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Abstract

Immune checkpoint inhibitors are today an immense hope in the manage-
ment of cancers. However, since their widespread use, many cases of insu-
lin-requiring diabetes appearing suddenly, as fulminant diabetes have been
reported. Here, we describe 4 cases that occurred at different times after the
beginning of immune checkpoint inhibitor therapy with Nivolumab alone or
associated with Ipilimumab. There are 3 cases of newly diagnosed diabetes
and 1 case of known type 2 diabetes formerly quite well balanced with Met-
formin. The clinical and biological characteristics of these patients are quite
similar. They were all insulin-requiring at the discovery of diabetes and re-
mained so throughout their follow-up. This type of diabetes which looks like
type 1 diabetes seems rather to be a new entity.
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1. Introduction

Immunotherapy has revolutionized the management of cancer and has offered
great hope for patients with metastases. It’s a therapeutic approach that acts on
the immune system involved in the recognition and destruction of tumors by
inhibiting immune checkpoints which are actually physiological mechanisms of
inactivation of the immune system after its activation.

Indeed, to achieve a cellular immune response, antigens from primary mela-
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noma are presented to naive lymphocytes expressing TCR (T Cell Receptor) and
CD28 (Cluster of Differentiation 28) by antigen-presenting cells expressing
MHC (Major Histocompatibility Complex) and the B7 complex. Thus, the inte-
raction of TCR and CD28 with the MHC and the B7 complex respectively, in-
duces an activation of the T lymphocyte which produces cytokines and acquires
antigenic memory. CTLA-4 (Cytotoxic T-Lymphocyte Antigen-4) appears on
the surface of the activated lymphocyte 24 to 48 hours after the initial presenta-
tion of the antigen and, by binding to the B7 complex, results in lymphocyte
deactivation. The activated T lymphocyte expresses on its surface the PD-1
(Programmed Death 1) receptor which, by binding to its PDL-1 or 2 ligand
(Programmed Death Ligand 1/2) expressed on the surface of tumor cells, inhi-
bits its cytotoxic activity. Nivolumab, an anti-PD-1 antibody and Ipilimumab, an
anti-CTLA4 antibody, by inhibiting these immune checkpoints, activate the
immune system in a non-specific and diffuse manner and thus induce an an-
ti-tumor effect. [1]. This therapeutic revolution is unfortunately associated with
numerous side effects.

Thereby, many autoimmune diseases particularly those concerning endocrine
glands have been reported with immune checkpoint inhibitors [2] [3]. Several
authors have reported numerous cases of insulin-dependent diabetes induced by
immune checkpoint inhibitors in recent years [4] [5] [6] [7]. We already have
reported our first case of insulin-dependent diabetes induced by immune
checkpoint inhibitors [8]. Much is unknown about the duration of this insulin
dependence.

We report 4 cases of insulin-dependent diabetes diagnosed during immune
checkpoint inhibitors therapy for melanoma and who have remained insu-
lin-dependent after several years of follow-up.

All participants had known to participate in the study and had given their
consent (Table 1).

Table 1. Characteristic of patients at diagnosis.

Case 1 Case 2 Case 3 Case 4
Age at discovery 24 65* 37 73
Mode of revelation Ketoacidosis Ketoacidosis Without ketosis Ketoacidosis
HbAlc (%) 5.9 9.3 5.4 8.8
Positive:
Anti-langheran
ang ‘e 2 _S Negative Negative Negative anti GAD anti
beta cell antibodies .
7ZnT8 anti IA2
C Peptide Undetectable Undetectable Undetectable Undetectable
BMI (kg/m2) 18.9 24.5 20.3 31.1
Immune checkpoint inhibitor = Nivolumab Nivolumab . .
R K . . Nivolumab Nivolumab
used at the diagnostic and Ipilimumab and Ipilimumab
Duration of treatment (week) 4 4 33 6
Number of cure 2 2 17 3
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2.Case 1

