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Abstract 

Immune check-point inhibitor (ICI) treatments activate the T-cells against tumor. Activated T-

cells not only attack the tumor but also healthy cells, causing an autoimmune reaction in various 

tissues. These immune related adverse effects (IRAE) cause 18F-fluorodeoxyglucose (18F-FDG) 

uptake in various tissues due to inflammation. It is important to recognize and report these findings 

on 18F-FDG Positron Emission Tomography/Computed Tomography (PET/CT) studies.  18F-

FDG PET helps to determine the presence, location and severity of IRAEs.  In severe cases, ICI 

treatments are interrupted   or suspended and anti-inflammatory treatments are started. 18F-FDG 

uptake due IRAEs may mimic metastases or disease progression. Their presence may also help 

predicting response to treatment and have prognostic implications. In this review article, we will 

provide basic information about ICI treatments, IRAEs and 18F-FDG PET/CT findings.  
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Introduction 

Immune check-point inhibitor (ICI) treatments have been increasingly used in oncology in 

the last 10 years. ICI treatments activate the T-cells against tumor by blocking inhibitory ICI 

immunoreceptors or their ligands. Activated T-cells not only attack the tumor but also healthy and 

normal cells, causing an autoimmune reaction in various tissues. These immune related adverse 

effects (IRAE) cause increased uptake on 18F-fluorodeoxyglucose (18F-FDG) Positron Emission 

Tomography/Computed Tomography (PET/CT) studies due to inflammation in various tissues. 

18F-FDG PET has high sensitivity in detecting inflammation and determining its severity and 

extent. It is important to recognize and report IRAE related findings on PET images. Based on 

severity and extent of IRAEs, physicians interrupt or suspend the ICI treatment and start steroid 

or immunosuppressive treatments.  Presence and severity of  IRAEs may help to predict  response 

to ICI treatments and may have a prognostic value with a more favorable prognosis (1-3).   

Depending on the location, particularly in lymph nodes, IRAE related uptakes may mimic 

metastases or disease progression and therefore it is important to be aware of these immune related 

side effects.  In this review article, we will first describe the ICIs, mechanism of autoimmune 

reactions in patients receiving ICI treatments and   then 18F-FDG PET/CT findings.  

Immune Checkpoint Inhibitors 

Immune checkpoints play an important role in immune regulation. There are various 

checkpoint molecules (immunoreceptors) on T-cells, some of them are inhibitory (suppressing the 

T-cells) and some are stimulatory (activating the T cells) (4,5).  Tumors or antigen presenting cells 

(e.g. macrophages or dendritic cells) have various ligands on their surfaces which bind to 

inhibitory or stimulatory checkpoint receptors on T cells resulting in activation or suppression of 

T cells (5). Activated T-cells subsequently kill the microorganisms (viruses, bacteria, fungi, and 



parasites) and tumors but then can also attack healthy cells, resulting in autoimmune diseases. 

Suppression of T-cells prevents autoimmune diseases but results in reduced protection against 

microorganisms. The tumor microenvironment can also suppress T-cells.  In normal conditions, 

inhibitory immune checkpoint immunoreceptors are activated to prevent T-cells from attacking 

normal tissues.  

In the last 10 years various medications (antibodies) have been developed to block (inhibit) 

inhibitory checkpoint molecules (immunoreceptors or their ligands) in the treatment of tumors and 

infection. These medications are called immune checkpoint inhibitors (ICI). Currently 

approved ICI medications block the cytotoxic T-lymphocyte associated protein 4 (CTLA-4) 

(ipilimumab), programmed death receptor 1 (PD-1) (pembrolizumab, nivolumab) or its ligand 

(PD-L1) (atezolizumab, avelumab, durvalumbab, and cemiplimab) (4,6). These medications are 

approved to be used in the treatment of various cancers such as melanoma (ipilimumab, 

nivolumab, pembrolizumab), non-small cell lung cancer (pembrolizumab, nivolumab), renal 

cancer (nivolumab, ipilimumab), bladder cancer (atezolizumab) (4,6) 

 

Inhibition of CTLA-4 and PD-1/PD-L1 through ICI treatment activates T-cells to kill 

tumor cells but also causes T-cells to target healthy tissues resulting in immune related adverse 

effects (IRAE) (autoimmune manifestations). They can also cause a flare of prior autoimmune 

disease. IRAEs are commonly seen in patients receiving ICI treatments and dependent on dose and 

type of ICI treatment and various other factors. IRAEs can be clinically evident or silent and can 

involve any tissues resulting in i.e. encephalitis, hypophysitis, thyroiditis, sarcoid-like reactions, 

pneumonitis, hepatitis, pancreatitis, adrenalitis, colitis, nephritis, arthritis and skin manifestations. 

Most fatalities are seen in cases with encephalitis, myocarditis, pneumonitis and hepatitis (7). 

