Immune Netw. 2020 Feb;20(1):e8
https://doi.org/10.4110/in.2020.20.€8
pISSN 1598-2629-eISSN 2092-6685

Review Article

‘ '.) Check for updates ‘

Received: Jan 6, 2020
Revised: Jan 29, 2020
Accepted: Jan 30, 2020

*Correspondence to

Eui-Cheol Shin

Graduate School of Medical Science and
Engineering, Korea Advanced Institute of
Science and Technology (KAIST), 291 Daehak-
ro, Yuseong-gu, Daejeon 34141, Korea.

E-mail: ecshin@kaist.ac.kr

These authors contributed equally to this
work.

Copyright © 2020. The Korean Association of
Immunologists

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Kyung Hwan Kim
https://orcid.org/0000-0002-6713-1350
Chang Gon Kim
https://orcid.org/0000-0002-4929-8501
Eui-Cheol Shin
https://orcid.org/0000-0002-6308-9503

Conflict of Interest
The authors declare no potential conflicts of
interest.

Abbreviations
CCRT7, C-C chemokine receptor type 7; ICI,
immune checkpoint inhibitor; irAE, immune-

IMMUN=
N=TWORK

Peripheral Blood Immune Cell-based
Biomarkers in Anti-PD-1/PD-L1
Therapy

Kyung Hwan Kim ®®*, Chang Gon Kim ®®*, Eui-Cheol Shin

Graduate School of Medical Science and Engineering, Korea Advanced Institute of Science and Technology
(KAIST), Daejeon 34141, Korea

ABSTRACT

Immune checkpoint blockade targeting PD-1 and PD-L1 has resulted in unprecedented
clinical benefit for cancer patients. Anti-PD-1/PD-L1 therapy has become the standard
treatment for diverse cancer types as monotherapy or in combination with other anti-
cancer therapies, and its indications are expanding. However, many patients do not benefit
from anti-PD-1/PD-L1 therapy due to primary and/or acquired resistance, which is a major
obstacle to broadening the clinical applicability of anti-PD-1/PD-L1 therapy. In addition,
hyperprogressive disease, an acceleration of tumor growth following anti-PD-1/PD-L1
therapy, has been proposed as a new response pattern associated with deleterious prognosis.
Anti-PD-1/PD-L1 therapy can also cause a unique pattern of adverse events termed immune-
related adverse events, sometimes leading to treatment discontinuation and fatal outcomes.
Investigations have been carried out to predict and monitor treatment outcomes using
peripheral blood as an alternative to tissue biopsy. This review summarizes recent studies
utilizing peripheral blood immune cells to predict various outcomes in cancer patients
treated with anti-PD-1/PD-L1 therapy.

Blood; Biomarkers; PD-1 receptor; Programmed cell death 1 ligand 1; Prognosis;
Adverse drug event

INTRODUCTION

Immune checkpoint blockade has recently emerged as a valuable treatment option for
many types of cancer. Immune checkpoint blockade leads to the restoration of the anti-
tumor effector functions of exhausted T cells (1,2). T-cell exhaustion was first discovered in
chronic viral infection (3,4) and later demonstrated to be a universal phenomenon in cancer,
with exhausted T cells playing a central role in shaping the immune microenvironment

in cancer (5). Exhausted T cells are a transcriptionally and epigenetically distinct cell
population developed by persistent antigenic stimulation in the case of a failure in Ag
clearance (1). Exhausted T cells are characterized by a progressive loss of effector functions,
diminished memory recall response, and blunted homeostatic self-renewal (6). Exhausted
T-cell subsets usually co-express multiple inhibitory receptors to restrain their expansion
capacity and effector molecule production (7). Immune checkpoint blockade was developed
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to reinvigorate exhausted T cells. Mechanistically, immune checkpoint blockade aims

to block the interaction of inhibitory receptors expressed on exhausted T cells and their
ligands expressed on various cell types, including tumor cells and other immune cells

(2). Immune checkpoint inhibitors (ICIs), such as anti-PD-1 and anti-CTLA-4 Abs, have
received approval by the Food and Drug Administration as a standard treatment for various
malignancies, including malignant melanoma, non-small-cell lung cancer (NSCLC),
urothelial carcinoma, renal cell carcinoma, squamous head and neck carcinoma, Hodgkin
lymphoma, and hepatocellular carcinoma (8,9). Immunotherapy with immune checkpoint
blockade has revolutionized cancer treatment, with an increase in overall survival and durable
responses lasting for years (10). However, a large group of patients do not benefit from
immune checkpoint blockade by primary and/or acquired resistance (11), and treatment
with ICIs is sometimes related to immune-related adverse events (irAEs) that may lead

to serious morbidity and mortality (12,13). Emerging evidence suggests that immune
checkpoint blockade is associated with paradoxical acceleration of tumor growth, termed
hyperprogressive disease, resulting in dismal outcomes (14).

