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ABSTRACT

 Objective: To describe an unusual immune-related 
adverse event (irAE), acquired generalized lipodystrophy 
(AGL), from checkpoint inhibitor therapy in a patient treat-
ed with pembrolizumab.
 Methods: This is a case report of a 67-year-old male 
with metastatic melanoma who was treated with pembro-
lizumab. Prior to pembrolizumab, the patient was treated 
with another immune-checkpoint inhibitor and developed 
autoimmune hemolytic anemia. After starting pembro-
lizumab, he developed a scrotal mass consistent with 
panniculitis and after several subsequent cycles, he devel-
oped AGL.
 Results: Loss of subcutaneous fat, unexplained weight 
loss in combination with worsening insulin resistance and 
worsening hypertriglyceridemia after initiation of pembro-
lizumab were consistent with AGL. Autoimmune disorders 
and other etiologies were ruled out. Despite this irAE, the 
patient continued to receive pembrolizumab given stabili-
zation of melanoma with treatment.

 Conclusion: We report the second case of a patient 
who developed AGL secondary to pembrolizumab, and 
the fourth case to report such complication secondary to 
antiprogrammed cell death receptor-1 inhibitors. As use 
of checkpoint inhibitors becomes more common to treat 
several types of cancer, it is vital for clinicians to recognize  
these rare irreversible complications that are not frequent-
ly reported in clinical trials. (AACE Clinical Case Rep. 
2020;6:e40-e45)

Abbreviations:
AGL = acquired generalized lipodystrophy; BMI = 
body mass index; IrAE = immune-related adverse 
event; PD-1 = antiprogrammed cell death receptor-1; 
T2DM = type 2 diabetes mellitus

INTRODUCTION

 Pembrolizumab is a fully humanized antiprogrammed 
cell death receptor-1 (PD-1) monoclonal antibody that 
has shown significant antitumor activity in a variety of 
cancers with improvement of survival outcomes in patients 
with advanced melanoma (1). However, enhancement of 
the antitumor response is associated with several well-
characterized endocrine side effects including thyroiditis, 
hypophysitis, and type 1 diabetes (2-5). 
 Acquired lipodystrophy is a rare but potential immune-
related adverse event (irAE) that has been described in 3 
case reports so far (6,7,8). We report the second case of 
acquired generalized lipodystrophy (AGL) in a patient 
treated with pembrolizumab for advanced melanoma. This 
syndrome is characterized by the selective loss of fat from 
the face, arms, and legs, with higher risk to develop insulin 
resistance and dyslipidemia. It has previously been associ-
ated with autoimmune diseases, infections causing pannic-
ulitis, and certain medications such as protease inhibitors 
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(9). The pathogenic mechanism of fat destruction in AGL 
remains unknown but evidence suggests an autoimmune 
origin (10-12). With the increased use of PD-1 therapies 
for several cancer subtypes, clinicians need to be aware of 
this rare irAE which may present similarly to checkpoint 
inhibitor-associated diabetes but with significant pheno-
typic changes consistent with lipodystrophy, and without 
evidence of ketoacidosis (8).

