready to detect and
manage a much greater diversity of irAEs in consultation
with specialist teams.

In investigating risk factors for irAE hospitalization,
we found that CTLA-4 therapy or combination ICI ther-
apy was associated with a nearly twofold increase in
irAE admission risk relative to PD-1/PD-L1 therapy. This
is consistent with previous findings that combination ICl
therapy is a risk factor for the occurrence of severe or
life-threatening irAEs, often requiring hospitalization
[18, 19]. Furthermore, patients with severe toxicities
caused by CTLA-4 therapy and CTLA-4 plus PD-1 combi-
nation therapy were admitted significantly earlier in
treatment (at 6 to 7 weeks) than those caused by PD-1/
PD-L1 monotherapy (at 3 months). Taken together, our
findings suggest that patients on these higher-risk ther-
apies should be monitored closely for the earliest signs
of emerging toxicity. Of note, we did not find an associ-
ation between patient age and risk of irAE hospitaliza-
tion. This is consistent with the results of one previous
real-world study [20], though not with findings from
other studies, in which either younger [21] or older [19]
age was significantly associated with irAE admission
risk.

The overall irAE admission rate of 11.9% per ICI recipi-
ent in this study was markedly lower than the 41% rate for
suspected irAEs and the 23% rate for confirmed irAEs
recently reported in another study at a major academic

Oncologist
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A Yearly irAE Admissions by Cancer Type B Yearly irAE Admissions by ICI Type
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Figure 3. Distribution trends in cancer, ICl, and toxicity types among irAE admissions. Yearly irAE admission trends by cancer and ICI
type reflect changing landscape of ICI use with increasing diversity of malignancies (A) and increasing PD-1 representation (B) after
2015. Although gastrointestinal toxicities (light blue) drove the majority of all irAE admissions from 2011 through 2015, there has
been a consistently diverse mix of inpatient irAEs after 2015 (C). *, data end October 24, 2018.

Abbreviations: CTLA-4, cytotoxic T-lymphocyte antigen-4; ICl, immune checkpoint inhibitor; irAE, immune-related adverse event;
MGH, Massachusetts General Hospital.

Table 2. Factors associated with ICl discontinuation, irAE readmission, and inpatient mortality

Outcome (total n) n (%) OR (95% Cl) p value®
ICl discontinuation (279)° 179 (64.1)
Cardiac irAE (18) 16 (88.9) 6.30 (1.14-34.71)° .034
Dermatologic irAE (15) 3 (20.0) 0.18 (0.04-0.77)° .021
Hepatic irAE (45) 32 (71.1) 2.82 (1.12-7.13)° .028
IrAE readmission (425)° 105 (24.7)
PD-1/PD-L1 (259) 52 (20.0) — base variable —
CTLA4 (93) 27 (29.0) 1.01 (0.37-2.70)° .989
CTLA4 + PD1 (73) 26 (35.6) 3.93 (1.65-9.37)° .002
ICI discontinuation for irAE (190)° 29 (15.3) 0.16 (0.08-0.31)¢ <.001
Inpatient mortality (450)° 25 (5.6)
Multiple irAEs (97) 8 (8.3) 5.27 (1.63-17.03)° .005

*Significant p values are in bold.

PICI discontinuation excludes all endocrine toxicities (for which ICI discontinuation is not recommended), patients who had previously discon-
tinued ICI prior to admission, patients whose ICl was discontinued for nontoxicity reasons (i.e., disease progression), and patients who died dur-
ing hospitalization.

“Multivariable logistic regression with covariates: age, sex, year, irAE confirmation status, malignancy (base melanoma), and ICI class (base PD-1/
PD-L1), primary toxicity type (base gastrointestinal), and presence of multiple toxicities.

9Readmission for any toxicity following previous irAE admission from the same culprit ICl regimen. Excludes admissions that resulted in death.
®Multivariable logistic regression with covariates: age, sex, year, irAE confirmation status, malignancy (base melanoma), and ICl class (base PD-1/
PD-L1), primary toxicity type (base gastrointestinal), presence of multiple toxicities, and ICl discontinuation for toxicity.

finpatient mortality only counts patients who died during their hospitalization for irAE.

Abbreviations: Cl, confidence interval; CTLA-4, cytotoxic T-lymphocyte antigen-4; ICl, immune checkpoint inhibitor; irAE, immune-related adverse
event; SD, standard deviation; OR, odds ratio; PD-1, programmed death-1; PD-L1, programmed death-ligand 1.
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Figure 4. Time to first admission and length of stay of irAE
admissions. (A): Time to first irAE admission was lower among
CTLA-4 monotherapy (median, 51; IQR, 35-70; p = .019) and
CTLA-4 plus PD-1 combination therapy recipients (median, 40;
IQR, 19-70; P < .001) compared with PD-1/PD-L1 monotherapy
recipients (median, 81; IQR, 29-196). (B): Although not statisti-
cally significantly different, time to admission varied by type of
confirmed irAE. (C): Length of stay per irAE admission varied
significantly by toxicity type, with cardiac (median, 11; IQR,
7-18; p < .001) and neurologic irAEs (median, 7; IQR, 3-11;
p = .027) associated with statistically significant increases in
length of stay on multivariable linear regression. Box plots do
not display outlier observations.

