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Abstract
Background Direct comparisons between [18F]FDG PET/CT findings and clinical occurrence of immune-related 
adverse events (irAEs) based on independent assessments of clinical and imaging features in patients receiving 
immune checkpoint inhibitors (ICIs) are missing. Our aim was to estimate sites, frequency, and timing of immune-
related PET findings during ICIs treatment in patients with melanoma and NSCLC, and to assess their correlation with 
clinical irAEs. Prognostic implications of immune-related events were also investigated.

Methods Fifty-one patients with melanoma (47%) or NSCLC (53%) undergoing multiple PET examinations during 
anti-PD1/PDL1 treatment were retrospectively included. Clinical irAEs were graded according to CTCAE v.5.0. 
Abnormal PET findings suggestive of immune activation were described by two readers blinded to the clinical data. 
Progression-free survival (PFS) and overall survival (OS) were analyzed with the Kaplan-Meier method in patients 
stratified according to the presence of irAEs, immune-related PET findings or both.

Results Twenty-one patients showed clinical irAEs only (n = 6), immune-related PET findings only (n = 6), or both 
(n = 9). In patients whose imaging findings corresponded to clinical irAEs (n = 7), a positive correlation between SUVmax 
and the severity of the clinical event was observed (rs=0.763, p = 0.046). Clinical irAEs occurred more frequently in 
patients without macroscopic disease than in metastatic patients (55% vs. 23%, p = 0.039). Patients who developed 
clinical irAEs had a significantly longer PFS than patients who remained clinically asymptomatic, both in the overall 
cohort (p = 0.011) and in the subgroup of (n = 35) patients with metastatic disease (p = 0.019). The occurrence of 
immune-related PET findings significantly stratified PFS in the overall cohort (p = 0.040), and slightly missed statistical 
significance in patients with metastatic disease (p = 0.08). The best stratification of PFS was achieved when all patients 
who developed immune-related events, either clinically relevant or detected by PET only, were grouped together 
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Background
The restoration of the immune system response by 
immune checkpoint inhibitors (ICIs) has become the 
standard of treatment for a variety of high-risk or met-
astatic solid tumors with a positive impact on survival 
[1]. In 2018, James P. Allison and Tasuku Honjo were 
awarded with the Nobel Prize in Physiology or Medi-
cine “for their discovery of cancer therapy by inhibi-
tion of negative immune regulation” [2]. However, 
following checkpoint inhibition, the T-cell inflammatory 
response may be mounted not only against the cancer, 
but also against any healthy tissue, triggering the so-
called immune-related adverse events (irAEs) [3]. These 
therapy-induced autoimmune effects represent a clinical 
challenge due to their highly heterogeneous presenta-
tions, potentially affecting any organ. The frequency and 
types of irAEs differ between ICI drugs. It is reported 
that cytotoxic T-lymphocyte‐associated protein 4 inhibi-
tors (anti-CTLA‐4, Ipilimumab) generally causes irAEs 
more frequently compared to the programmed cell death 
protein 1 (anti–PD-1, Nivolumab or Pembrolizumab) or 
PD-1 ligand (anti–PD-L1, Atezolizumab or Durvalumab) 
inhibitors [4]. According to meta-analyses, all-grade and 
high-grade overall incidences of irAEs were 72% (95% CI, 
65–79%) and 24% (95% CI, 18–30%) vs. 26.8% (95% CI, 
21.7–32.6) and 6.1% (95% CI, 4.8–7.6) for anti-CTLA4 
drugs [5] and PD-1 [6] signaling inhibitors, respectively. 
The majority of grade ≥ 3 irAEs with anti-CTLA4 occur 
within 8–12 weeks of treatment initiation [7, 8], while in 
patients receiving anti-PD-1 antibodies irAEs may occur 
at a later point, mostly within the first 6 months of treat-
ment [7, 9]. The occurrence of irAEs is dose-dependent 
for treatment with anti–CTLA-4 inhibitors, whereas it 
is not for anti-PD-1 antibodies [6]. Treatment combina-
tions using anti–CTLA-4 plus anti–PD-1/PD-L1 showed 
higher incidence of grade 3–4 immune side effects than 
either of the treatments alone [10, 11]. A systematic full 
clinical and biochemical assessment of patients during 
ICI treatment is essential for the identification of irAEs at 
early stages, when they can potentially be managed more 
easily, avoiding discontinuation of treatment. Moreover, 
it has been reported that the occurrence of irAEs could 
be associated with improved response rates and better 
survival outcomes [12, 13]. Thus, the early detection of 

irAEs may be important not only for patient manage-
ment, but also for prognostic stratification [14].

