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Abstract Anti-PD-1 antibody treatment is approved in
advanced melanoma and provides median overall sur-
vival over 24 months. The main treatment-related side
effects are immune-related adverse events, which include
rash, pruritus, vitiligo, thyroiditis, diarrhoea, hepatitis
and pneumonitis. We report a case of autoimmune dia-
betes related to nivolumab treatment. A 73-year-old man
was treated in second line with nivolumab at 3 mg/kg
every two weeks for metastatic melanoma. At 6 weeks of
treatment, he displayed diabetic ketoacidosis. Nivolumab
was withheld 3.5 weeks and insulin therapy was initiated,
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enabling a normalization of glycaemia and the disap-
pearance of symptoms. Laboratory investigations dem-
onstrated the presence of islet cell autoantibodies, while
C-peptide was undetectable. Retrospective explorations
on serum banked at week 0 and 3 months before the start
of nivolumab, already showed the presence of autoanti-
bodies, but normal insulin, C-peptide secretion and gly-
caemia. Partial response was obtained at month 3, and
nivolumab was then resumed at the same dose. The clini-
cal context and biological investigations before, at and
after nivolumab initiation suggest the autoimmune origin
of this diabetes, most likely induced by anti-PD-1 anti-
body in a predisposed patient. The role of PD-1/PD-L1
binding is well known in the pathogenesis of type 1 dia-
betes. Therefore, this rare side effect can be expected in
a context of anti-PD-1 treatment. Glycaemia should be
monitored during PD-1/PD-L1 blockade. The presence of
autoantibodies before treatment could identify individu-
als at risk of developing diabetes, but systematic titration
may not be relevant considering the rarity of this side
effect.

Keywords Melanoma - Anti-PD-1 antibody - Autoimmune
diabetes - Adverse events

Abbreviations

BMS Bristol-Myers Squibb

BRAF  Murine sarcoma viral oncogene homolog B1

GADA  Glutamic acid decarboxylase antibody

HbAlc Glycated haemoglobin Insulinoma antigen-2
antibody

IA2A  Insulinoma antigen-2 antibody

MEK Mitogen activated protein kinase kinase

NOD Non-obese diabetic

ZnT8A Zinc transporter 8 antibody
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Introduction

Nivolumab is an immune-checkpoint inhibitor antibody
(anti-PD-1 antibody) that selectively blocks the inter-
action of the PD-1 receptor, on the T cells, with its two
known programmed death ligands, PD-L1 and PD-L2,
present on the surface of the tumour cells and immune
cells in the tumour micro-environment. It thus restores T
cell activation and proliferation and consequently induces
an anti-tumour immune response. This induces a decrease
in peripheral immune tolerance, which leads to T lympho-
cyte autoimmune clone activation. Nivolumab is associ-
ated with significant improvement in overall survival
compared to the former first-line chemotherapy using
dacarbazine [1] and was approved by the Food and Drug
Administration for the treatment of advanced melanoma
in September 2014 and by European Medicines Agency
(EMA) in Europe in June 2015. The main side effects of
anti-PD-1 therapy are immune-related and include rash,
pruritus, vitiligo, thyroiditis, diarrhoea, hepatitis and
pneumonitis. Cases of autoimmune diabetes induced by
immunotherapy are infrequent and poorly described. We
describe islet beta-cell antibody positivity, highlighted
retrospectively, in a new case of autoimmune diabetes
induced by nivolumab.

Case report

In 2011, a 73-year-old man, with a body mass index of
28 kg/m?, a history of dyslipidemia, and no personal or
family history of diabetes, underwent surgical excision
of a 2.65-mm-thick, ulcerated, BRAF-mutated, cutane-
ous melanoma on the back, with negative sentinel lymph

Fig. 1 Autoantibody evolution: 2500
before, at the time of and after
nivolumab treatment. These 2000

nodes. He received low-dose alpha interferon (IFNa) adju-
vant therapy for 10 months until the occurrence of Graves’
disease, treated with carbimazole for 1 year. In July 2015,
he developed stage IV Mlc metastatic melanoma and
was treated first line with the vemurafenib (BRAF inhibi-
tor) and cobimetinib (MEK inhibitor) combination. At
3 months, the disease had progressed per RECIST, and a
second-line treatment with nivolumab 3 mg/kg every two
weeks was introduced. At 6 weeks of nivolumab, before the
fourth infusion, the patient suddenly complained of abdom-
inal pain, vomiting and severe asthenia associated with a
polyuria—polydipsia syndrome. He was admitted to the
emergency unit of the hospital. The initial biological inves-
tigation evidenced the following: glycaemia: 27.78 mmol/l,
urinary dipstick test: 3 crosses of glucose and ketone, cre-
atinine: 177 pmol/l (baseline: 90 pwmol/l), bicarbonate:
18 mmol/l and glycated haemoglobin (HbAlc): 8.8% (nor-
mal range 4-6%). These data were consistent with type 1
diabetes onset with acute functional renal failure. Insulin
therapy was initiated with gradually increasing doses, pro-
viding a normalization of glycaemia and clinical features.
Extended biological investigations revealed anti-glutamic
acid decarboxylase antibody (GADA) > 2000 IU/L, zinc
transporter 8 antibody (ZnT8A) at 802U/ml, (protein phos-
phatase-like) and insulinoma antigen-2 antibody (IA2A) at
27 U/ml. C-peptide was undetectable. Retrospective inves-
tigations based on frozen serum (week 0 (T0) and 3 months
before starting nivolumab treatment (T-3 m)) already
showed positivity for autoantibodies (Fig. 1). At this time,
insulin and C-peptide concentrations and glycaemia were
normal (Fig. 2). Nivolumab was resumed at the same dose
after three and a half weeks without affecting glycaemia.
Tumour assessment 3 months after nivolumab introduction
showed complete metabolic response on positron emission
tomography/computed tomography).
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Fig. 2 Glycaemia, HbAlc,
C-peptide level and insulinemia
evolution over time. These data
describe biological and kinetic
parameters of diabetes onset. M
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Discussion

The presence of islet beta-cell-related autoantibodies at
diabetes onset, possibly reinforced by their triple positiv-
ity (although no data are available in this type of popu-
lation), supports the diagnosis of autoimmune type 1A
diabetes. The patient had already displayed autoimmune
hyperthyroidism under IFNa therapy, which could have
triggered the appearance of beta-cell antibodies. How-
ever, the occurrence of ketoacidosis in a patient present-
ing with hyperglycaemic symptoms for less than 2 weeks
and the moderate rise in HbAlc level, indicate recent gly-
caemic failure, as observed in fulminant diabetes. Thus,
diabetes onset in this patient could be related to treatment
with anti-PD-1 antibody in a predisposed subject.
Blockade of PD-1 or its ligand, PD-L1, rapidly precipi-
tates diabetes in pre-diabetic non-obese diabetic (NOD)
mice [2]. In addition, selective PD-L1 deficiency in pan-
creatic cells and deficiency or blockade of PD-1 on T cells
activate specific CD8 T cells, leading to diabetes in wild-
type mice [3]. The rapid onset of diabetes in our patient
was probably due to an autoaggressive effector CD8+
T cell clone that was suddenly set free when PD-1 was
blocked. Indeed, PD-1 binding to PD-L1 can down-regu-
late the diabetogenic potential of specific CD8 T cells [3].
In addition, Indira Guleria et al. [4] showed that CD8+
T cells accumulate in the pancreas of PD-L1/PD-L2-defi-
cient NOD mice compared with wild-type NOD controls,
inducing an autoimmune response against pancreatic beta-
cells and rapid destruction of beta islet cells [4].
Twenty-four [5-19] cases of diabetes have already been
reported as a side effect of anti-PD-1/PD-L1 antibody treat-
ment (Table 1). Of these cases, only one was related to

— —HbAlc %

C-peptide nmol/I insulinemia mul/L

anti-PD-L1 therapy [10], seven (29%) patients were treated
with pembrolizumab [5, 6, 8, 9, 14, 15, 18], 13 (54%)
patients were treated with nivolumab [8, 10-14, 17, 19],
and for one case, the specific anti-PD-1 treatment was not
named [7]. Two patients were treated with combined ther-
apy (nivolumab associated with ipilimumab) [8, 16].

These 24 cases of diabetes related to anti-PD-1/PD-L1
therapy occurred between 1 week and 12 months after
initiation (median 8.5 weeks). At diabetes onset, ketoaci-
dosis was reported in 18 (75%) out of the 24 patients
[5-9, 11-17]. All these patients had moderate increases in
HbA Ic level. Ten (42%) patients presented abnormally low
HbAlc, under 8.7%, contrasting with their hyperglycaemia
[8-10, 12, 13, 17], alongside low or undetectable C-peptide
level, which reflects rapid onset as described in fulminant
diabetes.

Fulminant diabetes is a subtype of type 1 diabetes dis-
covered in Japan [20] and has been reported in Asia, Pol-
ynesia but rather rarely in Europe [21]. It is defined as
diabetes in which the process of beta-cell destruction and
the progression of hyperglycaemia and ketoacidosis are
extremely rapid. The pathogenesis of this disease remains
to be clarified, but the involvement of human leucocyte
antigen (HLA DRB1%04:05-DQB1*04:01) genes and
viruses has been suggested. The hyperglycaemic symptoms
last a few days. There is a high prevalence of preceding
common-cold-like and gastrointestinal symptoms and an
unexpectedly near-normal or moderately increased level of
HbA lc, contrasting with the very high plasma glucose lev-
els associated with ketoacidosis. C-peptide concentrations
and type 1 diabetes autoantibody are usually not detectable
[22]. However, in most cases, islet T lymphocyte infiltra-
tion has been observed. In our patient, the short duration of

@ Springer
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symptoms, abdominal pain, the modest rise in HbAlc level
in the presence of ketoacidosis and undetectable C-peptide
(while normal a few weeks before) are in favour of fulmi-
nant diabetes despite type 1 autoantibody positivity.

In contrast, 6 out of the 24 reported patients [5, 7, 8§, 11]
had slower onset and higher HbAlc at diagnosis. For eight
patients, no information was available on the means by
which diabetes was diagnosed.

Five reported cases presented at least one other immune-
related side effect [5, 7, 8, 16]: all presented thyroiditis, and
three presented other side effects—psoriasis [8] for one,
vitiligo [5] for another and the third, who was under com-
bination therapy, presented multiple immune-related side
effects including autoimmune hepatitis, colitis and adrenal
insufficiency.

Autoantibodies were positive for only 11/22 (50%) [5-8,
14, 16—-18] of the patients tested. Among the autoantibody-
negative patients [7—15, 17], five were Japanese [10-13,
17], a population prone to fulminant diabetes. As suspected
by Usui et al. [17], we also found that the time lapse from
the start of treatment with anti-PD-1/PD-L1 antibodies to
the onset of autoimmune diabetes appeared to be related
to the presence or absence of GADA. The median time
lapse from immunotherapy initiation to diabetes onset was,
respectively, 3 weeks in the presence of GADA versus
12.5 weeks without (data from the 24 patients).

Here, we present a retrospective investigation study
showing the positivity of autoantibodies in a case of auto-
immune diabetes appearing after anti-PD-1 treatment, pos-
sibly previously triggered by IFNa therapy. As observed in
children suffering from autoimmune diabetes, this could
reflect subclinical disease before diabetes onset (beta-cell
destruction by a specific TCD8+ cell clone without insu-
linopenia), but these antibodies have no pathogenic role. In
some cases, they could provide a predictive factor for dis-
ease onset prior to the onset of symptoms and a prognos-
tic factor for the course and control of the diabetes [23].
Additionally, the time from immunotherapy initiation and
autoimmune diabetes development could be related to the
presence of the autoantibodies. Thus, the predictive value
of autoantibody positivity in patients exposed to anti-PD-1
agents for development of diabetes requires further study.

In the case reported by Lowe et al. [16] involving com-
bination therapy (nivolumab plus ipilimumab), antibodies
measured retrospectively at the start of immunotherapy
were negative and appeared with the diabetes symptoms
and glycaemia increase. In fact, data from the literature
on NOD mice suggest that in the absence of negative co-
stimulation by the PD-1/PD-L1 pathway, CTLA-4 possibly
maintains the self-tolerance through IL-2, which stimu-
lates T regulator cells [24]. CTLA-4 expression was also
reported in one study to be significantly lower in patients
with fulminant type 1 diabetes [25]. The rapid development

of this autoimmune toxicity resulting from two immune-
checkpoint blockades (CTLA-4 and PD-1) could sidestep
the first phase when antibodies are present with subclinical
disease because of sudden specific T cell clone activation.

The development of combination immunotherapies cou-
pling an anti-PD-1 antibody with an anti-CTLA-4 antibody,
could induce a greater prevalence of this immune side
effect. A product characteristic study including the Bris-
tol-Myers Squibb (BMS)067, BMS069 and CA209004-8
cohorts (n = 448 patients), based on combined immuno-
therapies, i.e. anti-PD-1 with anti-CTLA-4 antibodies,
found one case of diabetes with ketoacidosis (0.223%).
This observation is not very different from those reported
for 1728 patients treated with nivolumab alone, where one
case of diabetes and two cases of diabetes with ketoaci-
dosis were described (0.173%). Additional investiga-
tion is needed to identify which patients are at increased
risk of developing this toxicity under checkpoint inhibitor
immunotherapy.

Concerning the management of anti-PD-1 therapy in the
24 cases reported in this literature review, treatment was
temporarily discontinued in six (25%) patients [9-11, 13,
14, 17], as a result of symptom severity (until glycaemia
was controlled) and resumed without effect on glycaemia,
as in our patient’s case. In three (12.5%) cases, anti-PD-1
therapy appears to have been continued alongside glycae-
mia control by insulin therapy [6, 12, 14, 18]. There was no
information on this aspect for seven patients. All patients
across the literature review remained under insulin therapy
except for one Caucasian patient [5], whose treatment was
permanently stopped due to progression of metastatic dis-
ease with subsequent decrease in glycaemia and insulin
requirements, an increase in C-peptide levels and normali-
zation of HbAlc. Insulin was gradually tapered down and
then stopped, suggesting a reversible phenomenon. In one
case, glucocorticoid treatment was started to reverse beta
islet destruction, but was unsuccessful [15].

Conclusion

We describe a new case of autoimmune diabetes related to
anti-PD-1 therapy with retrospective biological analyses,
accompanied by a literature review enabling a characteriza-
tion of autoimmune diabetes resulting from treatment tox-
icity. It also provided information on management of this
rare but increasingly reported immune-related side effect.
The potential severity of this complication, with frequent
onset of fulminant diabetes, should motivate glycaemia
monitoring during immunotherapy treatment. The question
of whether autoantibodies should be screened for to iden-
tify high-risk subjects at treatment initiation needs to be
evaluated.
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