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ABSTRACT

Background Several immune-related adverse events
(irAEs) are reported to be associated with therapeutic
efficacy of immune checkpoint inhibitors, yet whether
pituitary dysfunction, a life-threatening irAE, affects overall
survival (0S) in patients with malignancies is unclear. This
prospective study examined the association of pituitary
dysfunction (pituitary-irAE) with OS of patients with non-
small cell lung carcinoma (NSCLC) or malignant melanoma
(MM).

Methods A total of 174 patients (NSCLC, 108; MM, 66)
treated with ipilimumab, nivolumab, pembrolizumab, or
atezolizumab at Nagoya University Hospital were evaluated
for 0S and the development of pituitary-irAE. Kaplan-Meier
curves of OS as a function of the development of pituitary-
irAE were produced with the log-rank test as a primary
endpoint.

Results Pituitary-irAE was observed in 16 patients (4
(3.7%) with NSCLC, 12 (18.2%) with MM) having two
different disease types: hypophysitis with deficiency of
multiple anterior pituitary hormones accompanied by
pituitary enlargement, and isolated adrenocorticotropic
hormone (ACTH) deficiency without pituitary enlargement.
Among these patients, 6 developed pituitary-irAE while
being treated with ipilimumab (6/25 patients (24.0%)
treated with ipilimumab) and 10 developed pituitary-

irAE during treatment with nivolumab or pembrolizumab
(10/167 (6.0%)). All 16 patients had ACTH deficiency and
were treated with physiological doses of hydrocortisone.
The development of pituitary-irAE was associated with
better OS in patients with NSCLC (not reached vs 441
(95% CI not calculated) days, p<0.05) and MM (885 (95%
Cl 434 to 1336) vs 298 (95% Cl 84 to 512) days, p<0.05).
Conclusions In our study cohort, the incidence of
pituitary-irAE was higher than previously reported and the

development of pituitary-irAE predicted better prognosis
for both NSCLC and MM when patients were treated with
physiological doses of hydrocortisone.

Clinical trials registration UMINO00019024.

BACKGROUND

Immune checkpoint inhibitors  (ICIs)
including antibodies against anti-cytotoxic
T-lymphocyte antigen 4 (CTLA-4) and
anti-programmed cell death-1 (PD-1) have
recently emerged as promising treatments for
advanced malignancies.l However, ICIs can
cause adverse events, termed immune-related
adverse events (irAEs), including pneumo-
nitis, skin toxicities, colitis, and endocrine
dysfunction.??

ICIs were reported to have better anti-
tumor efficacy in patients who developed
some irAEs.*™ In terms of the relationship
of irAE to overall survival (OS), several
studies reported that skin-irAE is associated
with better OS in both patients with malig-
nant melanoma (MM) and non-small cell
lung carcinoma (NSCLC),* 8 19 11 ywhereas
another study found that OS of patients with
NSCLC was similar between those who devel-
oped skin-4rAE and those who did not.” The
different outcomes of these previous clinical
trials and retrospective studies could be due
to the different study designs including evalu-
ation methods and definition of irAFEs.
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N =177, total number of patients starting ICIs during
the period between November 2015 and August 2019

N =3, Excluded
2 patients declined to provide informed consent.
1 patient had both NSCLC and MM.

>

v

N = 174, number of patients enrolled
(NSCLC patients N = 108; MM patients N = 66)

N =14, Excluded
—>| 14 patients with MM treated with ICI as an
L adjuvant therapy were excluded from OS analysis.

N

N = 160, the number of patients analyzed for OS
(NSCLC patients N = 108; MM patients N = 52)

Figure 1 Enrollment of study subjects. ICI, immune
checkpoint inhibitor; MM, malignant melanoma; NSCLC, non-
small cell lung carcinoma; OS, overall survival.

