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Abstract
The present study aimed to evaluate the role of early F-18 2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission tomography/
computed tomography (FDG PET/CT) in non-small cell lung cancer patients undergoing immune checkpoint inhibitor (ICI) treatment.
Twenty-four non-small cell lung cancer patients who received nivolumab or pembrolizumab and underwent FDG PET/CT as an

interim analysis after 2 or 3 cycles of ICI treatment were retrospectively enrolled. Tumor response was assessed using the PET
Response Criteria in Solid Tumors 1.0 (PERCIST) and the European Organization for Research and Treatment of Cancer (EORTC)
criteria after 2 or 3 cycles of ICI treatment (SCAN-1) and after an additional 2 cycles of ICI treatment (SCAN-2). The best overall
response was determined by FDG PET/CT or chest CT at≥ 3months after therapy initiation, and the clinical benefit was investigated.
progression-free survival was investigated, and its correlation with clinicopathologic andmetabolic parameters was examined using a
Cox multivariate proportional hazards model.
In the interim analysis, 4 patients achieved a complete metabolic response (CMR), 1 patient exhibited a partial metabolic response

(PMR), and 14 patients had Progressive metabolic disease (PMD) according to the PERCIST and EORTC criteria. Four patients
showed stable metabolic disease (SMD) according to the PERCIST criteria, and 2 patients showed different responses (i.e., PMR)
according to the EORTC criteria. Patients with a CMR or PMR at SCAN-1 had a clinical benefit. Among the 4 patients with SMD at
SCAN-1, only 1 experienced a clinical benefit regardless of the percent change in the peak standardized uptake value. Two patients
with discordant response assessments between the PERCIST and EORTC criteria showed conflicting clinical benefits. Among the
14 patients with PMD, none experienced any clinical benefit. Only metabolic parameters were significant factors for predicting
progression in the multivariate analysis (peak standardized uptake value and metabolic tumor volume, HRs of 1.18 and 1.00,
respectively).
Based on early F-18 FDGPET/CT after ICI treatment, metabolic parameters could predict post-treatment progression. Responses

after ICI treatment were correctly assessed in patients with a CMR, a PMR, and PMD, but patients with SMD required a meticulous
follow-up because of varying clinical benefits.

Abbreviations: BOR = best overall response, CMR = complete metabolic response, EORTC = European Organization for
Research and Treatment of Cancer, FDG PET/CT = 2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission tomography/
computed tomography, ICI= immune checkpoint inhibitor, MTV=metabolic tumor volume, NSCLC= non-small cell lung cancer, PD
= progressive disease, PD-1 = programmed death-1, PD-L1 = programmed death ligand-1, PERCIST = PET Response Criteria in
Solid Tumors 1.0, PFS = progression-free survival, PMD = progressive metabolic disease, PMR = Partial metabolic response, PR =
partial response, RECIST = response evaluation criteria in solid tumors, SD = stable disease, SMD = stable metabolic disease, SUV
= standardized uptake value, SUVpeak = peak standardized uptake value, VOI = volume of interest.
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1. Introduction

Recently, immune checkpoint inhibitors (ICIs) targeting pro-
grammed death-1 (PD)-1 and programmed death ligand-1 (PD-
L1) have been approved for use in patients with previously
treated non-small cell lung cancer (NSCLC) based on their
objective responses.[1,2] NSCLC is the leading cause of cancer-
related death worldwide, and its socioeconomic burden is
severe.[3,4] A deeper understanding of cancer and immune
biology led to the development of ICIs as a new category of
anticancer therapeutics. However, due to the novel mechanism of
action of these drugs, ICIs cause unusual response patterns, and
biomarkers for response prediction have not been not fully
established.[5] Unusual patterns of response, including pseudo-
progression and hyper-progression, complicate precise assess-
ments of the treatment response after ICI therapy.[6–9] Consensus
guidelines after ICIs were developed, such as iRECIST,
introduced a standard approach to treating solid tumors.[6]

