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Abstract. Background: Data on the characteristics of patients
who are likely to experience adverse events, both immune-
related and non-immune-related, from programmed cell death-
1 (PD1) inhibitors are limited. Patients and Methods: Data
from patients who received =1 dose of single-agent PDI
inhibitor between August 3, 2011 and August 31, 2016 were
obtained from our Institution’s pharmacy database. AEs were
graded using Common Terminology Criteria for Adverse Events
version 4. Results: One hundred and eighty-two patients
received at least one dose of single-agent PDI inhibitor prior
to data cut-off. After excluding 14 patients with uncommon
malignancies, the total number of patients were 168. The
median age was 63 (range=24-92) years. There were 87 (52%)
cases of non-small cell lung cancer (NSCLC), 35 (21%) of renal
cell carcinoma (RCC), 12 (7%) of melanoma, 18 (11%) of
Hodgkin’s lymphomas, eight (5%) of head and neck squamous
cell carcinoma (HNSCC) and eight (5%) of small cell lung
cancer. Considering grade 2 or more AEs, 30 (18%) patients
had kidney injury, 34 (20%) hypothyroidism, 36 (21%)
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transaminitis, 20 (12%) pneumonitis, and 18 (11%) colitis.
Patients with RCC had higher odds of experiencing grade 2 or
more kidney injury than patients with other primary tumor types
(adjusted p=0.025), whereas patients with Hodgkin’s lymphoma
and HNSCC had higher odds of grade 2 hypothyroidism
(adjusted p=0.005). Patients with NSCLC had higher risk of
death with pneumonitis than those whose primary cancer was
not NSCLC (adjusted p=0.005). Discussion: The increased odds
of patients with Hodgkin’s lymphoma and HNSCC experiencing
grade 2 or more hypothyroidism may be related to previous
radiation exposure. Most patients with RCC had undergone
nephrectomy, making them more susceptible to acute kidney
injury. When pneumonitis occurred in patients with primary
NSCLC, the overall survival was significantly worse. The
duration of PDI therapy was significantly associated with onset
of pneumonitis (p=0.007). Conclusion: The site of primary
tumor or metastasis may help predict the most common AEs in
patients treated with PD1 inhibitors.

Immunotherapy targeting checkpoint programmed cell death
protein 1 (PD1) and its ligand PD-L1 has advanced the
treatment of many tumor types, including melanoma (1, 2), non-
small cell lung cancer (NSCLC) (3-5), head and neck squamous
cell carcinoma (HNSCC) (6), renal cell carcinoma (RCC) (7),
urothelial cancer (8) and Hodgkin’s lymphoma (HL) (9).
Nivolumab and pembrolizumab are human and humanized
monoclonal antibodies that block the interaction of PD1 with
its ligands, PD-L1 and PD-L2. PD1 inhibitors work by re-
instating the natural anticancer immune-mediated cytotoxicity
(10, 11). The PD1/PD-L1 pathway acts as a self-tolerance
pathway to prevent unchecked immune response toward
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normal tissue. With the development of agents that block this
pathway, some degree of autoimmune events from hyper-
activated T-cell responses is expected. The most widely known
immune-related adverse events are those involving major
organs, such as the lungs, liver, or kidneys, but theoretically,
immune-related AEs may develop in any tissue (12).

Data on the characteristics of patients who are more likely
to experience these immune-related AEs are limited.

We conducted a retrospective assessment of patients with
advanced cancer treated with these agents to assess the risk
of potential immune-related AEs.

