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CASE REPORT

Concomitant thyroiditis and orchitis induced 
by immune checkpoint inhibitors detected 
on [18F]FDG PET/CT
Luca Filippi1*   , Ilaria Proietti2, Simone Morea1 and Concetta Potenza2 

Abstract 

Background  The clinical management of malignant melanoma (MM) has undergone a significant revolution 
with the implementation of immune checkpoint inhibitors (ICIs). While these therapeutic agents stimulate the host 
immune system against cancer, they may also lead to immune-related adverse events (IrAEs). Positron emission com-
puted tomography (PET/CT) with 2-deoxy-2-[18F]fluoro-d-glucose ([18F]FDG) has proven successful in detecting IrAEs 
in cancer patients undergoing ICI. In our case, we report a rare occurrence of ICIs-induced concomitant thyroiditis 
and orchitis detected on [18F]FDG PET/CT.

Case presentation  We present a case involving a 61-year-old man referred to our hospital due to MM. Follow-
ing surgical excision and sentinel lymph node mapping, he underwent an initial [18F]FDG PET/CT, which yielded 
negative results. However, a follow-up PET/CT after 9 months revealed metastases in the lungs and lymph nodes. 
Subsequently, he initiated an ICI-based therapeutic regimen. After 3 months, he reported progressively worsening 
fatigue and the onset of testicular pain. A testicular ultrasound showed heterogeneous echotexture in both tes-
ticles with mildly increased vascularity. A subsequent PET/CT demonstrated complete regression of previously 
described pathological lesions in the lungs and metastatic lymph nodes. However, diffusely increased tracer uptake 
was observed in both the thyroid gland and testicles, findings absent in the pre-ICI examination. These were inter-
preted as IrAEs and promptly treated with corticosteroids, resulting in complete resolution of symptoms.

Conclusions  [18F]FDG PET/CT plays a crucial role in staging and monitoring treatment response in cancer patients. 
When assessing subjects undergoing ICI-based therapies, particular emphasis should be given to detecting unusual 
IrAEs, as exemplified in our case.
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Background
The implementation of immune checkpoint inhibitors 
(ICIs) has significantly influenced the management of 
advanced malignant melanoma (MM). However, prompt-
ing the host immune system to combat cancer may result 
in the development of immune-related adverse events 
(irAEs) [1]. These events are observed in the majority of 
patients (up to 76%), with off-target effects potentially 
impacting any organ system or tissue due to an over-
active immune response. While many of these events 
are mild and can be managed, there have been reports 
of life-threatening events, especially in the case of 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Egyptian Journal of Radiology
and Nuclear Medicine

*Correspondence:
Luca Filippi
lucfil@hotmail.com
1 Nuclear Medicine Unit, Department of Oncohaematology, Fondazione 
PTV Policlinico Tor Vergata University Hospital, Viale Oxford 81, 
00133 Rome, Italy
2 Unit of Dermatology, Department of Medical‑Surgical Science 
and Biotechnologies, A. Fiorini Hospital, Sapienza University of Rome, 
Terracina, Latina, Italy

http://orcid.org/0000-0003-4423-5496
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-024-01226-x&domain=pdf


Page 2 of 6Filippi et al. Egypt J Radiol Nucl Med           (2024) 55:49 

ICI-combination therapy [2], necessitating discontinua-
tion of ICI. In clinical practice, it is crucial to promptly 
identify and address these toxicities. In this context, we 
discuss an ICI-induced thyroiditis and orchitis, empha-
sizing the utility of 2-deoxy-2-[18F]fluoro-d-glucose posi-
tron emission tomography/CT ([18F]FDG) in this clinical 
setting.

Case presentation
A 61-year-old Caucasian man was admitted to our hos-
pital for further investigations after a nodular skin lesion 
was identified on the anterior trunk. Upon clinical exam-
ination, he presented with a black nodule measuring 
approximately 2 × 3 cm, located below the xiphoid pro-
cess, exhibiting ulceration and bleeding. He had no sig-
nificant medical history aside from being under medical 
therapy for arterial hypertension. He underwent lesion 
resection, resulting in a nodular, ulcerative melanoma 
with a Breslow thickness of 3.5 mm and Clark level IV. 
Sentinel node positivity was detected by scintigraphy in 
the right inguinal region (N1). One month post-surgery, 
due to the high-risk nature of the case, the patient under-
went PET/CT with [18F]FDG, which was carried out 
according to the present imaging guidelines [3]. Whole-
body PET/CT scan was performed 60 min after the i.v. 
injection of 3.7 MBq/kg of [18F]FDG with a digital PET/
CT scan (GE Discovery Molecular Insights—DMI PET/

CT, GE Healthcare, Waukesha, WI). A free-breathing 
CT scan was performed from the proximal thigh to skull 
base, and used for attenuation correction purposes as 
well as for anatomic localization of [18F]FDG uptake. The 
CT scan was performed using automated dose modu-
lation (range 15–100 mA, 120 kV). Immediately after 
the CT scan, PET images were acquired covering the 
identical anatomical region. The PET acquisition time 
was set to 2 min per bed. All PET images were recon-
structed using a Bayesian penalized likelihood recon-
struction method (Q.Clear, GE Healthcare, Waukesha, 
WI). Data sets were reconstructed with a 256 × 256 pixel 
matrix. Spatial resolutions were radial 1.62 mm, tangen-
tial 2.30 mm and axial 3.09 mm, as assessed by full width 
at half maximum (FWHM) measurements at 1 cm from 
center of field of view. The [18F]FDG PET/CT scan pro-
vided negative results, and the patient was placed under 
clinical monitoring.