CASE REPORT

 A 67-year-old man with a history of type 2 diabetes 
mellitus (T2DM) and hypertriglyceridemia was evaluated 
at our institution in 2015 after he was found to have a right 
inguinal mass and multiple pulmonary nodules which were 
consistent with metastatic malignant melanoma. Prior to 
initiating any treatment for melanoma, the patient had a 
history of well controlled T2DM (hemoglobin A1c 5.9% 
[41 mmol/mol]) and was on metformin and long acting 
insulin therapy (0.1 units/kg/day). He was obese with a  
body mass index (BMI) of 38.5 kg/m2. His hypertriglyceri-
demia was managed with statins and omega 3 fatty acids, 
with persistent hypertriglyceridemia (400 mg/dL) despite 
therapy. He also had a history of primary hypothyroid-
ism and was on thyroid hormone replacement therapy. He 
did not have any history of being infected with the human 
immunodeficiency virus, autoimmune diseases, or use of 
medications associated with lipodystrophy. 
 For treatment of metastatic melanoma, patient was 
initiated on nivolumab in combination with ipilimum-
ab; however, ipilimumab was discontinued after 2 doses 
due to the development of immune-mediated hemo-
lytic anemia and thrombocytopenia, which were treated 
with high dose steroids. The patient continued to receive 
nivolumab as a single agent therapy for a total of 20 doses, 
which was completed in 2016 during which his melanoma  
remained stable.
 In 2018, he had a recurrence of melanoma and was 
reinitiated on therapy with pembrolizumab. After 2 doses 
of pembrolizumab, he developed an enlarging left scro-
tal mass which was evaluated further with ultrasound. A 
scrotal ultrasound revealed a 4.9 × 10 × 3 cm lobulated 
echogenic mass with increased vascularity in the left scro-
tal sac. A biopsy of this mass showed adipose tissue with 
reactive changes, and extensive macrophage infiltration 
which was consistent with fat necrosis and panniculitis. 
Prior to starting pembrolizumab, the patient was still on 
metformin and long acting insulin therapy (0.1 units/kg/
day) for T2DM management with hemoglobin A1c of 7.0%  
(53 mmol/mol).
 After cycle 5 of pembrolizumab, the patient presented 
to the endocrine clinic with a rapid unexplained weight loss 
of 30 pounds over the course of the following 4 months. 
Physical examination revealed facial lipoatrophy, with loss 
of buccal fat pads, prominence of the zygomatic arch, and 

loss of subcutaneous fat in the neck and chest. The patient 
had a prominence of the superficial veins in the upper arms 
and abdomen with an increase in truncal fat. The patient 
was noted to have fat loss affecting his lower extremities 
and buttocks with increased muscularity of the upper arms 
and lower legs (Fig. 1). Despite weight loss and a reduction 
of his BMI to 27 kg/m2, he was noted to have worsening 
hyperglycemia with glucose values ranging from 160 to 
330 mg/dL despite increasing basal and bolus insulin ther-
apy (1.3 units/kg/day). Since his presentation was concern-
ing for lipodystrophy, insulin doses were increased further, 
and pioglitazone was added to decrease insulin resistance. 
He denied any family history of lipodystrophy. 
 Laboratory evaluation included c-peptide 6.2 ng/mL 
(normal, 1.1 to 4.4 ng/mL) with serum glucose of 141 
mg/dL. Leptin level was less than 0.6 ng/mL (normal 
leptin levels for patient’s BMI of 27, 0.7 to 5.3 ng/mL). 
Adiponectin was evaluated and it was undetectable. 
Thyroid function tests were within normal limits. There 
was no elevation of liver enzymes and the hepatitis profile 
was negative. Evaluation for autoimmune diseases includ-
ing systemic lupus erythematosus, myositis, and other 
systemic diseases such as sarcoidosis were ruled out clini-
cally and serologically. A lipid profile revealed extreme 
elevation of triglycerides level (1,708 mg/dL) and low 
high-density lipoprotein (HDL; 18 mg/dL). As the patient 
was unable to tolerate higher doses of statin therapy, he 
was advised to initiate fibrate therapy, and continue omega-
3 fatty acids and statin treatment. Patient did not have any 
evidence of pancreatitis and pancreatic enzymes remained 
within normal limits throughout his course. There was no 
evidence of liver steatosis on recent imaging. Changes in 
weight and in metabolic profile during treatment are shown 
in Figure 2. 
 The overall clinical picture characterized by loss of 
subcutaneous fat, unexplained weight loss, marked insu-
lin resistance and significant worsening of hypertriglyc-
eridemia was suggestive of lipodystrophy. Of interest, the 
patient continued pembrolizumab despite this complica-
tion as his melanoma responded well to therapy.

