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Abstract

Background: The pancreatic immune-related adverse event (irAE) is a rare but
increasingly occurrence disease with limited knowledge, which was associated with the
use of immune checkpoint inhibitors (ICIs).

Methods: In this case series study of pancreatic irAE patients, clinical and radiological
manifestations are summarized. Baseline and post-treatment fecal microbiota of
immune-related acute pancreatitis (irAP) patients were analyzed by the 16 s rDNA
amplicon sequencing method.

Results: A total of six patients were enrolled into the study, and the onset of pancre-
atic irAEs occurred a median of 105 days after a median of 4.5 cycles with immune
checkpoint inhibitors (ICIs). All patients had an effective response to ICIs. Abdominal
pain was the main clinical manifestation. Serum amylase (SAMY) and lipase (sLIP)
had dynamic changes parallel to clinical severity. Contrast-enhanced computed
tomography (CT) did not accurately reveal the level of inflammation. However, mag-
netic resonance imaging (MRI) was a sensitive imaging method which showed
decreased and increased signal intensity of pancreatic parenchyma in T1-weighted fat-
saturated and diffusion-weighted imaging, respectively. Glucocorticoids were the main
treatment with a rapid initial effect followed by a slow improvement. After reinitiation
of ICI therapy, pancreatic irAEs either deteriorated, remained stable or the patient
developed severe pancreatic B-cell destruction without irAP recurrence. The baseline
microbiota of irAP had low Bacteroidetes/Firmicutes ratio at phylum level, low rela-
tive abundance of Alistipes, Bacteroides and high Lachnospiraceae at genus level, com-
pared to levels of pancreatic p-cell destruction and post-treatment of irAP.
Conclusions: Pancreatic irAE patients had corresponding abdominal pain and
increase in SAMY/sLIP. MRI was found to be an ideal imaging modality. Treatment
with glucocorticoids were the main approach. The microbiota showed relative changes
at baseline and during treatment.
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INTRODUCTION METHODS
Immunotherapy is revolutionizing the treatment paradigm  Patients

for a broad spectrum of malignancies. Immune checkpoint
inhibitors (ICIs) include antiprogrammed cell death protein
1 (PD-1)/programmed cell death ligand 1 (PD-L1) and anti-
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4).
However, coupled with these landmark successes in cancer
treatment are a series of immune-related adverse events
(irAEs). These are a series of unique challenges caused by T
cell activation which can affect many organs. When irAEs
occur, ICI therapy may be interrupted or permanently dis-
continued, leading to tumor progression in patients and
decreased survival. Thus, they remain a major bottleneck of
tumor immunotherapy.

With the expansion in use of ICIs, oncologists have
gradually become familiar with the common digestive sys-
tem irAEs (e.g., immune-related colitis or hepatic toxicity).
Pancreatic irAEs are rare but are increasing in occurrence,
and include asymptomatic serum amylase (SAMY) or serum
lipase (sLIP) elevations (Asy-sAMY/sLIP-Elv) and symp-
tomatic immune-related acute pancreatitis (irAP). A system-
atic review and meta-analysis identified the incidence of
asymptomatic sLIP elevation and grade 2 pancreatitis after
ICIs to be 2.7% (211/7702) and 1.9%(150/7702), respec-
tively.! Of patients with irAEs attending the emergency
department, 0.9%-1.9% had acute pancreatitis (AP).”> The
pancreatic irAEs present as typical symptoms, CT findings
and long-term adverse outcomes similar to those of acute
pancreatitis.” However, our knowledge of pancreatic irAEs
remains limited.

With the consecutive publication of three high-profile
articles, the role of intestinal microbiota in immunotherapy
has attracted increasing attention. Several studies have rev-
ealed that patient microbiota affected the efficacy of ICIs in
different tumors.*”® Further studies showed that ICI-related
colitis did not occur in germ-free mice, thus the occurrence
depends on the presence of intestinal microbiota.” The
baseline intestinal microbiota predicts both the clinical
response and colitis in ICI-treated patients.® Fecal micro-
biota transplantation (FMT) has been previously reported
to effectively treat ICI-related colitis refractory to glucocor-
ticoid and biological therapy, and supplementation of pro-
biotics has been shown to effectively reduce ICI-related
colitis in mice.” " Studies have also shown that the micro-
biota of autoimmune pancreatitis (AIP) is different in
patients with chronic pancreatitis (CP).'> However, the role
of intestinal microbiota in pancreatic irAEs has not been
previously explored.