Patients and Methods

This study was approved by the Wayne State University Institutional
Review Board (approval #062616M1E). Data from patients who
received at least one dose of single-agent PD1 inhibitor from August
3, 2011 to August 31, 2016, were obtained from our Institution’s
pharmacy database. August 3, 2011 was the first date a patient had a
PD1 inhibitor administered on a trial, which provided us
approximately 5 years of treatment data. The Institution’s pharmacy
database was reviewed to identify order data, and then, the nursing
database was used to validate the administration of a drug on a certain
date. Our study focused on five AEs, namely kidney injury,
hypothyroidism, transaminitis, pneumonitis, and colitis/diarrhea, as
these could potentially be immune-related. Patients were considered
to have had these AEs if these were documented on any day after the
first dose of PDI inhibitor administration. Data on the dates of
occurrence, grades (the highest grade was attributed to continuously
worsening events), and the use of steroids (yes/no) were obtained
from electronic records. Electronic records of all of the patients were
carefully reviewed. Kidney injury (creatinine), hypothyroidism,
thyroid-stimulating hormone and transaminitis [elevated aspartate
aminotransferase/alanine amino transferase], and elevated alkaline
phosphatase were documented based on laboratory values.
Pneumonitis, colitis and diarrhea were captured based on
documentation by the treating physicians. Events of pneumonitis were
also captured through radiology reports of computed tomographic
scans. Even if the term pneumonitis was not documented in the
electronic chart, when findings consistent with pneumonitis were
found on imaging reports and the treating physician mentioned the
possibility of an “immune-response” or “inflammatory-response”,
these events were categorized under pneumonitis. Similarly, those
with abdominal symptoms who underwent colonoscopy and were
found to have findings consistent with colitis were grouped under
colitis, even if the treating physician did not use the term colitis. AEs
of kidney injury (under investigations category, creatinine increased
section), hypothyroidism (under endocrine disorders section),
transaminitis (under investigations category, from sections: alanine
aminotransferase increased, alkaline phosphatase increased, and
aspartate aminotransferase increased), pneumonitis (under respiratory,
thoracic, and mediastinal disorders) and colitis/diarrhea (under
gastrointestinal disorders) were recorded and graded based on
Common Terminology Criteria for Adverse Events (CTCAE) version
4 (13) independently by the study investigators.

Baseline patient characteristics were summarized using count and
percentage for categorical variables, and median and range for
continuous variables and further were statistically compared between
those treated on a clinical study vs. those treated off of a clinical study
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(on vs. off study) by Fisher’s exact test for categorical variables and
Kruskal-Wallis test for continuous variables. Overall survival (OS)
was defined as the time from the date of treatment to death from any
cause. Patients who were alive were considered censored at the date
of last observation. Kaplan—Meier estimates were used to summarize
the distribution of OS. Univariable and multivariable logistic
regression models were fit to assess associations between toxicities
(grade 0-1 vs. 22) and prior chosen predictors (age at treatment,
primary tumor, steroid use and clinical trial status). Univariable and
multivariable Cox proportional hazards regression models were fit to
assess associations between prior chosen predictors (age at treatment,
primary tumor, toxicity, steroid use and clinical trial status) and
survival benefit (OS). The proportional hazards assumption was
assessed and no violation was found.

Results

One hundred and eighty-two patients received at least one
dose of single-agent PD1 inhibitor prior to data cut-off. After
excluding 14 patients with uncommon malignancies (four
urothelial, three colonic, two nasopharyngeal, one anal, three
esophageal/gastric/gastroesophageal junction and one
mesothelioma), the total number of patients was 168.
Baseline patient characteristics are summarized in Table I.
The median age was 63 (range=24-92) years. There were 87
(52%) NSCLC cases, 35 (21%) of RCC, 12 (7%) of
melanoma, 18 (11%) of HL, eight (5%) of HNSCC cases and
eight (5%) of small-cell lung cancer. The majority of patients
received single-agent nivolumab (n=124, 74%), 44 (26%)
patients received pembrolizumab.

Groups 1 and 2 hereafter represent patients who
experienced no more than grade 1 AEs and those who
experienced at least one grade 2 AE, respectively, among
five potentially immune-related AEs. The median age was 61
(range=25-88) years for group 1 (n=67) and 65 (range=24-
92) years for group 2 (n=101). In group 2, 20 (20%) patients
were hospitalized for AEs and 54 (53%) were treated with
steroids, both of which were statistically significant when
compared to group 1 (Table I).

