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Background: Immune checkpoint inhibitors (ICIs) have been increasingly used in cancer treatment, and a subset of patients undergo
pseudoprogression. Recognizing the incidence of pseudoprogression is critical for clinical practice.

Purpose: To evaluate by systematic review and meta-analysis the incidence of pseudoprogression in cancer treatment with ICIs, and
compare the incidence according to response criteria, tumor types, and immunotherapeutic agents.

Materials and Methods: Medline and Embase were searched to identify relevant studies published before December 31, 2018. Clinical
trials, post hoc analysis of clinical trials, and prospective studies on ICI treatment in patients with malignant solid tumors were
included. Pooled incidence of pseudoprogression for all included studies, per definition of pseudoprogression, cancer type, and drug
type, was obtained by random-effects models with inverse variance weighting model.

Results:  Seventeen studies with 3402 patients were analyzed. The pooled incidence of pseudoprogression was 6.0% (95% confi-
dence interval: 5.0%, 7.0%). The definition of pseudoprogression were divided into four categories: progressive disease followed
by partial response (PR) or complete response (CR) but not stable disease (SD) with Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 (six studies); progressive disease followed by SD or PR or CR with RECIST 1.1 (five studies); progressive disease
followed by SD or PR or CR with RECIST 1.0 (three studies); and progressive discase followed by SD or PR or CR with immune-
related response criteria (irRC) (three studies). Incidence of pseudoprogression varied from 4.5% to 8.0% per definition, ranged
from 5.0% to 7.0% per cancer type, and was 5.6% with the monotherapy of programmed cell death-1 inhibitor.

Conclusion: 'The overall incidence of pseudoprogression was 6.0% and was less than 10% in subgroup analyses according to the
definitions of pseudoprogression, cancer type, and immune checkpoint inhibitor type. Varying definitions across trials and studies
indicates the need for uniform criteria of pseudoprogression for solid tumors.
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In the era of cancer immunotherapy, the number of clini-
cal trials for immunotherapeutic agents has been grow-
ing. Immune checkpoint inhibitors (ICls) that target
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
and programmed cell death protein 1 (PD-1) or its ligand
(PD-L1) have been studied in clinical trials and applied in
clinical practice (1).

A subset of patients treated with ICI manifest an
atypical pattern of tumor response either after an increase
of tumor burden or appearance of new lesions, a phe-
nomenon termed pseudoprogression, which is classified
as progressive disease by conventional response criteria
(2,3). This triggered efforts to develop criteria includ-
ing immune-related response criteria (irRC) in 2009,

immune-related Response Evaluation Criteria in Solid
Tumors (RECIST; irRECIST) in 2013, and iRECIST in
2017 (2,4-6).

Along with increasing recognition of pseudoprogres-
sion and its importance, several studies evaluated its in-
cidence and patterns (7-9). But a unifying definition
of pseudoprogression is lacking. Although studies have
raised the need for robust data on pseudoprogression
(10,11), to our knowledge, there is no evidence-based
systematic summary of definitions and incidence of
pseudoprogression.

We performed a systematic review and meta-analysis of
published clinical trial reports to determine the incidence
of pseudoprogression during treatment with ICI and
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Abbreviations

CI = confidence interval, CR = complete response, CTLA-4 = cyto-
toxic T-lymphocyte-associated antigen 4, ICI = immune checkpoint in-
hibitor, irRECIST = immune-related RECIST, PD-1 programmed cell
death protein 1, PD- L1 = PD-1 ligand, PR = partial response, irRC =
immune-related response criteria, RECIST = Response Evaluation Cri-
teria in Solid Tumors, SD = stable disease

Summary

The overall incidence of pseudoprogression was 6% and less than
10% in subgroups according to the definition of pseudoprogression,
cancer type, and drug type.

Key Results

= Definitions of pseudoprogression varied across studies, with its in-
cidence ranging from 4.5% to 8% in the subgroups with different
definitions of pseudoprogression.

= The overall incidence of pseudoprogression (6%) was similar
across tumor types (6.4% in melanoma, 5% in non—small cell
lung cancer, and 7% in genitourinary cancer).