It’s a 24-year-old patient, with no personal or family history of diabetes, followed
for melanoma. She was included in a therapeutic protocol combining Ipilimu-
mab and Nivolumab. After 4 weeks and on the eve of the 3rd chemotherapy
dose, she was admitted to the emergency department for the discovery of di-
abetic ketoacidosis without coma. The Interrogation finds a sudden onset of po-
lyuria and polydipsia followed by nausea and vomiting. Biological examinations
have shown blood sugar at 22 mmol/l, ketonemia at 3.8 mmol/l and bicarbonates
at 15 mmol/l. The blood sugar obtained 2 weeks earlier was normal at 4.55
mmol/l. Glycated hemoglobin (HbA1lc) was 5.9%, C-peptide was undetectable as
well as anti-ZnT8 (Zin Transporteur 8), anti-GAD (Glutamic Acid Decarbox-
ilase) and anti IA2 (Tyrosine Phosphatase). She had a normal weight (BMI
[Body Mass Index] at 18.9 kg/m?). Optimal glycemic control has been achieved
with insulin therapy. After more than 3 years of follow-up, insulin was still re-
quired to achieve the blood glucose target (Alc level = 7.6%), and C-peptide and

type 1 diabetes-associated antibodies were still undetectable.

3. Case 2

It’s a 65-year-old patient who has been known to have type 2 diabetes since 23
years ago and has normal weight (BMI = 24.5 kg/m?). The diabetes was relatively
well controlled by Metformin with an HbAlc of 7.9%. He is followed for mela-
noma of the left hallux initially treated with Pembrolizumab (7 cures). After a
dissociated response he has benefited from Nivolumab associated with Ipilimu-
mab. Four weeks after the beginning of this new therapeutic line and four days
after the administration of the 2nd cure, the patient was admitted to the emer-
gency department for diffuse myalgia, vomiting and polypnea. The diagnosis of
diabetic ketoacidosis was made with a pH of 6.9 and bicarbonates at 2 mmol/l.
This ketoacidosis was the first episode in this patient. Anti-ZnT8, anti-GAD and
anti IA2 antibodies were negative, HbAlc was at 9.3% and C- peptide was unde-
tectable. Insulin therapy helped to achieve good glycaemic control. After three

months of follow-up, the patient remained insulin-requiring.

4.Case 3

He is a 37-year-old patient with no personal or family history of diabetes, fol-
lowed for metastatic melanoma. After failure of a first-line treatment with Ipi-
lumumab and a 2nd line with Nivolumab both as monotherapy, a combination
of Ipilumumab and Nivolumab is initiated. After 4 cures of this combination,
maintenance treatment with Nivolumab as monotherapy is set up because of a
dissociated response. After 33 weeks of this maintenance treatment and 17 cures
later, diabetes was discovered in the context of rapidly onset polyuria and poly-
dipsia. A blood check showed a blood sugar at 4 g/l without ketosis and an
HbAlc at 5.4%. The weight was normal (BMI at 20.3 kg/m?). The anti-GAD, an-

ti-ZnT8, anti-insulin and anti-IA2 antibodies were negative. The C peptide was
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undetectable. Insulin allows us to achieve the glycemic goals. After more than 3

years of follow-up, the patient has remained insulin-requiring.

5. Case 4

Seventy-three-year-old patient, obese (BMI = 31.1 kg/m?), with no history of di-
abetes, followed for melanoma. A 2nd therapeutic line with Nivolumab was in-
itiated after the failure of a 1st line combining Vemurafenib and Combimetinib.
Three cures and 6 weeks after the beginning of this new therapeutic line, diabetic
ketoacidosis was diagnosed. The anti-GAD, anti-ZnT8, and anti-IA2 antibodies
were all positive; the C peptide was undetectable and the HbAlc was at 8.8%,
one month after the diabetes discovery. Retrospectively, from blood samples
taken and stored before the start of treatment with Nivolumab, laboratory inves-
tigation already showed the presence of autoantibodies, but normal insulin,
C-peptide secretion and glycaemia. Satisfactory glycaemic control is achieved
with insulin therapy. After more than 3 years of follow-up, the C-peptide re-

mains undetectable, and the patient has remained insulin-requiring.

