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Abstract: Endocrine adverse reactions are one of the most common adverse reactions in the treatment of immune checkpoint
inhibitors (ICIs), mainly involving the pituitary gland, pancreas, thyroid gland, adrenal gland and other glands, resulting in
corresponding endocrine dysfunction. We report a 45-year-old man with non-small-cell lung cancer who developed hypophysitis 11
months after initiation of treatment with an anti-PD-L1/CTLA-4 bispecific antibody (KN046) that blocks both programmed death
ligand-1 (PD-L1) and cytotoxic T-lymphocyte antigen-4 (CTLA-4), followed by regular oral replacement doses of prednisone and
levothyroxine tablets. The patient was diagnosed with type 1 diabetes mellitus (T1DM) with diabetic ketoacidosis (DKA) 25 months
after the start of immunotherapy, presenting with acute hyperglycemic symptoms, ketoacidosis, and negative diabetic autoantibodies.
By describing a case of KN046 immunotherapy involving multiple endocrine glands and reviewing relevant literature, we were able to
summarize the clinical characteristics of KN046 immunotherapy-induced endocrine system-related immune-related adverse events
(irAEs) for use in early detection, diagnosis and treatment.
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Introduction

In recent years, break through progress has been made in immunotherapy of malignant tumors, and it has become a new
treatment method for refractory or recurrent tumors. Immune checkpoint inhibitors (ICIs) can target programmed death-1
(PD-1), Cytotoxic T-lymphocyte antigen-4 (CTLA-4) and programmed death ligand-1 (PD-L1) to reactivate the killing
function of effector T cells in tumor cells, thus exerting an antitumor effect.' Currently, ICIs are divided into three main
types: PD-1 inhibitors, PD-L1 inhibitors and CTLA-4 inhibitors. Due to their unique mechanism of action, their adverse
reactions are different from those of traditional chemoradiotherapy and targeted therapy, and immune dysfunction is the
most common — therefore, adverse reactions to ICIs are called immune-related adverse events (irAEs).> Endocrine
adverse reactions are one of the most common adverse reactions and mainly involve the pituitary gland, thyroid gland,
pancreas, adrenal gland and other endocrine glands, resulting in corresponding endocrine dysfunction. The mechanism of
irAEs is not clear, but it has been determined that it is related to the excessive immune response caused by ICIs. This
article reports a case of irAEs related to type 1 diabetes mellitus (T1DM) and diabetic ketoacidosis (DKA) after the
occurrence of hypophysitis during immunotherapy and includes a review of the related literature to analyze the clinical
characteristics of the disease and provide a basis for the diagnosis and treatment of endocrine system irAEs caused by

such drugs.
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Case Report

1.The patient was a 45-year-old man with a body mass index of 25.51 kg/m?. In January 2018, a chest CT examination
was performed due to cough and sputum, and it showed a mass in the right lower lung. An additional chest enhanced CT
scan and bronchoscopy biopsy led to a diagnosis of right middle and lower lobe adenocarcinoma. In view of the rapid
growth of the lesion and the difficulty of surgery, no surgical treatment was performed. The patient received pemetrexed,
gemcitabine and platinum chemotherapy successively, routine blood tests were performed, and liver and kidney function
and blood glucose were monitored regularly during chemotherapy; no abnormalities were found. Later, due to obvious
adverse reactions to chemotherapy drugs, the patient was enrolled in the “Phase II clinical trial to evaluate the efficacy,
safety and drug resistance of KN046 in subjects with advanced non-small-cell lung cancer” in July 2019 using KN046
(recombinant humanized PD-L1/CTLA-4 bispecific single-domain antibody Fc fusion protein injection), the clinical trial
identifier number:KN046-201. The patient received KN046 223.5 mg intravenous drip treatment successively from
July 2019 to July 2021 every 14 days as a cycle. After 11 months of starting treatment (June 2020), the patient went to
the doctor due to fatigue, and hypopituitarism was found. At that time, the levels of cortisol and adrenocorticotropic
hormone and thyroid hormone levels were lower than normal. An MRI of the pituitary gland was normal. After that,
prednisone tablets (7.5 mg) and levothyroxine tablets (75 pg) were taken daily as replacement therapy, and the symptoms
improved.

