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ABSTRACT
Background: Immune checkpoint inhibitors (ICl) have become an important treatment option for non-
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small cell lung cancer (NSCLC). We aimed to evaluate the clinical impact of pseudoprogression (PsP) and
treatment beyond RECIST1.1-defined progressive disease (TBP) on outcome in NSCLC patients treated
with ICI.

Methods: NSCLC patients treated with IClI between Mar 2016 and July 2018 were recruited in
a consecutive manner. Response was assessed every 8-12 weeks using RECIST1.1 and iRECIST. Based on
iRECIST, PsP was defined as progressive disease (PD) on RECIST1.1 subsequently reset to non-PD cate-
gories. Using log-rank test, progression-free survival (PFS) was compared between patients with and
without PsP, and overall survival (OS) was compared between patients treated with and without TBP. The
impact of TBP on OS was evaluated through multivariate Cox proportional hazard models.
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Results: Of the 189 patients, seven (3.7%) experienced PsP which mostly occurred approximately
3 months after baseline. The median PFS was significantly longer in patients with PsP (not reached)
than those without PsP (3.8 months, P = .02). Among patients who demonstrated PD according to
RECIST1.1, median OS was significantly longer in patients with TBP (17.2 months) than those without
TBP (7.4 months, P < .001). On multivariate analysis adjusting other covariates, TBP (HR, 0.4; 95% Cl,
0.2-0.7) remained as a significant protective factor for mortality.

Conclusion: PsP occurred in 3.7% of NSCLC patients under ICl treatment. Based on iRECIST scheme, PsP
and TBP may be associated with survival benefit.

Introduction criteria, iRECIST® for standardized response assessment in
patients under ICI treatment.

The key differences between RECIST 1.1 and iRECIST are
the terminology and the way to confirm of progressive disease
(PD). The iRECIST-based assessments are denoted with the
prefix “i,” which stands for “immune” as follows: iCR for
complete response, iPR for partial response, iSD for stable
disease, iUPD for unconfirmed progressive disease, and iCPD
for confirmed progressive disease. When PD occurs according
to RECIST 1.1, a status of iUPD is assigned according to
iRECIST and this requires confirmation on subsequent ima-
ging at 4-8 week intervals while treatment is continued; this is
called treatment beyond progression (TBP), defined as the
treatment past RECIST 1.1-defined PD. TBP is continued as
long as the patient is clinically stable, without organ dysfunc-
tion, tolerates the therapy, and provides renewed consent.®

Although iRECIST addresses new important issues in the
field of immune-oncology (PsP and TBP), there has been
sparse data for the impact of PsP and TBP on outcomes of
ICI therapy.”™"" Furthermore, although ICIs are currently used

Immune checkpoint inhibitors (ICI) targeting programmed cell
death-1 (PD-1) or its ligand (PD-L1) have become an important
treatment option for non-small cell lung cancer (NSCLC).'
Recently, pembrolizumab, nivolumab, and atezolizumab have
documented overall survival benefits in phase III trials.”
Consequently, in the 2019 National Comprehensive Cancer
Network (NCCN) guidelines for NSCLC, PD-1 and PD-L1 inhi-
bitors are recommended as the first line or second line standard of
treatment in patients with advanced/recurrent NSCLC.”
Interestingly, tumor response with ICI treatment is featured
by an atypical response pattern called pseudoprogression (PsP)
that may not be fully captured by conventional response assess-
ment schemes such as response evaluation criteria in solid
tumors (RECIST) 1.1.* In a subset of patients treated with
ICI, the tumor burden transiently increases and then decreases
while the treatment is continued, because of an immune reac-
tion between tumor cells and host immune cells. To reflect this
phenomenon, the RECIST Working Group released the new
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in routine clinical practice after approval from regulatory
agencies, the majority of prior studies have used immune-
related Response Criteria (irRC) or irRECIST for evaluating
the clinical impact of PsP and/or TBP only in the research
setting. From this perspective, we aimed to evaluate the impact
of PsP and TBP on outcome in NSCLC patients treated with
ICI in the real-world setting.

Material and methods

This retrospective study was approved by the Institutional
Review Board of our institution, and written informed consent
was waived. The study was conducted in accordance with the
Declaration of Helsinki with good clinical practices, as defined
by the International Conference on Harmonization.

