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Simple Summary: Immune checkpoint inhibitors (ICIs) are currently widely used in many types of
cancer. However, some patients could not benefit from ICIs. In addition, a standardized biomarker
for predicting the efficacy of ICIs is currently unavailable. Thus, we determined whether peripheral
blood immune cells could be predicting markers. In contrast with previous studies, we focused on
changes in immune cell fraction and the relationship between efficacy of ICIs including response rate
and survival outcomes. Results revealed significant correlations between changes in NKp46-/CD56+
NK cell fraction and treatment outcomes with ICIs.

Abstract: Background: With the development of immunology, immune checkpoint inhibitors (ICIs)
have been widely used in various cancer treatments. Although some patients can benefit from ICIs,
other patients have no response to ICIs or suffer from hyperprogression. There has been no biomarker
for predicting the efficacy of ICIs. Thus, the objective of this study was to find biomarkers for
predicting the efficacy of ICIs using peripheral blood. Methods: Adults patients planned to be treated
with ICIs were enrolled in this study. Blood sampling was carried out before and after administration
of ICIs. Changes of immune cell fraction were analyzed for each patient. Results: Among 182 patients
enrolled, immune cell analysis was performed for 90 patients. The objective response rate was 14.4%
(n = 13/90). The median progression-free survival (PFS) was 6.0 months (95% CI: 3.1–8.9 months),
and the median overall survival (OS) was 13.9 months (95% CI: 5.6–22.2 months). Significant benefits
in ORR and OS were shown for patients with increased NKp46-/CD56+ NK cells (p = 0.033 and
p = 0.013, respectively). The PFS tended to be longer in these patients, although the difference was
not statistically significant (p = 0.050). Conclusion: Changes of immune cell fraction before and after
administration of ICIs could be a novel biomarker for predicting the efficacy of immunotherapy.

Keywords: immune checkpoint inhibitor; immune cell fraction; response rate; progression-free
survival; overall survival
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1. Introduction

Increasing knowledge of molecular and tumor biology has notably changed the
paradigm of cancer treatment. Formerly, cancer was classified and treated according
to organs of the origin or simplistic histomorphologic features. However, cancer treatment
based on broad use of cytotoxic chemotherapies in unselected patients has reached its
therapeutic plateau [1,2]. Thanks to molecular/cellular and genetic engineering studies,
targeted therapy and monoclonal antibodies have been developed, significantly improving
the survival and quality of life of cancer patients [3].

The development of immunology has led to the development of immune checkpoint
inhibitors (ICIs). ICIs are humanized monoclonal antibodies that can activate T cells and
relieve the immune system to recognize and assault cancer cells by targeting cytotoxic
T-lymphocyte-associated protein 4 (CTLA4) (CD152), programmed cell death protein 1 (PD-
1), or programmed cell death ligand-1 (PD-L1) [4]. These ICIs have improved the overall
survival (OS) of patients with various cancer types and have become an important tool for
cancer treatment [5–7]. However, only a subset of patients treated with ICIs experience
durable clinical responses, whereas some patients suffer from hyper-progression, early
death, and/or immune-related adverse events (AEs) [8]. Thus, there is a need to find
predictive biomarkers that can further establish which patients are most likely to benefit
from such therapies.

Candidates for predicting the efficacy of ICIs include PD-L1 expression assessed by
immunohistochemistry (IHC), tumor mutation burden (TMB), mismatch repair deficiency
(dMMR), and microsatellite instability-high (MSI-H). PD-L1 expression has been used as a
biomarker for ICIs [9,10]. However, this alone has been insufficient to predict patient popu-
lation most likely to respond to ICIs [10–12]. TMB is a measure of the number of mutations
in cancer. It was first recognized as a potential biomarker for ICIs in melanoma [13,14].
Since then, many studies have reported a relationship between higher TMB and the efficacy
of ICIs, suggesting that TMB could be a good predictive biomarker [13,14]. However, TMB
is not significantly correlated with most cancer subtypes. It is not always correlated with
responsiveness to ICIs [15]. dMMR and MSI-H have been suggested to be a novel predictor
for anti-PD-1/PD-L1 immunotherapy efficacy by Zhao et al. [16]. However, only a fraction
of patients typically possess dMMR/MSI-H features. Some sensitive patients still could
not be distinguished [16]. TMB and dMMR/MSI-H status also have the issue of sampling,
especially in a refractory/relapsed disease.

Previous studies have also used immune cells to predict the efficacy of ICIs and shown
meaningful results. Peripheral blood analysis is a noninvasive method with good potential
to predict treatment outcomes after immune therapies [17]. With an advantage in sampling,
we conducted this pilot study to evaluate the possibility of change of immune cell fraction
as a biomarker for predicting the efficacy of ICIs in cancer treatment.

2. Materials and Methods
2.1. Patients

This study was conducted at six sites in South Korea. Eligible patients were 18 years
of age or older, with an Eastern Cooperative Oncology Group (ECOG) performance status
of 0–2. Patients who were planned to be treated with ICIs (atezolizumab, nivolumab,
pembrolizumab, or durvalumab) monotherapy or combination with chemotherapy for
solid tumors or Hodgkin lymphoma were enrolled in this study. Patients who were
previously exposed to PD-1, PD-L1, or CTLA4 inhibitors were excluded.

2.2. Immune Cell Analysis

Peripheral blood sampling was carried out twice for each patient, before and after
administration of ICIs. Pre-sampling was carried out just before the first cycle of treat-
ment. Post-sampling was carried out when response evaluation was performed. Samples
were sent to the lab for staining and analysis. Immune cells were divided into mono-
cytes (CD14+), B cells (CD19+), T cells (CD3+, CD4+ or CD8+), and NK cells (CD3−)
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in panel 1 (Figure A1). In panel 2, CD4+ or CD8+ T cells were divided into exhausted
(PD-1+, CTLA-4+, or CD39+), proliferation (Ki-67+), and effective (Granzyme B+) T cells
(Figure A2). Immune cell analysis was performed by Sillajen Inc (Seoul, Korea) using a
MuseTM Cell Analyzer to analyze counts and viability of PBMC. The immune cell analysis
protocol is described in the Appendix A. Antibodies used in the analysis are described
in Table A1. Amount of surface staining reagents for panels 1 and 2 are described in
Tables A2 and A3, respectively.