The use of [18F]fluorodeoxyglucose positron emission 
tomography/computed tomography ([18F]FDG PET/
CT) during immunotherapy has recently been the object 
of international practice guidelines for correct response 
assessment and identification of immune-related [18F]
FDG findings [15]. It has been suggested that [18F]FDG 
PET/CT features may anticipate the clinical occurrence 
of irAEs [16, 17]. However, experimental data comparing 
[18F]FDG PET/CT features with clinical manifestations 
of irAEs are lacking. Moreover, the possible prognostic 
role of immune-related features detected by [18F]FDG 
PET remains to be determined [17, 18].

The objectives of this retrospective study were to esti-
mate sites, frequency, and timing of immune-related [18F]
FDG PET/CT findings during ICI treatment in patients 
with advanced melanoma and non-small cell lung cancer 
(NSCLC), and to assess correlation with clinical occur-
rence of irAEs. Prognostic implications of immune-
related PET-findings and of their clinical manifestations 
were also investigated.

Methods
Study design
Consecutive patients with advanced melanoma or 
NSCLC who were referred for multiple [18F]FDG PET/
CT scans during anti-PD1/PDL1 treatment at the “Mater 
Domini” University Hospital of Catanzaro between Janu-
ary 2018 and January 2023 were retrospectively screened 
for inclusion. To be included in the final analysis, patients 
were required to have regular clinical follow-up over 
the treatment period or until death, as well as at least 
one baseline [18F]FDG PET/CT scan acquired within 2 
months before starting ICI. The study was performed in 
accordance with the ethical standards of the 1964 Dec-
laration of Helsinki and later amendments. Written 
informed consent to use data for research purposes was 
obtained from all patients. The retrospective evaluation 
of patients’ imaging and clinical data was approved by the 
institutional ethical board (Ethical Committee Regione 
Calabria, prot. 114; registered 2024, March 28th).

both in the overall cohort (p = 0.002) and in patients with metastatic disease (p = 0.004). In the whole sample, OS was 
longer in patients who developed any immune-related events (p = 0.032).

Conclusion Patients with melanoma or NSCLC under ICI treatment can develop clinical irAEs, immune-related PET 
findings, or both. The occurrence of immune-related events has a prognostic impact. Combining clinical information 
with PET assessment improved outcome stratification.

Keywords Immune checkpoint inhibitors, Immune-related adverse events, FDG PET, Prognosis, Anti-PD1/PDL1
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Immunotherapy administration regimens
Immunotherapies were administered as per current clini-
cal indications. Nivolumab (OPDIVO®) 240  mg every 2 
weeks or 480 mg every 4 weeks was administered intra-
venously (i.v.) in advanced melanoma, either alone or 
in combination with ipilimumab, or as adjuvant treat-
ment in patients with lymph node involvement or meta-
static disease following complete R0 resection [19–21]. 
OPDIVO® 240 mg every 2 weeks monotherapy was also 
administered for the treatment of locally advanced or 
metastatic NSCLC after prior chemotherapy [22–24]. 
Pembrolizumab (KEYTRUDA®) monotherapy, given 
i.v. at 200  mg every 3 weeks or 400  mg every 6 weeks, 
was used for the treatment of advanced melanoma and 
for the adjuvant treatment of stage III melanoma who 
underwent complete node resection [19–21]. In addi-
tion, KEYTRUDA® monotherapy was administered as 
first-line treatment in metastatic NSCLC patients (PD-
L1 ≥ 50% tumor proportion score (TPS), EGFR- or ALK-
), or for the treatment of locally advanced or metastatic 
NSCLC (PD-L1 with a ≥ 1% TPS) who have received at 
least one prior chemotherapy regimen, or in combina-
tion with pemetrexed and platinum chemotherapy in 
metastatic non-squamous NSCLC (EGFR- or ALK-) 
[22–24]. Durvalumab (IMFINZI®) monotherapy 10  mg/
kg every 2 weeks (or 1500 mg every 4 weeks) was used for 
the treatment of locally advanced, unresectable NSCLC 
(PD-L1 ≥ 1%), and as consolidation treatment in patients 
who did not progress following platinum-based chemo-
radiation therapy [22–24]. Atezolizumab (TECENTRIQ®) 
monotherapy 840  mg every 2 weeks was used as first-
line treatment of patients with metastatic NSCLC (PD-
L1 ≥ 50% TC or ≥ 10% tumor-infiltrating immune cells 
and who do not have EGFR or ALK-positive NSCLC), 
and for the treatment of adult patients with locally 
advanced or metastatic NSCLC after prior chemotherapy 
[22–24].

