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Abstract

Background: Immune checkpoint inhibitors (ICl) are associated with a distinct spectrum of toxicities. Data on irAE hospitalization rates and
clinical course of patients with thoracic malignancies are lacking.

Methods: Patients with advanced thoracic malignancy treated with ICl (2/2016 to 6/2021) were retrospectively identified. Demographic and
clinical data of confirmed irAE hospitalizations were extracted from the medical record and a descriptive analysis was performed.

Results: From February 2016 to June 2021, 1312 patients with thoracic malignancy received ICl (monotherapy, combination with 2nd ICl or
other agents) with 102 patients (7.7 %) hospitalized for irAEs. Treatment intent was first-line therapy in most patients (N = 50, 49%) with 9%
(n = 9) receiving adjuvant ICI (N =9). Sixty patients (569%) received ICl alone, 32% (N = 33) chemo plus immunotherapy, and 7% (N = 7) dual
ICI. The median age on admission was 68 years. The median time between ICl initiation and admission was 64 days (1-935 days). Pneumonitis
(32.3%; 33/102) was the most frequent indication for admission followed by gastroenterocolitis (19.6%; 20/102), hepatitis (12.7%; 13/102),
myo/pericarditis (9.8%; 10/102), and endocrinopathies (9.8%; 10/102). Multi-organ toxicity occurred in 36% (N = 37) of patients. Overall, 85.2%
(87/102) of patients received systemic corticosteroids and 17.6% (18/102) required additional lines of immunosuppression. The median length of
hospitalization stay was 7 days (2-28 days) with a 25.5% (n = 26) readmission rate within 60 days and an 11.8% (n = 12) in house mortality rate.

Conclusions: Severe irAE requiring inpatient admission, although infrequent, results in considerable morbidity, mortality, and healthcare utili-
zation. Pneumonitis was the most common irAE requiring inpatient management in our patient population with a significant risk of mortality
despite the use of guideline-directed systemic immunosuppression. This study highlights the continued need for collaborative efforts amongst
medical specialties for improving the diagnostic and therapeutic management of patients with irAEs.
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Introduction hospitalized for irAE management were identified. Admissions
underwent a 2-stage review process with cases first screened
for an irAE based on documentation in the electronic health
record, with a second review performed to confirm an irAE
using published diagnostic criteria.* Patient demographics,
tumor stage, histologic type, ICI start date, treatment regi-
men, admission date, immunosuppression regimen, toxicity
outcomes (ie, resolution to <grade 1), date of last follow-up
and death were captured, and a descriptive analysis was per-
formed. The median length of hospitalization, median steroid
use (start date to date of irAE resolution to grade <1), 60-day
mortality rate, and 12-month overall survival were calculated.
Overall survival was calculated as the time from admission
until the date of death or last follow-up.

Immune checkpoint inhibition (ICI) has fundamentally
altered the treatment paradigm of lung cancer with PD-(L)1
inhibition approved as monotherapy or in various combina-
tions in both early and advanced stage disease. Though ICI
is well-tolerated, a portion of patients will require hospital-
ization to manage immune-related adverse events (irAEs)
with the incidence of irAEs necessitating admission ranging
from 3.5% to 23%."? To date, there is limited data on the
real-world outcomes of patients with thoracic malignancies
hospitalized for the management of irAE. In this brief report,
we aim to describe the incidence of hospitalization as well as
toxicities experienced, management and outcomes.

Methods
In 2017, Massachusetts General Hospital created the Severe Results
Immunotherapy Complications (SIC) Service, a multidisci- From February 2016 to June 2021, 1312 patients diagnosed

plinary care team dedicated to improving the management  with lung cancer were treated with an ICl-containing regi-
of irAEs.? Using the SIC database, patients with lung cancer =~ men. Of those, 102 (7.7%) were admitted to MGH with
who received ICI from February 2016 to June 2021 and were ~ a confirmed irAE. (Table 1). The median time between ICI
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Table 1. Patient demographics, disease, treatment characteristics, and

admission characteristics.

