8L+AWAOANOMNBAAAAYO/FIAEIDVIHSALLIAIPO0OAEIEAHIONI/AOAU

MV TXOMADYOINXZOHISABZ YT +eyNIOITWNOTZTARY HIBSHAAQUE Ag diol/woo mm| sfeulnoly/:diy woly pspeojumoq

¥202/92/90 uo

}&@“@ Bz &, ') '
* - Journal of Cancer Research and Practice
K A\ %‘,f journal homepage: https://journals.lww.com/jcrp s
Oncology ¥

Case Report

Diabetes Mellitus Induced by Nivolumab plus Regorafenib in a
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Nivolumab is now preferred as first-line and second-line treatment for advanced esophageal cancer, while regorafenib improves survival in
refractory gastroesophageal cancer. The combined use of nivolumab and regorafenib has shown promising results. Nivolumab-induced thyroid
dysfunction is a common immune-related adverse event (irAE), while type 1 diabetes mellitus induced by immune checkpoint inhibitors is rare
and usually permanent. It is unclear whether the combination of regorafenib and nivolumab increases the risk of irAEs. We report a patient
with recurrent esophageal squamous cell carcinoma who was treated with nivolumab plus regorafenib and developed thyroiditis and diabetic
ketoacidosis. The rechallenge was successful, and the patient achieved a good treatment response.
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INTRODUCTION toxicities is 14.5 weeks (range: 1.5-130 weeks), and the onset
time is even shorter when combining anti-PD (L) 1 with
anti-cytotoxic T-lymphocyte associated protein-4 (CTLA-4)
antibodies. In the REGONIVO, EPOC1603 trial, 55 patients
with gastric or colorectal cancer were treated with nivolumab
plus regorafenib. Among them, one patient developed DKA
after 9 months of combination treatment and was the only

Nivolumab combined therapy is now preferred to chemotherapy
alone as first-line and second-line treatment for advanced
esophageal cancer for longer overall survival.l The combined
use of nivolumab and regorafenib has shown promise in the
treatment of advanced refractory colorectal cancer.>¥ Diabetes
mellitus induced by immune checkpoint inhibitors (ICI-DM) is a
rare immune-related adverse event (irAE) that initially presents

. . Ll . . Address for correspondence: Dr. Mei-Chen Lin,
with diabetic ketoacidosis (DKA) in most cases and sometimes -

Division of Hematology and Oncology, Department of Internal Medicine,

with fulminant episodes. The median time to onset of endocrine China Medical University Hospital, No. 2, Yude Rd., North Dist.,
Taichung 404327, Taiwan.
Submitted: 16-Jul-2023 Revised: 20-Oct-2023 E-mail: maylin0505@gmail.com
Accepted: 07-Nov-2023 Published: 26-Jun-2024
N N X This is an open access journal, and articles are distributed under the terms of the Creative
Access this article online Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
Quick Response Code: remix, tweak, and build upon the work non-commercially, as long as appropriate credit

Website: is given and the new creations are licensed under the identical terms.
https://journals.lww.com/jcrp
For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

DOI: How to cite this article: Lin MC, Bai LY, Yeh SP, Chiu CF, Lien MY.
10.4103/ejcrp.eJCRP-D-23-00025 Diabetes mellitus induced by nivolumab plus regorafenib in a patient with
esophageal cancer. J Cancer Res Pract 2024;11:81-4.

.© 2024 Journal of Cancer Research and Practice | Published by Wolters Kluwer - Medknow m




¥202/92/90 uo

8L+AWAOANDMMNEeAAIAVO/FONEIDVIASALLIAIPOOAEIEAHIOI/ADAU

MY TXOMADYOINXZOHISABZIYTN+eyNIOITWNOIZTARY HARSINAYE Aq diol/woo:mm) sfeuinoly:dny woly papeojumoq

Lin, et al.: Journal of Cancer Research and Practice (2024)

treatment-related death in the trial.””! It is unclear whether
combining immune and target therapy would increase the
incidence or severity of ICI-DM. We report a patient with
recurrent esophageal cancer treated with nivolumab plus
regorafenib who suffered from thyroiditis and DKA.