Clinical assessment of irAEs
Clinical and biochemical data were retrospectively 
retrieved from electronic medical records. According to 
current guidelines for anti-PD-1/PD-L1 immunotherapy 
[25, 26], the clinical assessment of irAEs was based on 
complete blood counts, liver function tests, renal func-
tion, electrolytes, glucose, lactate dehydrogenase, eryth-
rocyte sedimentation rate, pancreatic tests, and thyroid 
function tests. Laboratory tests were carried out at base-
line, before every treatment infusion, and at least until 3 
months after the last infusion at every follow-up visit.

IrAEs were described along with the timing of clinical 
onset, and their severity was graded according to Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
version 5.0. Date of ICI interruption and/or the length of 

ICI discontinuation were also recorded and used for the 
analysis.

Assessment of disease status
According to our institutional protocol, patients with 
melanoma under ICI treatment underwent cross-sec-
tional imaging studies every 3–6 months, including 
whole body imaging with contrast-enhanced CT and/or 
[18F]FDG PET/CT. For patients with NSCLC, response 
assessment with CT with or without contrast enhance-
ment was performed every 6–12 weeks. An additional 
whole-body [18F]FDG PET/CT scan was performed in 
cases of suspected progression, inconclusive conven-
tional imaging, or as an alternative to CT in selected 
patients at the discretion of the referring oncologist. 
Brain magnetic resonance imaging was performed in 
case of known or suspected brain metastases.

Progression-free survival (PFS) and overall survival 
(OS) were calculated from the baseline PET/CT scan to 
the date of progression or death. Patients were censored 
at last observation. Progression was defined according to 
imaging results and patient clinical status.

PET/CT imaging protocol
Whole body PET/CT images were acquired 60 min fol-
lowing the intravenous injection of 5 MBq/Kg [18F]FDG. 
Patients were required to fast for at least 6 h before the 
scan, and plasma glucose levels were checked to be lower 
than 11 mmol/L at the time of injection [27]. All acqui-
sitions were performed on a GE-Healthcare Discovery 
ST 8 slice camera, operating in 2D mode. Images were 
reconstructed using the vendor ordered subset expecta-
tion maximization (OSEM) algorithm with 2 iterations 
and 30 subsets, post reconstruction Gaussian smooth-
ing of 5 mm. The reconstruction matrix parameters were 
as follows: PET field of view (FOV): 60 × 60 × 29.1 cm3, 
matrix 128 × 128 × 89, voxel size = 4.7 × 4.7 × 3.27mm3. 
The co-registered low-dose CT (60  mA, 120  kV) was 
reconstructed with FOV 50 × 50 × 29.1 cm3, matrix 
512 × 512 × 89, voxel size = 0.98 × 0.98 × 3.27mm3. All other 
pertinent corrections (normalization, dead time, activity 
decay, random coincidence, attenuation, and scatter cor-
rections) were applied.