Endocrine-irAEs comprise pituitary dysfunction, adrenal
insufficiency, thyroid dysfunction, hypoparathyroidism,
and type 1 diabetes mellitus (T1IDM)."* ¥ Among them,
thyroid-irAE induced by an anti-PD-1 antibody (aPD-1 Ab)
was reported to be associated with better OS in patients
with NSCLC in a phase I clinical trial'* and retrospective
studies.” '* '° In contrast, thyroid-irAE induced by aPD-1
Ab was not associated with better OS of patients with
MM, suggesting that the association of thyroid-irAE with
improved outcomes varied among patients with NSCLC
or MM. On the other hand, pituitary-irAE is almost always
accompanied by adrenocorticotropic hormone (ACTH)
deﬁciency,17 a life-threatening disorder, and a retrospective
study reported that pituitary dysfunction induced by ipilim-
umab was associated with better OS in patients with MM."®
However, symptoms of ACTH deficiency, such as fatigue,
appetite loss, and weight loss, frequently occur in patients
with malignancies even if they do not develop pituitary-irAE.
As such, pituitary-irAE could be overlooked when pituitary
hormones are not measured regularly, and its incidence
may not have been accurately reflected in previous studies.

To clarify the association of pituitary-irAE with OS in
patients with NSCLC or MM, we performed a prospective
study in which endocrine-irAEs induced by ICIs were set as
a primary endpoint.

METHODS

Patients

To clarify the clinical features of endocrine-irAEs,
we conducted a prospective study to analyze irAEs
in patients treated with ICIs since November 2, 2015
(UMINO000019024). All patients with NSCLC or MM
who started ICI treatment between November 2, 2015
and August 30, 2019 at Nagoya University Hospital were
included in this study (figure 1). Patients who had more
than two malignancies were excluded. Written informed
consent was obtained from all patients. Ipilimumab
was administered at 3mg/kg every 3 weeks for 4 cycles.
Nivolumab was administered at 3mg/kg or 240 mg every

2 weeks, with the exception of some patients with MM,
who were treated with 2mg/kg every 3 weeks. Pembroli-
zumab was administered at 2mg/kg or 200mg every 3
weeks. Atezolizumab was administered at 1200 mg every
3 weeks. All ICI treatment was continued until disease
progressed, death, or unacceptable severe adverse events
occurred, or if patients withdrew consent for treatment.

Assessments

To examine endocrine-rAEs, ACTH, cortisol, free T3
(FT3), free T4 (FT4), thyroid-stimulating hormone (TSH),
and blood glucose levels were assessed at baseline and
every 6 weeks after the first administration of ICI for 24
weeks as previously described.' After the initial 24 weeks,
pituitary hormones were measured if clinically needed
until the visits stopped. Each endocrine-irAE was defined
according to the Japan Endocrine Society clinical guide-
lines for endocrine-irAEs.'* The cut-off for the diagnosis of
ACTH deficiency was decreased peak serum cortisol value
(<18pg/dL) and impaired responses of ACTH (<2-fold of
baseline) in corticotropin-releasing hormone loading tests
(intravenous injection with 100 pg human corticorelin),”
which were performed in the morning. The frequency of
hyponatremia, defined as a serum sodium concentration
<135mEq/L, at the onset of pituitary-irAE was compared
with that for patients who did not develop pituitary-irAE.
In the latter group, the frequency was evaluated around
the median time of onset of pituitary-irAE induced by each
ICI (ipilimumab, 71 days; nivolumab, 171 days; pembroli-
zumab, 127 days). OS was determined for participants in
this study until death from any cause. Patients with MM were
excluded from the OS analysis if they were treated with ICIs
as an adjuvant therapy (figure 1). Non-endocrine-irAEs, as
reported in the guideline,” were diagnosed by attending
physicians and subjected to analysis if the grade was higher
than 1. All irAEs were monitored and graded using CTCAE
5.0 criteria. Fifty-eight patients treated with nivolumab and
78 patients treated with pembrolizumab were included in
our previous study that analyzed the incidence of thyroid
dysfunction.'?*!

