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Abstract
Aim  To determine the long-term prognosis of immune-related response profiles (pseudoprogression and dissociated 
response), not covered by conventional PERCIST criteria, in patients with non-small-cell lung cancer (NSCLC) treated 
with immune checkpoint inhibitors (ICPIs).
Methods  109 patients were prospectively included and underwent [18F]FDG-PET/CT at baseline, after 7 weeks (PETinterim1), 
and 3 months (PETinterim2) of treatment. On PETinterim1, tumor response was assessed using standard PERCIST criteria. In 
the event of PERCIST progression at this time-point, the study design provided for continued immunotherapy for 6 more 
weeks. Additional response patterns were then considered on PETinterim2: pseudo-progression (PsPD, subsequent metabolic 
response); dissociated response (DR, coexistence of responding and non-responding lesions), and confirmed progressive 
metabolic disease (cPMD, subsequent homogeneous progression of lesions). Patients were followed up for at least 12 months.
Results  Median follow-up was 21 months. At PETinterim1, PERCIST progression was observed in 60% (66/109) of patients 
and ICPI was continued in 59/66. At the subsequent PETinterim2, 14% of patients showed PsPD, 11% DR, 35% cPMD, and 
28% had a sustained metabolic response. Median overall survival (OS) and progression-free-survival (PFS) did not differ 
between PsPD and DR (27 vs 29 months, p = 1.0; 17 vs 12 months, p = 0.2, respectively). The OS and PFS of PsPD/DR 
patients were significantly better than those with cPMD (29 vs 9 months, p < 0.02; 16 vs 2 months, p < 0.001), but worse 
than those with sustained metabolic response (p < 0.001). This 3-group prognostic stratification enabled better identification 
of true progressors, outperforming the prognostic value of standard PERCIST criteria (p = 0.03).
Conclusion  [18F]FDG-PET/CT enables early assessment of response to immunotherapy. The new wsPERCIST (“wait and 
see”) PET criteria proposed, comprising immune-related atypical response patterns, can refine conventional prognostic 
stratification based on PERCIST criteria.
Trial registration  HDH F20230309081206. Registered 20 April 2023. Retrospectively registered.
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Introduction

Non-small-cell lung cancer (NSCLC) is one of the leading 
causes of cancer mortality worldwide [1]. In the metastatic 
setting of NSCLC, significant progress has been made in recent 
years with the development of immune checkpoint inhibitors 
(ICPIs), allowing the reactivation of anti-tumor immunity. 
ICPIs have revolutionized the management of metastatic lung 
cancer by significantly increasing overall and progression-free 
survivals compared to conventional chemotherapies[2–4], even 
achieving durable responses in some cases [5]. However, only 
about half of patients will derive a clinical benefit from this 
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treatment [2–4, 6]. It is therefore of great importance to identify 
biomarkers that can predict treatment response or provide early 
assessment of treatment efficacy. Fluorine-18-fluorodeoxyglu-
cose ([18F]FDG) positron emission tomography (PET)/ com-
puted tomography (CT) is an imaging modality increasingly 
used to monitor treatment response in patients with metastatic 
NSCLC. The performance of PET/CT appears promising in 
the early differentiation of immunotherapy responders and non-
responders [7, 8]. However, as for the RECIST 1.1 criteria [9], 
the PERCIST criteria [10] used to assess metabolic response to 
conventional treatments are not suitable for assessing response 
to immunotherapy due to its biological mechanism of action. 
By stimulating the patient's immune system to attack tumor 
cells, ICPIs induce immune cell infiltration of tumor cells, 
sometimes leading to a local inflammatory process and a tran-
sient increase in lesion size and/or [18F]FDG uptake, or even 
the appearance of new lesions. This initial lesion growth is 
followed by a delayed response and is termed “pseudoprogres-
sion” [11, 12]. The use of PERCIST criteria in this situation 
leads to an overestimation of ICPI failure and to discontinua-
tion of treatment in patients for whom ICPI was actually effec-
tive. To account for this, modified PERCIST criteria have been 
proposed in sparse retrospective studies [13–15] but none are 
currently recommended in clinical practice due to lack of pro-
spective validation [16, 17]. Currently, guidelines suggest that 
in case of doubt between progression or pseudoprogression and 
clinical stability, a confirmatory follow-up [18F]FDG-PET/CT 
should be performed 4–8 weeks later. This allows for atypical 
response patterns that have been described in immunotherapy, 
such as pseudoprogression, for which the prognosis appears to 
be different from that of classical progression [18]. Dissoci-
ated response is a less-known atypical pattern also described 
under ICPIs, defined as the coexistence of responding and 
non-responding lesions within the same patient [19]. In the 
face of such a response profile, the question arises whether 
to continue or discontinue treatment. To date, there has been 
no large-scale prospective study on the incidence of dissoci-
ated response, the criteria for its definition, and its long-term 
prognostic impact [20]. The aim of this study was to describe 
the long-term prognosis of atypical response patterns in the set-
ting of immunotherapy (i.e. pseudoprogression and dissociated 
response) as compared to prognosis of conventional PERCIST 
response profile. On the basis of the results, we aimed to for-
mulate clinical recommendations for NSCLC patients, treated 
with ICPIs and follow-up with PET/CT.

Methods

Patient inclusion criteria

This ancillary study is predicated on a combination of two 
current-care studies conducted at our institution. Both 

studies were prospective, observational, uncontrolled, 
and non-randomized, investigating the value of standard 
[18F]FDG-PET/CT in monitoring NSCLC response to 
immunotherapy:

–	 The first study prospectively enrolled 99 patients from 
February 2017 to June 2022 (FDG ECMI n°ID-RCB: 
2018-A02116-49).

–	 The second study prospectively enrolled 43 patients 
from April 2019 to June 2022 (FDG IMMUN, 
NCT03584334).