IRAEs can be seen few weeks to months after starting ICI treatment. Clinical, laboratory, 



radiological and 18F-fluorodeoxyglucose (18F-FDG) Positron Emission Tomography/Computed 

Tomography (PET/CT) imaging findings can help to diagnose IRAEs. Optimal management of 

IRAEs varies according to organ involved and severity or grading of involvement which includes 

close monitoring, treatment interruption or suspension and corticosteroid administration 

(prednisone or methylprednisolone) (8). 

18F-FDG PET/CT Imaging 

18F-FDG PET/CT imaging is used to assess response to ICI treatments in various tumors, 

particularly melanoma and non-small cell lung cancer. 18F-FDG PET response patterns in ICI 

treatments show some different (atypical) patterns than those seen with other treatments such as 

chemotherapy or radiotherapy. This is because ICI treatments induce influx of T-lymphocytes into 

the tumor which take up 18F-FDG and subsequently further increases metabolic activity of the 

tumor environment (9,10).  Immune-related response criteria such as PERCIMT or iRECIST have 

been established to better assess response to treatments in patients receiving ICI treatments (11,12).  

18F-FDG PET positive IRAEs, such as sarcoid-like syndrome, thyroiditis, hypophysitis, 

enterocolitis, pancreatitis, hepatitis, pneumonitis, arthritis, enthesitis, and myositis have been 

reported in various articles (13,14).  

18F-FDG PET is very sensitive in detecting early inflammation even before clinical symptoms 

start and radiological changes develop (15,16). Cells involved in inflammation actively uses 

glucose, which is the main reason for increased 18F-FDG uptake in inflammatory sites. In addition, 

increased blood flow and capillary permeability also contributes to increased 18F-FDG activity at 

inflammation sites, which is non-specific and can be seen with any kind of radiotracer.  It was 

reported that a significant number of patients with PET-detectable IRAEs were 

asymptomatic (1,17). Early detection of IRAEs allows early management.  Their presence may 



help predicting response to treatment and provide prognostic information with a more favorable 

prognosis (1-3). In a study by Sachpekidis et al, in 10% of the patients PET/CT showed sarcoid-

like lymphadenopathy as response to treatment and these patients showed disease control (2). In 

another study, 9 patients with IRAE findings on PET had complete response at final evaluation 

(1).  Patients with PET-detectable IRAEs had a significantly longer progression free survival than 

those without IRAEs on PET (3). 

Colitis is one of the most common manifestations of IRAEs. On non-contrast CT as part 

of PET/CT, colonic wall thickening and pericolic fat stranding may be seen associated with diffuse 

or segmental increased 18F-FDG uptake. 18F-FDG PET/CT imaging was reported to be more 

sensitive than CT in the early detection of colitis as a result      of ICI treatment (6,17,18). However, 

18F-FDG PET has low specificity for colitis due to physiological mucosal, muscular, and luminal 

activity. In addition, glucophage use can induce high bowel activity and it is recommended to stop 

it for 48 hr before 18F-FDG PET study. Figure 1 shows sagittal 18F-FDG PET/CT images of a 71 

yo patient with history of melanoma. PET/CT image before treatment does not show abnormal 

findings in sigmoid colon (A). PET/CT scan 4 mos after Nivolumab treatment shows thickening 

in sigmoid wall with inflamed diverticula and increased uptake without clinical symptoms (B). 

PET scan 6 mos after discontinuation of Nivolumab (treatment change to      Tafinlar/Mekinist due 

to disease progression) shows only mild thickening in sigmoid wall as late inflammatory residue 

(fatty infiltration) and only mild uptake.  

18F-FDG PET has high sensitivity in detecting rheumatologic manifestations of IRAEs 

such as arthritis, myositis, tenosynovitis, and polymyalgia rheumatica and determining its extent 

and severity.   Figure 2 shows serial 18F-FDG PET total body images of a 48yr old patient with 

history      of melanoma who received various ICI treatments. PET image after 22 mos of 



Nivolumab treatment shows mildly increased uptake in the left knee, bilateral mediastinal and hilar 

lymph nodes (sarcoid-like) (A). The patient had no clinical symptoms related to these adverse 

effects seen on PET. PET image after treatment with Pembrolizumab for 3 mos (change in therapy 

due to persistent metastasis in the 12th rib, not shown in the image A) shows diffusely increased 

metabolic activity in upper and lower extremity muscles which is indicating myositis when 

correlating with clinical findings of swollen arms and legs (B). PET image also shows interval 

slight progression in left knee uptake, mildly increased uptake in the right knee and left ankle, and      

bowel activity without clinical signs. PET image after 2 mos of Nivolumab treatment shows 

markedly and diffusely increased uptake in all joints of upper and lower extremities bilaterally (C). 