Patients

This study used data from a prospectively constructed
immuno-oncology registry of patients with lung cancer at
Asan Medical Center. Eligible patients were those treated
with ICI for NSCLC, including adenocarcinoma, squamous
cell carcinoma, and adenosquamous cell carcinoma. The reg-
istry includes patients treated with ICI as monotherapy in both
the clinical practice setting and the clinical trial setting.

From the registry, we included 239 consecutive patients that
met the inclusion criteria, as follows: (a) patients who were
treated with ICI for NSCLC at Asan Medical Center between
March 2016 and July 2018 and (b) patients >18 y of age.
Among the 239 patients, 50 patients were eliminated according
to the following exclusion criteria: (a) patients with synchro-
nous double-primary cancers or patients with prior history of
other primary malignancy (n = 45); (b) patients that were lost
to follow-up (n = 3); and (c) patients with no available follow-
up computed tomography (CT) or magnetic resonance ima-
ging (MRI) data for evaluation of RECIST 1.1/iRECIST (n = 2).

Ultimately, a total of 189 patients were included (Figure 1). The
characteristics of the patients including Eastern Cooperative
Oncology Group (ECOG) performance status and treatment
regimen were evaluated.

Image acquisition

The primary imaging modality was contrast-enhanced CT of
the chest and abdomen/pelvis. If the patient showed renal
dysfunction or had a history of adverse reactions on contrast
agents, then the imaging modality was replaced with non-
enhanced CT at the discretion of the investigator. Baseline
CT scans were generally performed within 1 month before
the start of treatment with ICI. Restaging CT scans were
performed every 8-12 weeks. Unscheduled scans and confir-
matory scans were performed according to the investigators’
judgment and iRECIST. If necessary, other potential sites of
disease were scanned using site-specific imaging modalities:
e.g., brain MRI, bone scans, or fluorodeoxyglucose-positron
emission tomography.

Assessment using RECIST 1.1 and iRECIST

Tumor response was assessed by an imaging team at our
institutional imaging core lab (Asan Image Metrics, www.aim-
aicro.com) using both RECIST 1.1* and iRECIST.” The team
was composed of an experienced radiologist (K. W.K., with 11 y
of experience in cancer imaging), a qualified image analyst (S.E.
W., with 2 y of experience in assessment of treatment response
using RECIST 1.1 and iRECIST), and an imaging data manager
(S.I.B., with 4 y of experience in clinical data management).
The radiologist reviewed the images, and the image analyst
completed the electronic case report forms for RECIST 1.1
and iRECIST. Then, an imaging data manager verified the
source data of the completed electronic case report forms. If
there was any potential error, the data manager informed it all

239 NSCLC patients treated with immune checkpoint inhibitor

50 Excluded
45 Other primary cancer
3 Lost to follow up
2 No available CT/MRI

189 Included

4

34 Durable response

v

67 Treated beyond progression
(TBP group)

Figure 1. Flow diagram of patient recruitment process.
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members of the imaging response team so that they could re-
review the case and correct the report if necessary. For the
whole image response assessment process, our clinical trial
image management system (AiCRO) was used.

The overall tumor response was determined according to
both RECIST 1.1 (CR, PR, SD, or PD) and iRECIST (iCR, iPR,
iSD, iUPD, or iCPD) at each time point. If there was any
difficulty in response assessment, a value of “not evaluable”
was assigned at that time point. The time to progression or
death (i.e., from the initiation of ICI treatment to the date of
progression or death from any cause) was also assessed based
on RECIST 1.1 and iRECIST in order to calculate progression-
free survival (PFS) according to each tumor response assess-
ment criteria.

Pseudoprogression

Cases of PsP are those that were defined as PD on RECIST 1.1
but were reset as iSD, iPR, or iCR on subsequent imaging
according to iRECIST. The incidence of PsP was evaluated,
and the characteristics of patients with PsP were also analyzed.
The impact of PsP on clinical outcome was evaluated by com-
paring PES between patients with PsP and those without PsP.
PES was also compared between assessments according to
RECIST 1.1 and iRECIST.

Response based on RECIST 1.1

According to the response based on RECIST 1.1, patients were
divided into three groups, as follows: (a) durable response
group, which included patients that showed SD, PR, or CR
during the treatment period; (b) RECIST 1.1-PD group, which
included patients that showed progression based on RECIST
1.1; and (c) the early termination group, which included
patients that stopped ICI treatment before the first restaging
CT scan due to early death or toxicity. Outcomes in these three
response groups were evaluated using the overall survival (OS),
which was defined as the time from initiation of ICI treatment
to death from any cause.