Case Report

A 57-year-old painter with hypertension and peptic ulcers
without a family history of DM was diagnosed with
middle-third esophageal squamous cell carcinoma (ESCC),
c¢T3N2MO, stage IIIB (AJCC 8™). He received 1 month
of neoadjuvant chemoradiotherapy with weekly cisplatin
30 mg/m? and fluorouracil 1000 mg/m? (PF). The radiation
dose was 4500 cGy/25 fx. Esophagectomy and gastric tube
reconstruction were arranged on August 5, 2020, pT3N0cMO,
stage group IIB. After surgery, concurrent chemoradiotherapy

with PF and radiation 2160 cGy/12 fx were performed.
However, lung metastasis developed, and he was enrolled in
the NCT04704154 trial on April 29, 2021, with nivolumab
480 mg every 4 weeks, along with regorafenib 90 mg daily.
He experienced grade II hand-foot syndrome, so the dosage
of regorafenib was reduced to 60 mg once daily. However,
he developed transient subclinical hyperthyroidism, followed
by subclinical hypothyroidism [Figure 1]. Moreover, the
initially normal blood sugar level (80—120) started to increase
gradually after nivolumab and regorafenib treatment. On
October 30, 2021, he was diagnosed with DK A, accompanied
by symptoms of shortness of breath, diarrhea, and body
weight loss. At the time of DKA diagnosis, laboratory tests
revealed glycated hemoglobin (HbAlc) 13.2%, glutamic acid
decarboxylase autoantibody (GAD-AD) 8.02 U/mL (<10.0),
insulin 37.81 mU/L (1.9-23), C-peptide 1.56 ng/mL (1.1-5.0),
urine ACR 6.74 ug/mg (0.6—1.3), creatinine 0.94 mg/dL,
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Figure 1: The patient developed transient thyrotoxicosis followed by hypothyroidism 3 months after starting treatment of nivolumab plus regorafenib.
TSH: Thyroid-stimulating hormone. FT3: Free triiodothyronine. FT4: Free thyroxine

Blood Sugar and HbA1c

500 14
450
12
400
- Nivolumab 480mg + DKA episode on 2021/10/30 Resume Nivolumab 480mg | .,
55 Regorafenib 60mg QD Hold Nivolumab on 2022/1/4
: 8
555 Since 2021/4/29
200 6
150 4
100 —
2
50

20200903 20210521 20210720 20210817 20210914 20211012 20211109 20211207 20211214 20211228 20220104 20220118 20220203 20220221 20220307
mmm HbA1c 13.2 9 8.1
—e—GluAC 106 119 76 222 252 455 254 263 190 64 129 305 168 164 160

mmm HbAlc —e—GluAC

Figure 2: The patient had diabetic ketoacidosis (DKA) about 6 months after starting treatment of nivolumab plus regorafenib. Nivolumab was held
while regorafenib was continued. Nivolumab treatment was resumed 2 months later after remission of DKA. HbA1c: Glycated hemoglobin. Glu AC:
Blood glucose before meals, DKA: Diabetic ketoacidosis

Journal of Cancer Research and Practice | Volume 11 | Issue 2 | April-June 2024 -




8L+AWAOANOMNBAAAAYO/FIAEIDVIHSALLIAIPO0OAEIEAHIONI/AOAU

MV TXOMADYOINXZOHISABZ YT +eyNIOITWNOTZTARY HIBSHAAQUE Ag diol/woo mm| sfeulnoly/:diy woly pspeojumoq

¥202/92/90 uo

Lin, et al.: Journal of Cancer Research and Practice (2024)

2021/4/27

2021/6/8

2021/8/13 2022/11/4

Figure 3: Follow-up chest computed tomography scan showed complete remission of lung metastasis

and GFR 82 mL/min/1.73 m? (>90). Under the diagnosis of
ICI-DM and hypothyroidism, insulin treatment and thyroxine
sodium 150 pg were given while nivolumab was halted. After
treatment, there was an improvement in the clinical symptoms
and HbAlc level [Figure 2]; however, the C-peptide level
decreased (<0.1 ng/mL). Two months later, on January 4, 2022,
nivolumab was resumed. He demonstrated good tolerance
to the treatment and remained in a state of cancer remission
throughout follow-up until the last visit on January 30, 2023
[Figure 3].

Discussion

This patient had relapsed ESCC with lung metastasis and
underwent treatment with nivolumab plus regorafenib.
After the combination treatment, he developed transient
hyperthyroidism 1 month later, hypothyroidism 3 months later,
and DKA 6 months later. He had a low C-peptide level but was
negative for GAD-AD. Nivolumab was held while regorafenib
was continued. After receiving insulin treatment, he recovered
from DKA and resumed nivolumab treatment 2 months later.
Complete tumor remission was achieved for at least 2 years.