Major changes to the previous response evaluation criteria in
solid tumors (RECIST) criteria resulted in the concept of
“unconfirmed” response assessments and subsequent assess-
ments. The response assessment timepoint in the CheckMate 017
and 517 studies was 9 weeks after nivolumab injection, but the
optimal timepoint after ICI treatment to precisely assess the
treatment response was unclear.
2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission

tomography/computed tomography (FDG PET/CT) is widely
used in the response assessment of NSCLC after treatment with
various drugs and in different settings due to its prognostic
value.[10–14] Furthermore, previous reports have indicated the
superiority of FDG PET/CT in response assessments after
chemotherapy for NSCLC. The European Organization for
Research and Treatment of Cancer (EORTC) criteria and the
PET Response Criteria in Solid Tumors 1.0 (PERCIST 1.0),
which are based on FDG PET/CT, are more sensitive and
accurate than the RECIST 1.1 criteria for early response
assessments and even for evaluations of anatomical bone
lesions.[15,16] Based on altered glucose metabolism and its
relationship with the FDG uptake of the lesions, several reports
have indicated that an association exists between PD-L1
expression and metabolic activity on FDG PET/CT.[17–19]

Metabolic parameters evaluated from FDG PET/CT and PD-
L1 expression and are also related to patient prognosis.[12,20]

In the present study, we aimed to evaluate the tumor shrinkage
pattern after ICI treatment according to previous response
assessments such as the PERCIST, RECIST 1.1, and EORTC
criteria. Throughout this investigation, we attempted to suggest
guidelines for interpreting early response assessments to predict
the best overall response (BOR). Additionally, we investigated
clinicopathologic and metabolic parameters for the prediction of
progression after ICI treatment.
2. Materials and methods

2.1. Subjects

All of patients with recurrent NSCLC who underwent FDG PET/
CT before and after 2 or 3 cycles of immunotherapy (SCAN-1)
from June 2016 to December 2018 were retrospectively enrolled.
The exclusion criteria were uncontrolled diabetes mellitus or
other primary malignancies. All of the patients were treated with
nivolumab (3mg/kg intravenously) or pembrolizumab (2mg/kg
intravenously). The patients were observed for at least 6 months
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after immunotherapy, except for those who died or received
hospice care. The study was approved by the institutional review
board (NCC2018-0537).
2.2. F-18 FDG PET/CT examination and analysis

FDG PET/CT scans were performed in 1 PET/CT scanner
(Discovery LS; GE Healthcare), and the same scanner was used
for pre- and post-treatment PET/CT scans. All patients were
fasted for at least 6hours, and the blood glucose levels of the
patients were less than 200mg/dL. The patients rested before
injection of FDG (5.5MBq/kg), and PET/CT scanning was
performed 60minutes after injection. Non-contrast CT images
and subsequent PET images were acquired from the skull base to
the upper thigh in the supine position with the arms raised. PET
image acquisition was performed for 4minutes per bed in 3-
dimensional acquisition mode using 7 to 10 beds. Using ordered-
subset expectation maximization (2 iterations and 8 subsets),
PET images were reconstructed onto a matrix (128

∗
128) with

attenuation correction. Image review and analysis were
performed using dedicated workstations and software (AW;
GEHealthcare andOsiriXMD; Pixmeo). As PET parameters, the
standardized uptake value (SUV) was evaluated using the
following equation: (decay-corrected activity [kBq] per millilitre
of tissue volume)/(injected 18F-FDG activity [kBq]/body mass
[g]). A spherical volume of interest (VOI) was placed around the
cancerous lesion, which was selected according to the PERCIST
criteria (the single hottest tumor). The peak standardized uptake
value (SUVpeak) (the highest uptake of a 1-cm3 sphere in the
VOI) and maximum standardized uptake value (the highest pixel
uptake) were obtained. As additional PET parameters, volumet-
ric parameters were obtained and used for further analysis. The
metabolic tumor volume (MTV), which was defined as the VOI
with an isoactivity contour (a margin threshold SUV of 2.0), and
the total lesion glycolysis, which was defined as the product of the
MTV and the mean SUV of the VOI, were obtained.
2.3. PD-L1 expression by immunohistochemical analysis