Image interpretation: PET-based assessment of immune-
related findings
PET/CT images were retrospectively reviewed by two 
nuclear medicine physicians (GS and AR) in consensus, 
blinded to clinical data. For organs that normally dem-
onstrate glucose metabolism similar to or lower than 
the blood pool, the occurrence of an immune-related 
PET finding was defined as the appearance of every non-
tumor related [18F]FDG uptake higher than that observed 
at the baseline PET, non-explainable by pharmacological 
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interferences. For abdominal organs that can show physi-
ological glucose metabolism, such as the stomach and the 
intestine, the appearance of increased [18F]FDG organ 
uptake was classified as an immune-related PET finding 
only in presence of increased wall thickening at co-reg-
istered CT, defined as per current radiological standards 
[28–30]. Confirmation of increased wall thickening was 
also necessary for the definition of immune-related find-
ing in patients under oral antidiabetics who showed the 
appearance of remarkable [18F]FDG uptake.

Description, timing and maximum standardized uptake 
value (SUVmax) of immune-related [18F]FDG PET/CT 
findings were recorded and used for the analysis.

Statistical analysis
Statistical analysis was performed with IBM SPSS Statis-
tics for Windows, version 26 (IBM Corp., Armonk, N.Y., 
USA) and GraphPad Prism version 10.0.0 for Windows 
(GraphPad Software, Boston, Massachusetts USA). Cat-
egorical and continuous variables were analyzed using 
descriptive statistics. Demographic and individual base-
line clinical characteristics were compared using Pear-
son’s chi-square test for categorical variables and the 
Mann–Whitney U test for continuous variables. Spear-
man’s rank test was used to assess the correlation between 
clinical grade of irAEs and SUVmax values extracted from 
immune-related [18F]FDG PET/CT findings.

Survival analysis was performed using the Kaplan-
Meier method. Patients who remained alive or progres-
sion-free were censored at the date of last follow-up. 

Statistical comparison of survival curves was performed 
using the log-rank test. Probability values < 0.05 were 
considered statistically significant.

Results
Patients’ characteristics
Of 67 patients who performed multiple [18F]FDG PET/
CT scans during ICI treatment, 16 were excluded due to 
the lack of complete clinical follow-up (characteristics of 
the patients excluded from the analysis are summarized 
in Supplementary Table 1). Thus, a total of 51 patients 
(n = 37 male and n = 14 female) with either melanoma 
(n = 24, 47%) or NSCLC (n = 27, 53%), met the inclusion 
criteria and were included in the analysis. Median age 
at the time of ICI initiation was 68 years (range 44–83). 
ICIs were administered as monotherapy in n = 46 patients 
(90%), and as part of combination therapies in n = 5 (10%) 
patients. Indication to ICI therapy was metastatic dis-
ease in n = 35 (68%) patients (n = 13 melanoma, n = 22 
NSCLC), adjuvant therapy following complete surgical 
resection in n = 11 (22%) patients (all melanoma) and 
consolidation therapy in n = 5 (10%) patients with stable 
disease following chemoradiation therapy (all NSCLC 
treated with Durvalumab). A total of 232 [18F]FDG PET/
CT scans over a median observation period of 20 months 
(range: 5–66 months) were reviewed, with a median of 4 
scans per-patient (range 2–12). The median time to first 
[18F]FDG PET/CT evaluation after the start of treatment 
was 4 months (range 1–9), with n = 44 (86%) patients 
receiving their first PET/CT reevaluation within the first 
6 months after the start of immunotherapy. Characteris-
tics of the patients’ cohort are summarized in Table 1.

Occurrence of clinical irAEs and immune-related [18F]FDG 
PET findings
Characteristics of all patients who developed immune-
related events are summarized in Table 2. Fifteen (29%) 
patients developed clinical irAEs: 6 patients developed 
diarrhea (n = 3 G3, n = 1 G2, n = 2 G1), 3 patients devel-
oped immune-related hypothyroidism (n = 1 G1, n = 2 G2) 
and one patient developed a G2 hyperthyroidism. The 
five remaining irAEs were G3 psoriasis, G3 neurotoxicity 
(polyneuropathy), G2 interstitial pneumonia, G2 neph-
rotoxicity and G1 arthritis. No more than one clinical 
irAEs per-patient was reported. The occurrence of irAEs 
required temporary or permanent discontinuation of ICI 
treatment in n = 4 and n = 6 patients, respectively.