2.3. Response and Survival Analysis

Tumor response assessments were performed based on Response Evaluation Criteria in
Solid Tumors (RECIST) 1.1. The objective response rate (ORR) included complete response
(CR) and partial response (PR). The clinical benefit rate (CBR) included CR, PR, and stable
disease (SD). For patients who could not take follow-up imaging, the disease response
assessment was performed according to the level of tumor marker and/or clinical features.
Progression-free survival (PFS) was defined as the time from enrollment to objective tumor
progression or death or was censored at the last radiographic assessment for patients
without progression or death. OS was defined as the time from enrollment to death from
any cause or was censored at the last follow-up date for patients who had follow-up loss
due to any cause. Survival analyses were performed using the Kaplan-Meier method.
Comparison was performed by the log-rank test and Fisher’s exact test. p-value of less than
0.05 was considered statistically significant. All statistical analyses were performed using
IBM SPSS statistics version 27 (Armonk, NY, USA).

3. Results
3.1. Patients and Immune Cell Analysis

From December 2018 to April 2019, 178 patients were enrolled in this prospective
study. Pre-sampling was carried out for all these patients. Post-sampling was carried out
for 136 patients. The other 46 patients dropped out due to several causes: deaths (n = 18),
refusal (n = 5), follow-up loss (n = 1), transfer to other hospitals (n = 6), other causes (n = 2),
and unknown causes (n = 14). Cell count was insufficient to analyze in 37 patients. Thus,
PBMC analysis was performed for 99 patients. However, analysis failed in nine patients
owing to poor cell quality (eight in panel 1, one in panel 2). Finally, immune cell analysis
(both panels 1 and 2) was performed for 90 patients (Figure 1).

The median age was 65 years old (range, 26 to 84 years). There were 55 (61.1%)
males and 35 (38.9%) females. Here, 10 (11.1%), 78 (86.7%), and 2 (2.2%) patients had
ECOG PS 0, 1, and 2, respectively. The most common type of cancer was lung cancer
(50.0%, n = 45), followed by cholangiocarcinoma (7.8%, n = 7) and hepatocellular carcinoma
(6.7%, n = 6). In this case, 13 (14.4%) patients were treatment-naïve and 14 (15.6%) patients
were previously treated with more than three lines of therapy. During this study, the
most common used ICI was nivolumab (44.4%, n = 40), followed by pembrolizumab
(40.0%, n = 36) and atezolizumab (15.6%, n = 14). Two (2.2%) patients were treated with a
combination therapy of pembrolizumab, pemetrexed, and cisplatin for lung cancer (Table 1).

Changes of each immune cell fraction are described in Table 2. Median values of
change were −1.95% (range, −36.20 to 31.60) and 1.55% (range, −27.40 to 32.50) for CD4+
and CD8+ T cells, respectively. CD14+ monocytes and CD19+ B cells were generally
decreased with median values of changes of −0.51% (range, −34.90% to 43.60%) and
−0.27% (range, −6.90% to 10.38%), respectively. In NK cells, CD16+/CD56+ NK cells
were generally increased with a median value of change of 4.05% (range, −37.10% to
48.58%), whereas CD16−/CD56− NK cells were generally decreased with a median value
of change of −4.00% (range, −49.60% to 42.80%). PD-1+ CD4+ and PD-1+ CD8+ T cells
were decreased with median values of changes of −5.49% (range, −30.60% to 24.77%) and
−5.31% (range, −31.47% to 42.57%), respectively.
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Figure 1. A flow chart of patient selection.

Table 1. Baseline characteristics of patients.

Variables (n = 90) No. of Patients (%)

Median age (years) (range) 65.0 (26 to 84)
Sex
Male 55 (61.1%)
Female 35 (38.9%)
ECOG performance status

0 10 (11.1%)
1 78 (86.7%)
2 2 (2.2%)

Type of cancer
Lung cancer 45 (50.0%)
Others † 45 (50.0%)

Previous lines of treatment
0 13 (14.4%)
1 41 (45.6%)
2 22 (24.4%)
≥3 14 (15.6%)

Immune checkpoint inhibitor
Pembrolizumab 36 (40.0%)
Nivolumab 40 (44.4%)
Atezolizumab 14 (15.6%)
Durvalumab -

Combined chemotherapy
Yes ‡ 2 (2.2%)
No 88 (97.8%)

Others † include cholangiocarcinoma (n = 7), hepatocellular carcinoma (n = 6), gastroesophageal cancer (n = 6),
head and neck cancer (n = 4), urothelial carcinoma (n = 4), colon cancer (n = 3), melanoma (n = 3), renal cell
carcinoma (n = 3), ovarian cancer (n = 2), anal cancer (n = 1), Hodgkin lymphoma (n = 1), mesothelioma (n = 1),
osteosarcoma (n = 1), pancreas cancer (n = 1), thymic carcinoma (n = 1), and uterine cancer (n = 1). ‡ Pemetrexed
plus carboplatin was used with pembrolizumab in two patients with lung cancer.
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Table 2. The change of the immune cell fraction.

Type of Immune Cells Median Value of Change (%) (Range)

Panel 1
CD4+ T cell −1.95 (−36.20 to 31.60)
CD8+ T cell 1.55 (−27.40 to 32.50)
CD14+ monocyte −0.51 (−34.90 to 43.60)
CD19+ B cell −0.27 (−6.90 to 10.38)
Q1: CD16−/CD56+ −0.45 (−17.20 to 11.31)
Q2: CD16+/CD56+ 4.05 (−37.10 to 48.58)
Q3: CD16+/CD56− 0.33 (−18.80 to 11.17)
Q4: CD16−/CD56− −4.00 (−49.60 to 42.80)
Q5: NKp46−/CD56+ 0.30 (−24.80 to 20.50)
Q6: Kp46+/CD56+ 1.45 (−28.14 to 33.90)
Q7: NKp46+/CD56− 0.12 (−3.25 to 4.24)
Q8: NKp46−/CD56− −4.60 (−51.60 to 43.10)

Panel 2
PD-1+ CD4+ −5.49 (−30.60 to 24.77)
CTLA4+ CD4+ 1.25 (−12.30 to 27.80)
CD39+ CD4+ 0.29 (−6.50 to 12.71)
Ki-67+ CD4+ 0.45 (−8.66 to 6.90)
GrB+ CD4+ 0.96 (−26.82 to 24.30)
PD-1+ CD8+ −5.31 (−31.47 to 42.57)
CTLA4+ CD8+ 0.71 (−13.10 to 32.20)
CD39+ CD8+ 0.37 (−19.67 to 17.11)
Ki-67+ CD8+ 0.53 (−14.80 to 20.60)

PD-L1, programmed cell death ligand-1; CTLA4, cytotoxic T-lymphocyte-associated protein 4; GrB, granzyme B.