Subsequent regular clinical follow-up showed no signs 
of relapse. Nine months post-surgery, a [18F]FDG PET/
CT revealed increased tracer incorporation indicative of 
metastases in the right lung and inguinal lymph nodes, 
characterized by maximum standardized uptake val-
ues (SUVmax) of 3.8 and 4.1, respectively (Fig. 1). Since 
molecular pathology resulted negative for V-Raf Murine 
Sarcoma Viral Oncogene Homolog B (BRAF) mutation, 
he commenced treatment with the immune-blocker 

Fig. 1  [18F]FDG PET/CT was conducted prior to immunotherapy. a The whole-body PET/CT revealed heightened tracer incorporation in the hilum 
of the right lung (black arrow) and in the ipsilateral inguinal region (black-bordered arrow). The corresponding fused axial PET/CT images 
of the thorax b pinpointed tracer uptake in the right hilum (white arrow, left side) and in millimetric, rounded lung nodules (white arrow, right side). 
The fused axial image of the pelvis c displayed tracer uptake in the right inguinal lymph nodes (white arrow)
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nivolumab following the standard schedule of a 60-min 
infusion of 3 mg/kg once every 2 weeks [4]. Initially, the 
patient exhibited good tolerance to immunotherapy, 
showing no significant symptoms or signs. However, 
after three months, he began experiencing fatigue, palpi-
tations, and progressively worsening pain localized to the 
testicles. Laboratory tests revealed no significant abnor-
malities, except for a level of thyroid-stimulating hor-
mone (TSH), which was within the high-normal range 
(i.e., 4.5 uIU/mL, normal range: 0.47–4.68 uIU/mL), 
alongside normal free thyroxine (T4) values. A testicu-
lar ultrasound (US) revealed symmetric testes, measur-
ing 3.8 × 2.8 × 3.4 cm (left) and 3.7 × 2.7 × 3.5 cm (right), 
characterized by heterogeneous echotexture in both tes-
ticles with mildly increased vascularity and no evidence 
of focal lesions (no images available). The patient initi-
ated therapy with a nonsteroidal anti-inflammatory drug 
(ketoprofen, 80 mg/day) but experienced no significant 
relief from symptoms.

Two weeks after the onset of these symptoms, the 
patient underwent a scheduled [18F]FDG PET/CT as 
part of the standard follow-up. The PET/CT results 
indicated almost complete regression of the previously 
described pathological findings in the right lung and 

inguinal lymph nodes, indicating a metabolic response 
(Fig.  2). Furthermore, there was a diffuse increase in 
tracer incorporation observed in both the thyroid gland 
(SUVmax 8.2, SUVmean 5.9) and the testicles (left: SUV-
max 5.1 and SUVmean 3.3, right: SUVmax 5.2, SUVmean 
3.6) (Fig. 3). Given the diffuse pattern of uptake and the 
absence of these features in the baseline PET/CT, the 
[18F]FDG incorporation in both the thyroid and testi-
cles was attributed to immunotherapy-related adverse 
effects. To address these adverse effects, the patient initi-
ated corticosteroid therapy (i.e., prednisone regimen con-
sisted of 1 mg/kg/day), resulting in the prompt resolution 
of symptoms associated with thyroiditis and orchitis. 
Importantly, this intervention was implemented without 
discontinuing immune checkpoint blockers.

Discussion
Immunotherapy for cancer has revolutionized the land-
scape of oncology, with its molecular mechanisms rooted 
in the intricate interplay between the host immune sys-
tem and specific biomarkers expressed on the surface 
of cancer cells [5]. A potent weapon in the fight against 
cancer has emerged in the form of immune checkpoint 
blockade therapy, albeit with a response rate limited to 

Fig. 2  At 3 months post-immunotherapy, [18F]FDG PET/CT was performed. a Whole-body PET/CT revealed a diffuse increase in tracer incorporation 
in the thyroid (black arrow) and testicles (black-bordered arrow). Fused axial PET/CT images of the thorax b showed no meaningful tracer uptake 
in the right hilum (left side) with nearly complete regression of the lung nodules (right side). The fused axial image of the pelvis c did not exhibit 
pathological uptake in the inguinal region
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30–40% of cancer patients. Consequently, it becomes 
imperative to identify imaging biomarkers capable of 
distinguishing responders from non-responders. In this 
context, [18F]FDG PET/CT plays a pivotal role in oncol-
ogy, serving purposes such as diagnosis, prognostication, 
and follow-up [6, 7]. However, the distinctive mecha-
nism of action in ICI-based therapy presents challenges 
in assessing responses, given the potential for atypical 
patterns like ’pseudo-progression’ (temporary increased 
lesion size followed by regression) or ’hyperprogression’ 
(accelerated tumor growth). To address these challenges, 
new criteria for interpreting and reporting scans in can-
cer patients under ICI therapy have been implemented 
for both CT and PET/CT [8]. Moreover, [18F]FDG PET/
CT facilitates the early detection of irAEs, providing an 
opportunity for intervention before clinical symptoms 
manifest [9].

