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ABSTRACT
We present the first case of simultaneous development of Graves’ disease and type 1 dia-
betes during anti-programmed cell death 1 therapy. A 48-year-old man with parotid gland
adenocarcinoma and lung metastasis had received five courses of nivolumab. Four-
teen days after administration of the sixth course, his casual plasma glucose and hemo-
globin A1c levels were 379 mg/dL and 7.2%, respectively. Furthermore, thyrotoxicosis was
detected with a blood test. Serum total ketone body and thyroid-stimulating hormone
receptor antibody levels increased, and serum C-peptide level decreased to 0.01 ng/mL
thereafter. Thus, we concluded that he simultaneously developed anti-programmed cell
death 1 therapy-associated type 1 diabetes and Graves’ disease. Among Japanese patients
with autoimmune polyglandular syndrome type III, the frequency of human leukocyte
antigen-DRB1*04:05 is higher in those with both type 1 diabetes and Graves’ disease. Our
case had human leukocyte antigen-DRB1*04:05, which might be associated with the
simultaneous development of the two diseases.

INTRODUCTION
Anti-programmed cell death 1 (PD-1) therapy for malignancies
causes immune-related endocrine diseases, including thyroid
dysfunction and type 1 diabetes. Among thyroid dysfunctions,
hypothyroidism/thyroiditis is usually reported in such patients1,
although the development of hyperthyroidism as a result of
Graves’ disease is virtually non-existent2–4. Furthermore, anti-
PD-1 therapy-associated type 1 diabetes is also very rare1. Here,
we present the first case of simultaneous development of
Graves’ disease and type 1 diabetes during anti-PD-1 therapy
for malignancies.

CASE REPORT
A 48-year-old man with parotid gland adenocarcinoma and
lung metastasis received five courses of the anti-PD-1
immunotherapy, nivolumab, at a dose of 240 mg every 2–
5 weeks for approximately 13 weeks. On the day of the admin-
istration of the sixth course (113 days after the first nivolumab),
casual plasma glucose and glycated hemoglobin levels were

190 mg/dL and 6.4% (46 mmol/mol), respectively, and the thy-
roid-stimulating hormone (TSH) level was 0.037 lIU/mL (nor-
mal range [NR] 0.35–4.94 lIU/mL). Considering that he might
be experiencing impaired glucose tolerance and thyrotoxicosis,
the seventh nivolumab course was deferred. Fourteen days later
(127 days after the first nivolumab), casual plasma glucose and
glycated hemoglobin levels were 379 mg/dL and 7.2%
(55 mmol/mol), respectively. Free triiodothyronine and free
thyroxine levels increased to 3.88 pg/mL (NR 1.71–3.71 pg/mL)
and 1.72 ng/dL (NR 0.7–1.48 ng/dL), respectively, and the TSH
level decreased to 0.008 lIU/mL. Thus, he was immediately
admitted (Figure 1; Table S1).
The patient’s height, weight and body mass index were

160.4 cm, 54.9 kg and 21.3 kg/m2, respectively. He had no his-
tory of glucose intolerance and thyroid dysfunction, and no evi-
dence of preceding acute viral infection. He also had no family
history of thyroid diseases and other autoimmune diseases. Fur-
thermore, he had no hyperglycemia- or thyrotoxicosis-related
symptoms before and during hospitalization. Laboratory
examination at admission showed the following results: urine
ketones, negative; serum creatinine, 0.78 mg/dL; islet-associated

Received 9 September 2019; revised 20 December 2019; accepted 6 January 2020

1006 J Diabetes Investig Vol. 11 No. 4 July 2020 ª 2020 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

CASE REPORT

https://orcid.org/0000-0003-1524-6751
https://orcid.org/0000-0003-1524-6751
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/


autoantibodies (glutamic acid decarboxylase antibody, insuli-
noma-associated antigen-2 antibody, zinc transporter 8 anti-
body), negative; venous pH, 7.375, venous HCO3� , 27.0 mmol/
L; and serum total ketone body, 444.8 lmol/L (NR ≤130 lmol/
L); serum acetoacetate, 164.0 lmol/L (NR ≤55 lmol/L); and
serum 3-hydroxybutyrate, 280.8 lmol/L (NR ≤85 lmol/L). His

fasting serum C-peptide level was 1.55 ng/mL at admission,
which decreased to 0.01 ng/mL after 3 months and remained
<0.01 ng/mL thereafter. Thus, he was diagnosed with anti-PD-
1 therapy-associated type 1 diabetes. He carried a homozygote
of the human leukocyte antigen (HLA)-DRB1*04:05 allele,
associated with autoimmune type 1 diabetes in the Japanese

9

(a)

8

7

6

5

0
–200 –150 –100 –50 0

2

C
-p

ep
tid

e
(n

g/
m

L)

1
0

50 100 150 200 250 300 350 400 450

Nivolumab

Total daily insulin dose (U/day)

1s
t

2n
d

3r
d

4t
h

5t
h

6t
h

25 32 24 32 34
45 46 47

36 38

7th 10th 15th

H
bA

1c
 (%

)
FT

4 
(n

g/
dL

), 
FT

3 
(p

g/
m

L)
TS

H
 (µ

IU
/m

L)

4

3.5

3

2.5

2

1.5

1

0.5

0
–200 –150 –100 –50 0 50 100 150 200 250 300 350 400 450

–200 –150 –100 –50 0 50 100 150 200 250 300 350 400 450

–200 –150 –100 –50 0 50 100 150 200 250 300

Time course (days)

350 400 450

10

1

0.1

0.01

0.001

6

4

2

0TR
A

b 
(IU

/L
)

Methimazole (mg/day)
10

5 2.55
(b)

(c)

(d)