DISCUSSION

 Lipodystrophy syndromes are rare heterogeneous 
disorders characterized by loss of adipose tissue without 
evidence of nutritional deprivation resulting in multiple 
metabolic complications such as insulin resistance, diabe-
tes, hypertriglyceridemia, polycystic ovary syndrome, and 
nonalcoholic fatty liver disease (13). Because of its rarity 
and heterogeneity, lipodystrophy may frequently be unrec-
ognized or misdiagnosed, which is concerning because it 
is a progressive disease with potentially life-threatening 
complications. 
 Lipodystrophy is classified in 4 major subtypes: AGL, 
congenital generalized lipodystrophy, familial partial lipo-
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Fig. 1. Clinical features of pembrolizumab-induced lipodystrophy. Clinical photographs that demonstrate the 
change of fat distribution before and after treatment with pembrolizumab. A, Before treatment. B, After initia-
tion of immunotherapy. There is central obesity and decreased adipose tissue in the extremities. 
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dystrophy, and acquired partial lipodystrophy (14). AGL 
is a syndrome that has been associated with autoimmune 
diseases, infections causing panniculitis, and certain medi-
cations such as protease inhibitors (9), interferon beta-1a 
(15), and more recently associated with checkpoint inhibi-
tors in 3 other published cases (6,7,8).
 Checkpoint inhibitors are agents that target PD-1 recep-
tors, such as nivolumab and pembrolizumab, programmed 
death-ligand 1, such as atezolizumab and durvalumab, or 
cytotoxic T-lymphocyte antigen-4 such as ipilimumab. 
Immunotherapy has provided great clinical benefit and is 
currently considered part of standard treatment of multiple 
malignancies. Despite the clinical benefits provided by 
this group of medications (1), important endocrine-related 
adverse effects have been described with these drugs such 
as primary and secondary hypothyroidism, thyroiditis, 
hypophysitis, primary and secondary adrenal insufficiency, 
and type 1 diabetes (2-5). While thyroiditis and hypophysi-
tis can resolve without sequelae, most endocrine irAE from 
immune checkpoint inhibitor therapy result in long term 

need for hormone replacement therapy and are irreversible. 
While this is burdensome to patients, unlike other endo-
crine irAEs, AGL is a unique adverse event that is associ-
ated with physical findings that are more evident and can 
present additional psychologic burden to the patient due to 
social stigma.
 While the patient had many findings of metabolic 
syndrome at baseline prior to starting immune checkpoint 
inhibitor therapy, it is unknown if these factors contributed 
to the development of AGL. Our patient developed autoim-
mune hemolytic anemia while on ipilimumab which may 
have heralded his predisposition to develop autoimmune 
complications from immunotherapy. In addition, after 2 
doses of pembrolizumab, the patient developed a scrotal 
mass consistent with panniculitis prior to getting the physi-
cal changes consistent with AGL. It is possible that local-
ized panniculitis may predict the risk of developing gener-
alized lipodystrophy, and if this is found in a patient on 
immunotherapy, one might consider the risk of AGL with 
continued therapy.
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Fig. 2. Changes in weight, triglyceride levels, and insulin requirements over time. A, Changes in triglyceride level and 
weight. B, Changes in triglyceride level and insulin requirements.
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 There are 4 case reports to date on AGL develop-
ment in patients treated with immune checkpoint inhibi-
tor therapy. Falcao et al (6) reported the first case of AGL 
as an adverse reaction to a PD-1 inhibitor (nivolumab) in 
a patient with advanced renal cell carcinoma. The second 
case was published by Haddad et al (7), who described the 
case of a patient with malignant melanoma treated with 
pembrolizumab who developed AGL. A recently published 
case described a patient with malignant melanoma who 
developed AGL after treatment with nivolumab (8). We 
report the second case of acquired lipodystrophy associ-
ated with pembrolizumab. Table 1 provides a compari-
son between our case and previous reported cases. We 
have also included a graphical representation of the steps 

we followed to complete the diagnostic workup of our  
patient (Fig. 3). 
 While the mechanism of PD-1 inhibitors-associated 
lipodystrophy remains unclear, there is evidence of an 
autoimmune process of fat destruction in lipodystrophy. 
Anti-adipocyte antibodies have been previously reported 
in patients with AGL, although their involvement in the 
pathogenesis has not been studied and the target antigens 
remain to be identified (10-12). Antiperilipin-1 IgG auto-
antibodies have been recently reported in the serum of 
patients with autoimmune variety-AGL (10). These auto-
antibodies alter the ability of perilipin-1 to regulate lipoly-
sis in cultured preadipocytes resulting in an elevation of 
lipolysis (10). 
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Fig. 3. Graphic representation of the diagnostic workup of acute generalized lipodystrophy in patients treated with PD-1 therapy. Abs 
= antibodies; AGL = acquired generalized lipodystrophy; ANA = antinuclear antibody; anti-dsDNA = anti-double stranded deoxyribo-
nucleic acid antibody; CT = computed tomography; FBG = fast blood glucose; HIV = human immunodeficiency virus; PD-1 = antipro-
grammed cell death receptor -1; SPEP = serum protein electrophoresis; TG = triglyceride; US = ultrasound.