3.2. Response to Treatment and Survival Outcomes

With a median follow-up duration of 4.63 months (IQR, 2.03 to 8.87 months), the
median treatment cycle was 5 (range, 1 to 28), and the median treatment duration was
2.40 months (IQR, 1.31 to 5.53 months). Among 90 patients, no patient achieved CR. The
ORR was 14.4% (n = 13) and the CBR was 50.0% (n = 45), including 14.4% for PR (n = 13)
and 35.6% for SD (n = 32). In this case, 34 (37.8%) patients had progressive disease (PD).
The response was not assessable for 11 (12.2%) patients. In 90 patients, the median PFS was
6.00 months (95% CI: 3.11 to 8.89 months), and the median OS was 13.90 months (95% CI:
5.62 to 22.19 months) (Table 3, Figures 2A and 3A).

Table 3. Response and survival results.

Variables (n = 90) Value

Best response
CR -
PR 13 (14.4%)
SD 32 (35.6%)
PD 34 (37.8%)
Unknown 11 (12.2%)
ORR 13 (14.4%)
CBR 45 (50.0%)

Median treatment cycle (range) 5 (1 to 28)
Median treatment duration (months) (IQR) 2.40 (1.31 to 5.53)
Median PFS (months) (95% CI) 6.00 (3.11 to 8.89)
Median OS (months) (95% CI) 13.90 (5.62 to 22.19)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response
rate; CBR, clinical benefit rate; IQR, interquartile range; PFS, progression-free survival; CI, confidence interval; OS,
overall survival.
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Figure 2. Kaplan Meier curves showing progression-free survival (PFS). PFS in all patients (n = 90)
(A). PFS comparison according to the changes in immune cell fraction; CD16+/CD56+ NK cells (B),
CD16−/CD56− NK cells (C), NKp46−/CD56+ NK cells (D), and PD-1+ CD4+ T cells (E).
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Figure 3. Kaplan Meier curves showing overall survival (OS). OS in all patients (n = 90) (A).
OS comparison according to the changes in immune cell fraction; CD16+/CD56+ NK cells (B),
CD16−/CD56− NK cells (C), NKp46−/CD56+ NK cells (D), and PD-1+ CD4+ T cells (E). Abbrevia-
tions: NR, no reached.

Response rate and survival results were compared by dividing patients into two
groups: an increase in each immune cell fraction and a decrease in each immune cell
fraction. In ORR, there was a statistically significant difference according to the change
in NKp46-/CD56+ NK cells. The ORR was 5.0% (n = 2/40) in patients with a decrease in
NKp46−/CD56+ NK cells and 22.0% (n = 11/50) (p = 0.033) in patients with an increase in
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NKp46-/CD56+ NK cells. Except for NKp46-/CD56+ NK cells, there was no significant
difference in ORR or CBR by the change in immune cell fractions (Table S1).

In survival results, there were several notable differences in PFS (Figure 2B–E) and/or
OS (Figure 3B–E) according to changes in CD16+/CD56+ NK cells, CD16-/CD56- NK cells,
NKp46-/CD56+ NK cells, and PD-1+ CD4+ T cells. A statistically significant difference in
PFS was only shown between those with an increase in PD-1+ CD4+ T cells and those with
a decrease in PD-1+ CD4+ T cells: 6.77 months (95% CI; 3.26 to 10.27 months) in patients
with a decrease in PD-1+ CD4+ T cells vs. 2.57 months (95% CI: 0.74 to 4.40 months) in those
with an increase in PD-1+ CD4+ T cells after treatment with ICIs (p = 0.010) (Figure 2E).
There was significant difference in OS, especially between those with an increase of NK
cells and those with a decrease of NK cells. OS was significantly longer in patients with an
increase in CD16+/CD56+ NK cells than in those with a decrease in CD16+/CD56+ NK
cells (16.77 months [95% CI: NR] vs. 7.63 months [95% CI: 4.20 to 11.06 months]) (p = 0.049)
(Figure 3B). According to changes in CD16-/CD56- NK cells, the OS was significantly
longer in patients with a decrease in CD16-/CD56- NK cells (16.77 months [95% CI: NR])
than in patients with an increase in CD16-/CD56- NK cells (5.63 months [95% CI: 2.58 to
8.69 months]) (p = 0.024) (Figure 3C). Patients with an increase in NKp46-/CD56+ NK cells
showed significantly longer OS (16.77 months [95% CI: NR]), than those with a decrease in
NKp46-/CD56+ NK cells (7.47 months [95% CI: 4.92 to 10.01 months]) (p = 0.013) (Table S2,
Figure 3D). By changes of other immune cell fractions, there was no significant difference
in OS (Table S2).

4. Discussion

ICIs have been widely used in cancer treatments. They have improved OS of patients
with various cancer types, including metastatic melanoma and NSCLC [5,18]. Cancer cells
can evade normal immune responses through multiple mechanisms, including upregulated
immune checkpoints. Activation of checkpoint cascades such as those controlled by PD-1 or
CTLA4 can result in inactivation of tumor-specific T cells and immune evasion [19,20]. Thus,
treatment with anti-PD-1, anti-PD-L1, or anti-CTLA4 can reinvigorate T cells and make
the adaptive immune system target cancer cells [21,22]. Nevertheless, not all patients can
benefit from ICIs. There has been an unmet need for predicting the efficacy of ICIs. Many
studies have been conducted to find a potential biomarker for treatment efficacy of ICIs.
PD-L1 expression by IHC was approved by FDA as a diagnostic test for pembrolizumab in
cancer treatment, including NSCLC, gastric or gastroesophageal junction adenocarcinoma,
and urothelial carcinoma [23–26]. However, several studies have reported that not all
patients with cancer expressing PD-L1 respond to immunotherapy [27,28]. TMB and
dMMR/MSI-H have also been considered as predicting biomarkers for treatment efficacy
of ICIs. However, there is still a debate about these candidates because the value could
be different even within the tumor. In addition, the use of multiple assays and antibodies
without a standardized framework for comparison or interpretation between assays makes
extrapolation of findings from individual studies difficult and selection of clinical testing
complicated [29].