Statistical analysis

Continuous variables of patient characteristics (eg, age,
days to diagnosis) are expressed as means+SD or median
and IQR. Differences among continuous variables were
tested for significance with the two-sample t-test. Values
of nominal variables were compared using Fisher’s exact
test. OS was analyzed using the Kaplan-Meier method,
expressed as median and 95% CI and compared using a
log-rank test. All statistical tests were two sided, and signif-
icance was defined as a p value of <0.05. All statistical anal-
yses were performed with IBM SPSS Statistics V.25.

RESULTS

Patient characteristics

A total of 174 patients with either NSCLC or MM who
started  ipilimumab, nivolumab, pembrolizumab,

or atezolizumab therapy were enrolled in this study
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Table 1 Clinical characteristics and number of each irAE
type among patients with NSCLC and MM

NSCLC MM
Characteristic n=108 n=66
Age, years 67+10 69+12
Sex
Female 29 (26.9%) 27 (40.9%)
Male 79 (73.1%) 39 (59.1%)
Drugs
Ipi 0 24 (36.4%)
Niv 57 (52.8%) 34 (51.5%)
Pem 51(47.2%) 30 (45.5%)
Ipi+Niv 0 1(1.5%)
Ate 9 (8.3%) 0
History of prior ICI use 0 12 (18.2%)

Treatment lines

Adjuvant 0 14 (21.2%)

First line 32 (29.6%) 33 (50.0%)
>Second line 76 (70.4%) 19 (28.8%)
Follow-up, days 396+304 343+319

Total no. of patients who
developed irAEs

34 (31.5%) 38 (57.6%)

Pituitary-irAE 4 (3.7%) 12 (18.2%)
Thyroid-irAE 8 (7.4%) 11 (16.7%)
T1DM 2 (1.9%) 1 (1.5%)
Lung-irAE 13 (12.0%) 6 (9.1%)
Skin-irAE 5 (4.6%) 4 (6.1%)
GI-IrAE 4 (3.7%) 12 (18.2%)
Other 3 (2.8%) 4 (6.1%)

Data are mean+SDor n (%).

Ate, atezolizumab; Gl-irAE, gastrointestinal irAE; ICI, immune
checkpoint inhibitor; Ipi, ipilimumab; irAE, immune-related
adverse event; MM, malignant melanoma; Niv, nivolumab;
NSCLC, non-small cell lung carcinoma; Pem, pembrolizumab;
T1DM, type 1 diabetes mellitus.

(figure 1). Clinical variables for patients with NSCLC
and MM are presented in table 1. IrAEs occurred in
34,108 patients (31.5%) with NSCLC and 38/66 patients
(57.6%) with MM (table 1). Endocrine-irAEs including
pituitary-irAE, thyroid-irAE, and TIDM occurred in
13/108 (12.0%) patients with NSCLC and 20,/66 (30.3%)
patients with MM. The number of each type of irAE
observed, including pituitary-irAE, thyroid-irAE, T1DM,
interstitial pneumonitis (lung-irAE), skin toxicities (skin-
irAE), and gastrointestinal toxicities (GI-irAE), is shown
in table 1. No cases were treated with a reduced dose of
ICI due to the development of irAEs.

Pituitary dysfunction induced by ICIs

Pituitary-irAE occurred in 6/25 patients (24.0%) during
treatment with ipilimumab, 10/167 patients (6.0%)
during treatment with nivolumab or pembrolizumab.

Figure 2 MRI of the pituitary gland in a patient with pituitary
immune-related adverse event (pituitary-irAE). Representative
MRI for a patient (Ipi001) who developed hypophysitis shows
that the pituitary gland was enlarged at pituitary-irAE onset
(A) but had returned to normal size 6 months after the onset
(B). Representative MRI for a patient (Niv096) who developed
isolated adrenocorticotropic hormone deficiency show a
normal-sized pituitary gland at pituitary-irAE onset (C) and
absence of changes at 6 months after onset (D).