6. Comments

Fulminant diabetes is a subtype of type 1 diabetes characterized by a sudden on-
set of high plasma glucose and ketoacidosis contrasting with near-normal gly-
cated hemoglobin, absence of type 1 diabetes-related antibodies, and collapsed
C-peptide. Underlying pathophysiological mechanisms remain unknown but
viral pancreatitis has been suggested. It was first described in Japan more than
twenty years ago, and after other cases were reported in other Asian countries
[9] [10]. Although rarely described in the Caucasian population until now, it’s
increasingly common since the widespread use of immune checkpoint inhibitors
[11]. Diabetes in our patients looks like this type of diabetes.

Table 1 summarizes the main characteristics of our patients at diagnosis. Thus,
at the diagnosis of diabetes, half of the patients were treated with nivolumab as-
sociated with ipilimumab and the other half were treated with nivolumab as
monotherapy. The number of cures (from 2 to 17) and the time from treatment
onset to diabetes discovery (from 4 to 33 weeks) were variable. Only one patient
had known type 2 diabetes who was well controlled under metformin before
starting chemotherapy. Ketoacidosis was the mode of revelation of diabetes in 2
patients and the mode of decompensation of diabetes in the patient known as
diabetic. HbAlc at onset was < 6% in 2 patients, 7.9% in the known diabetic and
8.8% in the oldest patient of the series who is also the only one to have an-
ti-Langerhans béta-cell antibodies. C-peptide was undetectable in all patients.
The 3 patients have remained insulin-dependent after more than 3 years of fol-
low-up. The type 2 diabetic patient known before the beginning of immune
checkpoint inhibitors has also remained insulin-requiring during the 3 months
of follow-up.

Cases of diabetes diagnosed during treatment with immune checkpoint inhi-
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bitors are reported in the literature.

Stamatouli and al [12] have reported 27 cases of insulin-dependent diabetes
that occurred during immune checkpoint inhibitory therapy for cancer. Two pa-
tients were known to have diabetes and were well-balanced on biguanide before
the start of therapy. Ketoacidosis was the mode of discovery of diabetes in 59%
of patients. Just over half of the patients were treated as monotherapy (nivolu-
mab or pembrolizumab) and nivolumab associated with ipilimumab was the
most association used. The median onset of diabetes was 20 weeks after the be-
ginning of therapy. The C peptide was undetectable in 85% of patients. At least
one anti-Langherans beta cell antibody was positive in 40% of patients. The
mean HbAlc was 7.95% (6% - 10.5%).

Kapke and al [13] described 2 cases that had no history of diabetes. Ketoaci-
dosis was the mode of revelation in the 2 patients. Diabetes was diagnosed 3
months after starting treatment with nivolumab in one patient and 2 months af-
ter starting treatment with atezolizumab in the other patient. They both had
positive anti GAD antibodies and collapsed C peptides. These 2 patients re-
mained insulin-dependent.

Tsang and al [14] collected 10 cases of which only one was known as diabetic
and well-balanced under biguanide and sodium glucose transporter 2 inhibitor.
In 4 patients, the mode of revelation of diabetes was ketoacidosis. At diagnosis of
diabetes, 6 patients were treated with pembrolizumab, 3 patients with the com-
bination nivolumab and ipilimumab and 1 patient with the combination pem-
brolizumab and ipilimumab after a median duration of 25 weeks [17.5 - 34.5].
The C peptide was collapsed or undetectable in 6 patients and only 2 patients
had positive anti GAD antibodies. The median HbAlc was 7.6% [7.15 - 9.75]. All
patients remained insulin-dependent for the duration of the follow-up (1 - 35

months).