Thus, in this study, we aimed to describe the characteris-
tics of pancreatic irAEs, including clinical and radiological
manifestations, ideal biomarkers, treatment and outcomes,
and reinitiation of ICIs, as well as to explore the potential
role of microbiota in driving pancreatic irAEs. The aim of
the study was to provide new insights into the prevention
and management of pancreatic irAEs.

The detailed history of all patients with malignant tumors
who received ICI therapy from January 2018 to December
2020 were collected. Patients who met the following criteria
and had been diagnosed with pancreatic irAEs were
included in our study: (i) Patients with advanced malignant
tumors confirmed by pathology, (ii) treatment with ICIs
including anti-PD-1 and/or anti-CTLA-4, (iii) patients diag-
nosed with Asy-sAMY/sLIP-Elv or acute pancreatitis
according to NCCN guidelines on ICI-related toxicities"’
and (iv) other causes of pancreatic injury were excluded,
including, but not limited to, cholelithiasis, hyperlipidemia,
alcohol, abnormal anatomy and chemotherapy drugs.

This study was approved by the Ethical Committee of
Peking Union Medical College Hospital (No. S-K1557).
Informed consent was obtained from all patients for use of
their clinical data, imaging materials, and the collection
of fresh feces for microbiota analysis.

Demographic and clinical data source

Demographic and clinical data including gender, age, clini-
cal stage, surgery, chemotherapy and immunotherapy, dura-
tion from ICIs to irAEs, symptoms, laboratory results, irAE
treatment, outcomes and reinitiation of ICIs were all
retrieved from the electronic medical records system.

Radiological studies

Computed tomography (CT) examination was performed
using a 128-row multidetector CT scanner (Somatom Defi-
nition Flash). The scanning parameters were tube voltage
120 kVp, effective amperage settings 150 mAs, and slice
thickness 3 mm. After an unenhanced scan of the upper
abdomen, dynamic contrast-enhanced scans were acquired
at 15s after aortic enhancement of 100 HU (pancreatic
phase), and 30 s and 90 s later (portal venous phase and del-
ayed phase), respectively.

Magnetic resonance cholangiopancreatography (MRCP)
and contrast-enhanced magnetic resonance imaging (MRI)
were performed on a 3 T MR scanner (MAGNETOM Skyra,
Siemens). The sequences included volume-interpolated
breath-hold (VIBE) T1-weighted imaging, and turbo spin
echo (TSE) fat saturated (fs) T2W1. Half-Fourier acquisition
single-shot turbo spin echo (HASTE) T2WTI in coronal and
axial plane (TR/TE 2000/92 ms, FOV, 300 x 300, slice
thickness 4 mm), and diffusion-weighted image (DWI) with
b values of 0 and 800 mm?/s. 3D MRCP and thick-slab 2D
MRCP were both performed. A multiphase contrast-
enhanced study was performed after patients had been
injected with gadobenate dimeglumine intravenously.
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Peripheral blood T lymphocyte subsets analysis

The analysis of T lymphocyte subsets was routinely tested in
the clinical laboratory. Peripheral blood with eth-
ylenediamine tetra-acetic acid (EDTA) anticoagulation was
measured by polychromatic flow cytometer (EPICS2XL,
Beckman-Coulter). The T lymphocyte subsets were counted,
including the percentage of CD4" in T cell, CD8" in T cell,
as well as two main activation subsets HLA-DR"CD8™ in
CD8" T cell, and CD38"CD8" in CD8" T cell.