A total of 27 suspected immune-related findings, not 
explainable by pharmacological interferences, were 
observed at follow-up PET examinations as compared 
to baseline. Three patients with mildly increased colic 
uptake did not meet the definition of immune-related 
PET findings because no increased wall thickening was 
observed at the corresponding low-dose CT.

Table 1 Patients’ characteristics
Characteristic N° of patients
Gender
 Male 37 (77%)
 Female 11 (23%)
Tumor type
 NSCLC 27 (53%)
 Melanoma 24 (47%)
Type of treatment
 Nivolumab 27 (53%)
 Pembrolizumab 12 (23%)
 Durvalumab 5 (10%)
 Carboplatin + Pemetrexed + Pembrolizumab 4 (8%)
 Atezolizumab 2 (4%)
 Nivolumab + Ipilimumab 1 (2%)
Setting
 Metastatic 35 (68%)
 Adjuvant 11 (22%)
 Consolidation 5 (10%)
Baseline macroscopic disease
 Yes/No 40/11
Diabetes
 Yes/No 10/41
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Hence, a total of 24 immune-related PET findings 
were observed in n = 15 (29%) patients. Six patients 
showed more than one immune-related PET finding at 
the first evaluation and/or during follow-up. Immune-
related colic uptake (12/24, 50%) was the most frequent 
PET finding, followed by mediastinal sarcoid-like reac-
tion (3/24, 13%) (Table  2). In two patients, 4 different 

immune-related findings occurred at different time 
points. One case is shown in Fig. 1.

Of the 24 immune-related PET abnormal findings, 5 
lasted for at least two consecutive PET scans, in 3/5 cases 
increasing and in 2/5 cases decreasing over time. In the 
remaining 19 cases, the immune-related uptake was seen 
only at a single PET examination.

In 7 out of 9 patients who developed both clinical 
irAEs and immune-related PET findings (Table 2), imag-
ing findings corresponded to clinical manifestation. In 
this subgroup, a positive correlation was shown between 
SUVmax and grade of irAEs (rs = 0.763, p = 0.046, Spear-
man test, Figs. 2 and 3).

No differences were shown between clinical irAEs and 
immune-related PET findings regarding the timing of 
manifestation in the whole sample (p = 0.644, Wilcoxon-
Mann-Whitney U test) and in the subgroup of patients 
showing both clinical and PET events (p = 0.480, Wil-
coxon-Mann-Whitney U test). PET findings preceded the 
clinical onset in 4 out of 7 patients (3 months, 4 months, 
7 months, and 25 months earlier than clinical event, 
respectively). All these cases concerned patients with 
increased colic uptake who later developed diarrhea.

Immune-related colic [18F]FDG uptake was asymp-
tomatic in 7/12 (58%) patients. In the whole cohort of 
patients with immune-related colic [18F]FDG uptake the 
median wall thickness was 6.6 mm (range 4.6 to 9.6 mm), 

Fig. 2 Correlation between the clinical grade of the adverse event and 
the maximum standardized uptake value (SUVmax) extracted from [18F]FDG 
PET/CT at the time of clinical onset

 

Fig. 1 Sequential FDG PET imaging of patient #13, with stage IIIC melanoma under adjuvant Nivolumab following complete surgical resection of the 
primary tumor. At 3-month PET/CT follow-up an increased thyroid uptake was detected (red circle). Laboratory tests confirmed clinical hyperthyroidism, 
grade 2. On the same PET scan, left axillary lymph node uptake was shown (blue arrow). A biopsy confirmed the inflammatory nature of the finding. The 
6-month PET scan showed a sarcoid-like reaction (green square) and increased uptake by the pectoral muscles bilaterally (yellow arrows), consistent with 
immune-related myositis, clinically unconfirmed
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with no significant differences between symptomatic and 
asymptomatic patients (p = 0.432, Wilcoxon-Mann-Whit-
ney U test).