PD-L1 expression was determined using an immunohistochemi-
cal method developed by Ventana Medical Systems. PD-L1
protein expression was assessed by 2 experienced pathologists.
Positive PD-L1 expression was defined as a cytoplasmic circular
membranous staining pattern. The intensity of PD-L1 staining
was divided into 4 scores (0–3); Less than 1% of stained cells (0),
greater than or equal to 1% and less than 10% (1), greater than
or equal to 10% and less than 50% (2), and greater than or equal
to 50% (3), according to the previous study.[21] Except for a score
of 0, all scores were regarded as positive.
2.4. Response evaluation

Pre- and post-treatment PET/CT scans were evaluated using the
PERCIST 1.0 and EORTC criteria. Post-treatment scans were
performed after 2 or 3 cycles of ICI treatment (SCAN-1) and after
an additional 2 cycles of ICI treatment (SCAN-2). To evaluate
PET/CT scans with the EORTC criteria, we assumed that all
FDG-avid lesions were target lesions, and the sum of these lesions
was calculated. An FDG-avid lesion was characterized by
increased uptake with a focal pattern compared to the
background activity. The response according to post-treatment
PET/CT scans was classified as a complete metabolic response



Table 1

Patient characteristics.

Characteristic Total (N=24)

Age (yr) 58 (29–88)
Gender
Male 19
Female 5

Histopathology
Adenocarcinoma 19
Squamous cell carcinoma 4
Adenosquamous carcinoma 1

Stage
III (a/b) ½
IV 21

ICI drug
Nivolumab 18
Pembrolizumab 6

Previous chemotherapy
0 2
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(CMR), a partial metabolic response Partial metabolic response
(PMR), stable metabolic disease (SMD) or Progressive metabolic
disease (PMD). In cases of absent FDG PET/CT results at SCAN-
2, the treatment response was evaluated using the RECIST
1.1 criteria. The BOR was assessed at least 3 months after
immunotherapy using the RECIST 1.1 criteria, and patients
exhibiting a clinical benefit were defined as having a CMR, PMR,
complete response, or partial response (PR). In cases of SMD or
stable disease (SD), SMD or SD needed to be sustained for more
than 6 months. If a patient died during the follow-up, the BOR
was considered programmed death (PD). progression-free
survival (PFS) was defined as the time from initiation of
chemotherapy to disease progression (including death and
hospice care due to determination of a terminal state). PFS
was evaluated according to clinicopathologic factors such as age,
gender, PD-L1 expression, patient performance status, tumor
stage, previous smoking history, the histological type of the
tumor, and PET parameters.
1 9
> 2 13

PD-L1 expression
Negative (0) 8
Positive (1/2/3) 4/10/2

PS (ECOG)
0/1/2/3/4 6/9/7/2

ECOG=Eastern Cooperative Oncology Group, ICI= immune checkpoint inhibitor, PD-L1=
programmed death ligand-1, PS=performance status.
2.5. Statistical analysis

All statistical analyses were performed using MedCalc software
(version 17.5; Broekostraat, Mariakerke, Belgium). Quantitative
variables are expressed as the mean ± SD or the median with the
range. Inter-criteria agreement at SCAN-1 and SCAN-2 was
assessed using kappa coefficients.[22] Univariate and multivariate
Cox stepwise proportional hazards regression analysis were
performed and significant clinicopathologic and PET parameters
were derived. Two-tailed P values less than .05 were considered
significant.
3. Results