Intestinal microbiota analysis

Fresh feces were collected at different timepoints of three
irAP patients as follows. Pt.1A: onset of irAP in a patient
with severe irAP; Pt.1B: two weeks after glucocorticoid
treatment in a patient with severe irAP; Pt.1C: four weeks
after glucocorticoid treatment in a patient with severe
irAP; Pt. 1D: six weeks after glucocorticoid treatment in a
patient with severe irAP; Pt. 1E: 13 weeks after glucocorti-
coid treatment in a patient with severe irAP. Pt. 2A: onset
of pancreatic p-cell destruction with irAP recovery in a
patient with moderate irAP. Pt. 3A: onset of irAP in a
patient with mild irAP.

The microbiota was analyzed by 16 s rDNA amplicon
sequencing method on an Illumina MiSeq (PE300) sequenc-
ing platform. Operational taxonomic units (OTUs) were
detected by QIIME2, and used to draw the relative ternary
diagram, flower plot and principal coordinates analysis
(PCoA). The a diversity was assessed by observed species,
Shannon, Simpson, Chaol, ACE indexes and rank abun-
dance curve. The differences of microbiota composition
were compared by relative abundance at phylum and genus
levels, and the relative histogram and line chart were drawn.

RESULTS
Demographic and clinical characteristics

A total of six patients were enrolled into our case series
study including patients with severe, moderate, mild irAPs
and three Asy-sAMY/sLIP-Elv patients. There were six
patients (four males and two females) with a median age of
66 (range 38-71) years. They all had advanced carcinoma
which included three non-small cell lung cancers (NSCLCs),
two small cell lung cancers (SCLCs), and one uterine endo-
metrial dedifferentiated cancer. Pancreatic immune-related
adverse events occurred a median of 105 (range 10-171)
days from the first ICI treatment, and 5.5 (range 1-18) days
from the last ICI treatment. The median cycle was 4.5 (range
1-7) with anti-PD-1 monotherapy or combined therapy.
Immunotherapy of all patients was effective, with a complete
response (CR) in one patient, two partial responses (PRs)
and three patients with stable disease (SD).

Abdominal pain was the main clinical manifestation,
which was absent to severe in Asy-sAMY/sLIP-Elv to severe
irAP patients. The patients with severe, moderate and mild
irAP had corresponding severe (visual analogue scale 7-8 of
10), mild (visual analogue scale 2-3 of 10) and nausea with-
out abdominal pain. Pancreatic irAEs could be accompanied
by other irAEs. The patients with moderate and mild irAP
developed mild (grade 1) and severe (grade 3) dermatologi-
cal AEs. One Asy-sAMY/sLIP-Elv occurred with severe
recurrent colitis (grade 3) and mild transaminitis without
elevated bilirubin (grade 1) (Table S1).

Laboratory results
Serum amylase and lipase

In patients with irAP, sSAMY and sLIP had dynamic changes
parallel with clinical conditions. These are ideal indicators
for assessment and monitoring of irAP severity. At the onset
of irAP, sSAMY and sLIP increased to 1263 U/L (normal
range 25-115U/L) and 14 970 U/L (normal range 73-
393 U/L) in the patient with severe irAP. These were
158 U/L and 1179 U/L in the patient with moderate irAP,
192 U/L and 3135U/L in the patient with mild irAP
(Figure S1A, S1B and S1C). In the patient with severe irAP,
the SAMY and sLIP decreased to 686 U/L and 10 517 U/L
after traditional treatment, 498 U/L and 5002 U/L after
two weeks of prednisone, 215 U/L and 1219 U/L after
eight weeks of prednisone. Finally, after 22 weeks treatment
of prednisone, the SAMY and sLIP decreased to normal with
112 U/L and 285 U/L, respectively (Figure S1A, Table S2).
In the patients with moderate and mild irAP, the SAMY and
sLIP returned to normal within two days after traditional
treatment and methylprednisolone (Figures S1B and S1C,
Tables S3 and S4).

In the patients with Asy-sAMY/sLIP-Elv, the sSAMY and
sLIP were also parallel to clinical conditions. The sAMY/
sLIP significantly increased in patients with continued anti-
PD-1 treatment with deterioration to moderate irAP in the
first Asy-sAMY/sLIP-Elv patient. The sSAMY/sLIP signifi-
cantly decreased after glucocorticoid treatment for moderate
irAP in the first patient, fasting and fluid hydration therapy
in the second patient, and glucocorticoid treatment for
coexisting severe colitis in the third patient (Figures SID-F,
Table S5).