Clinical irAEs occurred more frequently in patients 
without macroscopic disease than in patients with mac-
roscopic disease (55% vs. 23%, p = 0.039, X2test). The same 
difference was neither demonstrated for PET-immune 
findings (46% vs. 25%, p = 0.187, X2test), nor for the com-
bination of both clinical and PET-findings events (55% vs. 
38%, p = 0.309, X2test).

None of the other baseline characteristics (gender, age, 
primary tumor, line of treatment, type of treatment, dia-
betes) correlated with clinical and/or [18F]FDG PET/CT 
immune findings (data not shown).

Survival analysis
After a median clinical follow-up time of 30 months 
(range 5–80 months), 27 (53%) patients experienced 
progressive disease, and 17 (33%) patients had died. Of 
those, 16 patients died of disease progression, whereas 

one patient died of myocardial infarction. For the whole 
sample, 2-year estimated PFS and OS were 61% (95%CI, 
73,2% − 45,7%) and 77,7% (95% CI, 87,4% − 62,3%), 
respectively. Kaplan-Meier curves of PFS and OS in the 
whole sample and in different subgroups of patients (i.e. 
metastatic patients, adjuvant setting and consolidation) 
are shown in Supplementary Figs. S1 and S2.

Patients who developed clinical irAEs had a signifi-
cantly longer PFS than patients who remained clini-
cally asymptomatic (median PFS = not reached vs. 23 
months, respectively, p = 0.011, Fig. 4A). The occurrence 
of immune-related PET findings was also able to stratify 
PFS (median PFS = not reached vs. 28 months, in patients 
with and without PET-immune findings, respectively, 
p = 0.041, Fig.  4B). The best stratification of PFS was 
observed when patients who developed clinical irAEs 
and/or PET-immune findings were grouped together 
and compared with patients who did not develop any 
immune-related event (median PFS = not reached vs. 15 
months p = 0.002, Fig. 4C).

Fig. 3 Exemplary cases of three patients who developed diarrhea with corresponding FDG colic uptake (expressed as maximum standardized uptake 
value - SUVmax) and colic wall thickness diameter (T) measured on low-dose co-registered CT. The uptake as well as the colic wall thickness increase with 
the growing severity of the clinical irAEs
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A similar pattern was also observed in the subgroup 
of patients with metastatic disease (n = 35). In this sub-
group, patients who developed clinical irAEs had a sig-
nificantly longer PFS than patients who did not (median 
PFS = 47 months vs. 22 months, respectively, p = 0.019, 
Fig. 5A). The occurrence of PET-immune findings alone 
slightly missed statistical significance for PFS stratifica-
tion (median PFS = 47 months vs. 23 months, respec-
tively, p = 0.084, Fig. 5B).

The best stratification of PFS was observed when the 
occurrence of clinical irAEs and PET-immune findings 
was considered together (median PFS = not reached vs. 
11.5 months for patients who developed any event vs. 
patients who did not, respectively, p = 0.004, Fig. 5C). The 
occurrence of clinical irAEs or PET immune-related find-
ings alone did not significantly stratify OS both in the 
whole sample and the subgroup of metastatic patients 
(data not shown). However, in the whole sample, patients 
who developed clinical irAEs and/or PET-immune find-
ings had a significantly longer OS than patients who did 
not develop any immune-related event (median OS = not 
reached vs. 46.0 months, in the two groups, respectively, 
p = 0.032, Supplementary Fig.  S3A). This finding was 
not confirmed in the subgroup of metastatic patients 
(p = 0.189, Supplementary Fig. S3B).