Antibody treatment was stopped and prednisolone treatment was started by the clinician upon PET 

image findings and laboratory and clinical correlation. PET image 12 mos after stopping 

Nivolumab treatment (steroid treatment stopped six mos prior to PET) shows complete resolution 

of inflammatory uptake in the joints (D).  No evidence of tumor (complete metabolic response) 

and stable mild sarcoid-like uptake are seen (B, C, D).  Figure 3 shows 18F-FDG PET images 1 

month (A) and 1 year (B) with Nivolumab treatment in a 40 year-old patient with history of 

melanoma. In image A, there is increased uptake in bone marrow and mild diffusely increased 

uptake in the knees. In image B, there is increased uptake in the interspinous bursae of the lumbar 

spine, which is highly suspicious for polymyalgia rheumatica, and further increase in uptake in the 

knees.  

IRAE related focal areas of uptake or uptake in lymph nodes can mimic metastatic disease 

or disease progression (19,20). Sarcoid-like reactions may mimic lymph node, lung and skin 

metastases. Sarcoid-like reactions are characterized by the presence of noncaseating granulomas. 

In sarcoid-like reactions, 18F-FDG PET/CT usually shows bilateral symmetrical hypermetabolic 



mediastinal and hilar lymphadenopathy with or without hypermetabolic focal nodular opacities or 

condolidations in the lungs. Uptake in portocaval lymph nodes and subcutaenous hypermetabolic 

nodules due to noncaseating granulomas may also be seen in sarcoid-like reactions (10,21). Figure 

4 shows 18F-FDG PET images of a 60 yo patient with melanoma. PET image for initial staging 

shows metastatic disease in the lungs, liver, left adrenal and mesenteries and diffuse uptake in the 

stomach due to gastritis from helicobacter pylori (A). PET scan 6 months after Nivolumab 

treatment shows complete metabolic resolution of most of the lesions, with some residual tumor 

in the liver and progression in left adrenal metastasis (B). New symmetrical hypermetabolic lymph 

nodes in both hila and mediastinum is likely due to sarcoid-like reaction. Nivolumab induced flare 

in gastric uptake is also seen.   

IRAE related thyroiditis might be acute and transient with biochemically and clinically 

accompanied thyrotoxicosis or progressing to hypothyroidism (22). Selected CT images of a 61 

year-old patient with melanoma shows reduction in thyroid size 1 year after treatment with 

Nivolumab as compared to baseline image (Figure 5, A and C). PET image after starting 

Nivolumab shows diffusely increased uptake in the thyroid gland with a cold defect in lower pole 

of the right lobe corresponding to a nodule seen on CT (B). TSH was 43mU/l).  Figure 6 shows 

diffusely increased uptake in the thyroid gland in a 65 yo patient with history of melanoma who 

was treated with Nivolumab for 20 months (whole body). Thyroiditis and hypothyroidism was 

confirmed with laboratory findings and patient was placed on thyroxine. There is also mild 

diffusely increased uptake in the liver (SUVmean:3, SUVmax:5.2, liver to blood pool (BP) 

SUVmean ratio:1.6) and elevated GLDH and gamma-GT, indicating hepatitis. Colonic uptake was 

due to glucophage use.  Due to physiological uptake in the liver, 18F-FDG PET may not show 

early hepatitis, however in more severe cases it is possible to see diffusely increased hepatic 



uptake. ICI treatment related T-cell activation can induce increased uptake spleen (reversal in liver 

to spleen uptake ratio) which may interfere with detection of hepatitis on PET images (10). 

However, careful visual assessment and obtaining liver to BP SUVmean ratio can help detecting 

hepatitis in such cases. Normal liver to BP SUVmean ratio ranges from 1.3 to 1.4 in various reports 

(23-25). As the SUVs are affected by body weight and various other factors, liver to BP SUVmean 

ratio is more accurate than SUVmean alone when assessing metabolic activity of the liver (25).   

On 18F-FDG PET scan, normal pituitary gland may be visualized with mild uptake. 

Prominent uptake in the pituitary gland could be from hypophysitis but pituitary adenomas or 

metastasis should be ruled out by clinical, laboratory and radiological assessment. Figure 7 shows 

increased uptake in pituitary gland in a 61 year-old patient with history of melanoma who was 

treated with Nivolumab (pituitary to frontal SUVmax ratio was 1  as compared to 0.3 in a patient 

with normal uptake in pituitary gland) (A and B). Laboratory values did not show pituitary 

insufficiency but MRI after 3 months of therapy showed a swollen, inhomogenous enhancing 

hypophysis with thickened hypophyseal stalk indicative of hypophysitis (D) as compared to before 

treatment MRI showing typical flat, homogeneous enhancing hypophysis after contrast agent (C) 

(26).  