Serum IgG4 level

Serum IgG4 was mildly elevated in the patient with severe
irAP, did not fulfill the criterion of IgG4-related disease
three-fold increase. In the patient with severe irAP, there
was a 1.9-fold increase of 2430 mg/L (80-1300 mg/L) in the
serum IgG4 which returned to normal after three weeks of
glucocorticoid treatment (Table S2). In patients with mild
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and moderate irAP, serum IgG4 was within normal limits
(590 mg/L and 219 mg/L, respectively).

T lymphocyte subsets

Peripheral blood T lymphocyte subsets did not ideally reflect
the activation and changes of T cell immunity in pancreatic
irAE patients. Only the percentage of HLA-DRTCDS8" in
CD8" T cells increased at the onset of pancreatic irAEs in all
patients, but were not parallel with the severity. The severe,
moderate and mild irAP patients had 250%, 42.4% and 28.2%
increase respectively, as well as a 36.1%-110% increase in
three Asy-sAMY/sLIP-Elv patients. Furthermore, other
markers including the percentage of CD4™ in T cell, CD8™ in
T cell, and CD38"CD8" in CD8" T cell had inconsistent
changes in all patients (Figure S2, Table S2 and S6).

Radiological characteristics and dynamic
changes

The contrast-enhanced CT (CECT) did not accurately reveal
the inflammation level of irAP. It showed a normal contour
of pancreas and homogeneous enhancement of pancreatic
parenchyma in the patients with mild and moderate irAP
(Figure 2(a) and 3(b)). Even in the patient with severe irAP,
the morphological change was undetectable and the
enhancement of the pancreatic parenchyma was homoge-
neous (Figure 1(c)).

Alternatively, MRI was a sensitive imaging method that
could clarify the level of pancreatic inflammation from mild to
severe. In the mild irAP patient, the T1-weighted fat-saturated
(TIW ES) image showed slightly decreased signal intensity of
the pancreas, which was lower compared to the liver (Figure 3
(c)). DWI demonstrated markedly increased signal intensity
of the pancreas, suggesting diffusion restriction (Figure 3(d)).
In the patient with moderate irAP, the TIW FS had also
slightly decreased and inhomogeneous signal intensity of pan-
creas (Figure 2(b)), and DWI showed slightly increased and
inhomogeneous signal intensity of the pancreas (Figure 2(c)).
In the patient with severe irAP, TIW FS showed a slightly
enlarged pancreatic body and tail with decreased signal inten-
sity, which was hypointense relative to the liver (Figure 1(a)).
DWTI showed markedly increased signal intensity of the pan-
creatic parenchyma, which was significantly higher compared
to the spleen and the kidney (Figure 1(b)). Magnetic reso-
nance cholangiopancreatography (MRCP) showed narrowing
of the distal common bile duct (CBD) and main pancreatic
duct (MPD) (Figure 1(f)). The imaging manifestations of
severe irAP are different from traditional severe AP. There
was no typical peripancreatic exudation, fluid collection,
necrosis, etc. Instead, it was more akin to AIP.

In the patient with severe irAP, the two- and eight-week
marks after glucocorticoid treatment can be considered as
important monitoring timepoints in MRI. Two weeks after
glucocorticoid treatment, the MRI already showed