Table II shows the numbers of toxicities by grade based
on CTCAE v4. There were no grade 5 events. In total, grade
2 or more events were kidney injury in 30 (18%),
hypothyroidism in 34 (20%), transaminitis in 36 (21%), 20
(12%) pneumonitis, and 18 (11%) colitis. Grades 3 and 4
were rare, except for grade 3 colitis/diarrhea. There were no
statistical differences in the toxicities experienced by patients
on and off trial (supplementary data not shown, available
upon request). Table III displays the univariate and
multivariate logistic regression analyses of factors associated
with grade 2 or more toxicity but focuses on the organs at
risk. For example, analysis of kidney injury was performed
on those with primary tumors (RCC/other) in addition to
other factors of age, agent (single/combination), clinical trial
status (on/off), and steroid use (yes/no). Table III shows the
results of univariate and multivariate logistic regression



Sukari et al: Cancer Site and Adverse Events Induced by PD1 Inhibitors

Table 1. Baseline patient characteristics overall and according to grade of immune-related adverse events (AEs). Groups 1 and 2 represent patients
who experienced no more than grade 1 immune-related adverse events and those who experienced at least one grade 2 respectively.

Group 1 (n=67) Group 2 (n=101) ALL (n=168) p-Value
Age, years Median (range) 61 (25-88) 65 (24-92) 63 (24-92) 0.779
Gender, n (%) Female 28 (42) 37 (37) 65 (39) 0.521
Male 39 (58) 64 (63) 103 (61)
Agent, n (%) Pembrolizumab 16 (24) 28 (28) 44 (26) 0.597
Nivolumab 51 (76) 73 (72) 124 (74)
Clinical trial, n (%) Off 49 (73) 65 (64) 114 (68) 0.244
On 18 (27) 36 (36) 54 (32)
Hospitalization within 6 weeks, n (%) No 56 (84) 78 (77) 134 (80) 0.335
Yes 11 (16) 23 (23) 34 (20)
Primary tumor, n (%) Melanoma 6 (9) 6 (6) 12 (7) 0.706
Lung Ad 25 (37) 28 (28) 53 (32)
Lung SCC 11 (16) 18 (18) 29 (17)
Lung Poorly diff. 2 (3) 3(3) 503)
SCLC 3(4) 5(5) 8 (5)
HNSCC 1(D) 7(7) 8 (5)
RCC 12 (18) 23 (23) 35 (21)
Hodgkin’s lymphoma 7 (10) 11 (11) 18 (11)
Hospitalization for AE, n (%) No 66 (99) 80 (79) 146 (87) <0.001
Yes 1(1) 20 (20) 21 (12)
Missing data 0 (0) 1(1) 1(1)
Steroid use, n (%) No 44 (66) 47 (47) 91 (54) 0.018
Yes 23 (34) 54 (53) 77 (46)
Duration of PD1 inhibitor, months Median (95% CI) 4.82 (3.7-8.03) 344 (2.3-6.62) 444 (341-6.2) 0.640

Ad, Adenocarcinoma; CI: confidence interval; SCC, squamous cell carcinoma; SCLC, small cell lung cancer; HNSCC, head and neck squamous

cell carcinoma; RCC, renal cell carcinoma.

Table II. All toxicities by Common Terminology Criteria for Adverse Events grade (version 4) (13).

Grade, number of events (%)

Toxicity 1 2 3 4 Missing data Total
Kidney injury 52 (31) 28 (17) 1 1(1) 3(2) 168
Hypothyroidism 19 (11) 34 (20) 0 (0) 0 (0) 21 (12) 168
Transaminitis 74 (44) 18 (11) 15(9) 3(2) 4(2) 168
Pneumonitis 53) 10 (6) 95 1(1) 0 (0) 168
Colitis 1(1) 1(1) 15(9) 2D 0 (0) 168
Diarrhea 61 (36) 12 (7) 13 (8) 2(1) 0 (0) 168

analyses of factors associated with grade 2 or more toxicities
with regards to pre-specified factors of age, lung disease,
steroid use and clinical trial status, in relation to the primary
tumor and organ at risk. Table IV describes Cox regression
analyses of factors associated with OS. In this study, patients
with primary NSCLC had worse OS. Table V shows the
results of univariate and multivariate Cox regression analyses
of factors associated with OS for toxicities with regards to
pre-specified factors of age, NSCLC, steroid use, clinical
trial status and toxicity grade, in relation to the primary
tumor and organ at risk.