Characterizing the prognostic value of atypical response 
patterns on PET/CT was a secondary objective of both 
studies. Inclusion criteria for both studies were identical: 
(1) pathologically proven stage IIIB or IV NSCLC; (2) an 
indication to start ICPI monotherapy as a first or later line 
of treatment; (3) Eastern Cooperative Oncology Group 
(ECOG) performance status of 0 to 2; (4) age of at least 
18 years; (5) no prior immunotherapy. Exclusion criteria 
were: (1) clinical or biological contraindication for ICPIs; 
(2) vulnerable patients as defined in Article L1121-5 to 
L1121-8 of the French Public Health Code; (3) high gly-
cemia (≥ 11 mmol/L) at baseline [18F]FDG-PET/CT exam; 
(4) a delay greater than 3 months between baseline PET 
and initiation of immunotherapy; (5) refusal of written 
consent; (6) no measurable lesion by PERCIST V1.0; (7) 
evidence of concomitant progressive cancer; (8) histologic 
subtype other than adenocarcinoma, squamous cell carci-
noma or undifferentiated carcinoma.

Patients received one of the following three ICPI 
drugs: pembrolizumab 2mg/kg or 200mg every 3 weeks, 
nivolumab at a standard dose of 240mg/2 weeks, or ate-
zolizumab at a standard dose of 1200mg/3 weeks.

PET protocol

All patients underwent a [18F]FDG-PET/CT within 12 
weeks prior to the initiation of treatment (PETbaseline), 
7 weeks after the start of treatment (PETinterim1), and 3 
months after the start of treatment (PETinterim2). [18F]
FDG-PET/CT was performed using two different PET/CT 
imaging systems: Biograph mCT PET/CT from February 
2017 to September 2019 and Biograph Vision 600 PET/
CT from September 2019 to June 2022 (Siemens Health-
care, Erlangen, Germany). Both had EARL accreditation 
for FDG-PET/CT tumor imaging. The patients were asked 
to fast for at least 6 h before the intravenous injection of 3 
MBq/kg (Biograph mCT) or 2.5 MBq/kg (Biograph Vision 
600) of [18F]FDG. A low-dose attenuation CT acquisition 
(80 kV, 50 mA, 5 mm slice thickness) was performed 
60 ± 5 min after the administration of [18F]FDG, followed 
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by an inspiratory chest-restricted diagnostic CT (auto-kV, 
auto-mA, 1-mm-slice thickness). Lastly, a diagnostic CT 
acquisition was done from the skull to mid-thigh (auto-
kV, auto-mA, 1-mm-slice thickness) after a venous injec-
tion of iodinated contrast agent in the absence of allergy 
or renal impairment. Baseline and follow-up exams were 
performed using the same imaging system and acquisi-
tion parameters. The patient weight-normalized SUVpeak 
was calculated on a region of 10mm diameter centered 
on the most avid focus. The target lesions were defined 
as the five most avid lesions on each PET exam, as there 
may be differences between the different exams. Hyper-
avid foci due to inflammation induced by immunotherapy 
were excluded from the analysis. Image were analyzed by 
two blinded primary readers, and a third blinded reader 
resolved disagreements.

PETinterim1: early assessment after 7 weeks 
of treatment

PERCIST criteria

Metabolic response was first assessed according to the 
PERCIST criteria [10] (Table S1). Briefly, a complete 
metabolic response (CMR) was defined as the disappear-
ance of target lesion uptake with no new lesion, a partial 
metabolic response (PMR) was defined as a decrease in 
the sum of the SUVpeak of the target lesions by more than 
30% with no new lesion, a stable metabolic disease (SMD) 
was defined as the absence of criteria to define progres-
sion, partial or complete metabolic response. All of these 
responses define a group of patients termed “metabolic 
responders” (MR). Finally, progressive metabolic disease 
(PMD) was defined as new lesions and/or progression of 
target lesions with an increase in the sum of SUVpeak by 
more than 30%.

Due to the experimental nature of PETinterim1 and the 
known specific immune-related response pattern, the study 
protocol recommended continuing ICPI treatment beyond 
a first PERCIST progression, except in the case of severe 
clinical deterioration, in accordance with the multi-disci-
plinary tumor board decision. Patient safety was monitored 
throughout, and treatment could be halted if there was any 
clinical worsening or toxicity.

PETinterim2: late assessment after 3 months 
of treatment

PERCIST criteria

The metabolic response at 3 months was again evaluated 
according to the PERCIST criteria (Table S1).

Atypical evolutive patterns

For the specific group of patients with a first PERCIST 
PMD at 7 weeks (on PETinterim1), the 3-month metabolic 
response (on PETinterim2) was also defined adding 3 new 
atypical patterns:

–	 Pseudoprogression (PsPD): in case of CMR, PMR, or 
SMD at 3 months.

–	 Dissociated response (DR): in case of heterogeneous 
metabolic evolution of lesions, i.e. in case of coexist-
ence of responding and non-responding lesions on the 
same PET scan.

–	 Confirmed PMD (cPMD): in case of homogeneous meta-
bolic progression of all lesions.

Follow‑up and outcomes

Patients were followed for at least 12 months, with regular 
clinical assessments and standard imaging tests (i.e. CT or 
PET/CT every 3 months, or sooner if clinical progression 
was suspected ± brain MRI if a brain localization was clini-
cally suspected). The delay between the initiation of treat-
ment and the decision to stop it, as well as the reason why 
(tumor progression, toxicity, therapeutic break, patient’s 
refusal to continue the treatment) was recorded.

The primary endpoint was overall survival (OS) defined 
as the time from initial immunotherapy to death from any 
cause.