Treatment beyond PD

The RECIST 1.1-PD group was further divided into two groups
according to the presence of TBP. Outcomes in the TBP group
and the non-TBP group were evaluated using the OS. The
patient characteristics including demographic characteristics,
ECOG performance status at baseline and at the time of
RECIST 1.1-PD, and the change in tumor burden between
baseline and the time of RECIST 1.1-PD were evaluated. The
change in tumor burden was assessed in a semi-quantitative
manner including all target, non-target, and new lesions and
graded from 1 to 4, as follows: 1, 20-50% increase; 2, 50-100%
increase; 3, 100-200% increase; and 4, >200% increase.

Statistical analysis

Comparisons of the mean values of continuous variables
between groups were performed using Student’s t-test.
Comparisons of the distribution of categorical variables

ONCOIMMUNOLOGY e 3

between groups were performed using Chi-square test. Time-
dependent survival probabilities were determined by the non-
parametric Kaplan-Meier method, and log-rank test was used
to compare the survival function across subgroups.'*'?

Univariate and multivariate Cox proportional hazard mod-
els were used to estimate hazard ratios (HRs) for TBP, adjust-
ing for other covariates such as patients’ age and sex, ECOG
performance status at baseline, and the increase in tumor
burden between baseline and the time of first RECIST
1.1-PD. In the multivariate analysis, a stepwise selection pro-
cess was used. The statistical analysis was performed using R,
version 4.3.1, with the package ‘survival’.'*'®

Results
Patient characteristics at baseline

The baseline characteristics of the patients are presented in
Table 1, which shows the entire patient population as well as
patients grouped according to response. The mean age of all
patients was 64.6 y (range, 22-87; 140 men and 49 women).
Regarding the ECOG performance status, 143 patients (75.6%)
showed grade 0 or 1, and 46 patients (24.4%) showed grade 2,
3, or 4. The median follow-up duration was 6.7 months (range,
0.3-32.5 months), and 108 patients (57.1%) were alive at the
time of analysis.

Pseudoprogression

The incidence of PsP was 3.7% (7/189). In all seven patients,
there was a discrepancy in the determination of PD between
RECIST 1.1 and iRECIST, because each of the patients showed
an initial PD on RECIST 1.1 that was then reset as SD (n = 3) or
PR (n = 4) upon subsequent imaging based on iRECIST.
Except one patient who experienced PsP at 29.3 months, the
time from baseline to PsP of six pseudoprogressors was
approximately 3 months (average, 3.2 months; range, 1.9--
5.0 months). The time from PsP to reset of all seven pseudo-
progressors was approximately 3 months (average, 2.4 months;
range, 1.2-5.8 months). The detailed patterns of PsP for each
patient are summarized in Table 2 and Figure 2. Representative
cases are presented in the Supplementary Figures (Fig. S1 -
Fig. S4).

Of the seven patients with PsP, after reset, two patients
showed iUPD by iRECIST (2nd PD by RECIST 1.1). One
patient showed iUPD (2nd PD by RECIST 1.1) at 9.6 months
and died at 17.0 months after starting treatment, and another
patient showed iUPD (2nd PD by RECIST 1.1) at 6.8 months
after starting treatment but was alive as of the last follow-up
visit at 7.2 months. The other five patients did not show
progression after reset at the last follow-up visit. The PFS
based on iRECIST was significantly longer in the seven patients
who experienced PsP (median, not reached) than in the 182
patients without PsP (median, 3.8 months [95% CI, 3.9--
4.6 months], P = .02), as illustrated in Figure 3a.

At the end of follow-up (median, 6.6 months), 134 patients
(70.9%) had PD by RECIST 1.1, while 129 patients (68.3%) had
iUPD by iRECIST. Although the median PFS was 3.8 months
(95% CI, 3.1-4.8 months) according to RECIST 1.1 and
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Table 1. Baseline characteristics of patients.