= The pooled incidence of pseudoprogression for patients who un-
derwent monotherapy with programmed cell death protein 1 or its

ligand was 5.7%.

compared the incidence according to the response criteria, tumor
types, and immunotherapeutic agents.

Materials and Methods

In our study, we adhered to the standard guidelines of Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (12).

Literature Search

A comprehensive search of Medline and Embase was performed
to identify relevant studies published before December 31,
2018. The following search terms were used: (cancer or tumor)

AND (PD1 OR PD-1 OR PD-L1 OR CTLA4 OR CTLA-4

The exclusion criteria were as follows: case reports and se-
ries with potential selection biases (eg, nonconsecutive series);
review articles, editorials, letters, and conference proceedings;
retrospective studies; studies that included patients who were
administered other cancer therapy concurrently with ICI with-
out available separated data regarding treatment regimen; studies
including patients with primary brain tumor and hematologic
malignancies; and studies with overlapping patients (ie, when =
two studies reported the same patients, the study with the longer
follow-up time was selected).

Quality Assessment

In all included studies (2,13—28), the risk of bias and methodo-
logic quality were evaluated by using the Cochrane Risk of Bias
2.0 (29) for randomized controlled clinical trials (13—-15,20,28)
and the Risk Of Bias In Nonrandomized Studies of Interven-
tions (30) for nonrandomized studies (2,16-19,21-27).

Data Extraction

From the included studies, we extracted the following data into
standardized forms: study characteristics (ie, authors, year of
publication, study design, and sample size), demographic and
clinical characteristics of the patients (ie, type of cancer, class of
ICI, and follow-up period), and outcome characteristics (ie, the
number of patients with pseudoprogression and the definitions
of pseudoprogression).

Statistical Analysis

The pooled incidence of pseudoprogression was obtained by a
random-effects model with an inverse-variance weighting model
(31). Heterogeneity was evaluated by using Higgins inconsis-
tency index (#) test and Cochran Q test (32-35). I values greater
than 50% indicated substantial heterogeneity (33). Publication
bias was assessed by a funnel plot and Begg test. All reported P

OR ipilimumab OR nivolumab OR pembroli-
zumab OR atezolizumab OR avelumab OR dur-
valumab) AND pseudoprogression. There was no

Records identified through databases search (n=289):

MEDLINE (n=93), EMBASE (n=196)

limit of the start date or type of language; however,

v

given a relatively new introduction of these agents,
the oldest eligible study was published in 2009 and

Records after duplicates removed

all articles were in English. To expand the search,
the bibliographies of studies that remained after the
selection process were screened for other potentially
suitable studies.

Inclusion and Exclusion Criteria
Studies that satisfied all of the following crite-

ria were included: population (ie, patients with
malignant solid tumors treated with ICI), index

test (ie, treatment response assessment by imag-
ing with no limitation for imaging modality),
comparison (ie, none), outcomes (ie, results

st Records excluded (n=191):
Conference abstracts (n=88)
Case reports (n=53)
= Review articles (n=32)
Letters/editorials (n=18)
a3 Records added (n=23):
From search of the bibliographies
of the records
A 4
Full-text articles assessed for eligibility
(n=39)
Articles excluded (n=22):
Retrospective design (n=9)
> Duplicate of study cohort (n=2)
Not in the field of interest (n=10)
A 4 Therapy with other agents (n=1)

in sufficient detail to evaluate the incidence of
pseudoprogression), and study design (ie, clini-
cal trials, post hoc analysis of clinical trials, and

Articles included in quantitative synthesis
(17 articles with 3402 patients)

prospective studies). Figure 1:

Flow diagram of the study selection process.
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Table 1: Characteristics of Studies Included in the Meta-Analysis