Renal insufficiency. There were no differences in the odds of
developing grade 2 or more renal insufficiency when factors
of age, primary tumor (NSCLC vs. other), steroid use and
trial status were assessed (supplementary data not shown,
available upon request). Patients with RCC had higher odds
of experiencing grade 2 or more kidney injury than patients
with other primary tumor types (adjusted p=0.025) (Table
IIT). The majority of patients with documented kidney injury
suffered transient rise in creatinine during treatment, which
might be attributed to poor oral intake or possibly due to
nephrotoxicity from concomitant drugs. However, four
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Table III. Univariate and multivariate logistic regression analyses of factors associated with grade 2 or more toxicity.

Toxicity Factor Subgroup Unadjusted OR (95% CI) p-Value Adjusted OR (95% CI) p-Value

Pneumonitis Age, years 0.99 (0.96-1.02) 0.559 1.00 (0.96-1.04) 0.879
Lung disease No Ref. Ref.

Yes 0.64 (0.22-2.10) 0.424 0.65 (0.20-2.41) 0.487
Steroid use No Ref. Ref.

Yes 4.16 (1.52-13.34) 0.009 4.19 (1.53-13.50) 0.009
Clinical trial Off Ref. Ref.

On 1.16 (0.41-3.02) 0.771 1.10 (0.37-3.10) 0.854

Transaminitis Age, years 1.00 (0.97-1.03) 0.887 1.00 (0.97-1.02) 0.743
Liver metastasis No Ref. Ref.

Yes 2.61 (1.20-5.68) 0.015 2.64 (1.19-5.82) 0.016
Steroid use No Ref. Ref.

Yes 0.76 (0.35-1.60) 0.473 0.83 (0.38-1.77) 0.627
Clinical trial Off Ref. Ref.

On 1.06 (0.47-2.30) 0.883 1.13 (0.48-2.55) 0.776

Kidney injury Age, years 1.03 (1.00-1.06) 0.111 1.03 (1.00-1.07) 0.072
Primary tumor RCC Ref. Ref.

Other 0.37 (0.16-0.90) 0.025 0.37 (0.15-0.90) 0.025
Steroid use No Ref. Ref.

Yes 0.85 (0.38-1.88) 0.686 0.87 (0.38-1.96) 0.731
Clinical trial Off Ref. Ref.

On 1.24 (0.53-2.80) 0.612 1.51 (0.61-3.64) 0.365

Hypothyroidism Age, years 1.01 (0.98-1.04) 0.526 1.03 (1.00-1.07) 0.078
Primary tumor HL/HNSCC Ref. Ref.

Other 0.40 (0.16-1.00) 0.045 0.17 (0.05-0.57) 0.005
Steroid use No Ref. Ref.

Yes 0.62 (0.28-1.34) 0.225 0.61 (0.27-1.36) 0.233
Clinical trial Off Ref. Ref.

On 0.76 (0.32-1.71) 0519 0.58 (0.21-1.47) 0.270

CI, Confidence interval; HL, Hodgkin’s lymphoma; HNSCC, Head and neck squamous cell carcinoma; OR, odds ratio; RCC, renal cell carcinoma.

patients received steroids with documentation of immune-
mediated nephritis as the indication, suggesting immune-
related injury.

Hypothyroidism. Those with primary NSCLC had higher
odds (adjusted p=0.022) of developing grade 2 or more
hypothyroidism when factors of age, primary tumor, steroid
use and trial status were assessed (supplementary data not
shown, available upon request). When the primary tumor site
was analyzed, patients with HL. and HNSCC had higher odds
of experiencing grade 2 or more hypothyroidism (adjusted
p=0.005) (Table III).

Transaminitis. There were no differences in the odds of
developing grade 2 or more transaminitis when factors of age,
combination therapy, primary tumor (NSCLC vs. others), and
trial status were assessed (supplementary data not shown,
available upon request). The majority of patients with
documented transaminitis suffered transient rise in hepatic
function tests during treatment, which might be attributed to
worsening liver metastasis or possibly due to hepatotoxicity
from concomitant drugs. However, five patients received
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steroids with documentation of immune-mediated transaminitis
as the indication, suggesting immune-related injury.