Discussion
The occurrence of immune-related adverse events during 
ICI treatment represents a major challenge in oncology, 
both in terms of patient management and for the inves-
tigation of possible prognostic significance. The role of 
[18F]FDG PET/CT in the immunotherapy scenario has 
been largely investigated in the last decade resulting in 
several published studies on the correlation between 
[18F]FDG PET/CT immune-related findings and clini-
cal irAEs. However, these previous studies have assessed 
exclusively a single type of event [17, 31–33], or were 
based on the retrospective evaluation of clinical data 
driven by the imaging findings [34–38] or, vice versa, 
were based on the retrospective assessment of [18F]FDG 
PET features driven by clinical data [39]. To our knowl-
edge, a comparison between [18F]FDG PET and clinical 
irAEs based on an independent assessment of clinical 
and imaging records has not been previously performed.

In the current study, we presented a head-to-head 
comparison between [18F]FDG PET immune-related 
findings and clinical irAEs in 51 patients receiving anti-
PD1/PDL1 for different indications. Our rate of PET-
immune findings (i.e. 29%) was within the range of most 
previous studies (range 27–66%) [17, 36, 37, 40], although 
a higher incidence has been occasionally reported 
[41]. Immune-related events, either clinically relevant 

Fig. 5 Kaplan-Meier curves of PFS in patients with metastatic disease stratified based on the occurrence of clinical irAEs (a), immune-related PET findings 
(b) or on the presence of any immune-related findings (c). Note that the absence of immune-related events identifies a subgroup of patients with higher 
likelihood of early progression also in patients with metastatic disease at baseline

 

Fig. 4 Kaplan-Meier curves of PFS in the whole sample stratified based on the occurrence of clinical irAEs (a), immune-related PET-findings (b) or on the 
presence of any immune-related findings (c). Note that the absence of immune-related events identifies a subgroup of patients with higher likelihood 
of early progression
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or shown by PET only, occurred any time during the 
observation period. While 86% of patients underwent 
their first PET evaluation within 6 months following the 
beginning of therapy, only 8/15 (53%) patients had their 
immune-related PET finding seen within this time frame. 
In some patients, a first immune-related PET finding was 
observed within the first 6 months, then followed by the 
occurrence of other immune-related events at later time 
points (Table  2). A total of 21 patients developed clini-
cal and/or PET-immune findings, but only in 7 (33%) of 
them the PET findings corresponded to clinical manifes-
tation. Thus, most immune-related PET findings do not 
have a clinical counterpart, and vice versa. This could be 
expected for patients who developed nephritis [42, 43] 
or cutaneous [39] manifestations, which would be hardly 
detected by PET. On the other hand, it is unlikely that 
patients with mediastinal sarcoid-like reaction, easily 
detected by [18F]FDG PET, would develop clinically rel-
evant symptoms. For other immune-related events, the 
loose correlation between clinical manifestation and PET 
is more difficult to explain. It should be noted that our 
findings are like those of previous studies. In a prospec-
tive study of 100 melanoma patients treated with ICIs, 
increased cholic uptake detected by PET was asymptom-
atic in more than half of cases [17]. Similarly, in a smaller 
cohort of 40 patients with various solid tumors under 
ICI, most patients with PET-detectable immune events 
did not have clinical signs or symptoms [36]. One expla-
nation for the lack of correspondence between abnor-
mal PET findings and clinical evidence of irAEs might 
be the low specificity of [18F]FDG PET in discriminat-
ing between drug-induced immune activation and other 
causes of inflammation, especially in those organs with 
physiological glucose metabolism. This, together with 
the lack of standardized criteria for the classification of 
abnormal PET uptake, could be responsible for the large 
variability among studies in terms of prevalence of PET 
immune-related findings during ICI. The combination 
of metabolic and morphological criteria, which we used 
in our study for the definition of immune-related PET 
findings in organs such as the stomach and the intestine, 
could be useful for differentiating between physiologic 
uptake and inflammation, but it might not be specific 
enough to discriminate between immune-related uptake 
and other causes of inflammation [44].