Table 1
Description of Current and Previous Cases of AGL Related to Check-Point Inhibitors

Case and reference
1a 2 (6)b 3 (7)b 4 (8)b

Age 67 50 47 62

Gender Male Female Female Female

Type of cancer Melanoma Renal cell carcinoma Melanoma Melanoma

Medication Pembrolizumab Nivolumab Pembrolizumab Pembrolizumab
Onset of presentation (after 
initiation of immunotherapy) 6 weeks 2 months 2 months 18 months

Hemoglobin A1c (%) at 
diagnosis of AGL, (mmol/mol) 7.2% (55 mmol/mol) 10.5% (91 mmol/mol) 6.1% (43 mmol/mol) 11.4% (101 mmol/mol)

Worsening dislipidemia Yes Yes Yes Yes
Leptin (ng/mL) 0.6 ng/mL (0.7-5.3) 0.08 ng/mL (0.08-0.38) 27.2 ng/mL Undetectable

Immunotherapy discontinued? No No Yes (completed) Yes
Abbreviation: AGL = acquired generalized lipodystrophy.
aCase presented in this manuscript.
bThese cases are presented in the respective references, listed at the end of the manuscript.

 Immune checkpoint inhibitors are associated with a 
variety of autoimmune endocrine irAEs. Given that patients 
often experience more than one endocrine irAE with the 
use of combination immunotherapies, it is possible that a 
single irAE may trigger metabolic changes that predispose 
to other irAEs. This may explain the findings reported in 
other case reports of immune checkpoint inhibitor-associ-
ated AGL where patients also develop other autoimmune 
complications.

 Classic AGL usually is more common in women and 
is typically preceded by an infection and may be seen in 
association with other autoimmune conditions such as 
Hashimoto thyroiditis, hemolytic anemia, or rheuma-
toid arthritis. With pembrolizumab-associated AGL, it is 
unclear if there is an infectious etiology in addition to the 
exposure of the drug; however, it is also associated with 
other autoimmune complications from immune check-
point inhibitor treatment. Of the 3 other cases of check-
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point inhibitor therapy-associated AGL, ours is unique as 
it occurred in a male patient who had autoimmune hemo-
lytic anemia prior to developing AGL several years later. 
Regardless of the etiology, both pembrolizumab-associat-
ed AGL and classic AGL present with the same physical 
changes and metabolic abnormalities of insulin resistance, 
hypertriglyceridemia, and low HDL.
 Finally, the treatment of AGL includes management 
of each metabolic condition. Treatment of insulin resis-
tance requires use of insulin sensitizers such as metfor-
min. Peroxisome proliferator-activated receptor gamma 
is important for adipose differentiation and thus thiazo-
linediones can also be used to improve insulin resistance 
by improving the capacity of adipose tissue to store fat, 
which has been described in other reports (16). Patients 
usually require high doses of insulin to control hypergly-
cemia. Hyperlipidemia can be treated with a combination 
therapy of statins, fibrates, omega-3 fatty acids, ezetimibe 
and/or proprotein convertase subtilisin/kexin type 9 inhibi-
tors. The use of metreleptin, a human leptin analog, has 
shown significant improvement in metabolic profiles of 
patients with AGL in previous studies (17,18); however, 
those cases of AGL were not related to immunotherapy. As 
irAEs are considered to be irreversible, it is unclear if these 
patients would benefit from this therapy and further studies 
are needed to determine the effectiveness of this drug in 
this patient population.

CONCLUSION

 Sudden unexplained insulin resistance, severe hyper-
triglyceridemia and loss of subcutaneous fat in a patient 
receiving a PD-1 inhibitor should raise suspicion of AGL 
as a rare irAE. This is a unique case in a male patient with 
metabolic syndrome and T2DM who developed local-
ized panniculitis in the form of a scrotal mass and then 
presented with AGL several months later while on treat-
ment with pembrolizumab. This complication is associ-
ated with several metabolic abnormalities and increased 
social stigma due to a change in the physical appearance of 
the patient and it is important for clinicians to familiarize 
themselves with the diagnosis and management of this rare 
side effect.
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