Patients
Year of Length of with
Publica- Follow- Response Category of Type of No. of Pseudopro-
Author tion Study Design* up (mo) Criteria Pseudoprogression  Tumor Agent Patientsgression
Wolchok 2009  Pooled analysis of NA irRC Progressive disecase  Melanoma Ipilimumab 227 22 (9.7)f
etal (2) two clinical trials followed by SD or
(NCT00289627, PR or CR on irRC
NCT00289640)
Topalian 2014  Post hoc analysis 14-52  RECIST 1.0  Progressive disease ~ Melanoma Nivolumab 107 4(3.7)
etal (27) of a clinical trial followed by SD
(NCT00730639) or PR or CR on
RECIST 1.0
Weber 2015  Randomized 8.4 RECIST 1.1  Progressive discase ~ Melanoma Nivolumab 120 10 (8.3)
et al (28) clinical trial followed by PR or
(NCT01721746 CR on RECIST
[CheckMate 037]) 1.1
Gettinger 2015 Post hoc analysis 39 RECIST 1.0  Progressive disease NSCLC  Nivolumab 129 6 (4.7)
etal (17) of a clinical trial followed by SD
(NCT00730639) or PR or CR on
RECIST 1.0
Borghaei 2015  Randomized 13.2* RECIST 1.1  Progressive discase NSCLC Nivolumab 287 16 (5.6)
etal (13) clinical trial followed by SD
(NCT01673867 or PR or CR on
[CheckMate 057]) RECIST 1.1
Brahmer 2015  Randomized 11% RECIST 1.1 Progressive disease NSCLC Nivolumab 131 9 (6.9)
etal (14) clinical trial followed by SD
(NCT01642004 or PR or CR on
[CheckMate 017]) RECIST 1.1
Rizvietal 2015  Clinical trial 11.0 RECIST 1.1  Progressive discase NSCLC Nivolumab 117 4 (3.4)
22) (NCT01721759 followed by SD
[CheckMate 063]) or PR or CR on
RECIST 1.1
McDermott 2015 Post hoc analysis 45.2 RECIST 1.0 Progressive disease RCC Nivolumab 34 3(8.8)
etal (21) of a clinical trial followed by SD
(NCT00730639) or PR or CR on
RECIST 1.0
Hodietal 2016  Post hoc analysisofa 15 irRC Progressive disecase  Melanoma Pembroli- 327 24 (7.3)
(18) clinical followed by SD or zumab
trial PR or CR on irRC
(NCT01295827
[KEYNOTE-001)
George 2016 Subgroup analysis NA RECIST 1.1  Progressive disease RCC Nivolumab 168 12 (7.1)
etal (16) of a clinical trial followed by PR or
(NCT01354431) CR on RECIST
1.1
Sharma 2016  Clinical trial 15.2 RECIST 1.1  Progressive discase UCC Nivolumab 78 9 (11.5)
etal (25) (NCT01928394 followed by SD
[CheckMate 032]) or PR or CR on
RECIST 1.1
Rosenberg 2016  Clinical trial (NCT RECIST 1.1  Progressive disease  UCC Atezolim- 310 21 (6.8)
etal (23) 02108652) followed by PR or umab
CR on RECIST
1.1
Seiwert 2016  Clinical trial NA RECIST 1.1  Progressive disease ~ Squamous Pembroli- 45 1(2.2)
et al (24) (NCTO01848834 followed by PR or  cell zumab
[KEYNOTE-012) CR on RECIST cancer of
1.1 head and
neck