3.1. Patient characteristics of those who underwent ICI
and FDG PET/CT as a response assessment

A total of 24 patients were enrolled in the present study and
underwent FDG PET/CT at SCAN-1. Fourteen patients under-
went FDG PET/CT at SCAN-1 and SCAN-2. The characteristics
of the patients are summarized in Table 1. The ages of the patients
ranged from 29 to 88 years (median, 58 years). More patients
received nivolumab versus pembrolizumab (N=19 versus 5).
Most patients underwent previous chemotherapy, but for 2
patients, ICI therapy was the first-line treatment.
3.2. Treatment response evaluation after ICI using the
EORTC and PERCIST criteria

At SCAN-1 and SCAN-2, response assessments were performed
using the EORTC and PERCIST criteria (Table 2). Among the 24
patients, 5 patients were considered to exhibit a CMR at SCAN-1
according to both sets of criteria. The prognosis of these patients
was fair; 4 patients did not exhibit progression, and the other
patient exhibited progression approximately 1 year after therapy
(56 weeks). One patient exhibited a PMR according to the post-
treatment scan according to the 2 sets of criteria. After a PMR
was identified on the post-treatment scan, the patient was
considered to have a PR as the BOR. Therefore, patients with a
CMR or a PMR at SCAN-1 showed a clinical benefit. In contrast,
14 patients exhibited PMD on the post-treatment scan and did
not have a clinical benefit. Four patients exhibited PMD, and 1
patient exhibited SMD at SCAN-2. Eleven patients did not
3

undergo exams because of death or the decision to receive hospice
care due to determination of a terminal state. Four patients had
SMD at SCAN-1 according to the PERCIST criteria. The
response assessments using the PERCIST and EORTC criteria
from baseline in the patient cohorts are shown in Figure 1.

3.3. Comparisons of response evaluations at SCAN-1 and
SCAN-2 and prognosis

Comparisons of tumor response assessments between the
PERCIST and EORTC criteria at SCAN-1 and SCAN-2
demonstrated good inter-criteria agreement. An inter-criteria
agreement test was performed, and kappa coefficient values were
calculated at SCAN-1 and SCAN-2. At SCAN-1, the kappa value
was 0.91, and at SCAN-2, the kappa value was 0.93 between the
PERCIST and EORTC criteria.
Response assessments were not concordant in 2 patients who

achieved SMD according to the PERCIST criteria and one who
exhibited PMR according to the EORTC criteria. One patient
achieved SMD at SCAN-2 but did not have any clinical benefit
after 6 months of ICI treatment (Fig. 2). The other patient
exhibited a PR at SCAN-2 and had a clinical benefit (Fig. 3). The
other 2 patients who showed concordant response assessments
exhibited progression at SCAN-2 and did not have a clinical
benefit (PD as the BOR).

3.4. Clinicopathologic and metabolic parameters for
predicting progression after ICI treatment

During the follow-up of the patients after ICI therapy (median,
18 weeks; range, 4–68 weeks), progression was observed in
20 patients (83.3%). The median PFS was 10 weeks (range,

http://www.md-journal.com


Table 2

Response assessments excluding brain lesions in a total of 24 patients.

Post-treatment SCAN-1 (after #2 or #3 ICI)Post-treatment SCAN-2 (after at least #4 or #5 ICI)

Patient no. PERCIST EORTC PERCIST EORTC RECIST Best overall response at ≥3 moObservation period (wk)