significant improvement, with a decrease in size of the pan-
creatic body and tail. The signal intensity recovery increased
in TIW FS image, but remained lower than liver (Figure 1
(d)). The signal intensity recovery decreased in DWI,
suggesting less severe diffusion restriction (Figure 1(e)).
Eight weeks later, the inflammation had recovered nearly to
normal. The pancreatic body and tail further decreased in size
and appeared atrophic. The signal intensity of the pancreas
further increased to isointense to liver in the TIW FS image
(Figure 1(g)). The high signal intensity of the pancreas further
decreased in DWI, only slightly higher than the spleen
suggesting residual inflammation (Figure 1(h)). MRCP
showed resolution of the strictures of the distal CBD and
MPD (Figure 1(i)). Finally, after 22 weeks of glucocorticoid
treatment with normalized sSAMY and sLIP, TIW ES image
showed the pancreatic body and tail were atrophic, and the
signal intensity of the pancreas was still isointense to liver
(Figure 1(j)). DWI showed the signal intensity of the pancreas
was still slightly higher than the spleen (Figure 1(k)). MRCP
showed that the MPD stricture had resolved, but an irregular
pattern remained (Figure 1(1)).

The utility of MRI findings of P-cell destruction was
minor or negligible. After the recovery of moderate irAP
and at the onset of severe pancreatic B-cell destruction, the
CECT did not show any noticeable change (Figure 2(d)).
T1W ES image showed slightly increased pancreatic signal
intensity, which remained lower than normal (Figure 2(e)).
DWI showed more homogeneous signal intensity of the
pancreas, which remained higher than normal (Figure 2(f)).

Treatment and outcome

Traditional therapy includes fasting, intravenous hydration
and proton pump inhibitors (PPI). Four of the six patients
received traditional therapy, one of whom received a combi-
nation of traditional and glucocorticoid therapy, three other
patients received the traditional therapy alone, and all
patients had partial or complete relief of inflammation.
Abdominal pain completely resolved in the patient with
moderate irAP, and sSAMY/sLIP normalized after traditional
treatment alone. In the patient with severe irAP, the abdom-
inal pain was completely relieved, and sAMY and sLIP
decreased 46% and 29%, respectively after traditional treat-
ment alone in seven days, with no further decrease after one
further week (Table S1).

Glucocorticoids were the primary treatment in patients
with moderate and severe irAP. The response was somewhat
similar to AIP, with an early rapid initial effect followed subse-
quently by a slow recovery. In the patient with severe irAP,
after two weeks of prednisone, the SAMY and sLIP decreased
from 686 U/L to 498 U/L and 10 517 U/L to 5002 U/L, and
the MRI showed significant improvement. Eight weeks later,
the patient’s SAMY and sLIP further dropped to 215 U/L and
1219 U/L, inflammation further recovered in MRI; however,
imaging suggested that there was residual inflammation.
Finally, as prednisone was tapered gradually to 10 mg for
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FIGURE 1

The radiological characteristics and dynamic changes of the patient with severe immune-related acute pancreatitis (irAP). (a) The T1-weighted

fat-saturated (TIW FS) image at the onset of severe irAP. (b) The diffusion-weighted image (DWI) image at the onset of severe irAP. (c) The contrast-enhanced
CT (CECT) image at the onset of severe irAP. (d) The T1w fs image after two weeks of glucocorticoid treatment. (¢) The DWI image after two weeks of
glucocorticoid treatment. (f) The magnetic resonance cholangiopancreatography (MRCP) showed narrowing of the distal common bile duct (CBD, thick arrow)
and main pancreatic duct (MPD, thin arrows), at the onset of severe irAP. (g) The TIW FS image after eight weeks of glucocorticoid treatment. (h) The DWI
image after eight weeks glucocorticoid treatment. (i) The MRCP image after eight weeks glucocorticoid treatment. (j) The TIW FS image after 22 weeks of
glucocorticoid treatment. (k) The DWI image after 22 weeks of glucocorticoid treatment. (I) The MRCP image after 22 weeks of glucocorticoid treatment

maintenance, SAMY and sLIP gradually decreased to 112 U/L
and 285 U/L within the normal range, and manifestation
recovered almost to normal on MRI (Figure 1 and SI,
Table S2).