In theory, tumor-infiltrating lymphocytes (TILs) are the main activator of antitumor
immunity. TILs could be a promising biomarker if they could be objectively assessed
throughout the whole tumor microenvironment. A previous study suggested that artificial
intelligence-powered spatial analysis of TIL could be a complementary biomarker for
ICIs in NSCLC [30]. However, there are practical difficulties in invasive procedures and
analysis of lymphocytes in tissue. Thus, using peripheral blood for immune cell analysis
has attracted attention. Peripheral blood absolute lymphocyte count has been used as a
predictive biomarker [17]. To the best of our knowledge, studies investigating changes in
immune cell fractions as a predictive biomarker for treatment efficacy of ICIs have not been
reported yet. Thus, we conducted this pilot study to find out the potential of changes in
immune cell fractions as a biomarker for predicting the efficacy of ICIs in cancer treatment.
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During early stages of tumor development, cytotoxic immune cells such as NK and
CD8+ T cells can recognize and eliminate more immunogenic cancer cells [31]. However,
selected cancer cells can survive and progress to clinically detectable tumors that adopt
different strategies of peripheral immune tolerance and recruitment of immunosuppressive
immune cells [32]. Regulatory T cells (CD4+ T cells) also play a critical role in tumor
progression by suppressing cytotoxic CD8+ T cell proliferation and favoring cancer cells
escape from immunosurveillance [33]. Based on it, we thought that changes in fractions
of NK cells, CD8+ T cells, and CD4+ T cells might be related to response to ICIs. How-
ever, results revealed that changes in fractions of CD4+ cells and CD8+ T cells were not
related to the efficacy of ICIs. Patients with decreased CD8+ T cells tended to have higher
response rates and longer survival. However, these results were statistically insignificant
(Tables S1 and S2). It is thought that not only CD8+ T cells, but also other immune cells
are related to the anti-tumoral effect. Even in panel 2 analysis, there was no T cell subtype
that affected the response rate to ICIs (Table S1). In most patients, PD-1+ CD4+ T cells
(n = 77/90, 85.6%) and PD-1+ CD8+ T cells (n = 73/90, 81.1%) were decreased. Among
immune cell subtypes analyzed in this study, median change value for these cells were
the highest: −5.49% (range, −30.60% to 24.77%) and −5.31% (range, −31.47% to 42.57%),
respectively (Table 2). Response rate and survival results tended to be superior in patients
with decreased PD-1+ CD4+ or PD-1+ CD8+ T cells. However, only PD-1+ CD4+ T cells
showed a statistically significant the relationship in PFS. Patients with a decrease of PD-1+
CD4+ T cell fraction had a PFS of 6.77 months (95% CI: 3.26 to 10.27 months) and patients
with an increase of PD-1+ CD4+ T cell fraction had a PFS of 2.57 months (95% CI: 0.74 to
4.40 months) (p = 0.010) (Table S2, Figure 2E).

NK cells are crucial components of the innate immune system owing to their early
production of cytokines and chemokines and their ability to lyse target cells without prior
sensitization. Human NK cells, comprising up to 15% of all circulating lymphocytes, can
be divided mainly into two subsets based on their cell-surface density of CD56 (CD56-
and CD56+), each with distinct phenotypic properties. The CD56- NK cell subset is more
naturally cytotoxic. It expresses higher levels of Ig-like NK receptors and FCγ receptor
III (CD16) than the CD56+ NK cell subset. By contrast, the CD56+ subset has the capacity
to produce abundant cytokines following activation of monocytes. It has lower natural
cytotoxicity and expresses lower levels of CD16 or is CD16- [34]. NKp46 is a type I trans-
membrane glycoprotein, expressed by all resting or activated NK cells, but not on T cells, B
cells, granulocytes, monocytes, dendritic cells, or macrophages. Receptor triggering can
lead to Ca2+ induction, driving not only perforin-mediated cytotoxicity but also secretion
of inflammatory cytokines, mainly interferon-γ and tumor necrosis factor (TNF)-α [35,36].
CD56, CD16, and NKp46, NK cells all express a variegated pattern of inhibitory and acti-
vating receptor. The net sum of these signals adjusts the cytotoxic response of NK cells [37].
On this basis, changes in fraction of NK cells subgroups were also analyzed in this study.

Results of this study revealed that the increase of CD16+/CD56+ NK cell fraction
and the decrease of CD16-/CD56- NK cell fraction were significantly related to longer
OS (p = 0.049 and p = 0.024, respectively) (Table S2, Figure 3B,C). However, according to
changes in CD16+/CD56+ NK cell fraction and CD16-/CD56- NK cell fraction, there were
no significant differences in ORR (p = 0.205 and p = 0.072, respectively), CBR (p = 0.375 and
p = 0.387, respectively), and PFS (p = 0.102 and p = 0.113, respectively) (Tables S1 and S2,
Figure 2B,C). An increase in the fraction of NKp46-/CD56+ NK cells was related to a higher
ORR (22.0% versus 5.0%, p = 0.033) (Table S1) and a longer OS (16.77 [95% CI: NR] months
vs. 7.47 [95% CI: 4.92 to 10.01] months, p = 0.013) (Table S2, Figure 3D). PFS also tended to
be longer in patients with an increase in NKp46-/CD56+ NK cells, although the difference
was not statistically significant (6.97 [95% CI: 4.91 to 9.02] months vs. 3.30 [95% CI: 2.13
to 4.47] months, p = 0.050) (Table S2, Figure 2D). A previous study has analyzed results of
13 randomized trials with ICIs and shown a weak association between PFS/ORR and OS,
although responders tend to exhibit longer survival [38]. Given that the ultimate goal of
cancer treatment is to achieve survival benefit, it is thought that the OS could represent
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treatment outcomes. Based on this, it is thought that changes in NKp46-/CD56+ NK cell
fraction might be a predicting biomarker for treatment efficacy of ICIs. However, the
mechanisms involved in the changes in cell fraction and the anti-tumor effect are currently
unknown, emphasizing further comprehensive research.