As regards the timing of manifestation, some stud-
ies have suggested that [18F]FDG PET can anticipate the 
clinical manifestation of irAEs. In our sample, 4 out of 5 
patients presented with increased colic uptake before the 
onset of clinical diarrhea [17, 41]. Interestingly, in those 
patients who had PET findings corresponding to clinical 
manifestation, we demonstrated a significant correlation 
between the degree of [18F]FDG PET uptake measured by 
the semi-quantitative parameter SUVmax, and the clinical 

grade of irAEs. This is in line with the recent study of 
Hribernik and colleagues which found that [18F]FDG 
PET uptake in target organs significantly correlated with 
clinical grade of irAEs in 58 patients with melanoma [40].

Based on our results, we could speculate that including 
the description of immune-related PET findings and of 
some quantification of [18F]FDG uptake in PET reports 
may induce treating physicians to search for subtle clini-
cal symptoms or specific laboratory findings. This may 
help prevent high-grade treatment-related toxicities 
which may lead to therapy discontinuation.

Furthermore, we found a higher incidence of clinical 
irAEs in patients without macroscopic disease than in 
patients presenting with macroscopic disease at base-
line. This observation is in line with previous clinical 
trials showing the adjuvant setting to be associated with 
higher rates of irAEs and of drug discontinuation than 
the metastatic setting [45]. It has been suggested that 
the lower tumor burden in the adjuvant setting might 
result in reduced suppression of the immune system and/
or reduced targeting of tumor-associated antigens, with 
consequent increased risk of autoimmunity [46, 47]. We 
also reported a higher, though not significant, incidence 
of PET immune-findings (i.e. +20%, p = 0.187) in the 
subgroup of patients without macroscopic disease. Our 
results support the need for a close clinical monitoring of 
patients receiving ICI in the adjuvant setting as they may 
show more toxicities than patients with a larger disease 
burden. Previous studies suggested that, in this popula-
tion, the search for potential immune-related toxicities 
should be extended even after the end of treatment [48].

Lastly, we demonstrated that the occurrence of 
immune-related events has a significant impact on 
PFS. Namely, patients who developed clinical irAEs or 
PET-immune findings alone showed a longer PFS than 
patients who did not. Most importantly, the best strati-
fication of PFS was found when all patients who devel-
oped immune-related events, either clinically relevant or 
detected by PET only, were grouped together. This was 
true both for the overall cohort and for the subgroup of 
patients with metastatic disease. In addition, for the over-
all population, the occurrence of any immune-related 
events (clinical irAEs, PET-immune findings, or both) 
was also significantly associated with better OS.

While the positive impact of irAEs on survival out-
comes is generally acknowledged [49–52], the prog-
nostic implications of PET immune-related findings is 
more controversial [17, 18, 41]. Our results suggest that 
the detection of immune-related PET findings may help 
identify a subgroup of patients with better outcomes, 
enhancing the prognostic value of clinical irAEs alone.

Our study has several limitations that should be 
acknowledged, above all its retrospective nature and the 
heterogeneous patient population, although the sample 
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size is comparable to those of previous reports investigat-
ing the role of PET in the assessment of immune-related 
events [18, 35–38]. Because of the retrospective design, 
a standardization of the imaging follow-up is missing in 
our study, which could have led to an underestimation 
of the immune-related events and lack of correspon-
dence with clinical symptoms. Nonetheless, most of the 
patients included (n = 44, 86%) had their first PET scan 
performed within the first 6 months of therapy, when 
most immune events related to anti-PD1/PDL1 treat-
ments are known to occur [7, 9]. Finally, in our analysis, 
we did not include a systematic assessment of the diag-
nostic CT scans acquired during the patient follow-up. 
Therefore, we cannot conclude on the respective role of 
radiological and radionuclide imaging techniques in the 
assessment of toxicity during ICI treatment.

In conclusion, patients with melanoma or NSCLC 
under ICI treatment can develop clinical irAEs or 
immune-related PET findings or both. Most immune-
related [18F]FDG PET findings did not correspond to 
obvious clinical irAEs, therefore [18F]FDG PET may be 
useful to increase the recognition of immune events in 
these patients. Our study showed that the occurrence of 
immune-related events had a significant positive impact 
on PFS, and that the combination of clinical information 
with [18F]FDG PET assessment resulted in an improved 
prognostic stratification. These results require validation 
by properly designed prospective trials.
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