Reinitiation of immune checkpoint inhibitors

According to the NCCN guideline for management of
immune checkpoint inhibitor-related toxicities,'* three

of six patients resumed the ICIs, with deterioration, stable
disease and development of other irAEs, respectively. The
first Asy-sAMY/sLIP-Elv patient had aggravation to moder-
ate irAP; the second Asy-sAMY/sLIP-Elv patient had stable
SAMY/sLIP levels. The patient with moderate irAP experi-
enced severe pancreatic P-cell destruction without irAP
recurrence. This patient had CR to SCLC, and the anti-PD-1
treatment was restarted after complete recovery of irAP. He
subsequently developed severe pancreatic p-cell destruction
manifesting as type I diabetes mellitus (T1DM) with diabetic
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FIGURE 2 The radiological characteristics and dynamic changes of moderate immune-related acute pancreatitis (irAP) and pancreatic p-cell
destruction. (a) The contrast-enhanced CT (CECT) image at the onset of moderate irAP. (b) The T1-weighted fat-saturated (T1W FS) image at the onset of
moderate irAP. (c) The diffusion-weighted image (DWI) image at the onset of moderate irAP. (d) The CECT image at the onset of pancreatic f3-cell
destruction with irAP recovery. (e) The TIW FS image at the onset of pancreatic p-cell destruction with irAP recovery. (f) The DWI image at the onset of

pancreatic B-cell destruction with irAP recovery

ketoacidosis (DKA), as well subclinical hyperthyroidism
without irAP recurrence. After the DKA had been corrected
and his glucose level was stabilized with insulin, he resumed
anti-PD-1 therapy. Unfortunately, his subclinical hyperthy-
roidism deteriorated to thyrotoxicosis (Table S1).

Intestinal microbiota
Baseline microbiota of irAP patients

At the phylum level, the histogram showed that the relative
abundance of Firmicutes was high and Bacteroidetes was low
in Pt.1A and Pt3A compared to Pt2A (Figure 4(a),
Table S7). At the genus level, the histogram showed the rela-
tive abundance of Alistipes and Bacteroides were low, while
Lachnospiraceae was high in Pt.1A and Pt.3A compared to
Pt.2A. (Figure 4(b), Table S7).

Dynamic change of microbiota pre- and post-
treatment in irAP patients

According to the flower plot of OTUs and PCoA analysis by
Bray-Curtis, the microbiota had dynamic self-change
between pre- and post-treatment in the patient with severe
irAP (Figure 4(c) and 4(g) and Figure S3A). The « diversity
observed species, Shannon, Simpson, Chaol and ACE index
were higher in Pt. 1C, compared Pt. 1A, Pt. 1B, Pt. 1D and

Pt. 1E (Table S8). The rank abundance curve also showed
that Pt.1C had the highest richness and evenness
(Figure 4(d)).

At the phylum level, the histogram showed the relative
abundance of Firmicutes was high and Bacteroidetes was low
in Pt. 1A compared to Pt.1B-1E (Figure 4(e) and Table S7).
At the genus level, the histogram and line graph showed the
relative abundance of Alistipes and Bacteroides were low,
while Blautia > Lachnospiraceae, and Faecalibacterium were
high in Pt. 1A compared to Pt.1B-1E (Figure 4(f) and
Figure S3B, Table S7).

DISCUSSION

Pancreatic irAEs are a new challenge for gastroenterologists.
The spectrum of irAP is quite heterogeneous, and manifes-
tations vary from Asy-sAMY/sLIP-Elv to symptomatic irAP
resulting in an emergency department visit.'* The preva-
lence of pancreatic irAEs is increasing due to the wide use of
ICIs; however, little is known about them. Thus, the aware-
ness, recognition and management of this clinical entity is
imperative."”

First, due to the common combination therapies of che-
motherapy and immunotherapy, the differential diagnosis of
ICI-related pancreatitis and chemotherapy drug-related pan-
creatitis is key and challenging. In our case series, three
patients had pancreatic irAEs during anti-PD-1 mon-
otherapy. Three other patients received chemotherapy
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FIGURE 3 The radiological characteristics and dynamic changes of mild immune-related acute pancreatitis (irAP). (a) The contrast-enhanced
computed tomography (CECT) image at baseline of tumor assessment before immune checkpoint inhibitors (ICI) treatment. (b) The noncontrast computed
tomography (CT) at the onset of mild irAP. (c) The T1-weighted fat-saturated (TIW FS) at the onset of mild irAP. (d) The diffusion-weighted image (DWI)