Figure 1 | Clinical time course of the development of Graves’ disease and type 1 diabetes. The clinical time course of the development of Graves’
disease and type 1 diabetes in the present patient is shown according to several clinical parameters. (a) Glycated hemoglobin (HbA1c) and serum
C-peptide levels. Filled circle and open triangle represent HbA1c and serum C-peptide levels, respectively. (b) Free triiodothyronine (FT3) and
thyroxine (FT4) levels. Dashed and solid lines represent FT3 and FT4 levels, respectively. (c) Thyroid-stimulating hormone (TSH) level. The values are
plotted with a base-10 logarithmic scale on the y-axis. (d) TSH receptor antibody (TRAb) level. The x-axis of each figure shows the time course (day)
before and after admission. Day 0 corresponds to the day of admission. (b–d) The gray areas show the normal ranges for each parameter.
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population. The patient had no diabetes complications. Inten-
sive insulin therapy was started immediately after admission;
his plasma glucose levels finally improved with 7 units of insu-
lin degludec, and 12, 8 and 5 units of insulin aspart before
breakfast, lunch and dinner, respectively. He was discharged on
hospitalization day 25. The seventh and subsequent nivolumab
courses were resumed approximately 9 months post-discharge.
On the day after the 31st course of nivolumab treatment
(835 days after the first nivolumab), computed tomography
confirmed that the parotid gland tumor and lung metastasis
lesions had grown larger compared with the size before the first
course of nivolumab therapy. However, the tumor growth rate
appeared to be extremely slow owing to nivolumab, thus sug-
gesting the potential antineoplastic effect of nivolumab on
tumors.
Meanwhile, the patient’s TSH receptor antibody titer was

3.7 IU/L (NR <2.0 IU/L), but thyroglobulin antibody and thy-
roid peroxidase antibody were both negative. Although thyroid
ultrasonography showed no enlargement and normal vascular-
ity of the thyroid gland (Figure S1), the patient was clinically
diagnosed with mild Graves’ disease and started receiving
methimazole therapy. Thereafter, his TSH level remained
<0.005 lIU/mL for approximately 10 months (except for a
brief period), and free triiodothyronine levels, which decreased
soon after initiating methimazole, increased to the near-upper
limit of the normal range (3.47 pg/mL) at 213 days after mani-
festing Graves’ disease, despite using methimazole (2.5 mg/day),
thereby suggesting the persistence of subclinical hyperthy-
roidism as a result of Graves’ disease, but not painless thyroidi-
tis.
Written informed consent was obtained from the patient.

DISCUSSION
Some studies have reported that 39.0–54.2% of individuals trea-
ted with anti-PD-1 antibodies show immune-related adverse
events1. Although the most common endocrine adverse event
with anti-PD-1 therapy was hypothyroidism (~5.9% cases)1,
there have been no reports of participants with anti-PD-1-asso-
ciated Graves’ disease based on correct diagnosis thus far2–4.
Furthermore, type 1 diabetes was very rare, and recorded in
0.4% of cases1. Thus, the present patient with simultaneous
development of Graves’ disease and type 1 diabetes after anti-
PD-1 therapy is believed to be extremely rare and valuable.
However, TSH receptor antibody and islet-associated autoanti-
bodies had never been measured before the manifestation of
the two diseases in this patient. Hence, a limitation of this
report is that the true time point of the development of the
two diseases could not be completely ascertained.
The detailed mechanism for the development of anti-PD-1

therapy-associated Graves’ disease remains unknown. A recent
study showed that PD-1+ CD4+ T cells were remarkably
increased among intrathyroidal lymphocytes of Graves’ disease
patients5. Furthermore, programmed cell death ligand-1 (PD-
L1) was expressed in epithelial thyroid follicular cell clusters in

their thyroid tissues5. These findings suggest that the PD-1/PD-
L1 pathway plays an important role in regulating thyroid
autoimmunity, including Graves’ disease. Therefore, thyroid
autoimmunity arising after PD-1/PD-L1 blocking therapies
might be because of inhibiting the PD-1/PD-L1 tolerance mech-
anism in the thyroid, leading to the development of Graves’ dis-
ease through CD4+ helper T-cell-associated activation of B cells
and plasma cells producing TSH receptor antibody6.
Among Japanese patients with autoimmune polyglandular

syndrome type III, the frequency in HLA-DRB1*09:01 is higher
in individuals with both Hashimoto’s thyroiditis and type 1
diabetes, whereas that of HLA-DRB1*04:05 is higher in those
with both Graves’ disease and type 1 diabetes7. The present
patient had the HLA-DRB1*04:05 allele, which could be associ-
ated with the simultaneous development of type 1 diabetes and
Graves’ disease. Furthermore, the frequency of homozygotes
with DRB1*04:05-DQB1*04:01, the most common
DRB1*04:05-related haplotype, is approximately 2.5% in the
Japanese population8, possibly explaining the very rare fre-
quency of simultaneous development of the two diseases after
anti-PD-1 therapy. Furthermore, non-HLA genes, including
cytotoxic T-lymphocyte-associated protein 4 gene, which was
previously reported to be related with the concurrent develop-
ment of type 1 diabetes and autoimmune thyroid disease9,
might also be associated with the simultaneous development of
Graves’ disease and type 1 diabetes, and this warrants further
investigation. These points of discussion cannot be concluded
based on a single case, and thus, accumulating similar cases
might help in understanding the pathogenic mechanisms
underlying the simultaneous development of thyroid dysfunc-
tion and type 1 diabetes during immune checkpoint inhibitor
treatment to identify methods for preventing this side-effect.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Ultrasound images of the thyroid gland in the current case.

Table S1 | Time course of main laboratory data in the present case.
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