2. On July 26, 2021, the patient developed nausea, vomiting and poor appetite without obvious causes and did not
improve after receiving fluid reinfusion and gastric protection at the local hospital for “acute gastroenteritis”. On
August 2, 2021, the patient was admitted to our hospital due to a fasting blood glucose (FBG) result of 360 mg/dl
and HbAlc of 9.25%. The patient had no history of diabetes or hypertension. The patient regularly underwent routine
biochemical review during immunotherapy, and his FBG was 72-90 mg/dl. The last routine biochemical review
suggested that the FBG was 100.8 mg/dl on July 20, 2021. On admission, the body temperature was 36.6 °C, heart
rate was 120 beats/min, breathing was 21 breaths/min, blood pressure was 136/105 mmHg, and blood oxygen saturation
(SpO,) was 99%. At that time, he was conscious, poor in spirit, short of breath, and had dry skin.

3. Auxiliary examination: The blood glucose level of the fingertip was 291.6 mg/dl, and the blood ketone level of the
fingertip was 6.4 mmol/L upon admission. The results of arterial blood gas analysis were as follows: pH: 7.14, partial
pressure of carbon dioxide (PaCO,): 21 mmHg, partial pressure of oxygen (Pa0O,): 102 mmHg, bicarbonate: 7.1 mmol/L,
residual alkali: —21.9 mmol/L; routine urinalysis: 3+ of ketone and + of glucose; HbAlc was 9.25% (normal range 4.0—
6.5%) in the outpatient department. These data indicated the onset of diabetic ketoacidosis. Further examination results
showed that there were no obvious abnormalities in the contrast-enhanced MRI scan of the pituitary gland (Figure 1) and
the high-resolution CT of the pancreas, and the other laboratory examinations are shown in Table 1.

4. Diagnosis and treatment: The patient had no history of diabetes, and his FBG was within normal range according to
regular tests; however, his HbAlc was high, so postprandial blood glucose could not be ruled out during KN046
immunotherapy. Insulin and C-peptide levels could hardly be detected after admission, suggesting that islet B cell
function had been lost. The patient was diagnosed with hypopituitarism for more than a year. Considering that
immunotherapy involved the pituitary and caused hypophysis, HbAlc and postprandial blood glucose levels had not
been monitored in the past. Therefore, based on the patient’s medical history and auxiliary examination, and referring to
the domestic expert consensus (expert consensus on immune-related adverse reactions of the endocrine system caused by
immune checkpoint inhibitors (2020)) for the recommended diagnostic criteria and disease classification of endocrine
irAEs caused by ICIs, the following diagnoses were considered: 1. Immune checkpoint inhibitor-associated diabetes
mellitus complicated by ketoacidosis, CTCAE grade 3; 2. Hypopituitarism hypofunction pituitary gland inflammation
disease immune-checkpoint inhibitors correlation, CTCAE grade 2. The patient received intravenous fluid and insulin
therapy in addition to oral rehydration and potassium. Intravenous insulin therapy was then followed by multiple
injections of insulin aspart. For patients to stop taking prednisone and prior to administration of levothyroxine sodium
replacement therapy, the hospital laboratory tests suggest that ACTH and cortisol levels are low, furthermore, Thyroxine
was reduced, and thyroid stimulating hormone (TSH) was at the lower limit. To avoid pituitary induced crisis, the
patients was temporarily placed on a 100 mg hydrocortisone intravenous drip. Nausea and vomiting ceased, and appetite
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Figure | Sagittal and coronal slices of the pituitary MRI (A) Precontrast T|-weighted coronal slices MRl image. (B) Postcontrast T |-weighted coronal slices MR image. (C)
Precontrast Tl-weighted sagitta slices MRI image. (D) Postcontrast Tl-weighted sagitta slices MR image. (E) Precontrast T2-weighted coronal slices MRI image. (F)
Postcontrast T2-weighted sagitta slices MR image.

improved markedly. After that, the prednisone tablets were substituted with low-dose therapy, and a physiological dose of
levothyroxine sodium was supplemented. The patient has been treated with multiple daily subcutaneous insulin injections
since August 5, 2021, and blood glucose gradually decreased and stabilized.