Table 1 (continues)
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Table 1 (continued): Characteristics of Studies Included in the Meta-Analysis
Length
of
Year of Follow- Patients with
Publi- up Response  Category of Type of No. of Pseudopro-
Author cation Study Design* (mo) Criteria Pseudoprogression  Tumor Agent Patients gression
Long 2017 Post hoc analysis 14.3 RECIST  Progressive disecase ~ Melanoma Nivolumab 526 24 (4.6)
etal of two random- 1.1 followed by PR or
(20) ized clinical trials CR on RECIST
(NCT01721772 1.1
[CheckMate 066]
and NCT01844505
[CheckMate 067])
Escudier 2017  Subgroup analysis 8.8 RECIST  Progressive discase ~ RCC Nivolumab 406 20 (4.9)!
etal of a random- 1.1 followed by PR or
(15) ized clinical trial CR on RECIST
(NCT01668784 1.1
[CheckMate 025])
Sharma 2017 Clinical trial 7.0 RECIST  Progressive discase ~ UCC Nivolumab 265 24 (9.1)
etal (NCT02387996 1.1 followed by SD
(26) [CheckMate 275]) or PR or CR on
RECIST 1.1
Lee etal 2018  Post hoc analysis of a  19.3 irRC Progressive disecase ~ Melanoma PD-1 inhibitor 125 9 (7.2)
(19) prospective cohort followed by SD or (nivolumab or
PR or CR on irRC pembroli-
zumab) with
or without
CTLA-4
inhibitor (ipi-
limumab)
Note.—Unless otherwise indicated, data in parentheses are percentages. Follow-up data are median or range unless otherwise indicated. All
patients had locally advanced, metastatic, or recurrent tumor or tumors. CR = complete response, CTLA-4 = cytotoxic T-lymphocyte-asso-
ciated protein 4, NA = not available, NCT = national clinical trial, NSCLC = non-small cell lung cancer, PD-1 = programmed cell death
protein 1, irRC = immune-related response criteria, PR = partial response, RCC = renal cell carcinoma, RECIST = response evaluation
criteria in solid tumor, SD = stable disease, UCC = urothelial cell carcinoma, WHO = World Health Organization.
* Data in parentheses are ClinicalTrials.gov number.
" Includes 17 patients with immune-related stable disease and five patients with immune-related partial response.
¥ Data are minimum number of months.
S One patient with complete response.
I' Al 20 patients with partial response.

values are two sided, and P values less than .05 were considered
to indicate statistical significance. To test the robustness of the
results, a sensitivity analysis was performed by recalculating the
pooled estimates after excluding each study.

The pooled incidence of pseudoprogression was obtained for
each subgroup classified according to the definition of pseudo-
progression, types of cancer (melanoma, non-small cell lung
cancer, genitourinary cancers including renal cell carcinoma and
urothelial cell carcinoma, and squamous cell cancer of head and
neck), and the class of agents (CTLA-4, PD-1, and PD-L1).
Univariable and multivariable meta-regression analyses were
performed to assess association between study-level covariates
and the pooled incidence of pseudoprogression. In the metare-
gression analysis, we used the Knapp and Hartung adjustment,
which is typically used in mixed-effects meta-regression model to
control the type 1 error rate of .05 for each analysis and reported

90

multiplicity-adjusted P values and 95% confidence intervals
(Cls) (36,37). All statistical analyses were performed by using
the metafor package (in R version 3.6.3; R Foundation for Sta-
tistical Computing, Vienna, Austria) (31).

Results

Study Characteristics and Quality Assessment

Our search process is shown in Figure 1. The basic characteristics
of the 17 studies we included are summarized in Table 1; defini-
tions of pseudoprogression in each study are detailed in Table
El (online). There were eight clinical trials (13,14,22-26,28),
five post hoc analyses of clinical trials (17,18,20,21,27), two
subgroup analyses of clinical trials (15,16), one pooled analysis
of clinical trials (2), and one post hoc analysis of a prospective
cohort (19). Studies included patients with melanoma (z = 6),

radiology.rsna.org = Radiology: Volume 297: Number 1—October 2020
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Figure 2: Quality assessment for included studies in meta-analysis. A, Risk of bias 2.0 was used for five randomized

controlled clinical trials and, B, Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) was used for 12 nonran-

domized studies.

non-small cell lung cancer (7 = 4), renal cell carcinoma ( = 3),
urothelial cell carcinoma (7 = 3), and squamous cell cancer of the
head and neck (7 = 1).

In most studies, monotherapy with the following ICIs was per-
formed: nivolumab (7 = 12), pembrolizumab (7 = 2), ipilimumab
(n = 1), and atezolimumab (7 = 1). In the study by Lee et al (19),
either monotherapy with PD-1 inhibitor (nivolumab or pembroli-
zumab) or combination therapy of PD-1 inhibitor (nivolumab or
pembrolizumab) and CTLA-4 inhibitor (ipilimumab) was used.