Patient characteristics

No. (%; N =102)

Male
Median age (range) years
Smoking status
Current/former
Never
Histologic features
Adenocarcinoma
Squamous cell carcinoma
Small cell lung cancer
ECOG
0-1
22
Unknown
Baseline autoimmune disease
Endocrinopathy~
Inflammatory bowel disease
Rheumatoid arthritis
Psoriasis without arthritis
Scleroderma (cutaneous involvement only)
Baseline immunosuppression
Steroids
-Prednisone <10 mg (or equivalent)
-Prednisone >10 mg (or equivalent)
Vedolizumab
Pulmonary factors
Underlying COPD
Supplementary oxygen at baseline
Prior thoracic radiation
Treatment type at time of admission
PD-1/PD-L1 inhibitor monotherapy
Chemotherapy + PD-1/PD-L1 inhibitor
PD-1/PD-L1 inhibitor plus CTLA-4 inhibitor
Investigational ICI
ICI + investigational agent
Line of therapy
Adjuvant
First-line metastatic
Second-line metastatic
Third-line or beyond metastatic
Duration of ICI prior to admission in days
Median (range)
Toxicity prompting admission
Pneumonitis
Gastrointestinal”
Hepatitis
Endocrinopathy™
Myocarditis/pericarditis®
Myositis
Autoimmune hemolytic anemia
Neurotoxicity®
ICl-arthritis

Nephritis

58 (56.9)
68.5 (45-89)

94 (92.2)
8 (7.8)

75 (73.5)
20 (19.6)
7(6.9)
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Table 1. Continued

Patient characteristics No. (%; N=102)

Treatment of toxicity

Steroids 87 (85.2)
2L immunosuppression 18 (17.6
Disposition after discharge
Home 68 (66.7)
Rehab/skilled nursing facility 10 (9.8)
With hospice services 7 (6.9)
Hospitalization length Days
Median (range) 7 (2-28)
Received subsequent cancer therapy
Yes (ICI and non-ICI) 50 (49)
Received subsequent ICI 21
Delayed after admission only 7 (6.9%)
Discontinued and resumed 14 (13.7)
Alive at time of discharge
Yes 91 (89.2)
No 11 (10.8)

“Endocrinopathy: hypothyroidism (n = 12), adrenal insufficiency (7 = 1).
“Others: psoriasis without arthritis (1 = 4), scleroderma (7 = 1).
“Gastrointestinal (gastritis, esophagitis, enteritis, colitis, and pancreatitis).
SNeurotoxicity (transverse myelitis, peripheral neuropathy, and
encephalitis).

“Endocrinopathy (diabetes 7 = 4, hypophysitis 7 = 1, thyroiditis = 1,
adrenal insufficiency 7 = 4).

978.6% (11/14) of cases presenting with myocarditis were found to have
a concomitant irAE, most frequently myositis and/or myasthenia gravis
(35.7% 5/14).

Investigational agent: mRNA vaccine.

initiation and admission was 64 days (1-935 days), with
58.8% (n = 60) receiving anti-PD-(L)1 monotherapy, 32.4%
(n =33) combination chemotherapy and anti-PD-(L)1, and
6.9% (n=7) combination ICI. The majority (49%) were
treated in the front-line metastatic setting, followed by 42.2%
in second-line or beyond, with 8.8% receiving adjuvant ther-
apy. The median age was 68.5 years (range 45-89), 58 % were
male, 92% were current/former smokers, 22.5% had baseline
autoimmunity, and the majority (77%) had ECOG PS of 0-1
prior to admission.
With respect to underlying autoimmune disease (AID), 23
patients had documented preexisting AID, 52% (12/23) of
which had hypothyroidism. Of the remaining patients, 4
had psoriasis (without arthritis), 3 had rheumatoid arthritis
(RA), 2 inflammatory bowel disease (IBD), 1 had adrenal
insufficiency, and 1 displayed quiescent scleroderma (cuta-
neous involvement only). Of this AID cohort the majority
had inactive disease with only 6 patients receiving 210 mg of
PO prednisone or its equivalent and 2 patients receiving 2L
immunosuppression (1 patient with IBD on vedolizumab and
1 patient with RA on methotrexate). Three patients had an
AID flare evident on admission, 1 with RA and 2 with IBD.
The patient with RA was subsequently resumed on ICI after
resolution of symptoms; both patients with IBD had ICI per-
manently discontinued.

Pneumonitis (32.3%; 33/102) was the most frequent
indication for admission followed by gastroenteroco-
litis (19.6%; 20/102), hepatitis (12.7%; 13/102), myo/
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pericarditis (9.8%; 10/102), and endocrinopathies (9.8 %;
10/102). Of these, 37 patients (36%) had evidence of
multi-system toxicity. During admission, 85.2% (87/102)
of patients received systemic corticosteroids (I.V and/
or PO) and 17.6% (18/102) required additional lines of
immunosuppression including intravenous immunoglob-
ulin (IVIG), tocilizumab, infliximab, and mycophenolate
mofetil with the most common 2L immunosuppression
indications being colitis (7 = 6) and pneumonitis (17 = 35).
Fifteen patients did not receive systemic steroids, this
included cases of diabetes mellitus (7 =4), hyper/hypo-
thyroid (7 = 2), and gastroenterocolitis (7 = 5) of which 4
were started on budesonide for microscopic colitis evident
on pathology after discharge, nephrogenic diabetes insipi-
dus (1 = 1; treated with DDAVP), grade 1 hepatitis (7 = 1),
grade 1 pancreatitis (7 = 1), and 1 patient with myositis
who left against medical advice and was later started on
systemic steroids.