Discussion

The main cause of irAEs induced by IClIs is excessive activation of T lymphocytes, while endocrine-related irAEs mainly
include hypophysitis, thyroiditis, diabetes, and adrenal cortical hypofunction, and so on. Among them, hypophysitis and
thyroiditis are the most common, while diabetes is relatively rare. Previous studies have focused on the incidence of
a single endocrine irAEs; however, people with one autoimmune disease are at higher risk of developing a second
autoimmune disease.*

A meta-analysis of ICI treatment found that 85 of 6472 patients had hypophysitis,® but the clinical symptoms of
hypophysitis were mostly atypical.”* The most common symptoms were headache and fatigue, and multiple hormone
deficiencies were also common,”'? including TSH, ACTH, follicle stimulating hormone and luteinizing hormone. Early
pituitary MRI examination was helpful for differential diagnosis.'' There is currently no consensus on the pathogenesis
of ICI-associated hypophysitis, and studies have found that the presence of antipituitary gland autoantibodies and human
leukocyte antigens (HLAs) in the serum of patients may increase the susceptibility of ICIs-induced hypophysitis.'? The
occurrence time of hypophysitis was related to ICI type,'® among which the incidence of PD-L1/PD-1 plus CTLA-4
inhibitor was the highest (6.4%), followed by CTLA-4 inhibitor (3.2%), PD-1 inhibitor (0.4%) and PD-L1 inhibitor (less
than 0.1%).”'> Some studies have shown that the incidence of hypophysitis induced by CTLA-4 inhibitor therapy is
much higher in men than in women.*? The higher incidence in males may be explained by the positive effect of
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Table | Laboratory Results for the Patient
Variable Value Reference Range
Biochemistry
ALT (U/L) 17 9-60
AST (U/L) 33 17-59
K (mmol/L) 4.36 436
Na (mmol/L) 137 13-148
Cl (mmol/L) 107 96-108
Uric acid (umol/L) 61l 208428
Creatinine (umol/L) 124 57-97
HCO3- (mmol/L) 8.0 22-29
Plasma osmolality (mOSMI/L) 286.4 275-320
Diabetes-related examination
Glucose (mg/dl) 3173 70-109
HbAlc (%) 9.2 4.6~6.0
ICA - -
GAD-Ab (u/mL) 0.14 <0.9
IAA - -
Endocrinological examination
TT3 (nmol/L) 0.42 1.01~2.95
TT4 (nmol/L) 27.80 55.34~160.88
FT3 (pmol/L) 2.83 2.77-6.5
FT4 (pmol/L) 10.53 10.43-24.32
TSH (mIU/mL) 2.85 0.4~4.34
TPOAb (U/mL) 163.10 <60
TgAb (U/mL) >500 <60
TRAb (U/L) <0.1 <l
8am ACTH (pg/mL) 23.30 5~50
4pm ACTH (pg/mL) <5 69~345
8am cortisol (nmol/L) 32.30 138~690
4pm cortisol (nmol/L) <27.50 69~345
FSH (mlU/mL) 19.20 0.8-5.1
LH (mIU/mL) 3.76 0.8-6.3
GH (ng/mL) 3.78 <5
PRL (ng/mL) 3.75 2-18
Testosterone (ng/dl) 291 260-1320
IGF-1 (ng/mL) 46.7 94-252
Blood amylase (U/L) 23 30~135
Blood lipase (U/L) 145 23~300
Steamed bread meal experiment
FBG (mg/dl) 135 79.2-109.8
GLU 0.5h (mg/dl) 203.76 140.04-160.02
GLU Ih (mg/dl) 342.36 120.6-149.4
GLU 2h (mg/dl) 429.30 90-129.6
Insulin (mIU/L) 12.70 4-20
Insulin 0.5h (mIU/L) 9.50 20.5-108.9
Insulin Th (mIU/L) 8.20 20.5-108.9
Insulin 2h (mIU/L) 8.65 11-91.6
C-peptide (ng/mL) <0.1 0.65-2.45
C-peptide 0.5h (ng/mL) <0.1 3.16-2.45
C-peptide |h (ng/mL) <0.1 3.16-8.45
C-peptide 2h (ng/mL) <0.1 2.74-7.38
(Continued)
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Table | (Continued).