The definitions of pseudoprogression varied across studies
(Table 1). According to the response assessment criteria and the
degree of response after initial progression required to declare
pseudoprogression, the definitions of pseudoprogression were
divided into four categories: progressive disease followed by sta-
ble disease (SD) or partial response (PR) or complete response
(CR) by using irRC (7 = 3); progressive disease followed by PR
or CR (but not SD) by using RECIST 1.1 (7 = 6); progtessive
disease followed by SD or PR or CR by using RECIST 1.1 (z =
5); and progressive disease followed by SD or PR or CR by using
RECIST 1.0 (z = 3).

The range of publication dates of studies per definition sub-
stantially overlapped as follows: progressive disease followed by
PR or CR with RECIST 1.1, 2015-2017; progressive disease
followed by SD or PR or CR with RECIST 1.1, 2015-2017;

Radiology: Volume 297: Number 1—October 2020 = radiology.rsna.org

progressive disease followed by SD or PR or CR with RECIST
1.0, 2014-2015; and progressive disease followed by SD or PR
or CR on irRC, 2009-2018. Among studies that used irRC,
the study by Wolchok et al (2) was published in 2009 and the
others were published after 2014. Regarding the quality of the
included studies, the risk of bias assessed by Cochrane Risk of
Bias 2.0 tool showed low risk for the five randomized clini-
cal trials. For 12 nonrandomized studies, the Risk of Bias in
Nonrandomized Studies of Interventions showed low risk in
10 studies and moderate risk in two studies (Fig 2).

Incidence of Pseudoprogression

On the basis of the included studies (7 = 17) with 3402 pa-
tients, the overall incidence of pseudoprogression was 6.0%
(95% CI: 5.0%, 7.0%) (Fig 3). No significant heterogene-
ity was observed (* = 27.5%; P = .12). Sensitivity analysis
revealed the robustness of recalculated pooled incidence of
pseudoprogression after excluding each study ranging from
5.8% to 6.2%. There was no publication bias in the funnel
plot (Fig 4) and Begg test (P = .15).

Subgroup Analysis and Meta-Regression

Table 2 lists the pooled incidences of pseudoprogression in the
subgroups classified according to the definitions of pseudopro-
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gression, tumor types, and types of IClIs. Regard-

Study, Year

Forest Plot

Incidence%

ing the definition of pseudoprogression, the stud- (35% C1)
. . . . Incidence of Pseudoprogression
ies with progressive disease followed by SD or PR
. R . Wolchok et al, 2009 —— 9.7 (5.8-13.5)
or CR by using irRC showed the highest pooled Topalian et al, 2014 ; 3.7 (0.0-7.3)
incidence of 8.0% (95% CI: 5.9%, 10.0%). The Weber et al, 2014 N B 8.3 (3.4-13.3)
pooled incidences were 5.2% (95% CI: 4.1%, Gettinger etal, 2015 | ——s—— 4.7 (1.0-8.3)
6.3%) for studies that used progressive disease fol- Borghasi et al, 2015 e >.6(2.9-8.2)
lowed by PR or CR (but not SD) with RECIST Bralér;i: z:::' 281: i . 23 532;1?)2)
1.1, 6.6% (95(y0 CI: 42%, 90%) for studies that McDermott et a|: 2015 |a 8.3 (0:0-1.8.4)
used progressive disease followed by SD or PR or Hodi et al, 2016 | 7.3(4.5-10.2)
CR on RECIST 1.1, and 4.5% (95% CI: 2.0%, George etal, 2016 e 7.1(3.2-11.0)
7.0%) for studies that used progressive disease fol- 2 Shabrma e: a:, 281? C 1;: (:'3'386'6)
lowed by SD, PR, or CR on RECIST 1.0 (Fig 5). e oot e : S 000
No significant heterogeneity was observed (2 = Long et al, 2017 —a—H 4.6 (2.8-6.3)
48.7%; P = .10). Representative examples of Escudier et al, 2017 - 4.9 (2.8-7.0)
pseudoprogression are shown in Figures E1 and Sharma et al, 2017 " 9.1(5.6-12.5)
E2 (online) Lee etal, 2018 L i — 7.2(2.7-11.7)
' Pooled (=27.5% <> 6.0 (5.0-7.0
Regarding the tumor types, the pooled inci- ooled ) : : : | ( )
dence of pseudoprogression was 6.4% (95% CI: 0 5 10 15 20
4.6%, 8.3%) in patients with melanoma, 5.0% .
Figure 3: Forest plofs to show the overall pooled incidence of pseudoprogression. The pooled