7. Conclusion

Diabetes induced by immune checkpoint inhibitors is more and more frequent
since their generalization in the treatment of cancers. It sometimes has some
clinical and biological similarities with type 1 diabetes without being able to
classify it as such even if the patients remain insulin dependent. Further studies
will be necessary to better understand this type of diabetes, which seems to be a

new entity.

Conflicts of Interest
The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Robert, C. and Mateus, C. (2014) Mélanome—Thérapeutique par les médications :
anticorps anti-CTLA-4 et anti-PD1. Bulletin de I Académie Nationale de Médecine,

DOI: 10.4236/0jemd.2023.1312017

231 Open Journal of Endocrine and Metabolic Diseases


https://doi.org/10.4236/ojemd.2023.1312017

M. Bah et al.

(5]

(8]

(10]

[11]

(12]

(13]

198, 297-308. https://doi.org/10.1016/S0001-4079(19)31343-3

Wang, P.-F,, Chen, Y., Song, S.-Y., Wang, T.-J, Ji, W.-J,, Li, S.-W., Liu, N. and Yan,
C.-X. (2017) Immune-Related Adverse Events Associated with Anti-PD-1/PD-L1
Treatment for Malignancies: A Meta-Analysis. Frontiers in Pharmacology, 8, 730.
https://doi.org/10.3389/fphar.2017.00730

Sznol, M., Postow, M.A., Davies, M.]., Pavlick, A.C., Plimack, E.R., Shaheen, M.,
Veloski, C. and Robert, C. (2017) Endocrine-Related Adverse Events Associated
with Immune Checkpoint Blockade and Expert Insights on Their Management.
Cancer Treatment Reviews, 58, 70-76. https://doi.org/10.1016/j.ctrv.2017.06.002

Kotwal, A., Haddox, C., Block, M. and Kudva, Y.C. (2019) Immune Checkpoint In-
hibitors: An Emerging Cause of Insulin-Dependent Diabetes. BMJ Open Diabetes
Research & Care, 7, €000591. https://doi.org/10.1136/bmjdrc-2018-000591

Marchand, L., Disse, E., Dalle, S., Reffet, S., Vouillarmet, J., Fabien, N., Thivolet, C.
and Anceau, C.C. (2019) The Multifaceted Nature of Diabetes Mellitus Induced by
Checkpoint Inhibitors. Acta Diabetologica, 56, 1239-1245.
https://doi.org/10.1007/s00592-019-01402-w

Quandt, Z., Young, A. and Anderson, M. (2020) Immune Checkpoint Inhibitor Di-
abetes Mellitus: A Novel form of Autoimmune Diabetes. Clinical and Experimental
Immunology, 200, 131-140. https://doi.org/10.1111/cei.13424

Wright, J.J., Salem, J.E., Johnson, D.B., Lebrun-Vignes, B., Stamatouli, A., Thomas,
J.W., Herold, K.C., Moslehi, J. and Powers, A.C. (2018) Increased Reporting of
Immune Checkpoint Inhibitor-Associated Diabetes. Diabetes Care, 41, e150-el51.
https://doi.org/10.2337/dc18-1465

Gauci, M.L., Laly, P., Vidal-Trecan, T., Baroudjian, B., Gottlieb, J., Madjlessi-Ezra,
N., Meda, L.D., Madelaine-Chambrin, I., Bagot, M., Basset-Seguin, N., Pages, C,,
Mourah, S., Boudou, P., Lebbé, C. and Gautier, J.F. (2017) Autoimmune Diabetes
Induced by PD-1 Inhibitor—Retrospective Analysis and Pathogenesis: A Case Re-

port and Literature Review. Cancer Immunology, Immunotherapy, 66, 1399-1410.
https://doi.org/10.1007/s00262-017-2033-8