Abbreviations: CTLA-4, cytotoxic T-lymphocyte antigen-4; ICl,
immune checkpoint inhibitor; IQR, interquartile range; irAE,
immune-related adverse event.A. Time from IClI initiation to
first irAE admission (by ICI and confirmed toxicity type)B. IrAE
admission length of stay (by toxicity type)

center [19]. This wide variation may reflect differences in
the ways irAEs were defined, categorized, and confirmed or
variability in outpatient processes of care.

Notably, multiple concurrent toxicities were present in
over 20% of irAE admissions. Multiple irAEs have been
infrequently described in the literature before; for example,
one study reported that 26.1% of patients hospitalized for
irAEs experienced multiple toxicities [19]. However, in our

© 2021 AlphaMed Press.

study, we were able to investigate factors predictive of mul-
tiple irAEs. Older age, women, and patients treated with
combination ICI therapy were all significantly more likely to
be admitted with multiple irAEs. Importantly, patients
with multiple concurrent toxicities had greater than five
times the risk of inpatient death than patients with single
toxicities.

In our study, median length of stay for irAE admissions
was 5 days. This is slightly shorter than the median 6-day
length of stay previously reported for irAE admissions [19].
However, admissions for cardiac irAEs had a median 11-day
length of stay, suggesting that this toxicity may require
more extensive diagnostic workup or therapeutic monitor-
ing during hospitalization [22-25].

Among eligible admissions (i.e., excluding all endocrine
toxicities, patients who discontinued therapy prior to
admission or for nontoxicity reasons, and patients who died
during hospitalization), 64% of irAE admissions resulted in
ICI discontinuation. This rate is lower than previously
reported (87%) [19]. This difference may reflect a discrep-
ancy in the way that the institutions manage irAEs or in
study methodology. At our institution, patients with cardiac
and hepatic irAE admissions were at highest risk of ICI dis-
continuation, whereas patients with dermatologic irAEs
were at significantly lower risk. Although permanent ICI dis-
continuation reflects a significant disruption to a patient’s
oncologic management plan, further studies are needed to
elucidate the impact of early ICI termination on long-term
survival outcomes [26-28].

Analyzing risk factors for readmission, we found that ICI
discontinuation strongly protects against rehospitalization
for any subsequent irAE, highlighting the impact that
prompt ICI discontinuation can have on the course of
severe toxicities. A quarter of all irAE admissions in our
study were readmissions, and we had a 29% all-cause
30-day readmission rate, a figure that underscores the
importance of providing close outpatient monitoring for
patients once they are discharged.

Finally, 5.6% of irAE admissions in this study ended in
death. This number likely underestimates the actual mortal-
ity rate associated with irAE hospitalization, as it does not
capture patients discharged to hospice who died soon
thereafter. It is similar to the 6.0% mortality rate reported
in a study of patients who experienced clinically significant
irAEs at another major hospital [29]. The only predictor of
inpatient mortality that we identified was the presence of
multiple, concurrent irAEs during admission, emphasizing
the need for multidisciplinary collaboration for such high-
risk, complex patients. Patient age, over and above its
effect on multiple toxicities, was not independently predic-
tive of mortality, though a previous study found that older
patients were more likely to die when hospitalized for an
irAE [21].

Our study is limited primarily by its single-institution
and retrospective design that may have missed patients
who were admitted to MGH for irAE but had received ICI
treatment elsewhere as well as MGH’s ICI recipients who
were admitted elsewhere. Nevertheless, our study also has
several key strengths. It characterizes the largest group of
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irAE admissions from a single institution analyzed to date,
over a time period sufficiently long to elucidate temporal
trends in hospitalizations. In addition, it employed a multi-
step review process in which every irAE was confirmed by a
relevant specialist by strict and consistent diagnostic
criteria. Specialist review resulted in rejection of over one
third of irAEs suspected by the primary inpatient team,
demonstrating the importance of including this step in irAE
studies to exclude hospitalizations not from irAEs. This high
rate of irAE rejection by retrospective specialist review not
only underscores the important contribution of specialist
involvement in potentially ruling out irAEs when they are
initially suspected among hospitalized patients but also may
reflect the growing knowledge that nearly a decade of
experience has afforded our specialist reviewers to confi-
dently retrospectively remove cases that may have previ-
ously been suspicious for irAE when adhering to strict irAE
admission definitions (supplemental online Table 1).

CONCLUSION

This study illustrates that cancer centers must be prepared to
manage a wide variety of irAE types and that CTLA-4 and
combination ICI regimens are more likely to cause irAE admis-
sions that occur earlier after drug initiation. Furthermore, we
found that more than 20% of patients admitted for an irAE
will experience multiple concurrent toxicities, which then
carries a fivefold increased risk of inpatient death, identifying
this population as a very high-risk group. These results
emphasize the importance of having a robust multidisciplinary
care team in place to promptly identify irAEs and provide safe
and effective management of medically complex patients with
multisystem toxicities. Going forward, it will be critical to
investigate the effectiveness of different institutional strate-
gies for managing inpatient irAEs to identify those that result
in the best outcomes for patients.
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