Pituitary-irAE did not occur during treatment with
atezolizumab (0/9). Pituitary-irAE induced by aPD-1
Ab, nivolumab, or pembrolizumab was observed in 6/59
patients with MM and 4,/108 patients with NSCLC. There
was no difference in the frequency of pituitary-irAE
induced by aPD-1 Ab between patients with MM and
those with NSCLC (10.2% (6/59) in patients with MM vs
3.7% (4/108) in patients with NSCLC, p=0.168). Among
the 16 patients who developed pituitary-irAE, three
demonstrated clinical characteristics of hypophysitis such
as pituitary enlargement and deficiencies in multiple
anterior pituitary hormones including ACTH (online
supplementary table S1). These three patients presented
with headache as an initial symptom that could be caused
by enlargement of the pituitary glands at irAE onset. A
representative MRI showing an enlargement of the pitu-
itary gland at hypophysitis onset is shown in figure 2A.
This enlargement was completely resolved at 6 months
after onset (figure 2B) and did not change during a
1-year follow-up (data not shown). The other 13 patients
developed isolated ACTH deficiency (IAD), but none
exhibited enlarged pituitary glands at IAD onset (online
supplementary table S1 and figure 2C). Re-evaluation
of pituitary gland size 6 months and/or 1year after IAD
onset for 11 of these patients showed no change in size
for seven patients (representative MRI image, figure 2D)
and a slightly decreased size for the other four patients.
In terms of clinical characteristics of patients who devel-
oped hypophysitis and IAD, the usage rate of aCTLA-4 Ab
and incidence of pituitary enlargement were significantly
higher for patients who developed hypophysitis than
those who had IAD (table 2). The time to diagnosis of
pituitary-irAE after the first ICI administration was signifi-
cantly shorter in patients with hypophysitis compared
with those with IAD (table 2). There were no significant
differences in the other clinical variables we examined
(eg, malignancy type, age, sex, and history of prior immu-
notherapy) (table 2). ACTH deficiency was observed in
all cases with pituitary-irAE (online supplementary table
S2), and these patients were treated with physiological
doses of hydrocortisone (10-20mg/day). ICI was re-ad-
ministered with the same dose initially used after general
conditions were stabilized by hormone replacement
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Table 2 Clinical characteristics of patients who developed
pituitary-irAE

Hypophysitis 1AD

n=3 n=13 P value
Malignancy 0.529
NSCLC 0 4 (30.8%)
MM 3 (100%) 9 (69.2%)
Age, years 59+11 67+10 0.251
Sex 0.509
Female 0 5 (38.5%)
Male 3 (100%) 8 (61.5%)
History of prior 2 (66.7%) 3 (23.1%) 0.214
immunotherapy
Latest ICI 0.036
aCTLA-4 Ab 3 (100%) 3 (23.1%)
aPD-1 Ab 0 10 (76.9%)
Days to diagnosis from 56+27 162+108 0.008
the first administration
of the latest drug
No. of cases with 3 (100%) 0 0.002

enlarged pituitary by
MRI

Data are n (%) or mean+SD.

aCTLA-4 Ab, anti-cytotoxic T-lymphocyte antigen 4 antibodies;
aPD-1 Ab, anti-programmed cell death-1 antibodies; IAD,
isolated adrenocorticotropic hormone deficiency; ICI, immune
checkpoint inhibitor; irAE, immune-related adverse event; MM,
malignant melanoma; NSCLC, non-small cell lung carcinoma.

therapy. During the observation period of this study, no
patients discontinued hormone replacement therapies
(hydrocortisone and/or levothyroxine). The frequency
of hyponatremia was significantly higher in patients who
developed pituitary-irAE than those who did not (6/16
(37.5%) vs 10/120 (8.3%), p<0.01).