Patients according to response

Durable RECIST Early
All patients  response 1.1-PD  termination
(n =189) (n=34) (n=134) (n=21)
Age* 64.6 £ 104 66.1 £85 634+108 69.8+9.0
Sex
Male 140 (74.1) 27 (79.4) 101 (75.4) 12 (57.1)
Female 49 (25.9) 7 (20.6) 33 (24.6) 9 (42.9)
ECOG PS at baseline
0 8 (4.2) 2 (5.9) 6 (4.5) 0(0.0)
1 135 (71.4) 28 (82.4) 101 (75.4) 6 (28.6)
2 23 (12.2) 3(8.8) 17 (12.7) 3(14.3)
3 12 (6.3) 1(2.9) 7 (5.2) 4(19.0)
4 11 (5.8) 0 (0.0 3(2.2) 8 (38.1)
Smoking history
Never 52 (27.5) 5(14.7) 37 (27.6) 10 (47.6)
Ex-smoker 123 (65.1) 26 (76.5) 88 (65.7) 9 (42.9)
Current smoker 14 (7.4) 3(8.8) 9 (6.7) 2 (9.5)
Drug/Regimen
Nivolumab 82 (43.4) 13 (38.2) 63 (47.0) 6 (28.6)
Pembrolizumab 82 (43.4) 16 (47.1) 51 (38.1) 15 (71.4)
Atezolizumab 10 (5.3) 2 (5.9) 8 (6.0) 0 (0.0)
Durvalumab 4(2.1) 1(2.9) 3(2.2) 0 (0.0)
Avelumab 1(0.5) 0 (0.0) 1(0.7) 0 (0.0)
Clinical trial 10 (5.3) 2 (5.9) 8 (6.0) 0(0.0)
Histology
Adenocarcinoma 110 (58.2) 19 (55.9) 79 (59.0) 12 (57.1)
Squamous cell 60 (31.7) 10 (29.4) 44 (32.8) 6 (28.6)
carcinoma
Small cell 2 (1.1) 1(2.9) 0 (0.0 1(4.8)
carcinoma
Others' 17 (9.0) 4(11.8) 11 (8.2) 2(9.5)
Actionable mutation*
None 92 (69.7) 18 (75.0) 67 (72.0) 7 (46.7)
EGFR 31 (23.5) 4 (16.7) 20 (21.5) 7 (46.7)
ALK 2(1.5) 0 (0.0 2(22) 0 (0.0
ROS-1 0 (0.0) 0(0.0) 0 (0.0) 0(0.0)
BRAF 1(0.8) 0 (0.0 1(1.1) 0(0.0)
Others® 6 (4.5) 2(83) 3(32) 1(6.7)

Data are the number of patients, with the percentage in parentheses, unless
otherwise indicated.

*Data are the mean + standard deviation.

*Undifferentiated carcinoma (n = 6), mucinous adenocarcinoma (n = 4), sarco-
matoid carcinoma (n = 2), mixed adenocarcinoma and squamous cell carcinoma
(n = 2), mixed adenocarcinoma and small cell carcinoma (n = 1), neuroendo-
crine carcinoma (n = 1), and giant cell carcinoma (n = 1).

*Actionable mutation, which is a target of anti-cancer therapy, was available from
tissue data in 132 patients.

SRET fusion (n = 3), MET amplification (n = 2), and MET exon 14 skipping (n = 1).

PD, progressive disease; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status.

4.1 months (95% CI, 3.1-5.4 months) according to iRECIST,
log-rank test indicated that this difference was not statistically
significant (P = .58). Kaplan—Meier curves of PFS according to
RECIST 1.1 and iRECIST are illustrated in Figure 3b.

Outcomes according to response

Of the 189 patients, there were 34 (18.0%) in the durable
response group, 134 (70.9%) in the RECIST 1.1-PD group,
and 21 (11.1%) in the early termination group. There were 81
(42.8%) deaths during follow-up. Kaplan-Meier curves of OS
in these groups are shown in Figure 4, and log-rank testing
revealed significant differences among the three groups
(P <.001).

The durable response group had a favorable outcome, in
that only 5 of 34 (14.7%) patients died during the follow-up
period (median, 4.2 months). Thus, the median OS was not

reached. In the RECIST 1.1-PD group, 56 of 134 (41.8%)
patients died, resulting in a median OS of 11.1 months (95%
confidence interval [CI], 9.3 months-not reached) and
a 1-y OS rate of 44.3% (95% CI, 32.4-55.5). In the early
termination group, 20 of 21 (95.2%) patients died before the
first restaging CT scan, and one patient developed pneumonia
lasting from 3 days to 3 weeks after the initiation of ICI
treatment and ultimately discontinued the therapy. The med-
ian OS in this group was 1.3 months (95% CI, 0.8-1.7 months).
The comparison of OS between durable response group and
patients with PsP is shown as Figure S5.

