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Abbreviations
ALK	� Anaplastic lymphoma kinase
CK	� Cytokeratin
CT	� Computed tomography
DKA	� Diabetic ketoacidosis
EGFR	� Epidermal growth factor receptor
GAD	� Glutamic acid decarboxylase
HbA1c	� Hemoglobin A1c
IA	� Islet antigen
ICA	� Islet cell autoantigen
KRAS	� Kirsten rat sarcoma
NOD	� Non-obese diabetic
NR	� Not reported
NSCLC	� Non-small cell lung cancer
PAX	� Paired box gene
RCC	� Renal cell carcinoma
SCLC	� Small cell lung cancer
T1DM	� Type 1 diabetes mellitus
Treg	� Regulatory T cell
TTF	� Thyroid transcription factor
UD	� Undetectable

Introduction

The immune checkpoint inhibitors ipilimumab, nivolumab, 
pembrolizumab, and atezolizumab, have been FDA-
approved for the treatment of multiple malignancies 
in recent years. These immunomodulating agents tar-
get CTLA-4, PD-1, or PD-L1 and have been associated 
with several immune-related adverse effects, including 
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autoimmune pneumonitis, colitis, hepatitis, nephritis, and 
several endocrinopathies [1–5]. CTLA-4 is predominantly 
expressed on T cells, PD-1 is expressed on T cells, B cells, 
monocytes, natural killer cells, dendritic cells, and many 
lymphocytes, and PD-L1 is expressed on resting T cells, 
B cells, dendritic cells, macrophages, vascular endothe-
lial cells, and pancreatic islet cells [6, 7]. Pembrolizumab 
is an IgG4 monoclonal antibody targeting the PD-1 T cell 
receptor and is FDA-approved for treatment of metastatic 
melanoma, non-small cell lung cancer, and renal cell carci-
noma. Pembrolizumab has rarely been associated with the 
development of type 1 diabetes mellitus (T1DM) [8–10]. 
As immunotherapy continues to be more widely used for 
cancer treatment, it is important to identify possible rare 
but significant immune-related side effects, such as T1DM, 
associated with these targeted therapies.

We present the case of a 76-year-old male with meta-
static adenocarcinoma of the lung, who developed anti-
body-positive T1DM following treatment with pembroli-
zumab in combination with systemic chemotherapy. We 
will also provide a brief literature review of reported cases 
of type 1 diabetes presenting after treatment with pembroli-
zumab or nivolumab.

Case presentation

The patient is a 76-year-old male with an approximately 
10 pack-year smoking history (quit smoking 35 years prior 
to presentation) and no history of diabetes mellitus, who 
presented in June 2015 with shortness of breath. He under-
went computed tomography (CT) of his chest which dem-
onstrated a large right-sided pleural effusion, as well as 

several right-sided lung nodules involving both the upper 
and lower lobes. Diagnostic thoracentesis demonstrated 
cytology positive for metastatic carcinoma. Immunohisto-
chemistry stains were positive for cytokeratin (CK) CAM 
5.2, vimentin and variable CD10 positivity. CT scan of the 
abdomen and pelvis demonstrated several enlarged ret-
roperitoneal lymph nodes, as well as a hyperdense lesion 
in the upper pole of the right kidney and an enhancing 
lesion in the lateral aspect of the spleen. Given his symp-
tomatic pleural effusion, 1  month following presentation 
the patient underwent robotic video-assisted thoracic sur-
gery with right upper lobe wedge resection and biopsy, as 
well as talc pleurodesis. Immunohistochemistry was posi-
tive for CK7 and negative for thyroid transcription factor 
1 (TTF1), paired box gene (PAX), and CK20, consistent 
with lung adenocarcinoma. The tumor showed wild type 
for anaplastic lymphoma kinase (ALK), ROS1, Kirsten rat 
sarcoma (KRAS), and epidermal growth factor receptor 
(EGFR).

Two months after presentation, the patient was started 
on systemic treatment as part of a clinical trial in 21 day 
cycles. Treatment consisted of pembrolizumab, carboplatin, 
and nab-paclitaxel on day one, followed by nab-paclitaxel 
on days eight and fifteen. The patient presented in Septem-
ber 2015 for cycle two, day eight and was found to have 
a blood glucose level of 616 mg/dL. He was subsequently 
admitted to the hospital (Fig.  1). He was asymptomatic 
without polyuria or polydipsia. He did not have an anion 
gap. Prior to starting treatment, his random blood glu-
cose levels ranged from 120 to 140  mg/dL. He was not 
being treated for pre-diabetes. Hemoglobin A1c measured 
1 month prior to starting treatment was 6.3 %. It was 5.8 % 
1 month after starting treatment.