Thyroid dysfunction induced by ICls

Thyroid-irAE occurred in 1/25 patients (4.0%) during
treatment with ipilimumab and in 18/167 patients
(10.8%) during treatment with nivolumab or pembroli-
zumab. The incidence of thyroid-irAE tended to be higher
in patients treated with aPD-1 Ab than those who received
aCTLA-4 Ab, although the difference was not significant
(18/167 (10.8%) vs 1/25 (4.0%), p=0.477). The number
of patients who developed destructive thyroiditis, hypo-
thyroidism, and hyperthyroidism was 13, 5, and 1, respec-
tively. All five patients who developed hypothyroidism
and 12/13 who developed destructive thyroiditis required
hormone therapy with levothyroxine.

Patients who developed any irAE had longer 0S than those
without irAEs

OS was significantly longer for both patients with NSCLC
and MM who developed any irAE than those without
irAEs (NSCLC: not reached vs 378 (95% CI 220 to 536)
days, p<0.01, figure 3A, online supplementary table S3;
MM: 534 (95% CI 245 to 823) vs 189 (95% CI 52 to 326)

3

days, p<0.05, figure 3B, online supplementary table
S3). To examine the contribution of endocrine-irAEs to
increased OS, 13 patients with NSCLC and 14 patients
with MM who developed endocrine-irAEs were included
in OS analysis. OS was significantly longer for patients
with NSCLC who developed endocrine-irAEs than those
who did not (not reached vs 401 days (95% CI 240 to
562), p<0.01, figure 3C, online supplementary table S3).
In patients with MM, there were no significant differences
in OS between patients who developed endocrine-irAEs
and those who did not (649 days (95% CI 367 to 931) vs
342 days (95% CI 131 to 553), p=0.107, figure 3D, online
supplementary table S3).

Pituitary-irAE was associated with prolonged 0S in patients
with NSCLC or MM

Four patients with NSCLC and ninepatients with MM
with pituitary-irAE were included in the analysis of OS.
OS was significantly longer for both patients with NSCLC
and MM who developed pituitary-irAE than those who did
not (NSCLC: not reached vs 441 days (95% CI not calcu-
lated), p<0.05, figure 3E, online supplementary table S3;
MM: 885 days (95% CI 434 to 1336) vs 298 says (95% CI
84 to 512), p<0.05, figure 3F, online supplementary table
S3). There were no significant differences between patients
with NSCLC (online supplementary table S4) or MM
(online supplementary table S5) who developed pituitary-
irAE and those who did not in terms of sex, drugs used,
prior history of other ICIs, and treatment lines, although
the mean ages were significantly younger and the ipilim-
umab usage rate was significantly higher for patients with
MM who developed pituitary-irAE compared with those
who did not (online supplementary table S5). The analysis
of OS included patients treated with ICI monotherapy as
well as sequential use of several ICIs because the number
of patients who were treated with only one ICI during the
study period was too small (online supplementary table S6).
There were no significant differences in the usage rate of
multiple ICIs between patients who developed pituitary-
irAE for patients with either NSCLC (0/4 with pituitary-irAE
vs 8/104 without pituitary-irAE. p=1.000) or MM (5/9 with
pituitary-rAE vs 20/43 without pituitary-irAE. p=0.722).
There were no differences in the number of cycles of ICI
between patients who developed pituitary-irAE and those
who did not, except for patients with MM treated with
nivolumab (online supplementary tables S7 and S8). In this
group, the number of cycles was significantly higher in the
pituitary-irAE group (online supplementary table S8). The
time of follow-up was significantly longer for the patients
with NSCLC and MM who developed pituitary-irAE than
those who did not (online supplementary tables S7 and S8).