at the onset of mild irAP

including etoposide, carboplatin, paclitaxel and pemetrexed,
combined with anti-PD-1 therapy when pancreatic irAE
occurred. Among all these chemotherapy drugs, only pacli-
taxel has been listed as class III according to the drug-
induced acute pancreatitis classification system, which
means that there are only 2—4 cases reported in the literature
without consistent latency.'® However, after recovery from
mild pancreatic irAE, the patient in this study resumed che-
motherapy with paclitaxel and carboplatin without pan-
creatitic relapse. Thus, all these six patients could be
excluded from chemotherapy drug-related pancreatitis.
Further, we identified the following clinical characteris-
tics of pancreatic irAEs. First, pancreatic irAEs could occur
in patients of different gender, age and tumor. Second, pan-
creatic irAEs occurred after single or multiple cycles of ICIs
monotherapy or combined therapy. The duration from first
or last ICIs to irAEs onset was variable with a median of
105 and 5.5 days. Third, all patients had an effective
response to immunotherapy with SD, PR and CR. Ishihara
et al. found that irAE development was an independent
prognostic factor of progression-free survival (PFS) in a
multivariate analysis (hazard ratio 0.25, p = 0.0009), and the
median PFS was significantly longer in patients with irAEs

than in those without irAEs (13.1 vs. 4.87 months,
p < 0.0001).” Considering that ICIs activate T cell immunity,
irAEs are bound to occur with good antitumor effects.
Fourth, abdominal pain corresponded to the severity of pan-
creatic irAEs, and the mild to severe irAP patients
manifested nonexistent to severe abdominal pain. Abu-Sbeih
et al. concluded that irAP patients with clinical symptoms
were associated with more pronounced sLIP increase, imag-
ing pancreatitis, intravenous fluids, and steroid treatment.’
Finally, pancreatic irAEs could be accompanied by other
mild to severe irAEs, for example, a dermatological AE, coli-
tis or hepatoxicity.

In our case series, the characteristics of laboratory results
were as follows. First, SAMY and sLIP were paralleled to
clinical conditions, and ideal markers to assess and monitor
pancreatic irAE severity. Patients with severe irAP had both
SAMY and sLIP far greater than a three-fold increase, and
patients with mild irAP may have single three-fold increase
of SAMY or sLIP. Second, serum IgG4 could increase in
patients with severe irAP, did not fulfill the criterion of
IgG4-related disease. Third, theoretically, T lymphocyte sub-
sets may reflect the activation of CD8" T cells by ICIs. How-
ever, among peripheral blood T lymphocyte subsets, only
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the percentage of HLA-DRTCD8™ in CD8™" T cell had non-
parallel increased in all six patients. Considering the tissue T
lymphocyte subsets maybe a more ideal alternative choice.'”

In our case series, the characteristics of radiological
characteristics were as follows. First, CECT did not effec-
tively assess the inflammation of irAP. It was commonly
normal in patients with mild to moderate irAP and near
normal in severe irAP. Among the limited irAP studies,
Abu-Sbeih et al. reported only 17% irAP patients had

pancreatitic findings, mainly pancreatic enlargement and
heterogeneity on CT.> Second, MRI is a sensitive and ideal
imaging method. MRI/MRCP is considered to be the safest,
sensitive and effective imaging technique for the evaluation
of pancreas and ductal system."® It can effectively differenti-
ate irAP from traditional AP or CP."” The dynamic changes
in MRI can also be used for monitoring during treatment.
Third, the imaging manifestations of severe irAP could be
similar to AIP. Finally, the MRI findings of irAP are more
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obvious due to the main attacks of pancreatic acini and
ducts. However, the MRI findings of severe p-cell destruc-
tion are minor or negligible.