(95% CI: 3.4%, 6.7%) in patients with non—small
cell lung cancer, and 7.0% (95% CI: 5.2%, 8.6%)
in patients with genitourinary cancer (renal cell car-
cinoma and urothelial cell carcinoma), without significant het-
erogeneity (7 = 48.2%; P = .09) (Fig 6). There was only one
study for squamous cell cancer of the head and neck (24), and
the incidence of pseudoprogression was 2% (one of 45; 95% Cl:
0%, 6%).

In 14 studies with PD-1 inhibitor monotherapy, the pooled
incidence of pseudoprogression was 5.6% (95% CI: 4.6%,
6.6%), without significant heterogeneity (/2 = 18.2%; P = .18).
The incidence was reported as 6.8% (21 of 310) in a study (23)
that used PD-L1 inhibitor and 9.7% (22 of 227) in a study (2)
that used CTLA-4 inhibitor. The pooled incidence of pseudo-
progression in the 15 studies of PD-1 or PD-L1 inhibitor mono-
therapy was 5.7% (95% ClI: 4.8%, 6.6%).

At univariable meta-regression analysis, no significant differ-
ences were observed for the pooled incidence of pseudoprogres-
sion for all subgroups (Table 2). In multivariable meta-regression
with covariates of definition of pseudoprogression, tumor type,
and class of ICI, no significant influencing factor on pseudopro-
gression was found.

Discussion

In this systematic review and meta-analysis, the overall inci-
dence of pseudoprogression was 6.0% in clinical trial reports of
patients with cancer undergoing immune checkpoint inhibitor
treatment, ranging from 4.5% to 8.0% in subgroups with dif-
ferent response criteria and definitions of pseudoprogression.
In all the subgroup analyses, the highest upper limit of 95%
confidence intervals (Cls) of pooled incidence of pseudopro-
gression was 10.0% in the subgroup with immune-related re-
sponse criteria, which defined pseudoprogression as progres-
sive disease followed by stable disease or partial response or
complete response (pooled incidence, 8.0%; 95% CI: 5.9%,
10.0%). This may imply that pseudoprogression occurred less
than 10% in the majority of clinical settings.
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incidence of pseudoprogression was 6.0%. Cl = confidence interval.
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Figure 4:  Funnel plot for visual appraisal of the literature bias indicated no sub-

stantial publication bias. * indicates individual study.

The incidence was similar across tumor types. The reported
incidence of pseudoprogression among patients treated with
ICI was 10% or lower (5), ranging from 0.6% to 9.7% (5,8—
10,38,39). Our result is within that range and consistent with
the previous data in trial and nontrial settings.

Although the common concept of pseudoprogression is a
response after an initial increase in tumor burden or appear-
ance of lesions (5), previous studies (3) used different defi-
nitions of pseudoprogression and various response criteria.
Our study demonstrated four major definitions of pseudo-
progression used in the clinical trial reports. The incidence
was similar among groups that applied RECIST-based ap-
proaches (4.5%-6.6%) but notably higher when irRC was
used (8.0%). This is likely because of different measurement
methods (ie, unidimensional measurements by RECIST and

radiology.rsna.org = Radiology: Volume 297: Number 1—October 2020



Park et al

Table 2: Subgroup Analysis and Meta-Regression

Univariable Meta-Regres- ~ Multivariable Meta-Regres-

irRC
Progressive disease followed by PR or CR on 5.2 (4.1, 6.3)
RECIST 1.1
Progressive disease followed by SD or PR or CR 0n6.6 (4.2, 9.0)
RECIST 1.1
Progressive disease followed by SD or PR or CR on4.5 (2.0, 7.0)
RECIST 1.0
Tumor type
Genitourinary 7.0 (5.2, 8.8)
Melanoma 6.4 (4.6, 8.3)
NSCLC 5.0 (3.4, 6.7)
Squamous cell carcinoma 2.2(0.2,6.5)
Type of ICIs
CTLA-4 9.7 (5.8, 3.5)
PD-1 5.6 (4.6, 6.6)
PD-L1 6.8 (4.0, 9.6)

sion sion
Pooled Incidence of
Parameter Pseudoprogression (%)  Odds Ratio PValue Odds Ratio P Value
Definition of pseudoprogression
Progressive disase followed by SD or PR or CR on 8.0 (5.9, 10.0) Reference Reference