Thyroid-irAE was associated with prolonged 0S in patients
with NSCLC, but not MM

OS was significantly longer for patients with NSCLC
who developed thyroid-irAE than those who did not
(not reached vs 441 days (95% CI 317 to 565), p<0.05,
figure 3G, online supplementary table S3). In contrast,
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P<0.05

0 250 500 750 1000 1250 Days 0 250 500 750 1000 1250 1500 Days

No. at risk No. at risk
Any-irAEs 34 28 20 13 4 2 Any-irAEs 28 21 11 6 4 2 0
No irAEs 74 42 14 4 1 0 No irAEs 24 7 6 2 1 0 0
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0 250 500 750 1000 1250 Days 0 250 500 750 1000 1250 1500 Days
No. at risk No. at risk
Endo-irAE 13 12 9 7 2 1 Endo-irAE 14 10 7 4 2 0 0

No Endo-irAE 95 58 25 10 3 1 No Endo-irAE 38 18 10 4 3 2 0

Overall Survival (%)
o
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0 250 500 750 1000 1250 Days 0 250 500 750 1000 1250 1500 Days
No. at risk No. at risk

Pituitary-irAE 4 4 4 2 0 0 Pituitary-irAE 9 9 7 4 2 0 0
No pituitary-irAE 104 66 30 15 5 2 No pituitary-irAE 43 19 10 4 3 2 0
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04 04

0 250 500 750 1000 1250 Days 0 250 500 750 1000 1250 1500 Days
No. at risk No. at risk
Thyroid-irAE 8 7 5 4 1 0 Thyroid-irAE 7 3 2 0 0 0 0

No thyroid-irAE 100 63 29 13 4 2 No thyroid-irAE 45 25 15 8 5 2 0
Figure 3 Overall survival (OS) after initiation of immune checkpoint inhibitor treatment in patients with and without immune-
related adverse events (irAEs). OS of patients with non-small cell lung carcinoma (NSCLC) (A, C, E, G) or malignant melanoma
(MM) (B, D, F, H). Solid and dashed lines indicate OS of patients who did and did not develop each irAE, respectively. The OS
was significantly prolonged for patients who developed any irAEs than those who did not for both patients with NSCLC and MM
(A, B). The OS was significantly prolonged for patients who developed endocrine-irAEs than those who did not for patients with
NSCLC (C) but not patients with MM (D). Among patients with NSCLC and those with MM, the OS was significantly prolonged
for patients who developed pituitary-irAE than those who did not (E, F). The OS was significantly prolonged for patients who
developed thyroid-irAE than those who did not for patients with NSCLC (G) but not patients with MM (H).

Overall Survival (%)
Overall Survival (%)
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patients with MM who developed thyroid-irAE and those
who did not had similar OS (427 days (95% CI 0 to 871)
vs 393 days (95%CI 219 to 567), p=0.875, figure 3H,
online supplementary table S3). There were no signifi-
cant differences between patients with NSCLC (online
supplementary table S9) or MM (online supplementary
table S10) who developed thyroid-irAE and those who did
not for other clinical factors including sex, drugs used,
prior history of other ICIs, and treatment lines. Moreover,
there were no significant differences in the usage rate of
multiple ICIs between patients who developed thyroid-
irAE and those who did not among patients with NSCLC
(0/8 with thyroid-irAE vs 8/100 without thyroid-irAE;
p=1.000) or MM (2/7 with thyroid-irAE vs 24/45 without
thyroid-irAE; p=0.419).