This study has several limitations. First, the type of cancer, treatment lines, and pre-
viously used drugs in each patient were various, which might have affected results of
treatment. Second, response to treatment was assessed using RECIST, not immune-based
therapeutics RECIST. Thus, pseudo-progression to ICIs might have been missed. Third,
blood sampling was not carried out for patients with early death. Thus, the relationship
between early death and immune cell fraction could not be analyzed. Fourth, only Asian
patients were enrolled in this study, limiting the generalizability of study results. Neverthe-
less, this study is the first effort to analyze changes in immune cell fraction before and after
immunotherapy. Results showed a possibility of using changes in immune cell fraction,
especially NKp46-/CD56+ NK cells, as a predictor for treatment effect of ICIs. Further
prospective clinical trials are needed to determine whether immune cell fraction changes
could be a novel predictive biomarker for efficacy of ICIs in cancer treatment.

5. Conclusions

Changes in immune cell fraction before and after ICI administration could be a novel
biomarker for predicting the treatment efficacy and survival benefit of ICIs. However,
further study is needed to determine the outstanding immune cell type, the mechanism,
and clinical correlations.
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Appendix A

The procedure and protocol for performing immune cell analysis:
Procedure
1. Preparation of Buffer and Reagents.
1.1. Fixable Viability Stain 780.
1.1.1. Store the stock vial of FVS 780 desiccated and protected from light at −80 ◦C

until use. Add 180 µL of DMSO into the vial of FVS 780 and vortex solution well. Inspect

https://www.mdpi.com/article/10.3390/cancers14143440/s1
https://www.mdpi.com/article/10.3390/cancers14143440/s1
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the solution and repeat vortex until the stock dye has fully dissolved. After reconstitution
with DMSO, store the reconstituted dye in aliquots of 20 µL at −20 ◦C protected from light.

2. Assay Controls.
2.1. Compensation controls.
2.1.1. Add 100 µL of Staining Buffer (FBS) to each tube.
2.1.2. Add 1 full drop (approximately 60 µL) of the BD CompBead Anti-Mouse Ig, k

(BD552843) beads to each tube and vortex.
2.1.3. Add antibody to the labeled tube according to Table A1 below:

Table A1. Compensation beads.

Antibody Name Catalog No. Antibody Volume (µL)

Panel 1

CD4-BV421 562,424 0.3 (T4)

CD3-BV510 564,713 0.6 (T3)

CD8-BV650 563,821 0.3 (T4)

CD14-FITC 347,493 0.2 (1:100)

NKp46-PE 557,991 5 (T2)

CD19-BB700 566,397 0.6 (T3)

CD56-PE-Cy7 557,747 1.2 (T2)

CD16-AF647 557,710 0.05 (1:100)

Panel 2

CD4-BV421 562,424 0.3 (T4)

CD3-BV510 564,713 0.6 (T3)

CD8-BV650 563,821 0.3 (T4)

PD-1-FITC 557,860 2 (T1)

CTLA4-PE 555,853 5 (T2)

CD39-PerCP-Cy5.5 564,899 1.2 (T2)

Ki-67-PE-Cy7 561,283 1.2 (T2)

GranzymeB-AF647 560,212 0.1 (1:50)

2.1.4. Incubate 20 min at RT. Protect from exposure to direct light.
2.1.5. Add 1 mL Staining Buffer to each tube and pellet by centrifugation at 500× g for

5 min.
2.1.6. Discard supernatant from each tube by careful pipetting.
2.1.7. Resuspend bead pellet in each tube by adding 0.3 mL of Staining Buffer to each

tube and transfer to each 12 × 75 mm tube. Vortex thoroughly.
2.2. FMO control.
2.2.1. Follow to the Step 4 Sample Staining.
3. Cell Preparation.
3.1. Thaw and count the frozen PBMC cells. Refer to LA-1-XXX, Analyzing Count and

Viability of PBMC Using Muse Cell Analyzer. Record on the form LA-6-XXX.
4. Sample Staining.
4.1. Bring the buffers to RT before use.
4.2. Pipette 1 × 106 PBMC per 2 mL microtube in 100 µL Staining Buffer (FBS).
4.3. Kill PBMC with DMSO in FVS780 compensation single control tube only.
4.3.1. Pipette 50 µL of DMSO into FVS780 compensation single control tube.
4.3.2. Incubate at RT for 20 min.
4.3.3. After the incubation period, add 100 µL of PBS to the tube.
4.3.4. Centrifuge the tube at 800× g for 5 min, at 4 ◦C.
4.3.5. Gently pipette off the supernatant and resuspend the pellet in 1 mL PBS.
4.4. Resuspend FMO control and sample tubes in 1 mL PBS.
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4.5. Stain all tubes excluding Unstained PBMC compensation control tube with 1:1000
dilution of FVS 780 (add 1 µL of dye into 1 mL PBS).

4.6. Incubate for 10 min RT. Protect from exposure to direct light.
4.7. Centrifuge 450× g for 5 min, and remove solution.
4.8. Wash cells 1 time with 1 mL of Staining Buffer (FBS). Centrifuge the tubes at

450× g for 5 min.
4.9. Decent the supernatant and gently mix to disrupt the cell pellet.
4.10. Resuspend the cells in 50 µL BD Horizon Brilliant Stain Buffer and add 50 µL

Stain Buffer (FBS).
4.11. Pipette appropriate amount of surface staining reagent to bottom of each 1.5 mi-

crotube according to Tables A2 and A3 below:
4.12. Mix samples by a pulse vortex or gently flicking the tube.
4.13. Incubate for 30 min at 4 ◦C, protected from light.
4.14. Add 1 mL of Staining Buffer (FBS) to wash. Centrifuge 450× g for 5 min, and

remove solution. Repeat wash once more and then remove wash buffer.
4.15. For Panel 1 tubes, proceed to Step 4.23 and store tubes protected from light at

4 ◦C until analysis
4.16. For Panel 2 tubes excluding FVS780 compensation control, to fix and permeabilize

the cells, gently re-suspend pellet in residual volume of wash buffer and then add 250 µL
for fixation/permeabilization solution. Vortex.