Pneumonitis. There was no correlation between odds of
developing grade 2 or more pneumonitis when comparing
the primary tumor site of NSCLC versus other primary
cancer (adjusted p=0.999) (supplementary data not shown,
available upon request).

Colitis/diarrhea. Those with primary NSCLC had higher
odds (adjusted p=0.030) of developing grade 2 or more
colitis when factors of age, primary tumor, steroid use and
trial status were assessed (supplementary data not shown,
available upon request).

Survival. Patients with primary NSCLC had worse OS (Table
IV). Patients with primary NSCLC had worse OS regardless
of the type of toxicities experienced, which remained
significant even after being adjusted for other parameters of
age, clinical trial status, steroid use and grades of toxicities
with one exception of hypothyroidism (supplementary data
not shown, available upon request).
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Table IV. Univariate and multivariate Cox regression analyses of factors
associated with overall survival.

Factor Unadjusted  p-Value  Adjusted HR  p-Value
HR (95% CI) (95% CI)
Age, years
1.02 (1.00-1.03) 0.047 1.01 (0.99-1.03) 0.441

Clinical trial

Off Ref. Ref.

On 0.57 (0.33-0.98) 0.044 0.73 (0.41-1.30) 0.282
Primary tumor

NSCLC Ref. Ref.

Other 0.43 (0.27-0.69) 0.001 0.48 (0.29-0.81) 0.005
Steroid use

No Ref. Ref.

Yes 0.88 (0.55-1.40) 0.590 0.81 (0.51-1.30) 0.388

CI: Confidence interval; HR: hazard ratio; NSCLC, non-small cell lung
cancer.

Patients whose primary cancer was NSCLC had higher
risk of death with pneumonitis than those whose primary
cancer was not NSCLC (unadjusted p=0.001), and it
remained significant after adjusting for age, clinical trial
status, grade, and steroid use (adjusted p=0.005)
(supplementary data not shown, available upon request).

Similarly, when pneumonitis occurred in patients with
lung disease, which in this study was defined by having
primary or metastatic tumor in the lung parenchyma, the OS
was significantly worse (unadjusted p=0.002) and remained
significant (adjusted p=0.006) even after adjusting for age,
clinical trial status, toxicity grade, and steroid use (Table V).

Figure 1 shows the Kaplan—-Meier curves of OS for group 1
and group 2. The median OS was 47.4 months (95% CI=15.4
months-not reached) and 38.7 months (95% CI=13.2 months-
not reached) for groups 1 and 2, respectively. The median
follow-up time was 25 (95% CI=19-35.9) months and 27.4
(95% C1=24.2-34.3) months for groups 1 and 2, respectively.

The duration of PD1 inhibitor use was not significantly
associated with the overall number of grade 2 or more AEs
(p=0.121, Figure 2A). Figure 2B shows that the duration of
PD1 inhibition was not significantly associated with the
onset of hypothyroidism (p=0.635), while Figure 2C shows
that the duration of PD1 was significantly associated with
the onset pneumonitis (p=0.007).

Discussion

Immune checkpoint inhibitors are known to cause immune-
related AEs because of abnormal autoimmune response due
to hyperactivated T-cells (14, 15). Autoimmunity may
develop in any tissue. Grade 3 and 4 immune-related AEs
are not common, but immune-related AEs of all grades were
reported in up to 70% of patients treated with PD1 or PD-

L1 inhibitors and up to 90% with cytotoxic T-lymphocyte
associated 4 (CTLA4) inhibitors (16, 17). Most grade 1 and
2 immune-related AEs can be managed medically, but the
unpredictability of its clinical course can be challenging.
Rare fatal immune-related AEs have been reported, and
retreatment must be considered with caution (18).