Progression-free survival (PFS) was a secondary endpoint 
of the study and defined as the time from the initiation of 
ICPI to confirmed tumor progression or death. Tumor pro-
gression, leading to discontinuation of treatment, had to be 
confirmed by a multi-disciplinary tumor board, comparing 
the patient’s clinical status and a detailed analysis of images. 
For PFS, we did not take into account the time of first evi-
dence of tumor progression on PET/CT due to pseudo-pro-
gression or dissociated response patterns.

Statistical analyses

Data management was performed using the Ennov Clinical 
Software Suite. Quantitative variables are indicated by their 
mean (standard deviation) and qualitative values are desig-
nated by their absolute value followed by the percentage. We 
used Kaplan–Meier’s method to estimate survival outcomes, 
which were compared using the log-rank test between the 
groups. Patients were censored at the end of follow-up or the 
date of the latest news. Univariate and multivariate analyses 
were performed using the Cox proportional hazards regres-
sion. A p-value < 0,05 was used to attest statistical signifi-
cance. Statistical analyses were performed using R (version 
2022.12.0 + 353).
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Results

Patient characteristics

Of the 142 eligible patients, 124 were finally included. Oth-
ers were excluded from the study because they had a non-
eligible histological type (N = 3), they were lost to follow-up 
before one year (N = 3), they had a concomitent progressive 
cancer (N = 1), immunotherapy was finally non initiated after 
patient inclusion (N = 4), presented one or more of target 
lesions that had received radiotherapy (N = 2), poor image 
quality (N = 1), economic reasons (N = 1), delay greater 
than 3 months between PET baseline and ICPI introduction 
or 9 weeks between introduction of ICPIs and PETinterim1 
(N = 3). Of the patients included, some did not undergo the 
PETinterim1 exam because of early discontinuation of ICPI 
due to clinical deterioration (N = 12) or treatment toxicity 
(N = 3) (Supplemental Fig. S1). Consequently, 109 patients 
were finally analyzed.

The mean patient age was 64.5 years, most patients were 
men (64%), current or former smokers (85%), had an ade-
nocarcinoma histology (82%) and received pembrolizumab 
(56%) or nivolumab (40%) (Table 1). Mean time between 
PETbaseline and initiation of immunotherapy was 14.7 days 
[range 0–74; SD 15.7]. Median duration of immunother-
apy was 8 months [range 1–60]. Median patient follow-up 
was 21 months [Q1-Q3 9–38]. By the end of the study, 73 
patients had died and 4 were lost to follow-up. 70 patients 
progressed during follow-up and 71% received a subsequent 
line of treatment. Median OS was 23 months [IC95% 18–38] 
and median PFS was 13 months [IC95% 7–23].

PETinterim1: early assessment after 7 weeks 
of treatment

Mean time between introduction of immunotherapy and 
PETinterim1 was 49 days (range 34–64; SD 5.6).

PERCIST criteria

39,5% (43/109) of patients were metabolic responders (MR) 
according to PERCIST criteria:

–	 10,1% (11/109) of patients had a complete metabolic 
response (CMR). All were alive at the end of the study. 
Only one progressed 18 months after the introduction of 
treatment.

–	 20,2% (22/109) of patients had a partial metabolic 
response (PMR) and the median OS and PFS were not 
reached.

–	 9,2% (10/109) of patients had stable metabolic disease 
(SMD), the median OS was 21.5 months [95%CI 8-not 

reached], and the median PFS was 13 months [95%CI 
6-not reached].

In contrast, 60.5% (66/109) of patients had a progres-
sive metabolic disease (PMD) according to PERCIST crite-
ria, the median OS was 15 months [95%CI 11–23], and the 
median PFS was 5 months [95%CI 3–8] (Table 2).

There was a significant difference in overall and pro-
gression-free survival curves between the different PER-
CIST sub-groups on PETinterim1 (p < 0.001) (Supplemental 
Fig. S2).

PETinterim2: late assessment after 3 months 
of treatment

Mean time between introduction of immunotherapy and 
PETinterim2 was 13.8 weeks (range 11–17; SD 1.9).

Among the 109 patients that benefited from the PETinterim1, 
23 did not benefit from the PETinterim2 because of:

Table 1   Patient characteristics

All (N = 109)

n %

Age in years, mean (SD) 64.5 (9.5)

Gender Male 70 64
Female 39 36

Smoking status Never 17 16
Former smokers 50 46
Current smokers 42 39

Immunotherapy Pembrolizumab 61 56
Nivolumab 44 40
Atezolizumab 4 4

Histology Adenocarcinoma 89 82
Squamous cell carci-

noma
18 17

Undifferentiated 2 2
PDL1 status  < 50% 42 39

 > 50% 47 43
Unknown 20 18

Anterior surgery Yes 24 22
No 85 78

Anterior radiotherapy Yes 43 39
No 66 61

Anterior chemotherapy Yes 79 72
No 30 28

Number of prior chemo-
therapy

0 30 28

1 42 39
2 24 22
3 13 12
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–	 Significant clinical worsening before PETinterim2 leading 
to confirmation of tumor progression and early treat-
ment stop decided by the multi-disciplinary tumor board 
(N = 17). These patients were kept for analysis as patients 
with tumor progression at the time of PETinterim2.

–	 Complete metabolic response on PETinterim1 (N = 5) and 
a subsequent PET interim2 still showing a CMR but per-
formed more than 3 months after treatment initiation: 
they were classified as CMR on PETinterim2.

–	 PET exam cancellation without reason (N = 1): this 
patient was excluded from the analysis.

The PETinterim2s of 108 patients were therefore analyzed 
(Fig. 1).

PMD: Progressive Metabolic Disease, MR: Metabolic 
Response (i.e. sustained CMR, PMD or SMD), DR: Dissoci-
ated Response, PsPD: Pseudoprogression, cPMD: confirmed 
Progressive Metabolic Disease, OS: Overall Survival.