0.97 (0.94, 1.00) .07 0.97 (0.94, 1.00) .10

0.98 (0.95,1.01) .28 1.00 (0.95,1.04) .96

0.96 (0.92,1.00) .08 0.98 (0.93,1.02) .32

Reference

0.98 (0.96,1.01) .32
0.96 (0.93, 1.00) .07
0.96 (0.91,1.01) .15

Reference

0.99 (0.96, 1.01) .57
0.98 (0.95, 1.00) .16
0.95 (0.90, 1.00) .08

Reference
0.97 (0.92, 1.02) 31
0.98 (0.92, 1.05) .61

Reference
0.96 (0.91, 1.00) .10
0.97 (0.91, 1.03) .31

tumor, SD = stable disease.

Note.—Data in parentheses are 95% confidence intervals. CR = complete response, CTLA-4 = cytotoxic T-lymphocyte-associated protein
4, ICI = immune checkpoint inhibitor, NSCLC = non—small cell lung cancer, PD-1 = programmed cell death protein 1, PD-L1 = pro-
grammed death-ligand 1, PR = partial response, irRC = immune-related response criteria, RECIST = response evaluation criteria in solid

bidimensional measurement by irRC). Bidimensional mea-
surements used in irRC and the World Health Organization
response criteria have measurement variability (4) and higher
misclassification rates for progressive disease compared with
unidimensional measurements used in RECIST (40). The
25% increase in the products of two perpendicular diameters
may be more sensitive to define progressive disease than the
20% increase in the longest diameters. This can lead to a low-
ered threshold to define progressive disease and pseudopro-
gression in irRC versus RECIST. On the basis of the scientific
evidence of higher reproducibility of the unidimensional ap-
proach compared with the bidimensional approach in irRC,
the definition of pseudoprogression should be standardized to
use a RECIST-based scheme (4,6).

The degree of response after progression required to define
pseudoprogression also varied among studies. Some required a
response meeting the criteria for CR or PR, but others included
patients with subsequent SD as pseudoprogressors (41). In the
studies that used RECIST 1.1, the pooled incidence of pseu-
doprogression was higher in the studies that included patients
with subsequent SD as pseudoprogressors (6.6%) than in studies
that limited pseudoprogressors as having subsequent PR or CR
(4.7%).

The incidence of pseudoprogression according to tumor
types were similar with overlapping Cls for the three tumor types
(6.4% in melanoma, 5.0% in non-small cell lung cancer, and
7.0% in genitourinary cancer), but the adjustment according
to the types of immunotherapeutic agents was not performed
because of the small number of studies in each group. When
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subgroups according to the agent types were analyzed, the pooled
incidence in the studies of PD-1/PD-L1 inhibitor monotherapy
was 5.7% (95% Cl: 4.8%, 6.6%), whereas one study of mela-
noma that used a CTLA-4 inhibitor showed higher incidence of
pseudoprogression (9.7%) (2). In studies of non—small cell lung
cancer, all patients were treated with PD-1 inhibitor and showed
a small variation of the incidence of pseudoprogression (range,
3.4%—-6.9%), which is consistent with the retrospective study by
Ferrara et al (38) that reported the incidence of 4.7%. The inci-
dence in genitourinary cancers was 7.0% (range, 4.9%-11.5%),
and the study that reported the highest incidence, 11.5% (25),
included patients who showed progressive disease followed by
SD by using RECIST 1.1.