Phase II trials have investigated the treatment effect
and safety of nivolumab combined with regorafenib
with or without chemotherapy in esophagogastric cancer
patients (NCT04757363,°' NCT04704154), and the results
have been promising, with 71% of the patients achieving
progression-free survival at 6 months. About 46% of the
patients developed irAEs, including arthralgias (15%),
dermatitis (13%), acute interstitial nephritis (8%), hepatitis (8§%),
and hypothyroidism (5%), but no treatment-related deaths were
noted. Based on these results, other phase II and phase III
trials INTEGRATEIIb) are ongoing.

Limited data are available regarding the onset time of DM
induced by combined targeted therapy and immunotherapy.
In our patient, the onset time of ICI-DM did not appear to
be shorter compared to other cases of ICI-DM. No clinical
trials have focused on comparing irAEs in patients receiving
nivolumab plus regorafenib combined therapy to those
receiving nivolumab monotherapy. Among the 50 patients in the
REGONIVO EPOC1603 trial, six developed hyperthyroidism

and six developed hypothyroidism. In addition, one patient
developed DKA after 9 months of combination treatment,
which resulted in the only treatment-related death in the trial.*

Mechanisms underlying the synergistic effect of regorafenib
and immunotherapy are being investigated. Possible
mechanisms include reduction and reprogramming
of tumor-associated macrophages, enrichment in M1
macrophage phenotype, and suppression of interferon-induced
PD-L1. Regorafenib also inhibits vascular endothelial growth
factor receptor and its signaling pathway, leading to tumor
blood vessel normalization and improving T-cell infiltration.
Furthermore, regorafenib has been studied for its potential
to enhance immune responses and improve the efficacy of
immunotherapy in microsatellite-stable tumors.!® Diagnosing
ICI-DM involves conducting antibody, insulin, and C-peptide
examinations. However, unlike other types of type 1 DM,
where islet antibodies are present in over 90% of patients,
only 49% of ICI-DM patients have islet antibodies, primarily
GADG65. Therefore, the diagnosis of ICI-DM is not solely
based on antibody screening but rather on clinical suspicion,
including low insulin C-peptide levels, dependence on
insulin, and the exclusion of type 2 DM and other causes
of insulin resistance.”'”? Ongoing research is focused on
the early detection of B cell destruction in ICI-DM through
the analysis of cytokines and autoantibodies. HLA-DR4 has
been associated with ICI-DM and may aid in identifying
high-risk patients. Other potential predictors, including
single-nucleotide polymorphisms related to PD-1/PD-L1
sensitivity, CTLA-4, interleukin (IL)-2, and IL-2 receptors,
are being investigated.”"!!] While there is some evidence of a
correlation between ICI-DM and a better treatment response
to immune therapy, the data are still conflicting.'! In cases
of ICI-DM, more than 95% of patients have previously
received PD-1/PD-L1 inhibitors. Studies in mice have
shown that PD-1 inhibitors can induce DM more rapidly
than CTLA-4 inhibitors. The inhibition of PD-1/PD-L1 can
disrupt long-term energy in the islets, leading to ICI-DM. In
addition, blocking PD-1/PD-L1, but not CTLA-4, prompts
antigen-specific CD4+ T cells to swarm dendritic cells (DCs),
resulting in decreased cellular velocity and prolonged
engagement between T cells and DCs in the pancreatic lymph
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nodes. The accumulation of insulin-specific autoreactive
CD4+ T cells in the pancreatic lymph nodes has also been
demonstrated in PD-1-deficient nonobese diabetic mice.
Furthermore, the expression of PD-L1 has been observed
in the islets of patients with type 1 DM.[ In most cases,
ICI-DM is considered to be a permanent condition that
poorly responds to steroids and requires lifelong insulin
therapy. Treatment with anti-IFN-y and anti-TNF-o seemed
to prevent CPI-DM in anti-PD-L1-treated NOD mice in
one study, although few studies have reported on the use
of anti-TNF-alpha in human patients. However, rare cases
recovered from ICI-DM, and some reports have mentioned
the use of infliximab as a treatment option.[**! There are
ongoing investigations into alternative treatments for
ICI-DM besides insulin. Teplizumab, a humanized anti-CD3
monoclonal antibody, has shown a trend in delaying the onset
of type 1 DM in high-risk individuals. Other therapies, such
as rituximab, imatinib, and tocilizumab have been reported
to extend C-peptide production.

In conclusion, ICI-DM is a rare and potentially severe
irAE often characterized by DKA. While most cases can
be managed with insulin and resume immunotherapy, the
correlation between ICI-DM and treatment response is
under debate. As the combination use of immune therapies
and target therapies increases, further research is necessary
to understand the mechanisms of ICI-DM and improve
the management of ICI-DM. Blood sugar monitoring and
early interventions are crucial for the timely detection and
prevention of ICI-DM.
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