1 SMD PMR SMD SMD SD PD 18
2 PMD PMD PMD PMD PD PD 15
3 PMD PMD

∗ ∗ ∗
PD 4

4 PMD PMD
∗ ∗ ∗

PD 18
5 CMR CMR CMR CMR CR CR 56
6 CMR CMR CMR CMR CR CR 46
7 PMD PMD PMD PMD PD PD 25
8 PMD PMD

∗ ∗ ∗
PD 8

9 SMD SMD PMD PMD PD PD 17
10 PMD PMD

∗ ∗ ∗
PD 7

11 CMR CMR CMR CMR CR CR 67
12 CMR CMR CMR CMR CR CR 68
13 PMD PMD

∗ ∗ ∗
PD 10

14 PMD PMD
∗ ∗ ∗

PD 12
15 PMD PMD

∗ ∗ ∗
PD 10

16 PMD PMD SMD PMR PR PD 21
17 SMD PMR

∗∗ ∗∗
PR PR 43

18 PMD PMD
∗ ∗ ∗

PD 6
19 SMD SMD PMD PMD PD PD 18
20 PMD PMD PMD PMD PD PD 13
21 CMR CMR CMR CMR CR CR 56
22 PMD PMD

∗ ∗ ∗
PD 9

23 PMR PMR PMR PMR PR PR 28
24 PMD PMD PMD PMD PD PD 19

CMR=complete metabolic response, CR= complete response, EORTC=European Organization for Research and Treatment of Cancer, ICI= immune checkpoint inhibitor, PD=progressive disease, PERCIST=
PET response criteria in solid tumors, PMD=progressive metabolic disease, PMR=partial metabolic response, PR=partial response, RECIST= response evaluation criteria in solid tumors, SD= stable disease,
SMD= stable metabolic disease.
∗
Among 24 patients, 10 patients did not perform FDG PET/CT on SCAN-2.

∗∗
Among 24 patients, 1 patient perform chest CT instead of FDG PET/CT on SCAN-2.
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3–68 weeks). Among the clinicopathologic and metabolic
parameters, only metabolic parameters (SUVpeak, maximum
standardized uptake value, MTV, and total lesion glycolysis)
were significant factors in the univariate analysis. However, in the
multivariate analysis, the MTV and SUVpeak were the only
significant factors that predicted progression (Table 3).
Figure 1. Waterfall plot of response by the (a) PET response criteria in solid tumo
criteria. One asterisk (

∗
) is stable metabolic disease, 2 asterisks (

∗∗
) is complete m

4

3.5. Suggested optimal diagnostic flow for accurate
response assessment after ICI

Based on the results from the response assessments, we suggest an
optimal diagnostic flow for early FDG PET/CT after ICI therapy.
After 2 or 3 rounds of ICI treatment, patients with a CMR or
PMR on FDG PET/CT exhibit a clinical benefit, and patients with
rs 1.0 and (b) European Organization for Research and Treatment of Cancer
etabolic response and 3 asterisks (

∗∗∗
) is partial metabolic response.



Figure 2. (a) Baseline 2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission tomography/computed tomography (b) after 2 rounds of nivolumab, (c) after 4
rounds of nivolumab, and (d) after 9 rounds of nivolumab treatment. This patient is an 82-year-old male treated with nivolumab. After 2 cycles of nivolumab therapy,
the patient was diagnosed with stable metabolic disease according to the PET response criteria in solid tumors 1.0 criteria and exhibited a partial metabolic
response according to the European Organization for Research and Treatment of Cancer criteria. During the follow-up period, the patient did not ultimately
experience a clinical benefit.

Figure 3. (a) Baseline 2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission tomography/computed tomography (b) after 3 rounds of pembrolizumab and (c)
after 13 rounds of pembrolizumab treatment. This patient is a 53-year-old female treated with pembrolizumab. After 3 rounds of pembrolizumab, the patient was
diagnosed with stable metabolic disease according to the PET response criteria in solid tumors 1.0 criteria and exhibited a partial metabolic response according to
the European Organization for Research and Treatment of Cancer criteria. The patient did not undergo 2-deoxy-2-[fluorine-18] fluoro-D-glucose positron emission
tomography/computed tomography after an additional 2 rounds of pembrolizumab but underwent chest CT. The patient showed a partial response on chest CT
after 5 rounds of pembrolizumab therapy. During the follow-up period, the patient eventually experienced a clinical benefit.

Park et al. Medicine (2020) 99:51 www.md-journal.com
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Table 3

Multivariate logistic regression for prediction of progression after ICI treatment.