Another important issue of pseudoprogression is the time
range regarding when it is observed during therapy. Specifi-
cally, when pseudoprogression occurs and when tumor reduc-
tion occurs after pseudoprogression are clinically important is-
sues. Unfortunately, the relevant data were scarce in the studies
we included. Included studies were clinical trials or prospective
studies, so tumor response was assessed at a predefined time win-
dow. The time frame for progression confirmation was 12 weeks
in a subset of the included studies (2,15,16,18-20,23,25,28),
similar to Immunotherapy Response Assessment in Neuro-on-
cology (42), whereas in others studies it was 8 weeks or shorter
(13,14,17,22,24,27). 'The currently used response assessment
criteria set the time interval as 4 weeks (in irRC) or 4—8 weeks
(in iRECIST) to confirm progression. These short time frames
risk excluding patients with pseudoprogression too early from
the immunotherapy (8,9,41).
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Our study had limitations. First, we included
only clinical trials and prospective studies that were
identified by using the term pseudoprogression and
reported the detailed data of pseudoprogression.
Studies that did not have patients with pseudopro-
gression were not included, which may result in an
apparent increase of pseudoprogression incidence.
Although we did not exclude studies reporting the
incidence of pseudoprogression of 0%, all eligible
studies meeting the criteria had at least one patient
with pseudoprogression. Second, we did not extract
the time frame of pseudoprogression because that
information was not fully presented in the included
studies. It is an inborn limitation of systematic re-
view. Though we have included all the immune
checkpoint blockade agents approved by the U.S.
Food and Drug Administration at the time of the
study, agents may become available and add further
knowledge in the near future, given the rapid ad-
vancement of immuno-oncology. The results of our
study will provide a basis for future studies when
sufficient newer data become available.

In spite of the limitations, the comprehensive
review and analyses of the existing data in our
study provide a basis to develop unifying criteria
for this now well-known phenomenon of pseu-
doprogression. It is clear that the RECIST-based
scheme should be used for the assessment, given
the higher reproducibility of the measurements
and its universal use in oncology clinical trials in
the past 2 decades. However, the currently avail-
able criteria do not provide the details of defini-
tions of pseudoprogression in terms of the degree
of response after initial progression and the du-
ration of subsequent response. Most investigators
would consider that the observation of PR or CR
after initial progression is sufficient to define pseu-
doprogression. Two-thirds of the eligible studies
in our meta-analyses also included progressive dis-
ease followed by SD as a part of their definitions of
pseudoprogression, indicating that durable stable
disease is recognized as a pattern of response to
IClIs in the immuno-oncology community. When
including progressive disease followed by SD as
pseudoprogression, the minimum duration of
SD should be determined, which is similar to the
long-standing and well-accepted concept of mini-
mum duration of SD when assigning SD as the
best overall response by RECIST (43,44). The
minimum duration of SD, though it varies among
tumor types and study designs, often falls in the
range of 6-12 weeks in many solid tumors and
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Long et al, 2017 1 46 (2.86.3)
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Figure 5: Forest plots show the pooled incidence of pseudoprogression according fo the defi-

nifion. The pooled incidence of pseudoprogression was, A, 5.2% according to progressive disease
(PD) followed by partial response (PR} or complete response (CR) on response evaluation criteria
in solid tumor (RECIST) 1.1, B, 6.6% according to progressive disease followed by stable disease
(SD) or PR or CR on RECIST 1.1, C, 4.5% according to PD followed by SD or PR or CR on RECIST
1.0, and, D, 8.0% according fo PD followed by SD or PR or CR. CI = confidence inferval.

can be proposed as a reference value for this purpose. This is-
sue of duration of response and stable disease also emphasizes
the importance of analyzing the tumor burden dynamics over
time during therapy, as indicated by several recent studies of
immune-related response (8,9,45).
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In conclusion, the overall incidence of pseudoprogression was
6.0% in the published trial reports that reported the phenom-
enon. The incidence was less than 10% in a subgroup of studies
categorized according to the response criteria and definitions of
pseudoprogression, immune checkpoint inhibitor regimen, and
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tumor types. Varying definitions of pseudoprogres-
sion in the literature show the need for establish-
ing uniform criteria of pseudoprogression for solid
tumors and its time frame for progression during
therapy. The use of a scheme on the basis of Re-
sponse Evaluation Criteria in Solid Tumors and the
definition of the minimum duration of stable dis-
ease following initial progression are the key steps
toward this goal.
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