Imagawa, A., Hanafusa, T., Miyagawa, J. and Matsuzawa, Y. (2000) A Novel Sub-
type of Type 1 Diabetes Mellitus Characterized by a Rapid Onset and an Absence of
Diabetes-Related Antibodies. 7he New England Journal of Medicine, 342, 301-307.
https://doi.org/10.1056/NEJM200002033420501

Hanafusa, T. (2020) Fulminant Type 1 Diabetes: 20 Years of Discovery and Devel-
opment. Diabetology International, 11, 310-314.
https://doi.org/10.1007/s13340-020-00458-2

Preiato, V.L., Salvagni, S., Ricci, C., Ardizzoni, A., Pagotto, U. and Pelusi, C. (2021)
Diabetes Mellitus Induced by Immune Checkpoint Inhibitors: Type 1 Diabetes Va-
riant or New Clinical Entity? Review of the Literature. Reviews in Endocrine and
Metabolic Disorders, 22, 337-349. https://doi.org/10.1007/s11154-020-09618-w

Stamatouli, A.M., Quandt, Z., Perdigoto, A.L., Clark, P.L., Kluger, H., Weiss, S.A.,
Gettinger, S., Sznol, M., Young, A., Rushakoff, R, Lee, J., Bluestone, J.A., Anderson,
M. and Herold, K.C. (2018) Collateral Damage: Insulin-Dependent Diabetes In-
duced with Checkpoint Inhibitors. Diabetes, 67, 1471-1480.
https://doi.org/10.2337/dbi18-0002

Kapke, J., Shaheen, Z., Kilari, D., Knudson, P. and Wong, S. (2017) Immune
Checkpoint Inhibitor-Associated Type 1 Diabetes Mellitus: Case Series, Review of

Literature and Optimal Management. Case Reports in Oncology, 10, 897-909.
https://doi.org/10.1159/000480634

DOI: 10.4236/0jemd.2023.1312017

232 Open Journal of Endocrine and Metabolic Diseases


https://doi.org/10.4236/ojemd.2023.1312017
https://doi.org/10.1016/S0001-4079(19)31343-3
https://doi.org/10.3389/fphar.2017.00730
https://doi.org/10.1016/j.ctrv.2017.06.002
https://doi.org/10.1136/bmjdrc-2018-000591
https://doi.org/10.1007/s00592-019-01402-w
https://doi.org/10.1111/cei.13424
https://doi.org/10.2337/dc18-1465
https://doi.org/10.1007/s00262-017-2033-8
https://doi.org/10.1056/NEJM200002033420501
https://doi.org/10.1007/s13340-020-00458-2
https://doi.org/10.1007/s11154-020-09618-w
https://doi.org/10.2337/dbi18-0002
https://doi.org/10.1159/000480634

M. Bah et al.

(14]

Tsang, V.H.M., McGrath, R.T., Clifton-Bligh, R.J., Scolyer, R.A., Jakrot, V., Gu-
minski, A.D., Long, G.V. and Menzies, A.M. (2019) Checkpoint Inhibitor-Associated
Autoimmune Diabetes Is Distinct From Type 1 Diabetes. The Journal of Clinical
Endocrinology & Metabolism, 104, 5499-5506.
https://doi.org/10.1210/jc.2019-00423

DOI: 10.4236/0jemd.2023.1312017

233 Open Journal of Endocrine and Metabolic Diseases


https://doi.org/10.4236/ojemd.2023.1312017
https://doi.org/10.1210/jc.2019-00423

	Long-Term Persistent Absolute Insulin Secretion Deficiency in Diabetes Induced by Immune Checkpoint Inhibitors
	Abstract
	Keywords
	1. Introduction
	2. Case 1
	3. Case 2
	4. Case 3
	5. Case 4
	6. Comments 
	7. Conclusion
	Conflicts of Interest
	References