During admission, imaging was performed in 78 patients,
with radiographic evidence of progressive disease in 22
(28%), stable disease in 29 (37%), and response in 19 (24%);
in the adjuvant therapy group all remained without evidence
of disease.

The median length of stay for irAE management was 7
days (range 2-28 days) with a 25.5% (n =26) readmission
rate within 60 days and an 11.8% (7 =12) in house mor-
tality rate. Three patients were discharged on hospice. After
discharge only 49% (50/102) went on to receives further
cancer-directed systemic therapy with 20.5% (21/102) contin-
ued on and/or subsequently rechallenged with ICI. Notably,
the majority of patients (60%) admitted solely for manage-
ment of symptomatic endocrinopathies was maintained on
ICI although 2 were discontinued due to progressive disease,
rather than toxicity concerns. The all cause 60-day, 180-day,
and 12-month mortality rate was 37.5% (38/102), 49%
(52/102), and 65.6% (67/102), respectively. Myocarditis and
hepatitis had a 60-day mortality of 35% and 36%, respec-
tively, with ICI-related pneumonitis (ICIP) associated with the
greatest 60-day mortality rate (52.6% [20/38]).

ICIP cohort

Of patients admitted for ICIP, 71.1% (27/38) had a grade
3-4 event, and 15.8% (6/38) had a grade 5 event whereby
pneumonitis was deemed the primary contributor to death.
Twenty-nine patients (76 %; 29/38) required intravenous ste-
roids, with 5 requiring 2L immunosuppression (infliximab
[n = 3], IVIG [n = 1], and tocilizumab [z = 1]), and 3 requir-
ing 3L immunosuppression (mycophenolate [z = 2], and IVIG
[# =1]), and 1 requiring 4L immunosuppression (tocilizumab
[7 = 1]). Nine patients with grade 2 or 3 ICIP were initiated
on oral steroids with resolution to grade <1. The median
duration of steroid treatment for ICIP was 42.5 days (range
1-268) with 36.8% of patients requiring readmission within
60 days. Notably 5 patients were hospitalized for manage-
ment of other irAEs but found to have grade 1-2 ICIP. Of
these five cases, 4 resolved with steroid treatment for alter-
native irAE management with 1 patient ultimately readmited
for management of a grade 2 ICIP flare requiring reescalation
of steroids.

In the ICIP cohort, 16 (42%) patients received subsequent
systemic cancer-directed therapy with the majority (7 = 14)
receiving a non-ICI containing regimen. One patient with
grade 3 ICIP resumed ICI after completion of steroid taper
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without flare or development of alternative irAE; 1 patient
with grade 3 ICIP was rechallenged resulting in an ICIP flare
leading to permanent ICI discontinuation.

Discussion

In a real-world cohort of thoracic cancer patients receiving
ICI, 7.7% necessitated hospitalization for irAE management.
Although these statistically are in line with the number of
patients who experience significant (grades 3-4 toxicity) on
PD-(L)1 inhibition with or without chemotherapy,** the hos-
pitalization rate is higher than other published reports.”* One
potential explanation for increased rates of admission is the
high proportion of patients (22.5%) with underlying AID in
our cohort and the known association of AID and increased
risk of irAE development and hospitalization® and the focus
on a lung cancer population with a known increased risk of
hospitalization compared to other tumor types.!°