4.17. Incubate 20 min at 4 ◦C, protected from light.
4.18. To prepare working solutions of the BD Perm/WashTM Buffer (10X concentrate),

dilute 1:10 in distilled H2O prior to use.
4.19. To wash cells, add 1 mL of 1X BD Perm/WashTM Buffer and centrifuge 500× g

for 5 min. Remove solution. Repeat wash once more and then remove wash buffer.
4.20. Gently re-suspend pellet in 50 µL of 1X BD Perm/WashTM Buffer and add

antibodies for intracellular stains in panel 2 at appropriate concentration according to
Table A3 to re-suspend the pellet. Gently shake or vortex.

4.21. Incubate for 30 min in the dark at 4 ◦C.
4.22. Repeat wash as in Step 4.19.
4.23. Re-suspend in stain buffer and analyze immediately.
Optional: Add 300 µL of 1% formaldehyde in 1 × PBS and store at 4 ◦C. Analyze cells

within 24 h.
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Table A2. Amount of Surface staining reagents for panel 1.

Panel 1

Surface Stains

FVS 780
(565,388)

CD3 BV510
(564,713)

CD4 BV421
(562,424)

CD8
BV650

(563,821)

CD14 FITC
(347,493)

NKp46 PE
(557,991)

CD19
BB700

(566,396)

CD56
PE-Cy7

(557,747)

CD16 AF647
(557,710)

1. Unstained PBMC
compensation control NA NA NA NA NA NA NA NA NA

2. Killed PBMC FVS780 viability
compensation control 1:1000 NA NA NA NA NA NA NA NA

3. NKp46 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 10 µL * NA 0.6 µL 1.2 µL 2.5 µL *

4. CD16 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 10 µL * 5 µL 0.6 µL 1.2 µL NA *

5. CD56 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 10 µL * 5 µL 0.6 µL NA 2.5 µL *

6. All Stains 1:1000 0.6 µL 0.3 µL 0.3 µL 10 µL * 5 µL 0.6 µL 1.2 µL 2.5 µL *

* 50× dilution done.

Table A3. Amount of Surface and intracellular staining reagents for panel 2.

Panel 2

Surface Stains Intracellular Stains

FVS 780
(565,388)

CD3 BV510
(564,713)

CD4 BV421
(562,424)

CD8
BV650

(563,821)

PD-1 FITC
(557,860)

CD39-PerCP-
Cy5.5

(564,899)

CTLA4 PE
(555,853)

Ki-67-PE-Cy7
(561,283)

GranzymeB-
AF647

(560,212)

1. Unstained PBMC
compensation control NA NA NA NA NA NA NA NA NA

2. Killed PBMC FVS780 viability
compensation control 1:1000 NA NA NA NA NA NA NA NA

3. PD-1 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL NA 1.2 µL 5 µL 1.2 µL 5 µL *

4. CD39 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 2 µL NA 5 µL 1.2 µL 5 µL *

5. CTLA4 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 2 µL 1.2 µL NA 1.2 µL 5 µL *

6. Ki-67 FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 2 µL 1.2 µL 5 µL NA 5 µL *

7. Granzyme B FMO 1:1000 0.6 µL 0.3 µL 0.3 µL 2 µL 1.2 µL 5 µL 1.2 µL NA *

8. All Stains 1:1000 0.6 µL 0.3 µL 0.3 µL 2 µL 1.2 µL 5 µL 1.2 µL 5 µL *

* 50× dilution done.



Cancers 2022, 14, 3440 14 of 16
Cancers 2022, 14, x FOR PEER REVIEW 14 of 16 
 

 

 
Figure A1. Immune cell analysis protocol (panel 1). 

 
Figure A2. Immune cell analysis protocol (panel 2). 

References 
1. Schiller, J.H.; Harrington, D.; Belani, C.P.; Langer, C.; Sandler, A.; Krook, J.; Zhu, J.; Johnson, D.H.; The Eastern Cooperative 

Oncology Group. Comparison of four chemotherapy regimens for advanced non-small-cell lung cancer. N. Engl. J. Med. 2002, 
346, 92–98. https://doi.org/10.1056/NEJMoa011954. 

2. Zugazagoitia, J.; Guedes, C.; Ponce, S.; Ferrer, I.; Molina-Pinelo, S.; Paz-Ares, L. Current Challenges in Cancer Treatment. Clin. 
Ther. 2016, 38, 1551–1566. https://doi.org/10.1016/j.clinthera.2016.03.026. 

3. Falzone, L.; Salomone, S.; Libra, M. Evolution of Cancer Pharmacological Treatments at the Turn of the Third Millennium. Front. 
Pharmacol. 2018, 9, 1300. https://doi.org/10.3389/fphar.2018.01300. 

Figure A1. Immune cell analysis protocol (panel 1).

Cancers 2022, 14, x FOR PEER REVIEW 14 of 16 
 

 

 
Figure A1. Immune cell analysis protocol (panel 1). 

 
Figure A2. Immune cell analysis protocol (panel 2). 

References 
1. Schiller, J.H.; Harrington, D.; Belani, C.P.; Langer, C.; Sandler, A.; Krook, J.; Zhu, J.; Johnson, D.H.; The Eastern Cooperative 

Oncology Group. Comparison of four chemotherapy regimens for advanced non-small-cell lung cancer. N. Engl. J. Med. 2002, 
346, 92–98. https://doi.org/10.1056/NEJMoa011954. 

2. Zugazagoitia, J.; Guedes, C.; Ponce, S.; Ferrer, I.; Molina-Pinelo, S.; Paz-Ares, L. Current Challenges in Cancer Treatment. Clin. 
Ther. 2016, 38, 1551–1566. https://doi.org/10.1016/j.clinthera.2016.03.026. 

3. Falzone, L.; Salomone, S.; Libra, M. Evolution of Cancer Pharmacological Treatments at the Turn of the Third Millennium. Front. 
Pharmacol. 2018, 9, 1300. https://doi.org/10.3389/fphar.2018.01300. 