Regarding the relationship between patients’ outcomes and
characteristics of drug and tumor, there was no significant
difference in OS and PFS according to the type of ICI, tumor
histology, and mutation, as detailed in Table SI.

Outcomes according to treatment beyond progression

Of the 134 patients in the RECIST 1.1-PD group, 67 (50.0%)
underwent TBP, whereas the other 67 (50.0%) stopped treat-
ment at the time of PD by RECIST 1.1. The median OS was
significantly longer in the TBP group (17.2 months; 95% CI,
10.2 months-not reached) than in the non-TBP group
(7.4 months; 95% CI, 4.4-12.1 months) by log-rank testing
(P < .001) (Figure 5).

The difference in demographics and the change in tumor
burden between the TBP group and the non-TBP group are
presented in Table 3. Notably, patients with a marked tumor
burden increase (>200% from baseline) tended to stop treat-
ment on the first PD by RECIST 1.1, while patients with a mild
tumor burden increase (20-50% from baseline) were more
likely to continue treatment beyond PD. The distribution of
ECOG performance status was similar between the TBP group
and the non-TBP group at baseline, but significantly different
at the time of RECIST 1.1-PD. Most patients who had a higher
ECOG performance status at the time of RECIST 1.1-PD than
at baseline (i.e., patients who showed clinical deterioration)
stopped ICI treatment.

Cox proportional hazard analysis revealed the impact of
TBP on OS while adjusting for covariates of age and sex,
ECOG performance status, and tumor burden increase at the
time of RECIST 1.1-PD, as presented in Table 4. Univariate
analyses of OS demonstrated that TBP was a significant pro-
tective factor for mortality (P < .001), while an ECOG perfor-
mance status of 4 and a tumor burden increase of greater than
100% at the time of RECIST 1.1-PD were statistically signifi-
cant risk factors for mortality (P <.001). TBP (HR, 0.4, 95% CI,
0.2-0.7) remained a statistically significant, independent pro-
tective factor upon multivariate analysis, while a tumor burden
increase of greater than 50% at RECIST 1.1-PD (HRs: 2.6, 95%
Cl, 1.1-6.2; 2.5, 95% CI, 1.8-5.4; and 3.3, 95% CI, 1.5-7.3; for
grades 2, 3, and 4, respectively) remained a statistically signifi-
cant, independent risk factor for mortality. ECOG perfor-
mance status at baseline, age, and sex did not remain as
independent risk factors for mortality.

When we compared the survival outcomes between patients
with PsP and non-pseudoprogressors with TBP, the median OS
did not significantly differ (not reached vs. 17.2 months in
patients with PsP and non-pseudoprogressors with TBP,



Table 2. Patterns and outcomes of patients with pseudoprogression.
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Time to RECIST
1.1-1st PD
(months)

Patients Pattern

Change in tumor burden
at RECIST 1.1-1st PD

Time to
reset Time to RECIST 1.1-
(months)  2nd PD (months)

Survival status at the
time of evaluation

Overall survi-
val (months)

PsP1 (Figure S1)  PD: Appearance of NL 29.3
Reset to PR: Decrease
of TL, NTL, and NL

PD: Increase of NTL 2.1
Reset to PR: Decrease
of TL, NTL

PD: Increase of TL and 49
NTL
Reset to SD: Decrease
of TL, NTL

PD: Increase of NTL 3.1
Reset to SD: Decrease
of TL, NTL

PD: Increase of TL 1.9
Reset to PR: Decrease
of TL

PD: Increase pf NTL 22
Reset to SD: Decrease
of TL, NTL

PD: Increase of TL and 5.0
NTL
Reset to PR: Decrease
of TL, NTL

PsP2 14.1%"

PsP3 (Figure S2) 28.3%

PsP4 —14.5%"

PsP5 (Figure S3) 23.3%
PsP6 —20.7%"

PsP7 (Figure S4) 37.0%

—85.4%*

309 - 309 Alive

34 - 23 Alive

7.7 - 10.8 Alive

43 6.8 7.2 Alive

3.2 - Alive

8.0 9.6 17.0 Died

11.2 Alive

TL, target lesion; NTL, non-target lesion; NL, new lesion; PD, progressive disease; PR, partial response; SD, stable disease.