The mechanisms underlying the response and resistance to immune checkpoint blockade
are complex and poorly understood (11,15). Furthermore, irAEs and hyperprogressive
disease are unique outcomes provoked by immune checkpoint blockade that have not been
experienced with conventional cancer treatment and require active investigation. The only
predictive biomarker currently used routinely in clinics is the expression of PD-L1 in tumor
tissues as assessed by immunohistochemistry (16). Despite wide use of PD-L1 as a biomarker,
it has limitations for technical and biological issues (17-19). Other tissue-based biomarkers,
including tumor mutational burden and gene expression profile, have comparable predictive
power as PD-L1 (20,21). Recently, B cells and presence of tertiary lymphoid structures in
tumor tissue have also been suggested as predictors of response to immune checkpoint
blockade (22-24).Although information obtained from tumor tissues may better reflect its
biology, biopsies are invasive, sometimes inaccessible, and may not represent the whole
tumor due to intra-tumoral heterogeneity (25). In addition, considering the dynamic
response of the immune system following immune checkpoint blockade (26), serial biopsies
to monitor the early response to treatment will have great value, but repetitive tissue biopsies
are not applicable in most cases.

In this regard, peripheral blood is a less invasive, safe, and convenient alternative for
repetitive sampling. Furthermore, peripheral blood can provide a systematic view of host
immune responses, as different components, such as cell-free DNA, circulating tumor cells,
cytokines, Abs, and immune cells, can be analyzed in the blood. In this review, we focus

on the relevant studies investigating peripheral blood immune cell biomarkers that predict
treatment responses, hyperprogressive disease, and irAEs.

PERIPHERAL BLOOD T CELLS AND TREATMENT
RESPONSES

PD-1 blockade can induce the proliferation of tumor-infiltrating CD8" T cells, which is
associated with a radiographic tumor response (27). Although non-tumor-specific bystander
CD8' T cells have been reported to reside in the tumor microenvironment (28), the CD8" T
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cells responding to PD-1 blockade are thought to be tumor-specific (29). Tumor-specific CD8"
T cells can also be detected in the peripheral blood and are characterized by PD-1 expression
(30,31). Gros etal. (30) clearly showed that neoantigen-specific CD8" T cells that exist in the
tumors of melanoma patients are found in the PD-1* circulating CD8" T-cell population but
not in the PD-I" fractions, implying that peripheral blood PD-1'CD8" T cells could be utilized
to monitor the dynamic changes in tumor-specific CD8" T cells. They extended their findings
to patients with gastrointestinal cancer, demonstrating that neoantigen-reactive CD8" and
CD4' T cells are only identified in the PD-1* population and not in the PD-1" fractions (31).

Considering that tumor-specific T cells can be detected in the peripheral blood, T-cell
responses in the tumor microenvironment following anti-PD-1/PD-L1 therapy may also be
reflected by circulating T cells. The proliferation of peripheral blood PD-1"CD8" T cells after
anti-PD-1/PD-L1 therapies has been demonstrated in multiple studies (32-35). In contrast,
CD8" T cells specific to non-tumor related Ags, such as human cytomegalovirus and Epstein-
Barr virus, do not have an increased frequency of Ki-67* cells after anti-PD-1 therapy, implying
a tumor-specificity of the proliferative response in PD-1'CD8" T cells (32,33). Moreover, Huang
et al. (34) investigated the clonal overlap between tumor-infiltrating and peripheral blood
CD8' T cells in anti-PD-I-treated patients. Across 6 patients, top-ranked CD8" T-cell clones in
peripheral blood were also present in the tumor and were all CD38"HLA-DR" and mostly Ki-67*
(34). These data imply that the proliferative response in PD-1'CD8* T cells following anti-PD-1
therapy is more likely a tumor-specific rather than a non-specific response.