Figure A2. Immune cell analysis protocol (panel 2).

References
1. Schiller, J.H.; Harrington, D.; Belani, C.P.; Langer, C.; Sandler, A.; Krook, J.; Zhu, J.; Johnson, D.H.; The Eastern Cooperative

Oncology Group. Comparison of four chemotherapy regimens for advanced non-small-cell lung cancer. N. Engl. J. Med. 2002,
346, 92–98. [CrossRef] [PubMed]

2. Zugazagoitia, J.; Guedes, C.; Ponce, S.; Ferrer, I.; Molina-Pinelo, S.; Paz-Ares, L. Current Challenges in Cancer Treatment. Clin.
Ther. 2016, 38, 1551–1566. [CrossRef] [PubMed]

3. Falzone, L.; Salomone, S.; Libra, M. Evolution of Cancer Pharmacological Treatments at the Turn of the Third Millennium. Front.
Pharmacol. 2018, 9, 1300. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa011954
http://www.ncbi.nlm.nih.gov/pubmed/11784875
http://doi.org/10.1016/j.clinthera.2016.03.026
http://www.ncbi.nlm.nih.gov/pubmed/27158009
http://doi.org/10.3389/fphar.2018.01300
http://www.ncbi.nlm.nih.gov/pubmed/30483135


Cancers 2022, 14, 3440 15 of 16

4. Xu, Y.; Fu, Y.; Zhu, B.; Wang, J.; Zhang, B. Predictive Biomarkers of Immune Checkpoint Inhibitors-Related Toxicities. Front.
Immunol. 2020, 11, 2023. [CrossRef] [PubMed]

5. Hodi, F.S.; O’Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; Robert, C.; Schadendorf, D.;
Hassel, J.C.; et al. Improved survival with ipilimumab in patients with metastatic melanoma. N. Engl. J. Med. 2010, 363, 711–723.
[CrossRef]

6. Liu, B.; Song, Y.; Liu, D. Recent development in clinical applications of PD-1 and PD-L1 antibodies for cancer immunotherapy.
J. Hematol. Oncol. 2017, 10, 174. [CrossRef]

7. Alsaab, H.O.; Sau, S.; Alzhrani, R.; Tatiparti, K.; Bhise, K.; Kashaw, S.K.; Iyer, A.K. PD-1 and PD-L1 Checkpoint Signaling
Inhibition for Cancer Immunotherapy: Mechanism, Combinations, and Clinical Outcome. Front. Pharmacol. 2017, 8, 561.
[CrossRef]

8. Wang, C.; Yu, X.; Wang, W. A meta-analysis of efficacy and safety of antibodies targeting PD-1/PD-L1 in treatment of advanced
nonsmall cell lung cancer. Medicine 2016, 95, e5539. [CrossRef]

9. Garon, E.B.; Rizvi, N.A.; Hui, R.; Leighl, N.; Balmanoukian, A.S.; Eder, J.P.; Patnaik, A.; Aggarwal, C.; Gubens, M.; Horn, L.; et al.
Pembrolizumab for the treatment of non-small-cell lung cancer. N. Engl. J. Med. 2015, 372, 2018–2028. [CrossRef]

10. Herbst, R.S.; Soria, J.C.; Kowanetz, M.; Fine, G.D.; Hamid, O.; Gordon, M.S.; Sosman, J.A.; McDermott, D.F.; Powderly, J.D.;
Gettinger, S.N.; et al. Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. Nature 2014,
515, 563–567. [CrossRef]

11. Hirsch, F.R.; McElhinny, A.; Stanforth, D.; Ranger-Moore, J.; Jansson, M.; Kulangara, K.; Richardson, W.; Towne, P.; Hanks, D.;
Vennapusa, B.; et al. PD-L1 Immunohistochemistry Assays for Lung Cancer: Results from Phase 1 of the Blueprint PD-L1 IHC
Assay Comparison Project. J. Thorac. Oncol. 2017, 12, 208–222. [CrossRef]

12. Patel, S.P.; Kurzrock, R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. Mol. Cancer Ther. 2015, 14,
847–856. [CrossRef] [PubMed]

13. Büttner, R.; Longshore, J.W.; López-Ríos, F.; Merkelbach-Bruse, S.; Normanno, N.; Rouleau, E.; Penault-Llorca, F. Implementing
TMB measurement in clinical practice: Considerations on assay requirements. ESMO Open 2019, 4, e000442. [CrossRef] [PubMed]

14. Samstein, R.M.; Lee, C.H.; Shoushtari, A.N.; Hellmann, M.D.; Shen, R.; Janjigian, Y.Y.; Barron, D.A.; Zehir, A.; Jordan, E.J.; Omuro,
A.; et al. Tumor mutational load predicts survival after immunotherapy across multiple cancer types. Nat. Genet. 2019, 51,
202–206. [CrossRef] [PubMed]

15. Yarchoan, M.; Albacker, L.A.; Hopkins, A.C.; Montesion, M.; Murugesan, K.; Vithayathil, T.T.; Zaidi, N.; Azad, N.S.; Laheru, D.A.;
Frampton, G.M.; et al. PD-L1 expression and tumor mutational burden are independent biomarkers in most cancers. JCI Insight
2019, 4, e126908. [CrossRef]

16. Zhao, P.; Li, L.; Jiang, X.; Li, Q. Mismatch repair deficiency/microsatellite instability-high as a predictor for anti-PD-1/PD-L1
immunotherapy efficacy. J. Hematol. Oncol. 2019, 12, 54. [CrossRef]

17. Darvin, P.; Toor, S.M.; Sasidharan Nair, V.; Elkord, E. Immune checkpoint inhibitors: Recent progress and potential biomarkers.
Exp. Mol. Med. 2018, 50, 1–11. [CrossRef]

18. Borghaei, H.; Paz-Ares, L.; Horn, L.; Spigel, D.R.; Steins, M.; Ready, N.E.; Chow, L.Q.; Vokes, E.E.; Felip, E.; Holgado, E.; et al.
Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2015, 373, 1627–1639.
[CrossRef]