Most immune-related AEs seem to occur within 3 to

6months of starting anti-CTLA-4 (19) or PD1/PD-L1
inhibitors (20). While the risk of immune-related AEs
appears to be dose-dependent with CTLA4 antibodies (21),
cumulative toxicity with prolonged exposure to anti-PD1 is
a theoretical concern (22). Physicians must therefore remain
aware of the possibility of delayed effects of immune
checkpoint antibodies.
The immune-related AEs reported with use of CTLA4
inhibitors and PD1/PD-L1 inhibitors reportedly differed in
frequency. For example, in the Keynote-006 study, which
randomized patients with advanced-stage melanoma to
ipilimumab or two different dosing schedules of
pembrolizumab, hypothyroidism and hyperthyroidism were
more frequent in the pembrolizumab-treated groups, whereas
colitis and hypophysitis were more frequent in the
ipilimumab-treated group. Of note, in this melanoma study,
pneumonitis was rare at 0.4% in both groups (23). In another
melanoma trial, CheckMate 067, patients were randomized
1:1:1 to nivolumab monotherapy, ipilimumab monotherapy, or
the combination arm of nivolumab and ipilimumab. Not
surprisingly, toxicities were more pronounced in the
combination arm. For example, grade 3 or 4 diarrhea occurred
in 2.2% of the nivolumab group, 9.3% of the nivolumab-plus-
ipilimumab group, and 6.1% of ipilimumab group; and colitis
in 0.6%, 7.7%, and 8.7%, respectively (24).

Toxicities with PD1 inhibitors may vary with the type of
primary tumor being treated. Hypothyroidism occurred more
frequently in patients with HNSCC (>10% of all grade
hypothyroidism reported in CheckMate 141) (25) and HL
(12-14% of all grade hypothyroidism) treated with PD1/PD-
L1 inhibitors (9, 26, 27). The frequency of pneumonitis may
also vary with the primary tumor, although this remains
controversial. While the frequency of pneumonitis was
generally low in melanoma studies, it has been reported to
be as high as 5% (any grade pneumonitis) in NSCLC studies
(28). On the other hand, Naidoo et al. reported similar
incidence of pneumonitis during PD1/PD-L1 inhibitor
therapy in patients with melanoma and NSCLC [26 out of
532 (5%) and nine out of 209 (4%), respectively] in a
retrospective analysis (29).

Although most prospective trials reported grade 3 or more
AEs, we reported grade 2 or more toxicities in our study.
While they may not be life-threatening, grade 2 or more AEs
do require careful management (13). In addition, our
frequency of grade 3 or more AEs was low, making it
difficult to perform a meaningful statistical analysis.
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Table V. Univariate and multivariate Cox regression analyses of factors associated with overall survival by toxicity.

Toxicity Factor Subgroup Unadjusted OR (95% CI) p-Value Adjusted OR (95% CI) p-Value
Pneumonitis Age, years 1.02 (1.00-1.03) 0.047 1.00 (0.99-1.02) 0.618
Clinical trial Off Ref. Ref.
On 0.57 (0.33-0.98) 0.044 0.68 (0.39-1.18) 0.167
Lung disease No Ref. Ref.
Yes 3.75 (1.62-8.68) 0.002 3.36 (1.41-7.98) 0.006
Steroid use No Ref. Ref.
Yes 0.88 (0.55-1.40) 0.590 0.79 (0.49-1.28) 0.338
Toxicity Grade 0-1 Ref. Ref.
Grade =2 1.23 (0.63-2.40) 0.543 1.32 (0.66-2.64) 0427
Transaminitis Age, years 1.02 (1.00-1.03) 0.047 1.01 (1.00-1.03) 0.147
Clinical trial Off Ref. Ref.
On 0.57 (0.33-0.98) 0.044 0.66 (0.37-1.17) 0.159
Liver mets No Ref. Ref.
Yes 1.12 (0.68-1.87) 0.653 0.95 (0.55-1.65) 0.869
Steroid use No Ref. Ref.
Yes 0.88 (0.55-1.40) 0.590 0.89 (0.55-1.44) 0.639
Toxicity Grade 0-1 Ref. Ref.
Grade =2 1.27 (0.74-2.20) 0.384 1.29 (0.72-2.29) 0.391
Kidney injury Age, years 1.02 (1.00-1.03) 0.047 1.01 (0.99-1.03) 0.188
Clinical trial Off Ref. Ref.
On 0.57 (0.33-0.98) 0.044 0.65 (0.36-1.15) 0.137
Primary tumor RCC Ref. Ref.
Other 1.08 (0.62-1.87) 0.779 1.04 (0.59-1.83) 0.891
Steroid use No Ref. Ref.
Yes 0.88 (0.55-1.40) 0.590 0.88 (0.55-1.41) 0.601
Toxicity Grade 0-1 Ref. Ref.
Grade =2 1.16 (0.65-2.08) 0.620 1.11 (0.60-2.04) 0.739
Hypothyroidism Age, years 1.02 (1.00-1.03) 0.047 1.01 (0.99-1.03) 0.389
Clinical trial Off Ref. Ref.
On 0.57 (0.33-0.98) 0.044 0.83 (0.45-1.53) 0.546
Primary tumor HL/HNSCC Ref. Ref.
Other 3.40 (1.36-8.47) 0.009 2.29 (0.82-6.34) 0.112
Steroid use No Ref. Ref.
Yes 0.88 (0.55-1.40) 0.590 1.03 (0.61-1.74) 0.924
Toxicity Grade 0-1 Ref. Ref.
Grade =2 1.02 (0.56-1.87) 0.948 1.05 (0.57-1.94) 0.883