As anti-PD-1/PD-L1 Abs are administered every 2 or 3 wk, the proliferative responses,
measured by the frequency of Ki-67" cells, were followed at each point of drug administration.
The frequency of Ki-67* cells among PD-1"*CD8" T cells was highest at the first follow-up
evaluation, 2 or 3 wk after initiating the treatment, and gradually decreased throughout the
treatment course, despite continuous administration of anti-PD-1/PD-L1 agents (33,34). Kim
et al. (32) found that the frequency of Ki-67* cells among PD-1"*CD8" T cells peaked 1 wk after
initiating anti-PD-1 treatment and decreased thereafter. This was once again demonstrated

in a neoadjuvant trial of anti-PD-1 therapy in melanoma patients, showing a peak of Ki-67*
cells at wk 1 and a decrease at wk 3 (35). In this study, the frequency of Ki-67" cells among PD-
1'CD8" T cells had a single peak at wk 1, despite continuous anti-PD-1 treatment (35).

Considering the mode-of-action of anti-PD-1/PD-L1 therapy, sufficient reinvigoration of
PD-1"CD8" T cells after PD-1 blockade may be assumed to be an important determinant of
the clinical tumor response. Tumeh et al. (27) demonstrated an increase in the number of
tumor-infiltrating CD8" T cells in responders, but not in progressors, following anti-PD-1
therapy using serial biopsies from melanoma patients. As serial biopsies are not applicable
in most patients with solid tumors, the predictive value of the proliferative response of
peripheral blood PD-1*CD8* T cells has been evaluated (32,34). Huang et al. (34) applied the
frequency of Ki-67" cells among PD-1"'CD8" T cells 3 wk post anti-PD-1 treatment and baseline
tumor burden to predict treatment outcomes. They found that a higher Ki-67 to tumor
burden ratio significantly predicts a better objective response and survival in the test cohort
but had borderline significance in the validation cohort. Another study performed by Kim et
al. (32) utilized the ratio of the frequency of Ki-67* cells among PD-1"CD8" T cells 1 wk after
the first dose of anti-PD-1 treatment to the frequency at baseline (Ki-67p7n0). They utilized

a total of 3 cohorts, including one cohort of patients with thymic epithelial tumor (TET)

and 2 independent cohorts of patients with NSCLC, and tested the utility of Ki-67y, as a
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biomarker for predicting long-term treatment outcome. Ki-67p;, predicted the long-term
tumor response and survival in both the test and validation cohorts. Furthermore, Ki-67;
po €xhibited an independent predictive value regardless of other clinicopathological factors
of the patients, and a better predictive value than tumor PD-L1 levels (32). Although an ideal
biomarker would be reliable in predicting both responders and non-responders, it should at
least indicate who will certainly not respond. In this regard, Ki-67y; exhibited a fairly high
negative predictive value of 85%-94% depending on the study cohort.

CD4' T cells also respond to PD-1 blockade. The frequency of Ki-67* cells among FoxP3~ and
FoxP3"CD4" T cells has been shown to significantly increase 3 wk after anti-PD-1 treatment
(34). Similar to PD-1'CD8" T cells, the proliferative response in CD4" T cells peaked at

wk 3. However, the CD4" T-cell responses did not significantly correlate with clinical
outcome. Zappasodi et al. (36) defined FoxP3"PD-1"CD4* T cells (4PD1"), which accumulate
intratumorally as a function of tumor burden. They found that 4PD1" cells inhibit T-cell
functions in a PD-1/PD-L1-dependent fashion, and that the frequency decreases after anti-
PD-1 treatment. However, those who lacked an effective reduction in 4PD1" cells experienced
poor prognosis. In addition, a higher 3-wk post-treatment frequency of 4PD1" cells was
predictive of poor survival (36). Another study has also demonstrated that an increased
frequency of T cell Ig and mucin-domain containing-3* cells among CD4" and CD8" T cells
can predict non-responders to anti-PD-1 therapy (37). However, the sample size in the study
was small and post-treatment samples were collected 12 wk after treatment, which weakens
the value of this marker.

Hopkins et al. (38) investigated the TCR repertoires in PBMCs from patients with pancreatic
cancer treated with nivolumab and cancer vaccine. They found that low baseline clonality
was associated with superior survival after the treatment, though the number of expanded
clones after treatment was not associated with survival. However, this study analyzed a
small cohort with little difference in survival between patients with low and high baseline
clonality and lacked further independent validation (38). Moreover, evaluation of the TCR
repertoire in PBMCs mostly evaluates T-cell clones that are unrelated to the tumor. More
recently, Han et al. (39) analyzed the TCR repertoire in PD-1'CD8" T cells from anti-PD-1/
PD-Ll-treated NSCLC patients. Higher baseline diversity in PD-1'CD8" T cells and increased
clonality after treatment were associated with superior survival. Furthermore, patients with
pseudoprogression exhibited an expansion of certain TCR clones that was not observed in
true progressors. The strength of this study is that the TCR repertoire was investigated in PD-
1'CD8" T cells rather than total T cells, and that they performed independent validation (39).

Compared to the ‘dynamic’ blood-based biomarkers discussed above, baseline or ‘static’
biomarkers can have a benefit because they may predict clinical outcome before the initiation
of treatment. However, therapeutic responses to ICIs are complicated and involve multiple
immunological processes (40,41). In addition, the therapeutic response to ICIs has been
suggested to be a critical state transition process of a complex system, which is difficult to
predict far in advance (20). Despite such limitations of baseline biomarkers, they still have
advantages, and several studies have investigated the role of baseline T-cell biomarkers in
predicting the clinical outcome of anti-PD-1/PD-L1 therapy.
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Zuazo et al. (42) claimed that NSCLC patients with dysfunctional systemic CD4 immunity
poorly respond to anti-PD-1/PD-L1 therapy. They focused on highly differentiated (CD27
CD287) CD4* T cells and found that a higher frequency of these cells among CD4* T cells
is associated with superior clinical outcome. Mechanistically, CD4* and CD8' T cells in
patients with a higher frequency of CD27 CD28 CD4" T cells exhibit a significantly higher
proliferative response to PD-1 blockade in vitro and ex vivo. Another study that performed
cytometry by time of flight of PBMCs obtained from melanoma patients demonstrated that
non-responders have a higher frequency of effector memory (CD45RO*CD62L") CD4" T
cells and naive (CD45RO"CDG62L*) CD8' T cells, and a lower frequency of central memory
(CD45RO*CDG62L*) CD8" T cells (43). However, these studies lack validation and further
investigation is required to confirm the predictive value of these suggested biomarkers.

The predictive value of the baseline and post-treatment frequency of proliferating Ki-67" cells
among Treg cells was evaluated but was not significantly associated with clinical outcome
(34). Furthermore, the frequency of Treg cells among CD4* T cells was not significantly
different among responders and non-responders (43). However, this study defined Treg cells
as CD127 CD25" cells without FoxP3 staining (43). In contrast, Kim et al. (44) found that

the baseline number of Treg cells is significantly higher in responders. They also measured
the frequency of Lox-1' polymorphonuclear myeloid derived suppressor cells (PMN-MDSCs)
and found that the ratio of Treg and PMN-MDSC frequency significantly predicted survival
after nivolumab treatment in both the discovery and validation cohorts. We summarized the
relevant peripheral blood T-cell-based biomarkers that predict treatment outcome in Table 1.

HYPERPROGRESSIVE DISEASE

Hyperprogressive disease is a paradoxical acceleration of tumor growth kinetics after
treatment with ICIs, such as anti-PD-1/PD-L1 and anti-CTLA-4 Abs, that leads to rapid
clinical deterioration (14). In particular, the initial inferior outcomes of PD-1/PD-L1 blockade
compared to standard chemotherapy, resulting in a crossover of the survival curves after

a period of time, have been observed in several prospective studies (45-48). In addition,
treatment with anti-PD-1/PD-L1 Abs is associated with higher chances of the occurrence of
hyperprogressive disease compared to treatment with chemotherapy (49). These findings
imply that hyperprogressive disease is a distinct phenomenon from simple progression and
may involve immunological processes.

Following the introduction of ICIs, several groups reported retrospective data and clinical
cases of hyperprogressive disease induced by anti-PD-1/PD-L1 Abs. The incidence of
hyperprogressive disease is variable across tumor types, ranging from 8%-29% of treated
patients. In particular, a considerable number of patients with head and neck squamous
cell carcinoma (29%) and NSCLC (10%-20%) develop hyperprogressive disease after PD-1/
PD-L1 blockade. Currently, no consensus has been reached on the optimal definition

of hyperprogressive disease. Champiat et al. (50) defined hyperprogressive disease as a
progressive disease with an at least 2-fold increase in the tumor growth rate, which is based
on the sum of the estimated volume of target lesions, during anti-PD-1/PD-L1 therapy
compared to the pre-anti-PD-1/PD-L1 treatment period. Sadda-Bouzid et al. (51) described
hyperprogressive disease as an at least 2-fold increase in tumor growth kinetics, which

is based on the sum of the longest diameters of target lesions, during anti-PD-1/PD-L1
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Table 1. Summary of relevant biomarker studies predicting treatment response and prognosis

Biomarker Cancer type No. of patients Main results Reference
(%Ki-67" cells/PD-1"CD8" T cells Melanoma Discovery cohort: 23 Higher Ki67/TB significantly associated with superior ORR Huang et al. (34)
3-wk post-treatment)/baseline (p=0.03) and PFS (p=0.004).
tumor burden (Ki67/TB) Validation cohort: 18 Higher Ki67/TB associated with superior ORR (p=0.14) and PFS

(p=0.06).
(%Ki-67" cells/PD-1"CD8" T cells TET Discovery cohort: 31 Higher Ki-67y0, significantly associated with durable clinical Kim et al. (32)
1-wk post-treatment)/(%Ki- benefit (PR, or SD for 6 months or longer; p<0.001) and PFS
67" cells/PD-1"CD8" T cells at (p=0.027)
baseline) (Ki-67u700) NSCLC Discovery cohort: 33 Higher Ki-67y0, significantly associated with durable clinical

benefit (PR, or SD for 6 months or longer; p<0.01), PFS

(p=0.004), and 0S (p=0.001)

Validation cohort: 46 Higher Ki-67y;, significantly associated with durable clinical

benefit (PR, or SD for 6 months or longer; p<0.01), PFS

(p=0.002), and OS (p=0.037)
%FoxP3-PD-1"CD4" T cells/ Melanoma 52 Higher frequency of 4PD1" 3-wks post treatment (p=0.0005) and  Zappasodi et al.
CD4" T cells (4PD1") 3-wk post- fold change of 4PD1" (p=0.046) associated with poorer OS. (36)
treatment
Fold change of 4PD1"
TCR diversity of PD-1°CD8* T cells NSCLC Discovery cohort: 25 Higher baseline diversity in PD-1"CD8* T cells (p=0.021) and Han et al. (39)
at baseline and post-treatment validation cohort: 15 increased clonality after treatment (p=0.002) associated with

superior PFS.
%CD27 CD28" cells/CD4" T cells NSCLC 51 Higher frequency of CD27 CD28 CD4" T cells associated superior ~ Zuazo et al. (42)
at baseline PFS (p=0.001).
Ratio of the frequency of NSCLC Discovery cohort: 34 Higher ratio of the frequency of Treg cells and PMN-MDSCs Kim et al. (44)
Treg cells and PMN-MDSCs at associated with superior PFS (p=0.0079).
baseline validation cohort: 29 Higher ratio of the frequency of Treg cells and PMN-MDSCs

associated with superior PFS (p=0.0017).
%€Effector/memory (CCR7- NSCLC 263 (flow cytometry Lower frequency of effector/memory CD8" T cells with Kim et al. (53)

CD45RA") cells/CD8" T cells at
baseline

%TIGIT* cells/PD-1°CD8" T cells
at baseline

analysis in 144) development of hyperprogressive disease (p<0.001) and poor
PFS (p<0.001) and 0S (p<0.007).

Higher frequency of TIGIT* cells among PD-1'CD8" T cells in
peripheral blood at baseline significantly associated with
development of hyperprogressive disease (p<0.001) and poor

PFS (p<0.001) and OS (p=0.01).

NSCLC, non-small-cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease;
TET, thymic epithelial tumor; CCR7, C-C chemokine receptor type 7.

therapy compared to the pre-anti-PD-1/PD-L1 treatment period. Ferrara et al. (49) defined
hyperprogressive disease as a >50% difference in tumor growth rate during treatment and
before treatment. In addition to the definitions based on tumor growth dynamics, Kato
etal. (52) defined hyperprogressive disease as time-to-treatment failure <2 months and
>50% increase in tumor burden compared to baseline. Kim et al. (53) comprehensively
compared different definitions of hyperprogression and concluded that definitions based on
both tumor growth ratio and tumor growth kinetics can be used more universally than the
definitions based on time-to-treatment failure.

The prognosis of patients who experience hyperprogressive disease has consistently been
reported to be very poor (49,53). Therefore, there is an urgent need for biomarkers to

predict hyperprogressive disease. Currently, no reliable factors are available for predicting
the occurrence of hyperprogressive disease, but some groups have observed an association
with parameters obtained in routine clinical practice. Champiat et al. (50) suggested an
association with old age, and Ferrara et al. (49) reported that a higher number of metastatic
sites (>2) is associated with hyperprogressive disease. Furthermore, Kim et al. (53) suggested
that an elevated neutrophil-to-lymphocyte ratio (>4) and lactate dehydrogenase level (greater
than the upper limit of normal) are associated with hyperprogressive disease. In addition,

https://doi.org/10.4110/in.2020.20.€8 6/15


https://immunenetwork.org

IMmMmMuUN=
Peripheral blood biomarkers in anti-PD1/PDL1 therapy n ETWO R I(

some groups have reported genomic alterations associated with hyperprogressive disease.
Kato et al. (52) suggested that genomic alterations in EGFR and MDM2/MDM4 correlate with
hyperprogressive disease, and Kim et al. (54) reported that STK11 mutation is frequently
observed in patients with hyperprogressive disease.

However, blood-based biomarkers have not been clearly identified. Recently, Kim et al. (53)
demonstrated that a lower frequency of effector/memory (C-C chemokine receptor type 7
[CCR7]"CD45RA") cells among CD8* T cells and a higher frequency of TIGIT" cells among
PD-1"CD8" T cells in the peripheral blood at baseline are associated with the development of
hyperprogressive disease and poor survival in NSCLC patients (Table 1). Mechanistically, they
found that CCR7 CD45RA" and TIGIT*PD1" CD8" T cells are prone to activation-induced cell
death upon anti-PD-1 treatment, suggesting that hyperprogressive disease may be caused by a
depletion of certain subsets of CD8" T cells following anti-PD-1 treatment.

In another study, the proliferative response of PD-1* effector Treg (FoxP3"CD45RA-CD4* T)
cells was shown to promote hyperprogressive disease (55). Effector Treg cells are a highly
suppressive subset of Treg cells (56). They found an increase in the frequency of Ki-67* cells
among tumor-infiltrating effector Treg cells in patients with hyperprogressive disease, but

a decrease in patients without hyperprogressive disease. PD-1 blockade also enhanced the
suppressive function of effector Treg cells in vitro. In mice, genetic ablation or blockade of
PD-1in Treg cells increased their proliferation and the suppression of anti-tumor immune
responses. However, they did not present data on the change in peripheral blood effector
Treg cells following PD-1 blockade. In addition, the frequency of effector Treg cells in the
peripheral blood was similar between patients with or without hyperprogressive disease. One
limitation of this study was that they compared patients with hyperprogressive disease and
patients without hyperprogressive disease, rather than patients with progressive disease but
not hyperprogressive disease.

Until now, the number of studies on hyperprogressive disease has been limited due to the
complexity in its definition and requirements for routine imaging evaluations. Current
studies are also limited due to their retrospective nature. Prospectively designed studies are
needed in the future to properly predict the patients who will experience hyperprogressive
disease after anti-PD-1/PD-L1 therapy.

PERIPHERAL BLOOD-BASED PREDICTION OF IRAES

IrAEs are common toxicities observed in patients treated with ICIs (57,58). They mostly
present as autoimmune symptoms and commonly involve the skin, lung, colon, liver, and
endocrine organs, and rarely the heart, kidney, and nervous system (57). Many possible
mechanisms have been suggested for irAEs after anti-PD-1/PD-L1 therapy, including
increased activity of self-reactive T cells and B cells, increased levels of pre-existing
autoantibodies, and increased levels of inflammatory cytokines (57,58). However, the
underlying pathophysiology of irAEs has not been fully elucidated. As the presentation

of irAEs resembles symptoms of autoimmune disorders, immune cells involved in the
pathophysiology of autoimmune diseases may also serve critical roles in irAEs, including Treg
cells, Th17 cells, CD8" T cells, and B cells (59-62).
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A recent study investigated the baseline and early changes in Treg cells, Th17 cells, TNF-
secreting T cells, and CD8" T cells among PBMCs obtained at baseline and wk 1 after
initiating anti-PD-1 therapy in TET and NSCLC patients (63). They found that the fold change
in effector Treg cells post-treatment, the pre-treatment Th17 to Th1 ratio, post-treatment
frequency of Ki-67* cells among PD-1"CD8" T cells, and post-treatment TNF-o" cells among
CD4" or CD8' T cells are associated with the development of irAEs. Interestingly, in clustering
analysis, they found that patients with irAEs can be distinguished into 4 subtypes according
to the T-cell parameters. The first subtype had a high frequency of post-treatment TNF-o*
cells among CD4* or CD8* T cells. The role of TNF-a in autoimmunity is well-described, and
TNF-a blockers are currently used to treat autoimmune disorders (64). Moreover, infliximab
is recommended for the management of severe irAEs in patients who do not respond to
corticosteroids (65). The second subtype had a high pre-treatment Th17 to Th1 ratio (63).
Th17 cells secrete cytokines, including IL-17A, IL-17F, and IL-22; play protective roles against
infection; and are involved in tissue inflammation in autoimmune disease (66). Interestingly,
IL-17A blockade can successfully treat irAEs induced by anti-PD-1 therapy (67,68). The third
and fourth subtypes involve a high post-treatment frequency of Ki-67* cells among PD-1"CD8"
T cells, accompanied by either a high increase in effector Treg cells post-treatment or no
increase in effector Treg cells (63). The authors referred to the third and fourth subtypes as
Treg-compensated and Treg-uncompensated, respectively. Notably, the Treg-compensated
subtype exhibited no severe (grade >3) irAEs, whereas the Treg-uncompensated subtype
mostly consisted of severe irAEs. Abundant CD8* T-cell infiltration of affected organs has
been reported in patients with irAEs (69,70). This implies a central role of CD8" T cells in

the pathogenesis of certain types of irAEs, and a sufficient increase in effector Treg cells

may compensate for the activity of pathogenic CD8" T cells. The authors also investigated

the predictive value of T-cell parameters used for clustering analysis. Each T-cell parameter
significantly predicted the corresponding subtype of irAEs (63). For example, the frequency
of post-treatment TNF-a" cells among CD4" T cells significantly predicted the first subtype,
and the Th17 to Th1 ratio significantly predicted the second subtype. Overall, this study
provides insight into the immunological heterogeneity underlying irAEs and suggests clinical
implications of early evaluation of the immunological responses for predicting irAEs.

The role of memory cytotoxic (CD45RO*GzmB*Ki-67") CD4" T cells in irAEs has also been
reported recently (71). In a fatal case of encephalitis in a patient with melanoma induced after
anti-PD-1 treatment, the authors found perivascular lymphocytic infiltrate in the brain tissue
with abundant CD4" and CD8" T cells (71). They spatially profiled the gene expression across
several regions of interest, revealing an increase in CD45RO, GzmB, and Ki-67 in CD4" T cells.
Furthermore, TCR sequencing revealed high clonality of CD4* T cells, including a single clone
comprising 19.6% of all infiltrating CD4" T cells. Bioinformatics analysis revealed that the
expanded TCR clones in the inflamed brain were EBV-specific. They also found evidence of
EBV infection in the brain lesions, suggesting an interplay between viral infection and irAEs.

Early B-cell changes have also been suggested to predict irAEs following combined anti-
PD-1 and anti-CTLA-4 therapy (72). Changes in peripheral blood B cells detectable after the
first cycle of therapy are characterized by a decrease in B cells and an increase in CD21° B
cells and plasmablasts. The early B-cell changes are more prominent in patients with severe
irAEs, and patients with B-cell changes have a greater risk of irAEs than those without B-cell
changes. Another study demonstrated an association between B-cell lymphopenia and

the development of myositis in patients with thymoma treated with anti-PD-L1 Abs (73).
Although the mechanisms underlying such B-cell changes are unknown, it is interesting that
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the decline in circulating B cells and specific increase in circulating CD21° B cells has been
documented in humans with germline CTLA-4 deficiency (74).