PERCIST criteria

According to the PERCIST criteria comparing PETinterim2 
to baseline:

–	 15 patients (14%) had a CMR: the median OS and PFS 
were not reached.

–	 21 patients (19%) had a PMR: the median OS and PFS 
were not reached.

–	 9 patients (8%) had SMD: the median OS was 49 months 
[95%CI 23-not reached] while the median PFS was 47 
months [95%CI 29-not reached].

–	 63 patients (58%) had PMD: the median OS was 15 
months [95%CI 10–20] while the median PFS was 3 
months [95%CI 3–6] (Table 2).

There is a significant difference in overall and progres-
sion-free survival between the different groups (p < 0.001) 
(Supplemental Fig. S3).

Atypical evolutive patterns

Among the 66 patients with a first PERCIST progression on 
PETinterim1, 65 were analyzed on PETinterim2:

–	 15/65 (23%) subsequently showed a complete, partial, 
or stable metabolic response, a posteriori indicating an 
initial pseudoprogression (PsPD), with a median OS of 
27 months [95%CI 13-unreached] and median PFS of 17 
months [95%CI 8-unreached].

–	 12/65 (18.5%) showed a dissociated response (DR) with 
a median OS of 29 months [95%CI 19-unreached] and a 
median PFS of 12 months [95%CI 9-unreached].

38/65 (58.5%) showed a cPMD (confirmed Progressive 
Metabolic Disease = subsequent homogeneous progression 
of lesions) with a median OS of 9 months [95%CI 6–15] and 
median PFS of 2 months [95%CI 2–3].

OS and PFS were not statistically different between 
patients with pseudoprogression and those with dissociated 

Table 2   Response according to PERCIST criteria on PETinterim1 and 
PETinterim2

*  In months
CMR, Complete Metabolic Response; PMR, Partial Metabolic 
Response; SMD, Stable Metabolic Disease; PMD, Progressive Meta-
bolic Disease; MR, Metabolic Response; NR, Not Reached

Number Median OS*
(95%IC)

Median PFS*
(95%IC)

p-value

n %

PERCIST criteria on PETinterim1
MR 43 39.5  < 0 .001
CMR 11 10.1 NR NR
PMR 22 20.2 NR NR
SMD 10 9.2 21.5 (8-NR) 13 (6-NR)
PMD 66 60.5 15 (11–23) 5 (3–8)
PERCIST criteria on PETinterim2
CMR 15 14 NR NR  < 0.001
PMR 21 19 NR NR
SMD 9 8 49 (23-NR) 47 (29-NR)
PMD 63 58 15 (10–20) 3 (3–9)

Fig. 1   Sankey Diagram on 
patient outcomes between 
PETinterim1-PETinterim2 and 
survival



3701European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:3696–3708	

response (p = 1, p = 0.2, respectively). They were therefore 
grouped together for the following statistical analyses.

Statistical comparison of patient survival by metabolic 
response category showed (Fig. 2a and 2b) that patients with 
a PsPD or cDR at 3 months had:

–	 significantly better median OS and median PFS than 
patients with cPMD (29 vs 9 months, p < 0.02 and 16 vs 
2 months, p < 0.001, respectively).

–	 significantly worse median OS and median PFS than 
patients who maintained a metabolic response on the 
2 successive PET exams (29 months vs not reached, 
p < 0.001 and 16 months versus not reached, p < 0.001, 
respectively).

Furthermore, when comparing on PETinterim2 the outcome 
of patients with PERCIST PMD with those with cPMD (thus 
eliminating pseudoprogression and dissociated response), 
patients with cPMD had significantly worse median OS and 
median PFS than patients with a standard PERCIST PMD (9 
vs 15 months, p = 0.03 and 2 vs 3 months, p = 0.006, respec-
tively) (Fig. 3a and 3b).

Univariate and multivariate analysis including the clinical 
parameters did not reveal any clinical confounding factors in 
terms of OS and PFS (Fig. S4).

Discussion

Atypical response in the setting of ICPIs

Early and accurate assessment of treatment efficacy is criti-
cal for patients undergoing cancer treatment. Imaging-based 
evaluation appears to be a promising biomarker for assessing 
the efficacy of immunotherapy [21, 22]. However, the cur-
rent imaging criteria used for evaluating treatment efficacy, 
either RECIST 1.1 for CT [9] or PERCIST 1.0 for PET/
CT [10], were established primarily for chemotherapy and 
targeted therapies and are not fully suitable for immuno-
therapy. Indeed, the mechanism of action of immunotherapy 
differs from that of chemotherapy and targeted therapies, 
as it involves the activation of the immune system to fight 
cancer cells and may induce an inflammatory process [23]. 
This leads to distinct response patterns that are not captured 
by current conventional imaging criteria and are therefore 
often referred to as progression as they increase tumor size 
or tumor burden. As well described by Hodi et al. [24], in 
a study conducted on patients with metastatic melanoma 
treated with pembrolizumab, with CT scan monitoring, 
conventional RECIST criteria led to progression misclas-
sification of 15% of patients. In our study, using PERCIST 
criteria, 60% of patients were classified as having metabolic 
progression 7 weeks after treatment initiation, while only 

35% had confirmed metabolic progression on the control 
[18F]FDG-PET/CT performed 6 weeks later, suggesting 
that almost 25% of patients were misclassified using PER-
CIST criteria on the first PET exam. These patients actually 
exhibited an atypical response profile to immunotherapy. 
Conventional criteria may therefore lead to overdiagnosis 
of progression, resulting in premature discontinuation of 
ICPI in patients who could potentially have benefited from 
it [25, 26].