In our case series, the characteristics of treatment and
outcome were as follows. First, the traditional treatments
including fasting, intravenous hydration, and PPIs could par-
tially relieve inflammation. Intravenous fluid plays an impor-
tant role in irAP treatment and even decreases the risk of
long-term adverse outcomes.” Hence, intravenous fluid
administration was encouraged, even in asymptomatic
patients within 48 h of onset.” Second, in patients with mod-
erate to severe irAP, glucocorticoids were the main treatment
with rapid-slow effect. Hence, a high enough initial dosage
and very slow tapering of glucocorticoids may be impor-
tant.'>* Finally, after restarting treatment of ICIs, the patient
may have deterioration, stable disease, or develop other kinds
of irAE without irAP recurrence. Anti-PD-1 therapy occa-
sionally caused fulminant diabetes with complete destruction
of pancreatic p-cells resulting in DKA. This process is differ-
ent from traditional T1DM, as anti-islet cell antibody (ICA),
anti-glutamate decarboxylase antibody (GAD), and anti-
insulin antibody (IAA) were all negative.”! Acute autoim-
mune insulin-dependent  diabetes  presented  with
insulinopenia with undetectable C-peptide, which was caused
by the acute and severe B-cell destruction after sudden and
major activation of B-cell-reactive CD8+ T-cell clones.”> The
possible involvement of pancreatitis in this fulminant diabetes
is still under debate; indeed, 42% of patients had evidence of
pancreatitis at the time of onset of DM in a previous case
series.”> The rescue therapy of glucocorticoids after onset of
ICI-induced DM would be ineffectual, and insulin therapy is
needed and discontinuation of ICIs is not required.**

To our knowledge, there has been no previous study of
the microbiota in irAP patients. Interestingly, animal experi-
ments showed that AIP significantly deteriorated after
cohousing or FMT from mice with severe AIP to mice with
mild AIP, suggesting that the microbiota mediates experi-
mental AIP.** In our case series, the microbiota of irAP
patients had dynamic changes between baseline and post-
treatment. The a diversity was low at baseline, and richness
and evenness recovered best four weeks after glucocorticoid
treatment. The baseline microbiota of irAP had a low Bacte-
roidetes/Firmicutes ratio at the phylum level compared to
the case with pancreatic B-cell destruction. Previous studies
showed the patients with low Bacteroidetes/Firmicutes ratios
were prone to better clinical responses and ICI-related coli-
tis.>** In pancreatic disease, the AIP patients had lower
Bacteroides species than CP patients.'> However, the taxo-
nomic changes of microbiota associated with T1IDM are rel-
atively modest.’® All these were consistent with our
microbiota results. The baseline microbiota of irAP had low
relative abundance of Alistipes and Bacteroides with high
Lachnospiraceae at the genus level, compared to the case of
pancreatic p-cell destruction. The Bacteroidetes/Firmicutes
balance might be a potential intervention target, and may
prevent the occurrence and recurrence of irAP, but further
study is warranted.

In conclusion, the pancreatic irAEs could occur after
single or multiple cycles of ICI therapy. The patients were
prone to have an effective response to immunotherapy. The
abdominal pain was mainly clinical manifestation, and
SAMY/sLIP changes were parallel with disease severity.
Instead of contrast-enhanced CT, MRI is a sensitive and
ideal imaging modality for assessment and monitoring. The
imaging of severe irAP could be more akin to AIP with
IgG4 mild increase. The traditional treatment could partially
relieve the inflammation. Glucocorticoids were the main
treatment with rapid-slow effect. After resuming ICI ther-
apy, the pancreatic irAE could deteriorate, remain stable or
develop other irAEs (e.g., severe pancreatic p-cell destruc-
tion) without irAP recurrence. Interestingly, the microbiota
had relative changes in the balance between Bacteroidetes/
Firmicutes at baseline and during treatment.

The main limitation of our case series was the small
number of patients. Taking into account the rarity of irAP,
large-scale clinical studies are relatively difficult to achieve.
Hence, we put our best effort to provide and conclude the
characteristics of clinical-imaging manifestations, laboratory
results, and microbiota changes. We anticipate and believe
that these provide useful insight to the recognition, manage-
ment, and potential prevention of recurrent pancreatic
irAEs. We hope this information allows more patients with
malignant disease to experience improved survival outcomes
through uninterrupted immunotherapy.
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