0S was not associated with other types of irAE in patients
with NSCLC or MM

Although patients who had any irAE showed longer
OS than those without irAEs, the development of non-
endocrine-irAEs was not associated with longer OS in
patients with either NSCLC or MM (NSCLC: 585 days
(95% CI 321 to 849) vs 441 days (95% CI 297 to 585),
p=0.247, online supplementary figure 1A, table S3; MM:
534 days (95% CI 268 to 800) vs 241 days (95%CI 0 to
523), p=0.268, online supplementary figure 1B, table S3).
As for each non-endocrine-irAE, there were no differ-
ences in OS between patients who developed lung-irAE,
skin-irAE, or GI-irAE and those who did not for patients
with NSCLC (lung-irAE, 488 days (95% CI 167 to 809)
vs 474 days (95% CI 334 to 614), p=0.710; skin-irAE, 669
days (95% CI 438 to 900) vs 441 days (95% CI 310 to 572),
p=0.550; GIHrAE, not reached vs 481 days (95% CI 351 to
597), p=0.731) or MM (lung-irAE, 1259 days (95% CI 0
to 2655) vs 393 days (95% CI 237 to 549), p=0.202; skin-
irAE, 649 days (95% CI not calculated) vs 379 (95% CI
252 to 506), p=0.560; GI-4rAE, 491 days (95% CI 152 to
830) vs 393 days (95% CI 174 to 612), p=0.581) (online
supplementary figure 1C-H, table S3). For skin-irAEs,
exanthema and erythema, but not vitiligo, were observed
in this study.

DISCUSSION

This prospective study, in which all patients with pituitary-
irAE were treated with physiological doses of hydrocor-
tisone, revealed that pituitary-irAE was associated with
prolonged OS in patients with MM or NSCLC. Further-
more, our study confirmed the findings of previous retro-
spective studies and a phase I trial that thyroid-irAE was
associated with prolonged OS in patients with NSCLC
but not those with MM. Thus, the outcome of pituitary-
irAEs and thyroid-irAEs in terms of OS differed between
NSCLC and MM.

The results of this prospective study clearly demon-
strated that the incidence of pituitary-irAE was higher
(24.0% and 6.0% for patients treated with aCTLA-4 Ab and
aPD-1 Ab, respectively) than previously reported.'” #2*

In a retrospective analysis of a medical record database,
Faje et alreported that the incidence of pituitary dysfunc-
tion induced by aCTLA-4 Ab and aPD-1 Ab was 13.6%
or 0.5%, respectively.” Pituitary-irAE could have been
overlooked in that study because most symptoms associ-
ated with pituitary-irAE such as fatigue, appetite loss, and
weight loss also occur in patients with malignancies. One
strength of the present prospective study is that pituitary-
irAE was far more likely to be detected because of the
scheduled endocrine evaluation during the fixed period
regardless of whether ICIs were continued. In addi-
tion, this study has less selection bias than clinical trials
because all patients treated with ICIs in our hospital were
prospectively included. Thus, the incidence of pituitary-
irAE observed in this study is more likely to reflect that
which occurs in a real-world clinical practice.

Concerning the association of pituitary-irAE with
OS, only one retrospective study that analyzed a clin-
ical record database reported an association of pituitary
dysfunction induced by a CTLA-4 Ab (ipilimumab) with
prolonged OS in patients with MM'® and no prior studies
have shown an association of pituitary-irAE with OS in
patients with NSCLC. It is also unclear whether pituitary
dysfunction induced by aPD-1 Ab is associated with OS.
This study analyzed the association of OS with pituitary
dysfunction induced by aCTLA-4 Ab or aPD-1 Ab, and
clarified that pituitary-irAE is associated with prolonged
OS in patients with MM and also those with NSCLC.
Thus, pituitary-irAE could be a potential biomarker to
predict better outcome of ICI treatments for these types
of malignancies, although it sometimes develops several
months after the initial administration of ICIs.

Given the contribution of pituitary-irAE to better OS,
it is important to understand its clinical characteristics,
how to manage them appropriately, and why pituitary-
irAE is associated with prolonged survival. This study
clearly demonstrated that ICI can induce two types of
pituitary dysfunction: hypophysitis, associated with defi-
ciencies in multiple pituitary hormones accompanied by
pituitary enlargement, and IAD without pituitary enlarge-
ment. Our data also showed that (1) ACTH deficiency
was observed in all cases, (2) IAD can be induced by
either aCTLA-4 Ab or aPD-1 Ab, and (3) hypophysitis was
induced only by aCTLA-4 Ab.