19. Krummel, M.F.; Allison, J.P. CD28 and CTLA-4 have opposing effects on the response of T cells to stimulation. J. Exp. Med. 1995,
182, 459–465. [CrossRef]

20. Iwai, Y.; Ishida, M.; Tanaka, Y.; Okazaki, T.; Honjo, T.; Minato, N. Involvement of PD-L1 on tumor cells in the escape from host
immune system and tumor immunotherapy by PD-L1 blockade. Proc. Natl. Acad. Sci. USA 2002, 99, 12293–12297. [CrossRef]

21. Leach, D.R.; Krummel, M.F.; Allison, J.P. Enhancement of antitumor immunity by CTLA-4 blockade. Science 1996, 271, 1734–1736.
[CrossRef] [PubMed]

22. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12, 252–264. [CrossRef]
[PubMed]

23. Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csoszi, T.; Fulop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833.
[CrossRef] [PubMed]

24. Herbst, R.S.; Baas, P.; Kim, D.W.; Felip, E.; Pérez-Gracia, J.L.; Han, J.Y.; Molina, J.; Kim, J.H.; Arvis, C.D.; Ahn, M.J.; et al.
Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010):
A randomised controlled trial. Lancet 2016, 387, 1540–1550. [CrossRef]

25. Bellmunt, J.; de Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, J.L.; Fong, L.; Vogelzang, N.J.; Climent, M.A.; Petrylak, D.P.; Choueiri,
T.K.; et al. Pembrolizumab as Second-Line Therapy for Advanced Urothelial Carcinoma. N. Engl. J. Med. 2017, 376, 1015–1026.
[CrossRef]

26. Muro, K.; Chung, H.C.; Shankaran, V.; Geva, R.; Catenacci, D.; Gupta, S.; Eder, J.P.; Golan, T.; Le, D.T.; Burtness, B.; et al.
Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): A multicentre, open-label, phase 1b
trial. Lancet Oncol. 2016, 17, 717–726. [CrossRef]

http://doi.org/10.3389/fimmu.2020.02023
http://www.ncbi.nlm.nih.gov/pubmed/33123120
http://doi.org/10.1056/NEJMoa1003466
http://doi.org/10.1186/s13045-017-0541-9
http://doi.org/10.3389/fphar.2017.00561
http://doi.org/10.1097/MD.0000000000005539
http://doi.org/10.1056/NEJMoa1501824
http://doi.org/10.1038/nature14011
http://doi.org/10.1016/j.jtho.2016.11.2228
http://doi.org/10.1158/1535-7163.MCT-14-0983
http://www.ncbi.nlm.nih.gov/pubmed/25695955
http://doi.org/10.1136/esmoopen-2018-000442
http://www.ncbi.nlm.nih.gov/pubmed/30792906
http://doi.org/10.1038/s41588-018-0312-8
http://www.ncbi.nlm.nih.gov/pubmed/30643254
http://doi.org/10.1172/jci.insight.126908
http://doi.org/10.1186/s13045-019-0738-1
http://doi.org/10.1038/s12276-018-0191-1
http://doi.org/10.1056/NEJMoa1507643
http://doi.org/10.1084/jem.182.2.459
http://doi.org/10.1073/pnas.192461099
http://doi.org/10.1126/science.271.5256.1734
http://www.ncbi.nlm.nih.gov/pubmed/8596936
http://doi.org/10.1038/nrc3239
http://www.ncbi.nlm.nih.gov/pubmed/22437870
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1016/S0140-6736(15)01281-7
http://doi.org/10.1056/NEJMoa1613683
http://doi.org/10.1016/S1470-2045(16)00175-3


Cancers 2022, 14, 3440 16 of 16

27. Gadgeel, S.; Rodríguez-Abreu, D.; Speranza, G.; Esteban, E.; Felip, E.; Dómine, M.; Hui, R.; Hochmair, M.J.; Clingan, P.; Powell,
S.F.; et al. Updated Analysis From KEYNOTE-189: Pembrolizumab or Placebo Plus Pemetrexed and Platinum for Previously
Untreated Metastatic Nonsquamous Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2020, 38, 1505–1517. [CrossRef]

28. Carbone, D.P.; Reck, M.; Paz-Ares, L.; Creelan, B.; Horn, L.; Steins, M.; Felip, E.; van den Heuvel, M.M.; Ciuleanu, T.E.; Badin,
F.; et al. First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2017, 376, 2415–2426.
[CrossRef]

29. Rosenberg, J.E.; Hoffman-Censits, J.; Powles, T.; van der Heijden, M.S.; Balar, A.V.; Necchi, A.; Dawson, N.; O’Donnell, P.H.;
Balmanoukian, A.; Loriot, Y.; et al. Atezolizumab in patients with locally advanced and metastatic urothelial carcinoma who have
progressed following treatment with platinum-based chemotherapy: A single-arm, multicentre, phase 2 trial. Lancet 2016, 387,
1909–1920. [CrossRef]

30. Park, S.; Ock, C.Y.; Kim, H.; Pereira, S.; Park, S.; Ma, M.; Choi, S.; Kim, S.; Shin, S.; Aum, B.J.; et al. Artificial Intelligence-
Powered Spatial Analysis of Tumor-Infiltrating Lymphocytes as Complementary Biomarker for Immune Checkpoint Inhibition in
Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2022, 40, 1916–1928. [CrossRef]

31. Teng, M.W.; Galon, J.; Fridman, W.H.; Smyth, M.J. From mice to humans: Developments in cancer immunoediting. J. Clin. Investig.
2015, 125, 3338–3346. [CrossRef] [PubMed]

32. Palucka, A.K.; Coussens, L.M. The Basis of Oncoimmunology. Cell 2016, 164, 1233–1247. [CrossRef] [PubMed]
33. Sasidharan Nair, V.; Elkord, E. Immune checkpoint inhibitors in cancer therapy: A focus on T-regulatory cells. Immunol. Cell Biol.

2018, 96, 21–33. [CrossRef] [PubMed]
34. Cooper, M.A.; Fehniger, T.A.; Caligiuri, M.A. The biology of human natural killer-cell subsets. Trends Immunol. 2001, 22, 633–640.

[CrossRef]
35. Sivori, S.; Vitale, M.; Morelli, L.; Sanseverino, L.; Augugliaro, R.; