Journal of /
% Clinical Medicine m\D\Py

Review

Incidence of Immune-Mediated Pseudoprogression of
Lymphoma Treated with Immune Checkpoint Inhibitors:
Systematic Review and Meta-Analysis

Amy Junghyun Lee 12, Kyung Won Kim 1-2*©, Young Chul Cho 3, Yousun Ko 3, Yu Sub Sung %, Youngbin Shin 3,
Jiwoo Lee 2 and Mi-hyun Kim °

check for

updates
Citation: Lee, A.J.; Kim, K.W.; Cho,
Y.C.; Ko, Y,; Sung, Y.S.; Shin, Y,; Lee, J.;
Kim, M.-h. Incidence of Immune-
Mediated Pseudoprogression of
Lymphoma Treated with Immune
Checkpoint Inhibitors: Systematic
Review and Meta-Analysis. J. Clin.
Med. 2021, 10, 2257. https://
doi.org/10.3390/jcm10112257

Academic Editor: Tadeusz Robak

Received: 29 April 2021
Accepted: 19 May 2021
Published: 23 May 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Medical Science, Asan Medical Institute of Convergence Science and Technology,

Asan Medical Center, University of Ulsan College of Medicine, Seoul 05505, Korea;
amyjung.lee89@gmail.com

Department of Radiology, Asan Medical Center, University of Ulsan College of Medicine, Seoul 05505, Korea;
dlwldncjs@gmail.com

Biomedical Research Center, Asan Institute for Life Sciences, Asan Medical Center, Seoul 05505, Korea;
cjsakura@naver.com (Y.C.C.); ko.yousun82@gmail.com (Y.K.); i.am.yongbin@gmail.com (Y.S.)
Department of Convergence Medicine, Clinical Research Center, Asan Medical Center,

University of Ulsan College of Medicine, Seoul 05505, Korea; asmilez.sung@gmail.com

Department of Radiation Science & Technology, Jeonbuk National University, Jeonju 54896, Korea;
mhkimasan@gmail.com

*  Correspondence: medimash@gmail.com; Tel.: +82-10-6529-3735

Abstract: We evaluated the incidence of pseudoprogression and indeterminate response (IR) in
patients with lymphoma treated with immune checkpoint inhibitors (ICIs). A systematic search of
PubMed and EMBASE was performed up to 6 February 2021, using the keywords “lymphoma,” “im-
munotherapy,” and “pseudoprogression.” Random-effects models were used to calculate both pooled
incidence of pseudoprogression patients with ymphoma and an IR according to LYRIC criteria, while
the Higgins inconsistency index (I2) test and Cochran’s Q test were used for heterogeneity. Eight
original articles were included, in which the number of patients ranged from 7 to 243. Among the
lymphoma patients with ICIs, the pooled incidence of pseudoprogression was 10% (95% confidence
interval [CI]: 0.06-0.17). There was no publication bias in Begg’s test (p = 0.14). Three articles were
analyzed to determine the pooled incidence of pseudoprogression in patients with IR according to
LYRIC criteria in a subgroup analysis, which was shown to be 19% (95% CI: 0.08-0.40). A significant
proportion (10%) of patients with lymphoma treated with ICIs showed pseudoprogression, and 19%
of patients with an IR response showed pseudoprogression and a delayed response. Inmune-related
response criteria such as LYRIC may be used for patients with lymphoma treated with ICIs.
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1. Introduction

Cancer immunotherapy using immune checkpoint inhibitors (ICIs) has dramatically
changed the treatment of various malignancies, including solid tumors and lymphoma.
Several ICIs have been approved that target cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) and programmed cell death protein 1 (PD-1) or its ligand (PD-L1) [1-4]. Extensive
research over recent decades has revealed that pseudoprogression can occur in a subset of
patients treated with ICIs. Pseudoprogression refers to the atypical tumor response pattern
after an increase of tumor burden or the appearance of new lesions [5]. A recent meta-analysis
demonstrated that the incidence of pseudoprogression in solid tumors was 6.0%, but its
definition varies across studies and has not been standardized yet for solid tumors [6].

In the field of lymphoma treatment, the concept of pseudoprogression was adopted in
the response criteria through a workshop conducted by the Lymphoma Research Founda-
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tion and the Cancer Research Institute. Thus, the LYmphoma Response to Immunomodula-
tory therapy Criteria (LYRIC) was proposed in 2016 [7], an updated version of the Lugano
Classification Lymphoma Response Criteria [8]. The LYRIC used ‘indeterminate response
(IR)” to describe the initially increased tumor burden, which distinguished pseudoprogres-
sion from true progression on subsequent imaging or biopsy.

However, the incidence of pseudoprogression has not yet been well explored in
patients treated with ICIs and among patients with an IR. Although there have been several
individual studies, no attempt has yet been made to generate a systematic summary on the
incidence of pseudoprogression in these patients. Therefore, we performed this systematic
review and meta-analysis to determine the incidence of pseudoprogression in patients with
lymphoma treated with ICIs.

2. Materials and Methods

This systematic review and meta-analysis adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9].

2.1. Literature Search

A systematic search of the PubMed and EMBASE databases was conducted to identify
relevant original articles up to 6 February 2021. The search keywords and their related
terms were as follows: lymphoma AND (atypical AND response) OR (indeterminate
response) OR pseudoprogression) AND (immune checkpoint OR immunotherapy OR PD-1
OR PD-L1 OR CTLA-4 OR CART-T). Bibliographies of retrieved articles were also screened,
and there were no restrictions on studies conducted in any language.

Individual studies have used various types of terminologies to describe the pseudo-
progression phenomenon, including an atypical response with a transient tumor increase,
an IR not confirmed as progression, and pseudoprogression. In this meta-analysis, we
grouped all of these terms under ‘pseudoprogression’.

2.2. Inclusion and Exclusion Criteria

Studies (or subsets of studies) that investigated the incidence of pseudoprogression
in patients with lymphoma treated with ICIs were eligible for inclusion in the analysis.
Studies (or subsets of studies) that satisfied the following criteria were included:

Population: studies that included six or more patients with lymphoma treated with ICIs;
Reference standard: studies that used tumor response criteria based on imaging;
Study design: clinical trials and observational studies (i.e., retrospective or prospective);
Outcomes: results were reported in sufficient detail to evaluate the incidence of
pseudoprogression among patients treated with ICIs.

The exclusion criteria included the following:

Case reports and series with sample sizes of less than five patients and studies;
Review articles, editorials, letters, comments, and conference proceedings;

Studies with topics that deviated from the incidence of pseudoprogression in lymphoma;
Studies with insufficient data for evaluating the incidence of pseudoprogression.

2.3. Quality Assessment

The risk of bias and methodological quality was evaluated using the Risk Of Bias
In Nonrandomized Studies of Interventions (ROBINS-I) [10] for nonrandomized studies,
including observational studies.

2.4. Data Extraction

The data from the included studies were extracted as follows: demographic and
clinical information of patients (patient numbers, mean age, sex, drug name, and type of
lymphoma), study information (authors, title, study periods, and study type), and outcome
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information (number of patients with pseudoprogression, patients with LYRIC IR, and
outcome of pseudoprogression).

2.5. Statistical Analysis

The pooled incidence of pseudoprogression among patients with lymphoma treated
with ICIs was obtained using a random-effects model and an inverse-variance weighting
model [11]. Heterogeneity was evaluated using the Higgins inconsistency index (I?) test and
Cochran’s Q test [12-15]. I? values greater than 50% indicated substantial heterogeneity [13].
Publication bias was assessed using a funnel plot and Begg'’s test. All reported P-values are
2-sided, with findings of p < 0.05 considered to be statistically significant. The robustness
of the results was tested with a sensitivity analysis performed by recalculating the pooled
estimates after excluding each study.

Subgroup analyses were performed for the pooled incidence of pseudoprogression
among patients with an IR according to LYRIC and treated with ICIs only, excluding the
CAR-T. All statistical analyses were performed using the “meta” packages in R version
3.6.3 (R Foundation for Statistical Computing, Vienna, Austria) [11].

3. Results
3.1. Literature Search

Our literature search process is described in Figure 1. The eligibility articles from
PubMed and the EMBASE database totaled 146 articles after removing duplicates. After a
review of the titles and abstracts, 127 of 146 articles were excluded: 17 review articles, 39 case
articles, 25 editorials or abstracts, and 45 original articles that did not align with the purpose of
our study. Of these, 20 full-text articles were retrieved. After a full-text review, 14 articles were
further excluded: six articles with insufficient data for pseudoprogression, five articles for
the out-of-study topic, two articles with overlapping study data, and one article in a foreign
language. There were two additional articles through the bibliography search of these articles.
Finally, eight articles [16-23] were included for the qualitative and quantitative analysis.

Studies identified through database search (n = 171)
PUBMED (n = 29), EMBASE (n = 142)

Studies after duplicates removed
(n=146)

Excluded Studies (n = 126)
Review Articles (n = 17)
> Case Articles (n = 39)
Editorial Letters or Abstracts (n = 25)
Original Articles (n = 45)

Studies for the full-text review
(n =20)

Included Studies from the bibliographies of the studies
(n=2)

Excluded Studies after the full-text review
(n=14)
Insufficient of Data (n = 6)
Out of Interest (n = 5)
Duplicate of Study Data (n = 2)
Foreign Language (n = 1)

Studies included in Meta-Analysis
(8 articles with 438 patients)

Figure 1. Flow Diagram of the Study Selection.
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3.2. Study Characteristics and Quality Assessment

Table 1 represents the study characteristics of the final eight articles with a total of
438 patients. There were six retrospective studies and two clinical trials. The number of
patients with relapsed or refractory Hodgkin lymphoma, non-Hodgkin lymphoma, and
NK/T cell lymphoma across all studies ranged from 7 to 243. In most studies (n = 7),
patients were treated with single ICIs such as nivolumab, pembrolizumab, or CAR-T cell
therapy. In contrast, patients in Merryman'’s study received a single ICI or a combination
of ICIs (e.g., nivolumab and ipilimumab, or other PD-(L1) combinations). Half of the
studies used Lugano 2014 as response criteria [16-19], and the remaining half used the
five-point Deauville score [20], immune Response Evaluation Criteria in Solid Tumours
(iRECIST) [21], the revised response criteria [22], or International Working Group (IWG)
group [23]. Among the eight included studies, three used Lugano and LYRIC criteria
together [16-18].

According to the result of the ROBINS-I as a nonrandomized quality assessment, there
were five low-risk studies and three moderate-risk studies (Figure 2).

Overall Bias
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Figure 2. Risk of Bias in Nonrandomized Studies of Intervention (ROBINS-I) for Quality Assessment.
(a) Distribution of risk of bias results within each bias domain; (b) description of the domain level
results for each study.
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Table 1. Characteristics of Studies Included in the Meta-Analysis.
Author, Year . . Response Category of No. of Patients with Patients
of Publication Location Study Design Criteria Pseudoprogression Type of Lymphoma Agent Patients Pseudoprogression with IR
Progressive disease followed
Chen et al. : by transient progression in .
2020 [16] France Retrospective ~ Lugano, LYRIC lesions size and metabolism Relapsed or Refractory HL Nivolumab 45 2 16
on LYRIC
Dercle et al s : Progressive disease followed Pembrolizumab or
Lo . France Clinical Trial Lugano, LYRIC by trani)irelr{rY}i{?éression Relapsed or Refractory HL Nivolumab 16 2 7
Hong Kong, . Progressive Disease followed
K;\gir;g etal. Singapore, Retrospective 5-point by CR on 5-point Relapsed or Refractory Pembrolizumab 7 1 N/A
[20] South Korea Deauville Score Deauville Score NK/T-cell Lymphoma
Liput et al. . . Relapsed or Refractory Pembrolizumab or
2020 [21] USA Retrospective iRECIST N/A Classical HL and Non-EL Nivolumab 24 0 N/A
ICIs (Pembrolizumab,
Nivolumab,
th/lleg(})];(;a[?g] USA Retrospective ~ Lugano, LYRIC N/A HL Ipilimumab, 64 0 1
etal. Combination, or
other PD-[L]1)
Wang et al. . . PERCIST, Progressive disease followed Relapsed or
2019 [19] China Retrospective Lugano by PR or CR on PERCIST Refractory Non-HL CAR-T cell Therapy 19 3 N/A
Multicenter, treated beyond initial
Amand gt Norabe Phase II IWG Criteria  progression followed by PRor  cbsed of Refractory Nivolumab 243 36 N/A
orth America Clinical Trial CR on IWG Criteria assica
. Progressive disease followed .
Hur et al. : The revised . . Pembrolizumab or
2020 [23] South Korea Retrospective response criteria by CR on the revised Classical HL Nivolumab 20 2 N/A

response criteria

* IR, Indeterminate Response; LYRIC, the LYmphoma Response to Inmunomodulatory therapy Criteria; HL, Hodgkin Lymphoma; CR, Complete Response; iRECIST, immune Response Evaluation Criteria
in Solid Tumours; PR, Partial Response; ICIs, Immune Checkpoint Inhibitors; PD-1, Programmed cell Death protein 1; PD-L1, Programmed Death Ligand 1; PERCIST, Positron Emission Tomography (PET)

Response Criteria in Solid Tumors; CAR-T, Chimeric Antigen Receptor T cell; IWG, International Working Group; N/A, Not Applicable.
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3.3. Meta-Analysis

The forest plots of incidence of pseudoprogression are presented in Figure 3. The
pooled incidence of pseudoprogression among patients with lymphoma treated with ICIs
was 10.4% (95% confidence interval [CI]: 6.2-16.8%) (Figure 3). The sensitivity analysis
revealed the robustness of recalculated pooled incidence of pseudoprogression after ex-
cluding each study ranging from 8.3% to 13.4%. There was no publication bias in the funnel
plot (Figure 4) and Begg’s test (p = 0.14).

Study Events Total Proportion 95%-Cl Weight
Chen et al. 2020 2 45 —=—— 004 [001;015] 115%
Dercle etal. 2018 2 16 : 012 [0 02 0.38] 10.8%
Kwong et al. 2017 1 7 014 [0.00;058] 6.0%
Liput et al. 2020 0 24— 000 [000;014] 36%
Merryman et al. 2020 0 64— | 0.00 [0.00;006] 37%
Wang etal. 2019 3 19 —F 016 [0.03;040] 141%
Hur et al. 2020 2 20 ——— 010 [0.01;032] 11.0%
Armand et al. 2018 36 243 s 015 [0.11;020] 392%
Random effects model 438 == 0.10 [0.06; 0.17] 100.0%
Heterogeneity: 1% = 29%, 1= 0.1720,p =019 | ' ' ' '
0 01 02 03 04 05

Figure 3. Forest plots to show the pooled incidence of pseudoprogression.
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Figure 4. Funnel plots for visual appraisal of the literature bias.

The first subgroup analysis revealed that three studies evaluated the IR according to
LYRIC. The pooled incidence of pseudoprogression among patients with an IR was 19.1%
(95% CI: 7.7-40.1%) (Figure 5). Seven studies using only ICIs were analyzed for the second
subgroup analysis, which showed that the pooled incidence rate of pseudoprogression was
9.0% (95% CI: 4.7-16.3%) (Figure 6) [16-18,20-23].

95%-Cl

Study Events Total

Chen et al. 2020 2 18 — B

Dercle et al. 2018 2 7

Merryman et al. 2020 0 1

Random effects model 24 {:?—

Heterogeneity: 1>= 0%, 2= 0,p =064 | ' ' ' |
0 02 04 06

Figure 5. Forest plots show the pooled incidence of pseudoprogression among patients with an

indeterminate response.

0.8

Proportion

0.12 [0.02;0.38]
0.29 [0.04;0.71]
0.00 [0.00;0.98]

Weight

49.2%
40.2%
10.6%

0.19 [0.08; 0.40] 100.0%
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Study Events Total Proportion 95%-Cl Weight
Chen et al. 2020 2 45 004 [001;015] 150%
Dercle et al. 2018 2 16 — 012 [0.02;0.38] 141%
Kwong et al. 2017 1 7 014 [0.00;058] 84%
Liput et al. 2020 0 24— 0.00 [0.00;014] 52%
Merryman et al. 2020 0 64 0.00 [0.00;0.068] 53%
Hur et al. 2020 2 20 —pF———— 0.10 [0.01;0.32] 14.4%
Armand et al. 2018 36 243 i 0.15 [0.11;020] 376%
Random effects model 419 <} 0.09 [0.05; 0.16] 100.0%

Heterogeneity: /°=39% t°=02012,p=0h4 T T T T 1
0 01 02 03 04 05

Figure 6. Forest plots show the pooled incidence of pseudoprogression among patients treated with
only IClIs.

4. Discussion

Our systematic review demonstrated that the incidence of pseudoprogression was
10.4% (95% CI: 6.2-16.8%) among all patients receiving ICls for lymphoma. The subgroup
analysis showed that 19.1% (95% CI: 7.7-40.1%) showed pseudoprogression among patients
with an IR according to lyric LYRIC.

The 10.4% incidence of pseudoprogression in patients with lymphoma treated with
ICIs was somewhat higher than that of patients with solid tumors. A recent meta-analysis
reported that the incidence of pseudoprogression in solid tumors was 6.0% (95% CI:
5.0-7.0) [6], which may be attributable to the characteristics of lymphoid malignancies
and immunotherapy. Indeed, it has been reported that the immunomodulatory agents
used before the era of ICIs, particularly lenalidomide, may cause “tumor flare” in a large
proportion of patients (up to 15%) with chronic lymphocytic leukemia small lymphocytic
lymphoma, which may be related with an immune reaction between immune cells such as
natural killer cells and malignant lymphoid cells [7]. However, the exact mechanism of
pseudoprogression in lymphoma treated with ICIs has not been well explored.

Our study results demonstrate that 19.1% of patients with IR showed pseudoprogres-
sion and delayed response. Our study favors adopting the LYRIC in addition to the Lugano
criteria for tumor response assessment in patients with lymphoma treated with ICIs. The
Lugano criteria have been widely used for response assessment of lymphoma. However,
the concept of pseudoprogression is not reflected in the Lugano criteria. Thus, the LYRIC
criteria have been issued to reflect pseudoprogression in lymphoma patients treated with
immunotherapy by using the IR category. However, the LYRIC criteria have suffered from
a lack of validation due to insufficient evidence. Our meta-analysis results can provide
systematic evidence for the incidence of pseudoprogression among all lymphoma patients
as well as among patients with IR category.

The strict application of the Lugano criteria alone could result in the incorrect assign-
ment of progressive disease (PD), leading to early cessation of therapy before ICI clinical
benefit can be achieved. The LYRIC criteria proposed the IR category, which allows ICI
treatment to be continued in patients with PD according to the Lugano criteria, so-called
“treatment beyond progression.” The LYRIC mandated a subsequent imaging assessment
for patients with IR within 12 weeks to confirm or refute PD [7]. So far, LYRIC has not
commonly been used in clinical practice and clinical trials for lymphoma treated with
ICIs. Indeed, only three out of eight studies have adopted LYRIC for their tumor response
assessment in our systematic review. We hope that our results can support the adoption of
LYRIC in patients with lymphoma treated with ICIs.

The potential drawbacks of LYRIC include the complexity of the rules and the rela-
tively long interval (12 weeks) between initial and subsequent imaging assessment. There
are three categories in IR, i.e., IR(1), IR(2), and IR(3), with complex definitions [3,7]. Even in
our imaging core lab (Asan Image Metrics, www.aim-aicro.com), dedicated central readers
and image analysts for lymphoma response criteria had difficulty following the LYRIC
guidelines. Medical oncologists usually do not want to spend much time following LYRIC.
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We hope that a more simplified version of LYRIC will be developed to increase the accessi-
bility of the pseudoprogression concept to healthcare providers for patient management,
gain insights into the pseudoprogression phenomenon, and prevent early cessation of ICIs
for potential responders.

There are several limitations to this study. First, we used a small sample size. However,
our study is, to the best of our knowledge, the first systematic review based on all available
literature at the time of writing and is timely. Second, most included studies were retrospec-
tive in nature, warranting further large-scale studies or additional accumulated evidence.
Third, it was difficult to perform proper subgroup analysis for the pseudoprogression rate
according to lymphoma subtypes due to insufficient data from included literature.

5. Conclusions

In conclusion, a significant proportion (10.4%) of patients with lymphoma treated with
ICIs showed pseudoprogression, and almost all included studies have presented evidence
to support the pseudoprogression phenomenon. Our systematic review results strongly
favor using immune-related response criteria such as LYRIC for patients with lymphoma
treated with ICIs.
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