*PD by the occurrence of NL despite the extent of TL was decreased.
PD by increase of NTL despite the change in the extent of TL was < +20%.

respectively,P = .2) while the median PFS based on iRECIST
was significantly different between the two groups (not reached
vs. 3.4 months [95% CI, 2.6-4.2 months]) for patients with PsP
and non-pseudoprogressor with TBP (P < 0.001) (Figure 6).

Discussion

In our study, the incidence of PsP was 3.7% (7/189) based on
iRECIST. This is similar to the incidence of PsP in NSCLC
patients from prior studies, ranging from 0.6% to 6.9%.'*'¢*!

60

However, in previous studies, the definition and criteria to
evaluate PsP have not been standardized. Unlike prior immune
response criteria such as irRC and irRECIST, iRECIST has
adopted the new concept of the “reset.” In iRECIST, if the first
progression on RECIST 1.1 is not confirmed on subsequent
imaging, but instead tumor shrinkage occurs, then the response
is reset to the corresponding category of iCR, iPR, or iSD. This
strategy reflects the PsP phenomenon well, and thus we defined
PsP according to iRECIST as PD on RECIST 1.1 followed by
reclassification as iSD, iPR, or iCR on subsequent imaging.

—e—PsP1 (Figure S1)
—e—PsP2
PsP3 (Figure S2)
—e—PsP4
—o—PsP5 (Figure S3)
PsP6
—eo—PsP7 (Figure S4)

Change in target lesions from baseline (%)

a5
o
[S)

1 2 3 4 5 6 7 8 9

0 11 12 13 14 15 16 17 18 19

Time since the treatment initiation (months)

Figure 2. Spider plot of tumor burden changes during ICl treatment in seven patients with PsP. Asterisks indicate the increase of non-target lesions (PsP2, PsP4, PsP6) or
the occurrence of new lesion (PsP1) at the time of 1st PD per RECIST 1.1. Except one patient who experienced PsP at 29.3 months (PsP1), the time from baseline to PsP
was approximately 3 months (average, 3.2 months; range, 1.9-5.0 months). The time from PsP to reset of all seven pseudoprogressors was approximately 3 months

(average, 2.4 months; range, 1.2-5.8 months).
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Figure 3. Impact of PsP on progression-free survival in patients treated with immune checkpoint inhibitors. (a) Kaplan-Meier curves of PFS in patients with PsP (n = 7)
and without PsP (n = 182). PFS was significantly longer in the seven patients with PsP (median, not reached) than in the 182 patients without PsP (median, 3.8 months;
95% Cl, 3.9-4.6 months, P = .02) (b) Kaplan—Meier curves of PFS according to RECIST 1.1 and iRECIST. There was no significant difference between PFS according to
RECIST 1.1 (median, 3.8 months; 95% Cl, 3.1-4.8 months) and that according to iRECIST (median, 4.1 months; 95% Cl, 3.1-5.4 months) (P = .58).

Strata = RECIST PD = DR w/o PD =+ Early term

1.001

0.751

OS probability
8

0.251

0.001

P <0.001

0 10

20 30

OS (month)

Figure 4. Kaplan—Meier curves of OS in three groups of patients according to response to ICl. There were significant differences in OS among the durable response group
(median, not reached), RECIST 1.1-PD group (median, 11.1 months; 95% Cl, 9.3 months—not reached) and early termination group (median, 1.3 months; 95% Cl,

0.8-1.7 months) (P < .001).

Interestingly, patients with PsP showed significantly better
outcomes than patients without PsP (median PFS, not reached
versus 3.8 months). This observation is consistent with prior
studies’'" that also reported better outcomes in patients

showing PsP. The favorable outcome of patients with PsP
may be related to the transient enlargement of the lesions not
by increase in number of tumor cells but by infiltration of
inflammatory cells, which is thought to be a mechanism of
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Figure 5. Kaplan—Meier curves of OS in patients with TBP and without TBP. The median OS was significantly longer in the TBP group (17.2 months; 95% Cl, 10.2 months—
not reached) than in the non-TBP group (7.4 months; 95% Cl, 4.4-12.1 months) (P < .001).

Table 3. Characteristics between TBP and non-TBP patients.