The most common atypical response profile described 
with immunotherapy is pseudoprogression (Fig. S5). It was 
first described in patients treated with anti-CTLA4 therapy 
for metastatic melanoma [27]. Pseudoprogression is defined 
as initial progression of both target and non-target lesions 
and/or appearance of new lesions followed by a response. 
Previous studies have shown that PsPD occurs in approxi-
mately 7% of patients monitored by CT scan [28, 29] and 
approximately 10% of patients monitored by [18F]FDG-PET/
CT imaging [25]. In our observational study on prospec-
tively gathered data, the prevalence of pseudoprogression 
was 14%.

The second atypical response profile is the dissociated 
response (Fig. 4). It is defined as progression of some lesions 
concomitant with shrinkage of others. This profile was first 
defined in 2010 in a study evaluating the response of meta-
static breast cancer to systemic treatments (chemotherapy, 
targeted therapies, hormone therapy) using [18F]FDG-PET/
CT imaging [30]. Although initial studies have suggested 
a specific prognosis for this type of response, it has con-
sistently been considered an unfavorable prognostic pattern 
and therefore been included in the "progressive disease" cat-
egory of RECIST 1.1 or PERCIST 1.0. Actually, we believe 
that the dissociated response combines several local pseu-
doprogression phenomena. On CT scan, its incidence under 
ICPIs is around 5–10% of patients, depending on the stud-
ies [28, 31–33]. In our study using [18F]FDG-PET/CT, the 
prevalence of dissociated response is much more common, 
occurring in 27% of patients after 7 weeks of treatment, and 
11% after 3 months.

Our study reports a high rate of atypical responses 
compared to literature, which may raise the question of 
premature PET evaluation. Nevertheless, an early evalu-
ation of NSCLC response, performed after 2–3 cycles of 
immunotherapy, is recommended by international bod-
ies [34], mainly because of the aggressive nature of this 
cancer, which rules out later evaluation, especially at the 
beginning of treatment. Moreover, the higher incidence 
with [18F]FDG-PET/CT than with CT is due to the higher 
sensitivity of PET/CT and its ability to provide better 
lesion-by-lesion analysis, making it easier to detect these 
patterns compared to CT.

Although some retrospective studies have shown 
that patients with pseudoprogression [13, 24, 35, 36] or 
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(a) OS 

Time (months)

(b) PFS

Time (months)

Fig. 2   Kaplan–Meier survival curves showing overall survival (OS) 
(a) and progression free survival (PFS) (b) according to tumor 
response on PETinterim2 including atypical response. MR: Metabolic 

Response (i.e. sustained CMR, PMD or SMD on PETinterim1 and 
PETinterim2), DR: Dissociated Response, PsPD: Pseudoprogression, 
cPMD: confirmed Progressive Metabolic Disease
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dissociated response [25, 31, 32, 37] have a better short-
term outcome than patients with progression, no study has 
examined the long-term, specific prognosis of these atypical 
response patterns. Our long-term study using prospectively 
gathered data demonstrates that the prognosis of patients 
with pseudoprogression is similar to that of patients with 

a dissociated response occurring after an initial PERCIST 
progression. This prognosis is intermediate: much better 
than that of patients with confirmed progression (defined 
as 2 consecutive homogeneous progressions of lesions), but 
still worse than that of patients with sustained metabolic 
response after 3 months of treatment, on two successive 

(a) OS

Time (months)

(b) PFS

Time (months)

Fig. 3   Kaplan–Meier survival curves showing overall survival (OS) (a) and progression free survival (PFS) (b) in patients with PMD according 
to PERCIST and with cPMD on PETinterim2. PMD: Progressive Metabolic Disease, cPMD: confirmed Progressive Metabolic Disease
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PETs. A dissociated response, in contrast to pseudopro-
gression, can also be detected using early evaluation PET, 
7 weeks after treatment initiation. Additional analyses have 
enabled us to show that a dissociated response at 7 weeks has 
a better prognosis than homogeneous progression (Fig. S6). 
However, we reckon that this type of response does not make 
it possible to predict further evolution since, in our study, 
approximately one third of patients will have subsequently 
confirmed progression, one third will have a second dissoci-
ated response, and one third will have a metabolic response 
on a PET performed 6 weeks later. Therefore, as with PsPD, 
the best time to consider the prognostic value of dissociated 
metastatic lung cancer response is on PETinterim2, after an 
initial PERCIST progression.

Physiopathology of response to ICPIs

The pseudoprogression phenomenon occurring in an atypi-
cal response (PsPD and DR) can be explained by tumor 
infiltration by immune cells, which are responsible for an 
increase in FDG uptake linked to the inflammatory reaction 
induced by the immune system [11]. We believe that this is 
probably systematic, or at least very frequent, in patients 
who respond to ICPI, as treatment efficacy is based on tumor 
immune infiltration.

However, the time after which this phenomenon is 
observed may vary according to the level of efficacy of the 
treatment:

–	 patients with a very good ICPI efficacy can experience 
pseudoprogression as early as the first week following 
the introduction of treatment, as suggested in a study 
by Anderson et  al. [38]. This phenomenon was not 
observed in our study, which did not provide for such an 

early assessment; they were thus classified as metabolic 
responders since pseudoprogression had been missed.

–	 patients with a delayed treatment efficacy will experience 
pseudoprogression later (around a few weeks); they are 
the patients with an atypical response in our study. We 
assume that for these patients, immunotherapy effect is 
delayed and probably reduced, hence the intermediate 
prognosis observed in our study.

All these hypotheses need to be validated through dedi-
cated studies.

New criteria in the setting of IPIs

In order to take into account these atypical response profiles 
and to avoid misclassifying a patient as having metabolic 
progression, specific criteria have been proposed in the lit-
erature such as iPERCIST [13] or imPERCIST [14]. None 
of these criteria are currently recommended in guidelines for 
routine clinical use due to lack of validation in prospective 
studies with large patient cohorts. The current recommenda-
tion according to the EANM guidelines [16] is that in case 
of doubt between progression and pseudoprogression, clini-
cians should proceed with ongoing treatment and reassess 
with a follow-up [18F]FDG-PET/CT conducted 4 to 8 weeks 
after the initial scan, provided the patient's clinical condition 
permits. This is referred to as a “wait and see" strategy.