Variable Value Reference Range
Urinalysis

Urine glucose + -

Urine ketone +++ -

Urine protein +++ -

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; HbAlc, hemoglobin Alc;
ICA, islet cell antibody; GAD-Ab, glutamic acid decarboxylase antibody; IAA, insulin autoantibody; TT3,
triiodothyronine; TT4, thyroxin; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-
stimulating hormone; TPOADb, thyroid peroxidase antibody; TgAb, antithyroglobulin antibody; ACTH,
adrenocorticotropic hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone; GH, growth
hormone; PRL, prolactin; IGF-1, insulin-like growth factor |; FBG, fasting blood glucose.

androgens on the expression of CTLA-4.'% Therefore, it is suggested that male patients treated with ICIs need to pay
attention to the occurrence of hypophysitis, especially in those treated with CTLA-4 inhibitor or combination therapy,
and the onset time is mostly within the first half-year after treatment.’ In this case, the patient was male, and
hypopituitarism was found due to fatigue after KN046 immunotherapy, which was consistent with the sex characteristics
of hypophysitis-related cases reported in the past, but the onset time was later than in most related cases. This patient was
admitted to the hospital due to ICI involving pancreatic injury and causing DKA, and the patient’s previous hypopituitar-
ism was considered to be due to hypophysitis caused by ICI treatment. After admission, pituitary-related target gland
hormone levels were tested, and the levels of TT3, TT4, cortex alcohol and ACTH were still low, which may be related
to the patient’s decision to stop taking levothyroxine tablets and prednisone tablets after the onset of this disease. At the
same time, a pituitary MRI showed no abnormalities, which may be related to the patient’s longer onset and long-term
hormone replacement therapy.

Diabetes is a relatively rare adverse reaction to ICls, mainly seen in PD-1 inhibitor treatment, with a few cases
occurring in PD-L1 inhibitor treatment and only a few cases reported in CTLA-4 inhibitor treatment.'* PD-L1 is widely
expressed not only in lymphoid tissues, but also in target organs including pancreatic b cells. Blocking the interaction of
PD-1 and PD-L1 might stimulate T cell proliferation and activation then leading to the destruction of b cells, providing
a possible mechanism for anti-PD-1 induced TIDM.'> A meta-analysis of 7551 patients from 38 randomized clinical
trials showed that ICI induced diabetes in 0.2% (13 cases).® The combination of anti-CTLA-4 with anti-PD-1 or PD-L1
increased the frequency of irAEs by 60% compared with ICI monotherapy.'® Among these cases, the median time of
onset was 20 weeks, with most cases associated with monotherapy against PD-1/PD-L1 occurring after 10 weeks.'*
Similarly, a small number of patients developed T1DM later. Stamatouli et al described a case of TIDM at 228 weeks (54
months) after initial treatment.'* The onset time of TIDM in this case was 25 months after receiving KN046
immunotherapy, and the onset was sudden and reached the diagnostic criteria of ICI-related diabetes recommended by
Chinese experts.® This reminds clinicians to regularly monitor the indicators related to islet function during immunother-
apy, and they still need to pay more attention even after a long period of treatment.

IClI-related diabetes has a more acute onset and rapid progression, and the symptoms may be present in a short time,
with high blood glucose or DKA symptoms. During immune therapy, patients have no obvious thirst or polyuria, such as
with nonspecific symptoms of diabetes, and periodically tested fasting glucose levels are within normal range. Therefore,
in patients with clinical symptoms that are not obvious or with no specific symptoms, dynamic monitoring of other

o 4. . . . . . . 2.17-2
indicators is also required. According to European and American guidelines,>'”2°

regular monitoring of blood glucose
levels is recommended to detect type 1 or type 2 diabetes; however, even routine monitoring of blood glucose levels may
not detect or predict its occurrence. After the onset of ICI-related diabetes, insulin and C-peptide often rapidly decreased
to less than one-third of the normal value and may not return to normal for a long time. Therefore, we believe that
dynamic monitoring of C-peptide levels is an effective means to predict ICI-related diabetes. In this case, the C-peptide
level was too low to be detected after onset. This suggests that islet f cell function was severely impaired after KN046

therapy, and some cases have reported that partial recovery of islet function can be achieved in individual patients due to
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the release of glycotoxicity or the onset of the honeymoon phase.?'*** Diabetes autoantibody positivity is not necessarily
related to the occurrence of ICI-related diabetes but may be related to the occurrence time of diabetes. The onset time of
IClI-associated T1DM with antibody positivity was shorter, and DKA occurred more frequently than in patients with
insulin autoantibody negativity.'* The patient’s diabetes autoantibodies were negative, and the onset time was long,
which was consistent with the onset characteristics of most cases at present.