Peripheral blood Ab profiles and cytokine levels have also been studied in patients with irAEs.
Pre-existing auto-Abs significantly correlate with the development of irAEs of any grade in
NSCLC patients (75). Osorio et al. (76) demonstrated that the presence of anti-thyroid Abs

at baseline or during anti-PD-1 treatment is significantly associated with thyroid dysfunction
after treatment in NSCLC patients. Lim et al. (77) proposed a cytokine expression-based
score to predict the development of irAEs following immune checkpoint blockade. They
evaluated the expression of 65 cytokines in 98 patients with melanoma treated with anti-PD-1
therapy alone or in combination with anti-CTLA-4, and in an independent validation cohort
of 49 patients treated with combination anti-PD-1 and anti-CTLA-4 therapy. Eleven cytokines
(G-CSF, GM-CSF, fractalkine, fibroblast growth factor-2, IFN-02, IL12p70, IL-1a, IL-1B,
IL1Ra, IL-2, and IL-13) were significantly elevated at baseline in patients with severe irAEs
and were integrated into a single score. The predictive power of this score was moderate,
with an area under the curve value of 0.68 (77). We summarized the peripheral blood-based
biomarkers that can predict irAEs in Table 2.

CONCLUSION AND FUTURE PERSPECTIVES

The use of peripheral blood in the discovery of potent biomarkers is actively being performed
in the era of immune-oncology due to its safe and less invasive nature of acquisition. In
addition, recent evidence indicates that tumor-specific immune responses can be detected in
circulating adaptive immune cells. As blood sampling can easily be repeated multiple times
over the course of treatment, it can facilitate on-treatment monitoring of the anti-tumor
immune response following anti-PD-1/PD-L1 therapy. Considering the mode-of-action of
anti-PD-1/PD-L1 treatment, monitoring the responses of the main target cells, PD-1'CD8*
and CD4" T cells, can be a promising approach for predicting treatment outcomes. The

Table 2. Summary of relevant biomarker studies predicting irAEs

Biomarker Cancer type  No. of patients Main results Reference

Fold change of effector Treg cells 1-wk post-treatment ~ TET 31 Patients with irAEs can be distinguished into 4 distinct  Kim et al. (63)

Th17 to Th1 ratio at baseline NSCLC 60 subtypes according to the T-cell parameters and each

%Ki-67-/PD-1'CD8" T cells -wk post-treatment T-cell parameter predicts the corresponding subtype

%TNF-a'/CD4" or CD8" T cells 1-wk post-treatment of irAEs

Memory cytotoxic (CD45RO*GzmB*Ki-67") CD4' T cells ~ Melanoma 3 Activated memory CD4" T cells were highly enriched in  Johnson et al.
inflammed, affected region of cases with encephalitis.  (68)

Early B cell changes (decline in B cells, increase in Melanoma 23 Decline in B cells but an increase in CD21° B cells more Das et al. (72)

CD21° B cells) prominent in patients with severe irAEs that received

Cytokine expression-based score

Auto-Abs (rheumatoid factor, antinuclear Ab,
antithyroglobulin, and antithyroid peroxidase)
Anti-thyroid Abs (anti-microsomal and anti-
thyroglobulin)

combined anti-PD-1and anti-CTLA-4
Melanoma Discovery cohort: 98 Eleven cytokines were integrated into a single score Lim et al. (77)
(CYTOX) and it significantly predicted development of
severe irAEs in patients treated with combined anti-
PD-1and anti-CTLA-4.
Validation cohort: 49 CYTOX score significantly predicted development of
severe irAEs.

NSCLC 137 Preexisting rheumatoid factor or auto-Abs significantly Toi et al. (75)
correlates with development of any grade irAEs

NSCLC 51 Presence of anti-thyroid Abs either at baseline Osorio et al.
or during anti-PD-1 treatment was significantly (76)

associated with thyroid dysfunction

NSCLC, non-small-cell lung cancer; TET, thymic epithelial tumor.
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magnitude of reinvigoration of the exhausted T cells in cancer patients would be influenced
by the efficiency of Ag presentation, blockade of immune checkpoint receptors, trafficking
and infiltration of T cells to tumors, inhibitory immune cells, and soluble inhibitors, and each
of these factors is commonly suggested as a baseline biomarker. Unlike baseline biomarkers,
early T-cell responses triggered by PD-1 blockade are a sum of these factors and reflect a
much broader aspect of the interaction between tumors and the immune system. However,
the accessibility, reproducibility, and cost-effectiveness of assessing peripheral blood
immune cells by flow cytometry are issues that limit the use of such biomarkers in routine
clinical practice. Moreover, most studies are limited in the number of patients and require
further prospective validation including multiple types of cancers. Despite such limitations,
peripheral blood immune cell-based biomarkers are still an attractive option, and recent data
and advances in current immune cell profiling techniques indicate that this approach has
potential for use in personalized clinical management of cancer patients receiving ICIs.
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