18F-FDG PET/CT has a high sensitivity in determining the severity (grade) and extent of 

inflammation in certain tissues such as joints and colon, which is important in the management of 

patients with starting steroid treatment, and interrupting or suspending ICI treatment. However, 

care should be taken when assessing the inflammation or tumor in patients receiving or recently 

received high-dose steroid treatment as it may cause a false negative 18F-FDG PET study or 

underestimation of metabolic activity of inflammation or tumor (27,28). 

In routine oncologic studies, 18F-FDG PET imaging cannot accurately assess myocardial 



inflammation due to various degrees of physiological myocardial uptake.  If there is clinical 

concern for myocarditis, cardiac 18F-FDG PET imaging protocol or cardiac MRI is used to 

demonstrate myocardial involvement (29,30).  

Pelvicalyceal excreted activity may limit evaluation of kidneys but in renal involvement 

focal or diffuse renal parenchymal 18F-FDG uptake may be seen in a careful assessment of images 

(31). In addition, delayed PET imaging can help to better assess renal parenchymal involvement.  

18F-FDG PET is also limited in assessing the brain due to physiological high uptake in the 

gray matter. In encephalitis, diffusely decreased and heterogeneous uptake may be seen. In limbic 

encephalitis increased uptake may be seen in unilateral or bilateral mesial temporal lobes.  

PET/MR or MR imaging of the brain can further help identify brain involvement, particularly MRI 

T2 FLAIR sequences are very sensitive in inflammation (32,33). 

Potential skeletal adverse effects related to immune checkpoint inhibitors have been 

reported as bone fractures and resorptive or destructive bone lesions due to localized inflammation, 

like a sterile osteitis, leading to osteoclast activation and bone resorption (34). These changes can 

cause increased uptake in the bones on 18F-FDG PET scan but up to now no cases have been 

reported. 

 

Conclusion 

 

 

ICI treatment related autoimmune adverse effects are common.  It is important to recognize  and 

report IRAE related adverse effects findings on 18F-FDG PET scan.  
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Key Points 

Question: What is the importance of recognizing immune checkpoint inhibitor (ICI) treatment 

related adverse effects findings on 18F-FDG PET scan? 

Pertinent Findings: Immune related adverse effects (IRAE) are commonly seen in patients 

receiving ICI treatments and cause increased uptake in various tissues on 18F-FDG PET studies.  

Implications for patient care: Recognizing immune related adverse effects on PET scan is 

important as their presence and severity alert the physicians to interrupt or suspend the ICI 

treatment and start anti-inflammatory treatments. Their presence may also help predicting response 

to treatment. Being aware of IRAE related uptakes on 18F-FDG PET scan also prevents false 

positive results for metastasis or disease progression.  
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Figure-1 Selected sagittal FDG PET/CT images of the pelvis.  Initial scan before treatment shows 

normal findings in the colon (A), PET/CT scan 4 mos after Nivolumab treatment shows colitis 

findings in sigmoid colon (arrows) (B), and PET/CT scan  6 months after discontinuation of 

Nivolumab treatment shows significant reduction in sigmoid activity (details in the text).  

 

 

  



Figure-2 Serial total body FDG PET maximum intensity projection images of a patient with 

history of melanoma after treatment with Nivolumab (A), Pembrolizumab (B), Nivolumab (C),  

and after steroid treatment (D). Note the   development, progression and regression of arthritis, as 

well as mild sarcoid-like uptake in the chest and myositis (details in the text).  

 

 

  



Figure-3 Sagittal total body MIP FDG PET images before (A) and after Nivolumab treatment (B). 

Increased uptake due bursitis in lumbar spine (arrows) (B) (details in the text).  

 

 

  



Figure 4 Total body FDG PET MIP images before (A) and after Nivolumab treatment (B). 

Increased uptake in bilateral hilar and mediastinal lymph nodes due to sarcoid-like reaction and 

gastritis (arrows) as well as multiple tumoral lesions (B) (details in the text).  

 

 

  



Figure-5 Selected transaxial and coronal CECT (before and after Nivolumab treatment A and C ) 

and PET (B, with start of Nivolumab) images. Diffusely increased uptake in the thyroid and 

decrease in thyroid size due thyroidits  (arrows) (B and C) (details in the text). Note the right lower 

lobe nodule causing a cold area on PET. 

 

 

  



Figure-6 Total body FDG PET image after Nivolumab treatment showing diffuse uptake in the 

thyroid gland due to thyroiditis and mild diffuse uptake in the liver due to hepatitis as well as 

diffuse colonic uptake (arrows) (details in the text).  

 

  



Figure-7 Selected transaxial and sagittal FDG PET (A and B) and sagittal MRI before and after 

treatment (C and D) show findings consistent with hypophysitis (arrows) (details in the text).  

 

 

 

  



Graphical Abstract 

 