TBP (n =67) Non-TBP (n=67) P value
Age* 64.1 £ 9.1 62.6 +12.2 0.42
Sex ratio 0.01
Male 57 (85.1) 44 (65.7)
Female 10 (14.9) 23 (34.3)
ECOG PS at baseline 0.15
0 3 (4.5) 3 (4.5)
1 55 (82.1) 46 (68.7)
2 4 (6.0) 13 (19.4)
3 5(7.5) 2 (3.0
4 0 (0.0) 3 (4.5)
ECOG PS at the time of RECIST 1.1-PD 0.02
0 1(1.5) 0(0.0)
1 42 (62.7) 29 (43.3)
2 15 (22.4) 15 (22.4)
3 8(11.9) 13 (19.4)
4 1(1.5) 10 (14.9)
Change in tumor burden 0.01
1 (20-50% increase) 25 (37.3) 19 (28.4)
2 (50-100% increase) 17 (25.4) 10 (14.9)
3 (100-200% increase) 18 (26.9) 16 (23.9)
4 (>200% increase) 7 (10.4) 22 (32.8)

Data are the number of patients, with the percentage in parentheses, unless
otherwise indicated.

*Data are the mean + standard deviation.

TBP, treatment beyond progression; ECOG PS, Eastern Cooperative Oncology
Group performance status; PD, progressive disease.

PsP. One case report demonstrated that cytotoxic
T lymphocytes positive for CD3 and CD8 were infiltrated
into the metastatic tumor in a patient who experienced PsP.**
As T-lymphocyte infiltration in tumor and stroma has been
reported as a promising prognostic factor in NSCLC patients,*
the better outcome in PsP patients may in part be associated
with the favorable effect of T-cell infiltration.

Our results suggest that a proportion of patients with
NSCLC who receive ICI treatment beyond the first PD on
RECIST 1.1 may derive survival benefit, as the median OS
was significantly longer in patients who received TBP
(17.2 months) than those who did not receive TBP
(7.4 months). We tried to minimize the potential confounding

effect of patients’ clinical characteristics on evaluating the
clinical impact of TBP by adjusting the multiple covariates.
The beneficial impact of TBP on OS (HR: 0.4) remained after
adjusting for covariates including ECOG performance status at
baseline, age, sex, and the increase in tumor burden between
the baseline measurement and the time of the first PD by
RECIST 1.1.

In our study, TBP was performed in 50.0% of patients who
showed PD by RECIST 1.1, which was similar to other studies
(21-80%)."°72"2*"%7 At our institution, it is allowed to continue
treatment with ICI for patients after initial PD by RECIST 1.1
in both the clinical practice setting and the clinical trial setting,
as long as patients are clinically stable, tolerating treatment,
and expected to derive clinical benefit from treatment conti-
nuation. The decision to treat patients with ICI beyond pro-
gression has been based in part on patients’ clinical status, in
that patients with poor clinical characteristics were unlikely to
receive continued treatment. In our analysis, patients with
a poor ECOG performance status at the time of the first PD
on RECIST 1.1 and a markedly increased tumor burden
(>200% from baseline) were less likely to be treated beyond
progression than those without these characteristics. Our
results are similar to those reported by Long et al.,*® in that
patients judged to be eligible for TBP on the basis of investi-
gator-assessed clinical benefit without substantial adverse
effects obtained clinical benefit. Further studies are necessary
to identify appropriate candidates for TBP, in order to achieve
better outcomes and avoid futile treatment.

The difference in the survival probability of PFS between
iRECIST and RECIST 1.1 was not statistically significant. This
finding is different from the results of the study by Nishino
et al.,”” in which time to progression was significantly longer
with irRECIST than with RECIST 1.1. This is likely due to
a difference in how the event date used for the calculation of
PES was defined: in iRECIST, if an iUPD is reassessed as an
iUPD or an iCPD at a subsequent study, the date of the first
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Table 4. Univariate and multivariate Cox proportional hazard analysis of OS in patients with RECIST 1.1-PD.

Univariate analysis

Multivariate analysis

Covariate Hazard ratio 95% Cl P value Hazard ratio 95% Cl P value
TBP 0.33 0.19, 0.59 <0.001 0.37 0.20, 0.70 0.002
ECOG PS at baseline
1 0.70 0.22,2.29 0.56 0.97 0.23, 4.09 0.96
2 1.58 0.45, 5.61 0.48 1.36 0.28, 6.60 0.70
3 3.23 0.87,11.94 0.08 2.01 0.35, 11.54 0.44
4 15.70 4.09, 60.23 <0.001 4.82 0.64, 36.54 0.13
Tumor burden increase at PD on RECIST 1.1
2 (50-100% increase) 2.09 0.91,4.77 0.08 2.62 1.12,6.16 0.03
3 (100-200% increase) 294 1.39,6.20 0.01 2.50 1.17,5.37 0.02
4 (>200% increase) 4.77 2.22,10.26 <0.001 3.28 1.47,7.34 0.004
Age 1.01 0.99, 1.03 0.31 - - -
Sex ratio (M:F) 1.05 0.62, 1.77 0.85 - - -