The mechanisms through which ICI can induce irAEs 
are still not fully understood, likely involving a complex 
interplay between auto-reactive T and B cells, antibody-
mediated processes, and a diminished T-regulatory 
phenotype [10]. These intricate phenomena underscore 
the broad spectrum of potentially affected organs and 
tissues, the wide array of clinical manifestations, and 
the variability in the presentation of irAEs on morpho-
logical and functional imaging. Notably, clinical trials 
have frequently reported nodal involvement and thyroid 
disorders in patients undergoing ICI. ICI-related thy-
roiditis, exhibiting nonspecific symptoms such as asthe-
nia, weight change, and occasionally cardiac rhythm 
disorders, contrasts with the rare occurrence of orchi-
tis among possible irAEs [11]. To date, only one case of 
ICI-related orchitis diagnosed by [18F]FDG PET has been 
reported, involving a 54-year-old man with stage IV mel-
anoma undergoing sequential nivolumab and ipilimumab 

therapy [12]. In this case, orchitis correlated with tumor 
response and spontaneously resolved within weeks, mir-
roring our findings. It is essential to underscore that a 
higher incidence of irAEs has been documented in cases 
involving a combination of different ICIs. However, our 
patient experienced orchitis and thyroiditis concurrently, 
despite receiving ICI monotherapy.

It should be emphasized that interpreting [18F]FDG 
uptake in testicular inflammatory and oncological dis-
eases might pose a challenge for nuclear medicine physi-
cians. It is well-known, in fact, that [18F]FDG exhibits a 
variable degree of physiological uptake within the testi-
cles due to the varying metabolic activity of their distinct 
cell populations (namely, Sertoli, Leydig, and germ cells), 
which are involved in numerous metabolic pathways [13]. 
Specifically, Leydig cells have been observed to express 
glucose transporters, as glucose serves as a substrate for 
steroidogenesis. Consequently, [18F]FDG uptake within 
the testicles is influenced by age and testosterone lev-
els [14]. Various endeavors have been undertaken to 
establish a normal range of [18F]FDG uptake, measured 
by SUV, in healthy testicular tissues. A study involv-
ing 203 subjects revealed an overall testicular SUVmean 
of 2.44 ± 0.45, with an inverse correlation between tes-
ticular uptake and age [15]. However, it is essential to 
underscore that PET-derived parameters are significantly 
affected by technical variables, including administered 
activity, timing of acquisition, and the type of PET scan-
ners employed. In light of these considerations, further 
exploration of this subject may hold significance, particu-
larly with the recent advancements in digital PET tech-
nology and long axial field-of-view scanners [16]. Further 
consideration should be given to the lack of specificity of 
[18F]FDG uptake. Increased tracer uptake can result from 
both metastatic localization and inflammation. In routine 

Fig. 3  [18F]FDG PET/CT at 3 months after immunotherapy. a A fused coronal PET/CT scan revealed a notable and widespread increase in tracer 
uptake within the thyroid gland (white arrow). b In the fused axial image of the pelvis, heightened bilateral [18F]FDG uptake was observed 
in the testicles (white arrow)
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clinical practice, nuclear medicine physicians rely on 
clinical data for image interpretation. In the case we pre-
sent, the pattern of thyroid uptake, combined with labo-
ratory findings of TSH values within high-normal range, 
strongly suggested immunotherapy-induced thyroiditis, 
one of the most common irAEs. Regarding the testicular 
findings, it is important to note that bilateral testicular 
metastases from MM, while possible, are extremely rare, 
and no lesions or masses were detected on ultrasound 
or PET/CT co-registered images [17]. Importantly, no 
standardized consensus currently exists regarding the 
PET assessment of ICI-induced organ inflammation. In 
our case, we adhered to the commonly applied criteria, 
relying on the visual identification of a diffuse and homo-
geneous increase in organ uptake intensity not observed 
in pre-therapy PET scans [18, 19].

Conclusions
Our case underscores the significance of [18F]FDG PET/
CT not only in monitoring the response to immuno-
therapy but also in detecting uncommon immune-related 
adverse events, thereby assisting in clinical management. 
Additional studies and collaboration across multiple 
centers are essential to establish a standardized definition 
for immune checkpoint inhibitor (ICI)-induced organ 
inflammation on [18F]FDG PET/CT.
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