Univariate analysis Multivariate analysis

Hazard ratio P value Hazard ratio P value

Age 1.02 (0.97–1.07) .3425 NS
Gender (Female) 1.11 (0.43–2.91) .8261 NS
Pathology 5.66 (0.62–51.66) .3861 NS
PD-L1 expression 0.45 (0.17–1.19) .1133 NS
PS 1.27 (0.77–2.08) .3474 NS
Smoking history 0.90 (0.34–2.34) .8261 NS
Stage 1.69 (0.22–13.29) .6693 NS
SUVpeak 1.18 (1.07–1.30) .0002 1.18 (1.06–1.30) .0017
SUVmax 1.10 (1.14–1.17) .0014 NS
MTV 1.00 (1.00–1.00) .0060 1.00 (1.00–1.00) .0142
TLG 1.00 (1.00–1.00) .0045 NS

MTV=metabolic tumor volume, PD-L1=programmed death-ligand 1, PS=performance status, SUVmax=maximal standardized uptake value, SUVpeak=peak of the standardized uptake value, TLG= total
lesion glycolysis.
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PMD do not exhibit a clinical benefit. However, patients with
SMD, especially those with discordant response assessments
between the PERCIST and EORTC criteria, require meticulous
follow-up due to varying clinical benefits (Fig. 4).

4. Discussion

In the present study, we evaluated the value of early post-
treatment scans to predict a clinical benefit after ICI treatment in
patients with NSCLC. The clinical benefit was evaluated in each
patient, and we evaluated whether early post-treatment scans
could predict the clinical benefit. Additionally, we evaluated the
prognostic value of PET parameters after ICI treatment.
ICIs are a new category of cancer therapeutics that have

demonstrated striking advantages in cancer treatment in various
human neoplasms. ICIs have demonstrated novel mechanisms
compared to other therapies via reactivation of the immune
system.[23] However, by reactivating the immune system, ICIs
result in different patterns of response. Responses can be delayed
and may be preceded by progression, which is known as pseudo-
CMR, PMR

Response a
rounds of IC

(by PERCIST a

SMD

CLINICAL BENEFIT 
(Responder) 

Follow-up S
(Response ass

Figure 4. Recommendation for response assessment after immune checkpoint in
the PET response criteria in solid tumors 1.0 and European Organization for Res

6

progression. Approximately 15% of melanoma patients experi-
ence pseudo-progression, but the presence of pseudo-progression
is controversial.[5]

Kaira et al reported that metabolic parameters on an early
post-treatment scan (1 month after nivolumab therapy) are
predictive of prognosis after ICI treatment.[24] They analyzed 1
post-treatment scan, and the metabolic parameter predictive
probability of a PR and PD was 100%. Four patients exhibited
SD, one of whom was a responder, while the others were non-
responders. In our study, all patients with a CMRor a PMRhad a
clinical benefit, and the patients with PMDhad no clinical benefit,
with a sensitivity of 100%. Based on these results, pseudo-
progression in NSCLC was not apparent after ICI treatment. In
the interpretation of post-treatment scans, the responses of
patients considered to have a CMR, a PMR, or PMD were not
debatable considering the clinical benefit to these patients.
However, the results of the patients with SMD are questionable
because these patients had different disease courses. In our study,
some patients had a discrepancy in the response assessments
between the PERCIST and EORTC criteria. Two patients
fter 2 or 3 
I treatment
nd EORTC*) 

PMD

CAN
essment) 

NO CLINICAL BENEFIT 
(Non-responder) 

hibitor treatment for non-small cell lung cancer.
∗
If discordance exists between

earch and Treatment of Cancer criteria, meticulous follow-up is required.
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showed SMD according to the PERCIST criteria but a PMR
according to the EORTC criteria; however, the fates of these
patients were different (Figs. 2 and 3). The difference between
these 2 patients was apparent at SCAN-2, and the patients who
experienced a clinical benefit showed a PR at SCAN-2. However,
the patients who experienced no clinical benefit had SMD at
SCAN-2, which led to PMD at 6 months after ICI treatment.
Cho et al suggested the PECRIT for response assessments after