Based on this international recommendation [16] and the 
clinical results of the present observational study, we have 
proposed the new “wsPERCIST” criteria (Table 3). They 
build upon the existing PERCIST criteria but introduce two 
atypical response patterns, namely dissociated response and 
pseudoprogression. They suggest maintaining treatment fol-
lowing an initial PERCIST progression on PETinterim1 and 
performing a second [18F]FDG-PET/CT 4–8 weeks later. At 

Fig. 4   Progressive metabolic 
disease according to PERCIST 
7 weeks after initiation of 
immunotherapy with progres-
sion of axillary and supracla-
vicular lymph nodes and skin 
lesion (continuous arrow) and 
partial response of retroperi-
toneal and mediastinal lymph 
nodes and pulmonary lesion 
(dotted arrow)(B). 3 months 
after initiation of immuno-
therapy, dissociated response 
was observed with all lesions 
shrinking except the skin (C)
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the time of PETinterim2, three new patterns can then be iden-
tified: 1) Pseudoprogression (PsPD) in cases of subsequent 
CMR, PMR or SMD, 2) Dissociated Response (DR) in cases 
of concomitant responding and non-responding lesions, 3) 
Confirmed Progressive Metabolic Disease (cPMD) in cases 
of homogeneous progression of all lesions. In cases of 
cPMD, immunotherapy is considered ineffective and dis-
continuation of treatment should be considered by the multi-
disciplinary tumor board. However, in the case of an atypical 
response (PsPD and DR), immunotherapy should be contin-
ued, but imaging follow-up should be more frequent, every 
6 to 8 weeks, due to their intermediate prognosis. Finally, 
in metabolic responders, imaging follow-up can be done as 
usual every 3 months, or even further apart, every 4 months, 
given their very good long-term prognosis (Fig. 5). These 
criteria allow a better stratification of patient prognosis by 
identifying 3 distinct prognostic groups. They outperform 
the standard PERCIST criteria by better identifying true pro-
gressors. This avoids premature discontinuation of immuno-
therapy in patients who would have benefited from it.

CMR: Complete Metabolic Response, PMR: Partial Met-
abolic Response, SMD: Stable Metabolic Disease, PMD: 
Progressive Metabolic Disease, PsPD: Pseudoprogression, 

cDR: confirmed Dissociated Response, cPMD: confirmed 
Progressive Metabolic Disease.

We also compared these new criteria (i.e. wsPERCIST) 
with those already proposed for immunotherapy (iPERCIST 
and imPERCIST [13, 14]), the main differences are as fol-
lows (Table S2):

–	 compared to iPERCIST, our criteria classify patients with 
dissociated response as responders, whereas iPERCIST 
would classify them as cPMD

–	 compared to imPERCIST, most patients with an atypi-
cal response according to our criteria are also classified 
as responders according to imPERCIST (20/27; 74%). 
Nevertheless, we believe it is important to distinguish 
between patients with a sustained metabolic response and 
those with an atypical response, as their prognosis is dif-
ferent; we recommend closer follow-up in the case of an 
atypical response.

Strengths and limits of the study

Our study was conducted in a large cohort of patients with 
a median follow-up of over 2 years. Unlike other studies, it 

Fig. 5   Decision-making algorithm to monitor response to ICPIs with [18F]FDG-PET/CT, using the wsPERCIST criteria
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was specifically designed to evaluate tumor response based 
on PET/CT, and took account of atypical evolutive patterns. 
To our knowledge, no other study has evaluated the prognos-
tic value of PET/CT imaging for immunotherapy monitoring 
with such long-term follow-up. Furthermore, the prospective 
design of the two studies used encouraged continuation of 
treatment in patients who showed progression on PETinterim1 
if their clinical condition permitted, which made it possible 
to assess the benefit of continuing treatment in patients with 
an atypical response after initial progression. This is crucial 
to properly observe the true rate of occurrence and prognos-
tic significance of atypical response patterns to ICPIs.

Our study has limitations. First, our inclusion criteria 
allowed for a delay of 3 months between baseline PET 
scan and the start of treatment, which can be considered a 
fairly long interval. However, a delay of more than 6 weeks 
involved only 5 patients (out of 109) with various response 
profiles, which did not seem to affect the results. Also, it 
is a monocentric study with a limited number of patients 
exhibiting atypical responses (N = 27); it therefore appears 
important to externally confirm the prognostic relevance of 
the proposed wsPERCIST (“wait and see”) criteria in mul-
ticentric prospective studies. Additionally, we only included 
patients receiving immunotherapy alone. However, the com-
bination of chemotherapy and ICPIs is now a standard for 
metastatic NSCLC and atypical responses have also been 
observed in these patients [39]. The incidence and prognosis 
of atypical response patterns, as well as the clinical value 
of the wsPERCIST criteria, will have to be studied in this 
specific therapeutic setting. Although we know that irAES 
provides additional prognostic information [40], we did not 
study this point, which warrants a dedicated study. Finally, 
future medico-economic studies will be needed to assess the 
cost/benefit ratio of PET/CT tumor response monitoring for 
both patients and the healthcare system.

In conclusion, long-term prognosis is associated with 
early response observed on PET/CT imaging and described 
according to PERCIST. However, these conventional crite-
ria overestimate progression in 25% of patients, leading to 
potential discontinuation of ICPIs in patients who would 
have exhibited a clinical benefit. This large-scale, prospec-
tive, observational study enables us to propose novel crite-
ria in line with the currently recommended "wait and see" 
strategy of the EANM guidelines [26], encompassing the 
definition of atypical responses (pseudoprogression and dis-
sociated response). These atypical responses have a rather 
favorable prognosis and should not be conflated with disease 
progression.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00259-​024-​06794-8.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by Masse Mathilde, Tricarico Pierre, Chardin David, Hum-
bert Olivier. The first draft of the manuscript was written by Masse 
Mathilde under the supervision of Humbert Olivier. All authors read 
and approved the final manuscript.