CI, Confidence interval; HL, Hodgkin’s lymphoma; HNSCC, Head and neck squamous cell carcinoma; OR, odds ratio; RCC, renal cell carcinoma.

In our data set, patients with HL and HNSCC had higher
odds of experiencing grade 2 or more hypothyroidism
(adjusted p=0.005) after adjusting for age, trial status and
steroid use. This is consistent with previous studies (7, 9, 10).
This could be related to previous radiation exposure to the
thyroid; 11 out of 18 patients with HL had received previous
radiation to the neck/mediastinum area, two out of 18 had total
body irradiation, and eight out of nine patients with HNSCC
had previous radiation in the head and neck area.

Patients with RCC had higher odds of experiencing grade
2 or more kidney injury than patients with other primary types
(adjusted p=0.025). This is consistent with what has been
reported from nivolumab prescribing information. Grade 1-4
increased creatinine was seen in 42% of the nivolumab arm in
the CheckMate025 study (comparing nivolumab vs.

786

everolimus in RCC) (7), whereas it was only found in 18% in
the nivolumab arm of the CheckMate017 and 057 studies
(comparing nivolumab vs. docetaxel in NSCLC) (3, 25, 30).
While the majority of patients in our study with documented
kidney injury suffered transient rise in creatinine during
treatment, which could be attributed to poor oral intake or
nephrotoxicity from other concomitant drugs, four patients
received steroids with documentation of immune-mediated
nephritis as the indication, suggesting immune-related injury.
At 2% (four out of 168), the percentage of all grade immune-
related nephritis which was seen in our study is similar to
1.2% which was reported in the nivolumab prescribing
information (30). Autoimmune nephritis secondary to
antitumor immune response in the renal parenchyma should
always be considered as one of the differentials (31) especially



Sukari et al: Cancer Site and Adverse Events Induced by PD1 Inhibitors

N — Group 1
- = Group 2
0.8
2
E
8 06
o
o
™
2 04 -
i
=1
n
0.2
o HR =1.14 (95% CI - 0.71-1.83); p=0.591
‘ [ T 1 1 1 T 1 ]
0 12 24 36 48 60 72 84
: Months after treatment
No. at risk
67 36 19 11 3 0 0 0
- 101 54 33 13 4 4 4 0

Figure 1. Kaplan—Meier curves of overall survival according to severity of adverse events (AEs). Groups 1 and 2 represent patients who experienced
no more than grade 1 AEs and those who experienced at least one grade 2 AE, respectively. The median overall survival for groups 1 and 2 was 47 4
months [95% confidence interval (CI)=15.4 months to not reached] and 38.7 months (95% CI=13.2 months to not reached), respectively. The median
follow-up calculated using the reverse Kaplan—Meier estimator was 25 (95% CI=19 to 35.9) months and 27 4 (95% CIl=24.2-34.3) months, respectively.
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Figure 2. The association between the duration of programmed cell death-1 (PD1) inhibitor use and the number of grade 2 or more adverse events
(A), time to hypothyroidism (B) and time to pneumonitis (C). Patients who died without hypothyroidism/pneumonitis or did not experience
hypothyroidism/pneumonitis until the last follow-up were censored. p-Values: A: p=0.121 (Kruskal-Wallis test); B: p=0.6 (log-rank test); C: p=0.007

(log-rank test).

in those with RCC as these patients may have had previous
nephrectomy. Indeed, in our study population, most patients
with RCC had undergone nephrectomy (n=41: 34 radical
nephrectomy, two partial nephrectomy), which may have
made them more susceptible to acute kidney injury.