0S, overall survival; PD, progressive disease; TBP, treatment beyond progression; ECOG PS, Eastern Cooperative Oncology Group performance status; Cl, confidence

interval.
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Figure 6. Kaplan—Meier curves of OS and PFS based on iRECIST to compare outcomes between patients with PsP (n = 7) and non-pseudoprogressors treated with TBP
(n=60). (a) The median OS did not significantly differ (not reached vs. 17.2 months, respectively, P =.2). (b) The median PFS based on iRECIST was significantly different
between the two groups (not reached vs. 3.4 months [95% Cl, 2.6-4.2 months]) for patients with PsP and non-pseudoprogressor with TBP (P < .001).

iUPD is used as the event date,” whereas in Nishino’s study, the
date on which the confirmation of PD occurred was defined as
the time of PD according to the irRC and irRECIST
scheme.”>*® The insignificant difference of PFS between
iRECIST and RECIST 1.1 in our study might also be due to
the low incidence of PsP (3.7%); if the incidence of PsP was
higher, the difference in PFS between iRECIST and RECiST 1.1
may have become significant.

Early identification of pseudoprogressors at the time of tumor
burden increase would be beneficial. However, distinguishing
between PsP and true PD during cancer treatment has been
a great challenge. Unfortunately, conventional CT and MRI have
been known to be insensitive to the distinction of those two. Whole
body PET/CT has also been suggested as a potential discriminator;
however, the results have been conflicting. Recently, Immuno-PET
is gaining attention as a new metabolic imaging strategy that



combines monoclonal antibodies specific for PD-L1 with radio-
materials such as Zirconium-89 (*°Zr).>'** There are several
ongoing clinical trials evaluating **Zr-labeled immune-PET ima-
ging for cancer immunotherapy. The results of these studies are
highly anticipated to develop a reliable and noninvasive imaging
technique capable of differentiating PsP from true progression with
appropriate clinical application.

Currently, iRECIST provides a rationale to perform TBP
with subsequent imaging follow-ups with a 4-8 week
interval.” However, the benefits and risks of TBP still
remain as a field of uncertainty. Therefore, the decision of
TBP should be based on the patient selection criteria estab-
lished in clinical protocols as well as the patient’s informed
consent after providing potential benefits on survival and
risks of futile treatment and delaying other treatment
options.”®

Our study has some limitations. First, it was carried out
only in NSCLC patients treated at a single institution, and
additional data are needed to confirm the proportion of
patients exhibiting PsP and TBP responses so that these
results can be extrapolated to the wider NSCLC population
and to other tumor types. Second, there were only seven
patients (3.7%) experiencing pseudoprogression which might
be a small number to base the clinical impact of pseudopro-
gression. Further, large-scale clinical studies might be neces-
sary. Third, our study results might not be a strong evidence
to justify TBP in patients treated with ICIs, because our
results were based on analysis of uncontrolled real-world
data. Further studies such as randomized trials or compara-
tive effectiveness researches might be required. In addition,
due to the retrospective nature of the study, various CT
acquisition techniques were used according to different
study protocols or clinical practices.

In conclusion, a subset of NSCLC patients under ICI treat-
ment may experience PsP based on iRECIST scheme, which is
not captured by the RECIST 1.1. PsP may have a clinical impact
by improving PFS, and TBP according to iRECIST may pro-
vide a survival benefit. Although our results favor TBP, its
benefits on survival and risks of ineflicacious treatment delay-
ing other treatment options should be explored through
further researches. In addition, more evidence-based standar-
dized criteria to select appropriate patients for TBP should be
established based on accumulated evidence and international
consensus.
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Precis

® Among patients with non-small cell lung cancer treated with immune
checkpoint inhibitors, 3.7% (7/189) experienced pseudoprogression
based on iRECIST scheme.

® Pseudoprogression and treatment beyond RECIST 1.1-defined disease
progression may be associated with survival benefit in patients with
non-small cell lung cancer treated with immune checkpoint inhibitors.
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