In contrast to previous related cases, hypopituitarism was found in this patient for 14 months before the occurrence of
DKA, suggesting that patients after ICI treatment may have multiple endocrine gland injuries. And such events have also
been reported. For example, Giulia Lanzolla reported a case of hyperglycemia after 2 cycles of the PD-L1 inhibitor
atezolizumab and DKA, primary adrenal hypofunction, and hypophysitis with pituitary insufficiency after 4 cycles of
treatment.”> Malik Asif Humayun also reported a case of TIDM secondary to hypophysitis during treatment with
nivolumab, a PD-1 inhibitor, in combination with ipilimumab, a CTLA-4 inhibitor.?* Laura Boswell reported a case of
hypophysitis in the course of immunotherapy with ipilimumab, a CTLA-4 inhibitor, and then explosive TIDM after the
cessation of combined immunotherapy.”® Therefore, patients undergoing immunotherapy need to pay close attention to
changes in endocrine and glandular functions during treatment, and even after the treatment ends.>® We should not let our
guard down, and especially in the course of combined immunotherapy, we should pay close attention to the function of
other glands after the injury of one endocrine gland. More importantly, the new drug KNO046 used in this patient was
a PD-L1/CTLA-4 bispecific antibody independently developed by Jiangsu Corning & Jerry’s Co. LTD. Its innovative
design includes the fusion of CTLA-4 and PD-L1 single-domain antibodies with different mechanisms, which can
simultaneously recognize PD-L1 and CTLA-4 and effectively enhance the killing of tumor cells.?” It is different from the
combined immunotherapy used in previous cases, which may have caused injury to multiple endocrine glands in this
patient, and the onset of the disease is late because of its unique therapeutic mechanism. In this case, a patient with
polyendocrinopathy damage occurred during immunotherapy with KN046, and a trial on KN046 proposed a smart
reagent that binds a nanoprobe and a double-blocking immunotherapy antibody, which improves the anti-tumor efficacy
while having a high safety profile, which may reduce the incidence of irAEs.*” At present, we have not inquired about the
endocrine-related irAEs caused by KN046 immunotherapy.

Due to lack of thyroid hormone function in this example patient, we were unable to determine whether the
hypothyroidism is due to autoimmune thyroiditis or pituitary gland inflammation. However, the thyroid hormone function
test results show that the TPOAb and TGAD levels were higher, and TRAb was negative, which may have been caused
by autoimmune thyroiditis. It is also impossible to rule out whether thyroid dysfunction is caused by ICI-related thyroid
damage. To determine the etiology, thyroid puncture can be performed to determine the pathological type. The causes of
ICI-related thyroid dysfunction are related to the patient’s underlying thyroid disease, TSH levels, autoantibody titers,
fluorodeoxyglucose uptake, and tumor immune microenvironment status.’

Unfortunately, the vast majority of patients described in these articles received no baseline assessment of endocrine
gland function; thus, we cannot know how many had a silent metabolic/endocrine disorder before ICI therapy, and how
many developed these conditions at a later date. Therefore, the strong need to have clear indications to assess patients
before ICI therapy, along with a well-defined follow-up, plainly emerges.?®

Conclusion

ICIs are widely used and can significantly prolong the survival period of tumor patients. However, we need to pay
attention to various adverse reactions while focusing on their therapeutic effect. Among them, endocrine-related irAEs
have unknown pathogenesis and complex clinical manifestations, which may endanger life in severe cases. In the course
of ICI combination therapy, especially with immunosuppressive drugs such as KN046 that block both PD-L1 and CTLA-
4 targets at the same time, patients may suffer damage to multiple endocrine glands, and it is necessary to pay close
attention to the patient’s endocrine system irAEs for a long time, even after treatment.

Consent for Publication
Written informed consent for publication of their details was obtained from the patient. Based on the hospital there is no
need for ethical clearance for the case report.
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