The odds of developing grade 2 or more pneumonitis was
not increased in patients with NSCLC, which may have been
related to the fact that pneumonitis events were high across

all tumor types, with 10 patients (6%) with grade 2, nine
(5%) with grade 3 and one (1%) with grade 4 in our study.
Pneumonitis, when occurring in patients with lung disease,
which in this study was defined as having a primary or
metastatic tumor in the lung parenchyma, led to significantly
worse OS. This may be attributed to underlying
emphysematous disease from smoking and possibly due to
previous thoracic surgery/radiation, making such patients
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vulnerable to the serious consequences of further
inflammation in the lungs. In our observation, the frequency
of pneumonitis was higher than in a recent meta-analysis of
20 studies which reported an overall incidence of 2.7% with
PD1 inhibition (32). We initially thought that this was due
to the high number of patients with NSCLC in our study (87
out of 168). However, the odds of developing grade 2 or
more pneumonitis was not increased in patients with
NSCLC. The increased frequency of pneumonitis in this
study likely represents over-reporting, as investigators in this
study were instructed to capture pneumonitis events not only
through the electronic notes of the treating physicians, but
also through computed tomographic scan reports
documenting findings consistent with pneumonitis when the
treating physicians’ notes mentioned the possibility of
“immune-response” or “inflammatory-response” even if the
term pneumonitis was not used. Fifteen out of 20 patients
with grade 2 or more pneumonitis received steroids. In our
study, the duration of PD1 therapy was significantly
associated with onset of pneumonitis (p=0.007, Figure 2)
which is consistent with previous reports (33), although early
onset of pneumonitis has been reported with combination
therapy (34) and higher rates of pneumonitis in treatment-
naive patients than in previously treated patients have been
shown in a previous meta-analysis (35).

This study has limitations: it was retrospective in nature,
and included different tumor types and different treatment
patterns, with almost one-third of the patient population
being treated on clinical trials. Although the heterogeneity of
the study population in some ways limits the analysis, we
were able to compare the AEs (including potential immune-
related AEs) between various tumor types and provide new
findings.

Early diagnosis and treatment of any AEs, especially
immune-related, is the key to successful outcomes. All
patients receiving PD1 inhibitor agents should routinely have
thyroid function studies, complete blood counts, and liver
function tests while on PD1/PD-L1 inhibitors, at intervals of
6 to 12 weeks for the first 6 months after finishing treatment.
Adrenocorticotropic hormone, cortisol, and in men,
testosterone, should also be checked in patients who develop
fatigue or nonspecific symptoms. Follow-up testing may need
to be increased in frequency based on individual response and
AEs (36). Corticosteroids have been the mainstay of
treatment for immune-related AEs. As with all AEs, careful
clinical assessment and a case-by-case approach is
imperative. While there are concerns regarding the
immunosuppressive nature of corticosteroids having negative
effects on T-cell function (37), it is reassuring to see emerging
data demonstrating that on-treatment corticosteroid use for
immune-related AE management does not seem to negatively
impact the efficacy of PD1 treatment (38-40). Therefore,
early recognition and early initiation of corticosteroids is
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recommended for grade 3 and higher immune-related AEs
and in some of grade 2 or more such as pneumonitis (12).

Conclusion

The site of primary tumor or metastasis may help predict the
most common AEs in patients treated with PD1 inhibitors.
Patients with RCC had higher odds of experiencing grade 2
or more kidney injury while on therapy, whereas those with
HL and HNSCC had higher odds of experiencing grade 2 or
more hypothyroidism. The odds of developing grade 2 or
more pneumonitis were not increased in patients with
NSCLC, although pneumonitis was associated with worse
survival when occurring in those with primary NSCLC and
those with lung metastases.
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