Funding  The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Ethical approval  This ancillary study follows the MR004 methodology 
and has been registered to the French Data Hub under the following 
number n°F20230309081206.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Competing interests  The authors have no relevant financial or non-
financial interests to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

	 1.	 Zhang Y, Luo G, Etxeberria J, Hao Y. Global patterns and trends 
in lung cancer incidence: A population-based study. J Thorac 
Oncol. 2021;16:933–44.

	 2.	 Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus doc-
etaxel in advanced nonsquamous non-small-cell lung cancer. N 
Engl J Med. 2015;373:1627–39.

	 3.	 Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizumab versus 
docetaxel in patients with previously treated non-small-cell lung 
cancer (OAK): a phase 3, open-label, multicentre randomised 
controlled trial. Lancet. 2017;389:255–65.

	 4.	 Herbst RS, Baas P, Kim D-W, et al. Pembrolizumab versus doc-
etaxel for previously treated, PD-L1-positive, advanced non-
small-cell lung cancer (KEYNOTE-010): A randomised con-
trolled trial. Lancet. 2016;387:1540–50.

	 5.	 Horn L, Spigel DR, Vokes EE, et al. Nivolumab versus docetaxel 
in previously treated patients with advanced non-small-cell lung 
cancer: Two-year outcomes from two randomized, Open-Label, 
Phase III Trials (CheckMate 017 and CheckMate 057). J Clin 
Oncol. 2017;35:3924–33.

https://doi.org/10.1007/s00259-024-06794-8
http://creativecommons.org/licenses/by/4.0/


3708	 European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:3696–3708

	 6.	 Ramos-Esquivel A, van der Laat A, Rojas-Vigott R, Juárez M, 
Corrales-Rodríguez L. Anti-PD-1/anti-PD-L1 immunotherapy 
versus docetaxel for previously treated advanced non-small cell 
lung cancer: a systematic review and meta-analysis of randomised 
clinical trials. ESMO Open. 2017;2: e000236.

	 7.	 Aide N, Hicks RJ, Le Tourneau C, et al. FDG PET/CT for assess-
ing tumour response to immunotherapy. Eur J Nucl Med Mol 
Imaging. 2019;46:238–50.

	 8.	 Sheikhbahaei S, Verde F, Hales RK, et al. Imaging in therapy 
response assessment and surveillance of lung cancer: Evidenced-
based review with focus on the utility of 18F-FDG PET/CT. Clin 
Lung Cancer. 2020;21:485–97.

	 9.	 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: Revised RECIST guideline (ver-
sion 1.1). Eur J Cancer. 2009;45:228–47.

	10.	 Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to 
PERCIST: Evolving considerations for PET response criteria in 
solid tumors. J Nucl Med. 2009;50(Suppl 1):122S-S150.

	11.	 Sachpekidis C, Anwar H, Winkler J, et al. The role of interim 
18F-FDG PET/CT in prediction of response to ipilimumab treat-
ment in metastatic melanoma. Eur J Nucl Med Mol Imaging. 
2018;45:1289–96.

	12.	 Hughes DJ, Subesinghe M, Taylor B, et al. 18F FDG PET/CT and 
novel molecular imaging for directing immunotherapy in cancer. 
Radiology. 2022;304:246–64.

	13.	 Goldfarb L, Duchemann B, Chouahnia K, et al. Monitoring anti-
PD-1-based immunotherapy in non-small cell lung cancer with 
FDG PET: introduction of iPERCIST. EJNMMI Res. 2019;9:8.

	14.	 Ito K, Teng R, Schöder H, et al. 18F-FDG PET/CT for monitoring 
of ipilimumab therapy in patients with metastatic melanoma. J 
Nucl Med. 2019;60:335–41.

	15.	 Anwar H, Sachpekidis C, Winkler J, et  al. Absolute num-
ber of new lesions on 18F-FDG PET/CT is more predictive of 
clinical response than SUV changes in metastatic melanoma 
patients receiving ipilimumab. Eur J Nucl Med Mol Imaging. 
2018;45:376–83.

	16.	 Lopci E, Hicks RJ, Dimitrakopoulou-Strauss A, et  al. Joint 
EANM/SNMMI/ANZSNM practice guidelines/procedure stand-
ards on recommended use of [18F]FDG PET/CT imaging during 
immunomodulatory treatments in patients with solid tumors ver-
sion 1.0. Eur J Nucl Med Mol Imaging. 2022;49:2323–41.

	17.	 Lopci E, Aide N, Dimitrakopoulou-Strauss A, et al. Perspectives 
on joint EANM/SNMMI/ANZSNM practice guidelines/procedure 
standards for [18F]FDG PET/CT imaging during immunomodu-
latory treatments in patients with solid tumors. Cancer Imaging. 
2022;22:73.

	18.	 Borcoman E, Kanjanapan Y, Champiat S, et al. Novel patterns of 
response under immunotherapy. Ann Oncol. 2019;30:385–96.

	19.	 Humbert O, Chardin D. Dissociated response in metastatic can-
cer: An atypical pattern brought into the spotlight with immuno-
therapy. Front Oncol. 2020;10:1792.

	20.	 Guan Y, Feng D, Yin B, Li K, Wang J. Immune-related disso-
ciated response as a specific atypical response pattern in solid 
tumors with immune checkpoint blockade. Ther Adv Med Oncol. 
2022;14:17588359221096876.