The mechanisms underlying the association of
pituitary-irAE with better outcome of ICI treatments are
still unknown. The development of vitiligo was associ-
ated with better tumor response in patients with MM,
suggesting that melanoma cells and normal melano-
cytes may have shared antigens. It would be interesting
to explore whether there are shared antigens between
pituitary cells and MM or NSCLC cells to determine
if they are involved in development of pituitary-irAE.
Previous studies proposed that complement activation
following aCTLA-4 Ab binding to CTLA-4 expressed on
pituitary cells is involved in pathogenesis of hypophysitis
induced by aCTLA-4 Ab in mice® and humans."” Given
that aCTLA-4 Ab is an IgGl and aPD-1 Ab is an IgG4 that
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cannot activate complement, the mechanism underlying
pituitary-irAEs likely differs among ICIs.

Determining effective treatment strategies for pitu-
itary dysfunction induced by ICIs is critical. Although
the effect of high-dose glucocorticoids to treat pituitary-
irAE has not been fully examined, retrospective studies
reported that such doses did not affect recovery of
pituitary function®” and instead shortened OS."® In this
study, all patients who developed pituitary-irAE were
treated with physiological doses of hydrocortisone. In
addition, all patients who developed pituitary-irAE were
re-administered ICIs after their general conditions were
stabilized by hormone treatment. Although pituitary-
irAE can be life threatening,28 2 this study demon-
strated the association of pituitary-irAE with better OS
when patients are treated with physiological doses of
hydrocortisone.

Although hyponatremia can accompany adrenal insuffi-
ciency, some patients with cancer also often develop hypo-
natremia® due to inappropriate anti-diuretic hormone
secretion,31 gastrointestinal or renal losses and/or dimin-
ished sodium intake, use of diuretics, hypervolemic state,
renal failure, or intake of hypotonic fluids.*® ** In this
study, we first demonstrated that the frequency of hypo-
natremia was significantly higher in the patients who
developed pituitary-irAE compared with those who did
not. These data suggest that ACTH and cortisol levels in
the blood should be measured to detect development of
pituitary-irAE when hyponatremia is observed in patients
treated with IClIs.

Previous studies reported an association between
better OS with irAEs other than endocrine-irAEs,
including skin-irAE or lung-rAE.* 7 ® 111 We clearly
demonstrated the association of pituitary-irAE with
better ICI treatment outcomes, yet no irAE type other
than endocrine-irAEs was associated with better OS.
Endocrine-irAEs were definitely determined as primary
outcomes according to Japan Endocrine Society clin-
ical guidelines,'” whereas other irAEs were diagnosed
by attending physicians in practice, which may have
affected the results of this study.

This study has some limitations. First, analysis of OS
for each ICI regimen did not yield statistically signifi-
cant results likely due to small sample sizes. We therefore
included both patients treated with ICI monotherapy as
well as those treated with several ICIs sequentially in the
analyses. Second, to calculate the incidence of pituitary
dysfunction, we defined the drug that was in use at onset
of pituitary dysfunction to be the causative drug, and we
cannot exclude the possibility that a previously used ICI
may have affected the development of irAEs. Third, there
may be a bias in that pituitary-irAE can be observed in
patients who survived for a longer time. Actually, some
patients showed late onset of pituitary-irAE in this study.
Additional studies that include landmark analyses for
larger study populations are needed to address these
limitations.

CONCLUSIONS

Our prospective study clarified the exact incidence of
pituitary-irAE in a real-world clinical practice and the
association of pituitary-irAE accompanied by ACTH defi-
ciency with a better outcome of ICI treatments in both
NSCLC and MM when patients were treated with phys-
iological doses of hydrocortisone. Our findings indi-
cate that we should measure pituitary hormones when
pituitary-irAE is suspected based on hyponatremia, so
that ACTH deficiency in patients treated with ICI will not
be overlooked.
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