Among our hospitalized cohort, ICIP accounted for the
majority admissions (32%) followed by gastroenterocoli-
tis (19%) with 36% found to have multi-system toxicity.
Morbidity and mortality were high amongst patients with
11.8% (12/102) dying during admission and only 34.3%
(35/102) alive 1 year after admission with the explanation
likely multifactorial: (1) a high-risk thoracic patient popu-
lation, many of whom possess other medical comorbidities,
(2) irAE complications and/or steroid-refractory irAEs, (3)
receipt of high-dose immunosuppression with subsequent
complications, and (4) progressive disease and limitations
in delivering additional cancer-directed therapies. For exam-
ple, in our cohort only 49% of patients received further sys-
temic therapy. These factors likely contributed to increased
mortality rates when compared to other publications.®
Furthermore, we hypothesis that differences in the patient
populations and the toxicities experienced between studies
account for the discrepancy. For example, in the report by
Silverstein et al the 1-year OS for their hospitalized cohort
was 63% however the majority of patients had melanoma
and only 7.2% were admitted for ICIP. Importantly in
subgroup analysis, both melanoma and RCC populations
had dramatic improvement in 1-year OS when compared
to thoracic malignancies, 83% versus 28%, respectively.
Additionally, when compared to alternative toxicities, ICIP
carried a significant decrement in survival with a median sur-
vival of only 82.5 days and 1-year survival of 28.6%. ICIP
secondary to PD-(L)1 monotherapy, although uncommon, is
associated with significant morbidity and mortality. In fact,
it is the most frequently fatal toxicity observed from anti-
PD-(L)1 monotherapy.! Though the incidence of grade >3
ICIP reported in clinical trials ranges between 3% and 5%'*
15 real-world data suggests higher rates (3.3%-26%).'"° In
our study, although the overall rate of pneumonitis among
patients receiving ICI was low (2.9%, 38/1312) it accounted
for the majority of admissions with dismal outcomes includ-
ing a 15% in-house mortality rate and a 60-day mortality
rate of 52.6%. Despite the typical responsiveness of ICIP
to systemic corticosteroids, leading to symptom resolution
within a few weeks, this study sheds light on a subgroup of
patients who experience a more virulent, steroid-refractory
course, defined as a failure of clinical improvement after a
minimum of 48 hours of high-dose corticosteroids (pred-
nisone 1-2 g/kg/day or more).2” As observed in both our
cohort and other studies, limited effective second-line
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immunosuppressive regimens can often necessitate extended
courses of steroids. Moreover, it is noteworthy that other
data series have also demonstrated the substantial mortal-
ity rate of ICIP, up to 75%.2%*' This study raises awareness
about the severe and potentially life-threatening nature of
this toxicity, particularly in patient population vulnerable to
pulmonary complications, and emphasizes the necessity for
trials, such as NCT04438382, to optimize the management
of these complex cases.?” Furthermore, it advocates for the
development of clinical trials investigating more robust and
effective upfront immunosuppressive interventions. Lastly,
it emphasizes the importance of prompt identification and
management of serious irAEs. MGH established the SIC
Service in 2017 with the aim of cultivating proficiency in
identifying and managing irAEs. Similarly, other institutions
have since established irAE tumor boards?* and specialized
treatment teams?»** dedicated to the management of toxic-
ities. Since its inception, the MGH SIC service—comprised
of medical oncologists, expert subspecialists and transla-
tional researchers—provides clinical care and performs
novel translational research in this space. Initially focused
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on inpatient management, the scope of the SIC team has
extended to outpatient clinical referrals to subspecialists
(ie, outpatient GI referral with consideration of endoscopy),
resulting in decreasing rates of irAE admissions despite
increased ICI use (Figure 1). This observation is in line with
other studies that have demonstrated that multidisciplinary
management aids in mitigating rates of hospitalization.?
Future directions in irAE management focus on both refin-
ing multidisciplinary management of these novel side effects,
particularly those refractory to 1L immunosuppression as
well as performing transformative research to enable predic-
tion and ideally prevention of these life-altering side effects.

This report adds to an important body of irAE literature.
However, there are several limitations in this single-center ret-
rospective study including underestimation of irAEs requiring
admission as other patients may have been admitted outside
our academic network. Conversely as this study was per-
formed at a tertiary care center, with a large referral base, this
cohort may be enriched in patients with higher acuity and
overall worse outcomes than patients managed in the commu-
nity. Furthermore, with the subspeciality expertise—including
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Figure 1. Immune checkpoint inhibitors (ICls) administration and irAE-related admissions. (A) Total number of patients across malignancies, including
those with thoracic malignancies, receiving an ICl-containing regimens and those admitted for irAE evaluation. (B) Rates of irAE-related admissions
across tumor types with (C) illustrating the multidisciplinary Severe Immunotherapy Complications (S/C) model for patients with irAEs.
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the SIC service—at the performing institution these find-
ings may not be generalizable. Additionally, there remain
challenges to ensure proper irAE adjudication; however, we
attempted to mitigate this with the use of 2-step validation
process, including the use of published criteria.

In conclusion, as ICI indications expand the incidence of
patients experiencing significant irAEs undoubtedly increases.
Collaborative efforts amongst medical specialties are essential
for improving the diagnostic and therapeutic management of
patients with irAEs, particularly ICIP where effective treat-
ments for steroid-refractory ICIP is urgently needed.
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