Fig. 1   Blood glucose and c-peptide levels were measured throughout 
treatment with pembrolizumab, nab-paclitaxel, and carboplatin for 
adenocarcinoma of the lung. The data points represent 7-day inter-
vals. Treatment was delayed several times for cytopenias, in addition 

to hyperglycemia after C2D1. C4D8 was held completely for cytope-
nias. C cycle, D day, P pembrolizumab, N nab-paclitaxel, R carbopl-
atin, Anti-GAD  anti-glutamic acid decarboxylase, Anti-IA2  anti-islet 
antigen 2
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On admission, further workup demonstrated random 
c-peptide levels that were 0.81  ng/mL (normal range 
0.9–3.85 ng/mL) and then less than 0.10 ng/mL after ini-
tiation of insulin therapy. Thyroid and cholesterol stud-
ies were within normal limits. He demonstrated elevated 
anti-glutamic acid decarboxylase antibodies (anti-GAD, 
23.8units/mL, normal  <  1.1  units/mL) and islet antigen 2 
antibodies (anti-IA2, 0.32 nmol/L, normal < 0.02 nmol/L). 
Insulin antibodies and islet cell immunoglobulin G (IgG) 
antibodies were negative. HLA-typing was not performed. 
The patient was started on both long-acting insulin glargine 
and prandial short-acting insulin with improved glycemic 
control. Although not standard practice, given that many 
immune-related adverse events are controlled with the use 
of systemic steroids, the patient was started on an empiric 
trial of prednisone at 10  mg per day. This was started 
21  days after his presentation with hyperglycemia. The 
prednisone was stopped after 25  days when no improve-
ment was seen in the patient’s glycemic control. Of note, 
there was no significant worsening of the patient’s hyper-
glycemia on prednisone. The patient’s blood glucose was 
controlled on long-acting insulin glargine and prandial 
short-acting insulin.

The patient received a total of four cycles of the chemo-
therapy regimen, including pembrolizumab, with an over-
all decrease in size and near resolution of his right lung 
nodules, as shown in Fig. 2. The patient tolerated therapy 
well without any other immune-related side effects. There 
were no dose-limiting toxicities in cycle 1. Cycle 2, day 8 
was delayed 1  week due to hyperglycemia; however, due 
to rapid correction and control with insulin, it was felt 
safe to proceed with continued pembrolizumab treatment. 
His treatment was also delayed 1–2  weeks at three other 
points due to cytopenias (neutropenia and thrombocytope-
nia), which were likely hematologic toxicities of carbopl-
atin and/or nab-paclitaxel. The patient currently remains on 
maintenance pembrolizumab every 3 weeks. He remains on 
insulin therapy with stable insulin requirements and fasting 
blood glucose levels.

Discussion

Although our patient had no prior history of autoimmune 
disease or diabetes mellitus, his presentation suggests the 
development of autoimmune T1DM in association with 
pembrolizumab treatment for adenocarcinoma of the lung. 
Currently, there have been rare reports of T1DM occurring 
in association with pembrolizumab treatment (Table  1). 
In one report, the patient developed fulminant T1DM and 
DKA with negative autoantibodies and undetectable c-pep-
tide levels 2  weeks after receiving a second injection of 
pembrolizumab for metastatic melanoma [9]. In another 

report, a patient with a history of autoimmune thyroid dis-
ease and psoriasis presented with ketonuria and was diag-
nosed with antibody-negative T1DM, with low c-peptide 
levels, less than 1  month after receiving treatment with 
pembrolizumab for melanoma [8]. A third report described 
a patient developing DKA and anti-GAD-positive autoim-
mune T1DM after receiving three injections of pembroli-
zumab for metastatic melanoma. The third patient had also 
been previously treated with ipilimumab [10]. Addition-
ally, in another report of a patient previously treated with 
ipilimumab, the patient developed T1DM 3  weeks after 
initiation of pembrolizumab therapy for melanoma [11]. 
Recently, a case report described a patient who developed 
anti-GAD-positive, insulin-dependent diabetes after 17 
cycles of treatment with pembrolizumab for metastatic 
melanoma. The patient had previously received interferon 
alpha 2B, vemurafenib, high-dose IL-2, and ipilimumab 
therapy. His fasting blood glucose levels and insulin 
requirements decreased after discontinuation of pembroli-
zumab [12]. Ours is the first case demonstrating the asso-
ciation of T1DM with pembrolizumab treatment and 
concurrent standard chemotherapy for patients with lung 
adenocarcinoma.

Nivolumab, another immunologic agent targeting the 
PD-1 cell receptor, has also been reported to be associated 
with the development of T1DM. With nivolumab, type 1 
diabetes has presented anywhere from 1 week to 7 months 
after treatment initiation, with various clinical presenta-
tions, including diabetic ketoacidosis (DKA) (Table 1) [8, 
11, 13–15]. Additionally, type 1 diabetes has been associ-
ated with other immune therapies, with multiple reports of 
this association with interferon alpha 2B and IL-2. In one 
study of patients receiving combination anti-melanoma 
vaccine and low-dose IL-2 therapy, 1 patient out of 91 
evaluable patients developed new onset insulin-dependent 
diabetes mellitus which resolved after discontinuation of 
IL-2. Anti-islet cell autoantibodies were not measured 
[16]. Another patient who received single-agent low-dose 
IL-2 therapy for advanced colorectal cancer developed 
insulin-dependent diabetes mellitus during treatment. His 
blood glucose levels improved upon cessation of IL-2 and 
recurred when IL-2 therapy was restarted. He had posi-
tive anti-islet cell autoantibodies [17]. There have been 
many reports of IFN-associated type 1 diabetes mellitus in 
patients treated for hepatitis C, most involving the devel-
opment of positive autoantibodies [18–23]. Several studies 
have shown that IFN-alpha is involved in the initiation of 
T1DM in non-obese diabetic (NOD) mice by demonstrat-
ing that blocking IFN-alpha receptors can delay the onset 
and decrease the incidence of T1DM in NOD mice [24, 
25]. To our knowledge, the platinum and taxane classes of 
chemotherapy have not been reported to be associated with 
the development of T1DM, and therefore it is unlikely that 
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concurrent treatment with these agents contributed to the 
development of T1DM in our patient.

Several studies with mouse models have provided insight 
into the potential mechanism for the development of auto-
immune TIDM related to blockade of the PD-1 pathway. 
Ansari et  al. [26] found that PD-1 and programmed death 
ligand-1 (PD-L1) inhibition precipitated diabetes, with an 
increased frequency of GAD-reactive splenocytes, in non-
obese prediabetic female mice. Another study found that 
blockade of the PD-1 pathway in s mice models appears 
to undermine their otherwise significant genetic protection 

from type 1 diabetes. The PD-1 blockade in the mouse 
model rapidly precipitated type 1 diabetes in nearly all of the 
mouse strains tested [27]. Guleria et al. [28] demonstrated 
that PD-L1 blockade in NOD mice leads to the expansion of 
autoreactive CD4+ and CD8+ T cells in vivo which likely 
play a role in the development of T1DM. Based on these 
preclinical studies, it appears that the PD-1 pathway is an 
inhibitory pathway in the development of T1DM. Therefore, 
disinhibition of this pathway with PD-1 and PD-L1 inhibi-
tors allows for the expansion of T cells which are autoreac-
tive and may lead to the development of T1DM.

Fig. 2   Pre- (i) and post-treatment (ii) chest computed tomography 
(CT) scans demonstrating an overall decrease in size of the patient’s 
right upper and right lower lobe nodules after 4 cycles of treat-
ment with pembrolizumab, nab-paclitaxel, and carboplatin. Interval 
between pre- and post-treatment scans was approximately 5 months. 
a Pre-treatment CT scan with a lobular, partially spiculated peripheral 

right upper lobe nodule, measuring 13 mm in the long axis. Resolved 
on post-treatment scan. b Pre-treatment CT scan with a lobular, par-
tially spiculated right upper lobe nodule, measuring 10  mm in the 
long axis. Resolved on post-treatment scan. c Pre-treatment CT scan 
with a well-circumscribed right lower lobe peripheral nodule, meas-
uring 15 mm in the long axis. Resolved on post-treatment scan
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It has been established that T1DM is precipitated by the 
destruction of pancreatic beta cells by autoreactive T cells. 
Regulatory T cells (Treg) inhibit the activation and effec-
tor functions of these autoreactive T cells in healthy control 
subjects. Studies have shown conflicting results regarding 
the number of Treg cells found in healthy controls ver-
sus diabetic patients. In a recent study, peripheral blood 

mononuclear cells (PBMC) from both long-standing dia-
betic patients and healthy control subjects were stimulated 
with CD3/CD28 to induce proliferation of Treg cells. After 
stimulation, diabetic patients were found to have decreased 
proliferation of Treg cells, as well as lower expression of 
PD-1 on the surface of these cells [29]. This study sup-
ports the previous findings by Fujisawa et  al. [30] which 

Table 1   Patient characteristics in immune-modulator associated type 1 diabetes mellitus

Normal c-peptide level range: 0.9–3.85 ng/mL

NSCLC non-small cell lung cancer, RCC renal cell carcinoma, SCLC small cell lung cancer, anti-GAD anti-glutamic acid decarboxylase, anti-
ICA512 islet cell autoantigen 512, anti-IA2 anti-islet antigen 2, DKA diabetic ketoacidosis, UD undetectable, NR not reported

Agent Disease Antibodies 
detected

Time to 
development

C-peptide 
(ng/mL)

DKA Prior treat-
ment

Relevant 
history

High-risk HLA 
genotype

References

Nivolumab Melanoma None 5 months <0.1 + Ipilimumab Autoimmune 
thyroiditis

A02:01, 
DRB1*04

[8]

Nivolumab NSCLC +anti-GAD <1 month <0.1 + None None A02:01, 
DRB1*04

[8]

Nivolumab RCC +anti-GAD, 
anti-
ICA512, 
anti-IA2

4 months 1.3 – Proleukin, 
bevaci-
zumab, 
interferon

None A02:01, 
DRB1*04

[8]

Nivolumab SLC +anti-GAD 1 week <0.1 + Carboplatin, 
etoposide, 
paclitaxel

Type 2 DM A02:01 [8]

Nivolumab Melanoma None 7 months 0.08 + Dacarbazine None NR [13]

Nivolumab Melanoma None 4 months UD + None None None [14]

Nivolumab Melanoma None 12 months 1 – Dacarbazine, 
nimustine, 
cisplatin, 
tamoxifen

None DRB1*04:05, 
DQB1*04:01

[15]

Nivolumab Melanoma None 6 weeks <0.1 – None None NR [11]

Nivolumab Melanoma +anti-GAD 3 weeks low + Dacarbazine, 
Ipilimumab

Type 2 diabe-
tes mellitus

NR [11]

Nivolumab Melanoma NR 6 weeks NR NR Dacarbazine, 
Ipilimumab

NR NR [11]

Pembroli-
zumab

Melanoma +anti-GAD 3 weeks Low – Ipilimumab None NR [11]

Pembroli-
zumab

Melanoma None 2 weeks after 
2nd injec-
tion

UD + Ipilimumab Autoimmune 
thyroiditis

None [9]

Pembroli-
zumab

Melanoma +anti-GAD After 3rd 
infusion

NR + Ipilimumab None DRB1*04, 
DQB1*03:02

[10]

Pembroli-
zumab

Melanoma None <1 month 0.5 – None Autoimmune 
thyroiditis, 
psoriasis

Not reported [8]

Pembroli-
zumab

Melanoma +anti-GAD 51 weeks 2.4 – IFN alpha 
2B, vemu-
rafenib, 
high-dose 
IL-2, ipili-
mumab

Treatment-
related 
hypothy-
roidism

Not reported [12]

Pembroli-
zumab

NSCLC +anti-GAD, 
anti-IA2

1 week after 
2nd injec-
tion

<0.1 – Concurrent 
carboplatin, 
nab-pacli-
taxel

None Not tested Current report
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found that there was a significant decrease in the frequency 
of CD4+  T cells which express PD-1 in patients with 
T1DM compared to healthy control subjects. Therefore, 
a proposed mechanism for the development of T1DM is 
that lower PD-1 expressing CD4+  cells may lead to acti-
vation of autoreactive T cells that can infiltrate pancreatic 
islet cells and ultimately lead to T1DM. At this point, it is 
unclear whether decreased proliferation or function of Treg 
cells due to PD-1 inhibition leads to activation of autore-
active T cells, or if PD-1 inhibition allows these autoreac-
tive T cells to be directly activated through removal of the 
inhibitory pathway.

At this time, it is thought that risk factors for the devel-
opment of T1DM include both high-risk HLA genotypes 
as well as environmental factors [31]. It has been estab-
lished that the primary risk factor, especially in Caucasian 
patients, appears to occur in individuals with either class II 
HLA-DR3-DQ2 (DR3) or HLA-DR4-DQ8 (DR4) haplo-
types, or even higher risk with both, in addition to an envi-
ronmental trigger [32]. Additionally, there have also been 
high-risk HLA class I genotypes that have been associated. 
Therefore, it is reasonable to suspect that having a high-
risk haplotype may place patients at an increased risk of 
developing T1DM in the setting of treatment with immune 
modulators. Although not measured routinely prior to start-
ing treatment with immunomodulators, high-risk HLA 
genotypes have been present in several of the case reports 
of patients who developed T1DM after treatment with 
nivolumab or pembrolizumab (Table 1). Testing HLA gen-
otypes prior to the administration of immunotherapy may 
help to identify patients at risk for developing autoimmune 
side effects, therefore allowing for increased monitoring of 
these patients to identify these adverse effects sooner. As 
suggested previously, recognizing those at risk for devel-
oping these adverse effects may not affect the decision 
to treat, as the potential for increased survival with these 
drugs is likely greater than the risk of adverse effects, it 
may help to identify these adverse effects earlier and pre-
vent significant morbidity [33]. As immunomodulating 
agents become more widely used and standardized parts of 
cancer treatment regimens, the importance of understand-
ing any potential unique adverse effects becomes even 
greater. Although our patient continues on insulin therapy, 
it is uncertain whether he will have lifelong T1DM. Based 
on prior reports of patients with preexisting autoimmune 
disease later developing immune-related adverse effects 
after treatment with immunomodulators, we suspect that 
having a prior autoimmune disease or adverse effect may 
be a risk factor for the development of future immune-
related adverse effects. Potential risk factors for the devel-
opment of T1DM after administration of pembrolizumab 
may become better elucidated as more reports of this effect 
are seen.

The package inserts and prescribing information for 
nivolumab and pembrolizumab both list T1DM as a rare 
immune-related side effect. Interestingly, although the 
CTLA-4 inhibitor ipilimumab has been associated with a 
variety of other immune-related side effects, there has been 
a lack of reported association with T1DM [4, 5]. The asso-
ciation may be rare and might have occurred and not yet 
been described. However, we hypothesize that as with pre-
vious mouse and human studies, PD-1 expression plays a 
role specifically in the development of T1DM, but the role 
(if any) of CTLA-4 is unclear. These findings are supported 
by the fact that although CTLA-4 and PD-1 receptors both 
negatively regulate T cell activation, they appear to do so 
by separate and distinct mechanisms [34]. Additionally, it 
has been demonstrated that CTLA-4 may play a role in the 
development of T1DM only in neonate NOD mice, but not 
later in their lifespan [26].

As noted previously, our patient was found to have a 
lower HbA1c level once starting treatment compared to 
his baseline, although his blood glucose levels were sig-
nificantly higher. It has been shown that in rare settings of 
rapidly evolving type 1 diabetes mellitus, the HbA1c levels 
may not have time to catch up with the acute elevations in 
blood glucose levels, which may have been a contributing 
factor in our patient’s case [35]. Although to our knowledge 
the accuracy of HbA1c levels in the setting of chemother-
apy-induced anemia has not been studied, it is reasonable 
to suspect that HbA1c levels may also be less reliable in 
this setting.

Ideal management of these complications has yet to be 
determined. There are currently no widely accepted guide-
lines regarding treatment of pembrolizumab-induced type 
1 diabetes mellitus other than insulin therapy. Given the 
autoimmune nature of the adverse effect and the formation 
of autoantibodies, we hypothesized that steroids may be a 
useful treatment. Although not beneficial in our patient, we 
suspect that a higher dose of systemic steroids given sooner 
after the diagnosis of T1DM was made may have improved 
his glycemic control.

Conclusion

Anti-PD-1 immunomodulating agents, specifically pem-
brolizumab, now FDA-approved for use in melanoma, 
non-small cell lung cancer, and renal cell carcinoma, have 
been reported to have immune adverse effects. Recently, 
rare case reports have demonstrated an association between 
pembrolizumab and T1DM. However, our case is the first 
which demonstrates a patient who developed antibody-pos-
itive T1DM after combination treatment with chemother-
apy and pembrolizumab for lung adenocarcinoma. Further 
research is needed to help delineate the frequency of this 
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adverse effect, as well as evaluate potential risk factors and 
ideal management strategies.
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