	21.	 Cho SY, Lipson EJ, Im H-J, et  al. Prediction of response to 
immune checkpoint inhibitor therapy using early-time-point 18F-
FDG PET/CT imaging in patients with advanced melanoma. J 
Nucl Med. 2017;58:1421–8.

	22.	 Kaira K, Higuchi T, Naruse I, et al. Metabolic activity by 18F–
FDG-PET/CT is predictive of early response after nivolumab 
in previously treated NSCLC. Eur J Nucl Med Mol Imaging. 
2018;45:56–66.

	23.	 Rocha P, Hardy-Werbin M, Naranjo D, et al. CD103+CD8+ 
lymphocytes characterize the immune infiltration in a case 

with pseudoprogression in squamous NSCLC. J Thorac Oncol. 
2018;13:e193–6.

	24.	 Hodi FS, Hwu W-J, Kefford R, et al. Evaluation of immune-
related response criteria and RECIST v1.1 in patients with 
advanced melanoma treated with pembrolizumab. J Clin Oncol. 
2016;34:1510–7.

	25.	 Humbert O, Cadour N, Paquet M, et al. 18FDG PET/CT in the 
early assessment of non-small cell lung cancer response to immu-
notherapy: frequency and clinical significance of atypical evolu-
tive patterns. Eur J Nucl Med Mol Imaging. 2020;47:1158–67.

	26.	 Rossi G, Bauckneht M, Genova C, et al. Comparison between 18F-
FDG PET-based and CT-based criteria in non-small cell lung can-
cer patients treated with nivolumab. J Nucl Med. 2020;61:990–8.

	27.	 Queirolo P, Spagnolo F. Atypical responses in patients with 
advanced melanoma, lung cancer, renal-cell carcinoma and other 
solid tumors treated with anti-PD-1 drugs: A systematic review. 
Cancer Treat Rev. 2017;59:71–8.

	28.	 Park HJ, Kim KW, Pyo J, et al. Incidence of pseudoprogression 
during immune checkpoint inhibitor therapy for solid tumors: A 
systematic review and meta-analysis. Radiology. 2020;297:87–96.

	29.	 Chen M-Y, Zeng Y-C. Pseudoprogression in lung cancer 
patients treated with immunotherapy. Crit Rev Oncol Hematol. 
2022;169:103531.

	30.	 Huyge V, Garcia C, Alexiou J, et al. Heterogeneity of metabolic 
response to systemic therapy in metastatic breast cancer patients. 
Clin Oncol (R Coll Radiol). 2010;22:818–27.

	31.	 Tazdait M, Mezquita L, Lahmar J, et al. Patterns of responses 
in metastatic NSCLC during PD-1 or PDL-1 inhibitor therapy: 
Comparison of RECIST 1.1, irRECIST and iRECIST criteria. Eur 
J Cancer. 2018;88:38–47.

	32.	 Tozuka T, Kitazono S, Sakamoto H, et al. Dissociated responses 
at initial computed tomography evaluation is a good prognostic 
factor in non-small cell lung cancer patients treated with anti-
programmed cell death-1/ligand 1 inhibitors. BMC Cancer. 
2020;20:207.

	33.	 Bernard-Tessier A, Baldini C, Castanon E, et al. Patterns of pro-
gression in patients treated for immuno-oncology antibodies com-
bination. Cancer Immunol Immunother. 2021;70:221–32.

	34.	 Planchard D, Popat S, Kerr K, et al. Metastatic non-small cell lung 
cancer: ESMO clinical practice guidelines for diagnosis, treatment 
and follow-up. Annals Oncol. 2018;29:192–237.

	35.	 Martin-Romano P, Castanon E, Ammari S, et al. Evidence of 
pseudoprogression in patients treated with PD1/PDL1 antibodies 
across tumor types. Cancer Med. 2020;9:2643–52.

	36.	 Fujimoto D, Yoshioka H, Kataoka Y, et al. Pseudoprogression 
in previously treated patients with non-small cell lung can-
cer who received nivolumab monotherapy. J Thorac Oncol. 
2019;14:468–74.

	37.	 Sato Y, Morimoto T, Hara S, et al. Dissociated response and clini-
cal benefit in patients treated with nivolumab monotherapy. Invest 
New Drugs. 2021;39:1170–8.

	38.	 Anderson TM, Chang BH, Huang AC, et al. FDG PET/CT Imag-
ing 1 week after a single dose of pembrolizumab predicts treat-
ment response in patients with advanced melanoma. Clin Cancer 
Res. 2024;OF1–10.

	39.	 Gonugunta AS, von Itzstein MS, Gerber DE. Pseudoprogres-
sion in advanced non-small cell lung cancer treated with com-
bination chemoimmunotherapy: a case report. J Med Case Rep. 
2022;16:289.

	40.	 Humbert O, Bauckneht M, Gal J, et al. Prognostic value of immu-
notherapy-induced organ inflammation assessed on 18FDG PET 
in patients with metastatic non-small cell lung cancer. Eur J Nucl 
Med Mol Imaging. 2022;49:3878–91.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	[18F]FDG-PETCT atypical response patterns to immunotherapy in non-small cell lung cancer patients: long term prognosis assessment and clinical management proposal
	Abstract
	Aim 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Patient inclusion criteria
	PET protocol
	PETinterim1: early assessment after 7 weeks of treatment
	PERCIST criteria

	PETinterim2: late assessment after 3 months of treatment
	PERCIST criteria
	Atypical evolutive patterns

	Follow-up and outcomes
	Statistical analyses

	Results
	Patient characteristics
	PETinterim1: early assessment after 7 weeks of treatment
	PERCIST criteria

	PETinterim2: late assessment after 3 months of treatment
	PERCIST criteria
	Atypical evolutive patterns


	Discussion
	Atypical response in the setting of ICPIs
	Physiopathology of response to ICPIs
	New criteria in the setting of IPIs
	Strengths and limits of the study

	References