ICI treatment in melanoma patients.[25] According to the
PECRIT, patients with a complete response, a PR or PD at 3
to 4 weeks after ICI treatment had a clinical benefit or no clinical
benefit according to their assessments, with a sensitivity of 100%.
However, patients with SD had different fates according to the
percent change in the SUVpeak according to the PERCIST.
Interestingly, patients with a greater than 15.5% change, who
could be classified as having pseudo-progression, experienced a
clinical benefit. Considering that melanoma patients experience
an approximately 15% change, a positive percent change
may reasonably reflect a clinical benefit, although this seems
paradoxical. Of note, the authors explain this interesting
phenomenon as result of an increased density of activated
inflammatory cells around the tumor microenvironment. How-
ever, Kaira’s group and our study demonstrated that only 1
patient who was a responder or had a clinical benefit exhibited
SD or SMD at SCAN-1. Two of 4 patients with SMD at SCAN-1
exhibited difference response assessments between the EORTC
and PERCIST criteria, and their prognoses differed (Figs. 2 and
3). Differences may exist in the ICI response and tumor shrinkage
pattern in NSCLC compared to melanoma.
Kaira et al demonstrated that early post-treatment metabolic

parameters are critical for predicting prognosis.[24] A high
metabolic tumor burden is a biomarker that implies a poor
prognosis after ICI treatment. In this study, we found that
metabolic parameters, including the SUVpeak and MTV, were
significant factors in themultivariate analysis for the prediction of
progression, which is inconsistent with the findings of Cho et al
and Grizzi et al who demonstrated that metabolic parameters
reflect the tumor microenvironment, including immune infiltra-
tion, such as tumor infiltrating lymphocytes. In FDG-avid lesions,
FDG is not a tumor-specific agent, and no definite method can
distinguish inflammatory from malignant regions inside lesions.
Controversies in the interpretation of metabolic parameters exist
in follow-up assessments after ICI treatment.
The iRECIST primarily recommended follow-up radiologic

evaluations in the CheckMate 017 and 517 studies in which
response assessments occurred 9 weeks after ICI treatment.
However, due to the high economic burden of ICIs, more precise
recommendations are needed for the use of ICIs, and accurate,
early response assessments are required.[26,27] Based on our study
results, we recommend meticulous follow-up for patients with
SMD via early post-treatment scans (Fig. 1), especially when
discordant response assessments between the PERCIST and
EORTC criteria occur. However, cautious interpretation is
required in each step because of substantial immune-related
adverse events related to ICI treatment and the presence of
pseudo-progression.[28]

Apart from pseudo-progression, Anand et al revealed that
secondary malignancy, especially T-cell related neoplasm was
observed in the patient treated with ICI.[29] ICI related to “second
hit” with loss of PD-1 suppression and could lead to T-cell
malignancy. Therefore, patients with hyperprogression should be
closely monitored considering secondary malignancy.
7

Limitations exist in the present study. The study was
performed in a retrospective manner, and the patients who were
selected to undergo scans at SCAN-1 and SCAN-2 may have
reflected a selection bias. In general, however, frequent FDG PET/
CT exams were performed in patients who showed questionable
response assessment. Our results are more helpful for question-
able patients. The small number of patients is also a limitation of
the present study. We did not observe pseudo-progression,
possibly due to the small number of patients enrolled in the
present study. The response pattern varies after ICI treatment,
and interpretation of the treatment response using functional
imaging is more complex than interpretation of the treatment
response to previous chemotherapy; thus, a large-scale prospec-
tive study is needed.

5. Conclusion

Early FDG PET/CT after ICI treatment accurately predicted the
eventual clinical benefit of patients with a CMR, a PMR or PMD.
Patients with SMD require meticulous follow-up after ICI
treatment, including a post-treatment scan after 2 months.
Additionally, a high metabolic burden after ICI treatment
predicted progression and was related to a poor disease course.
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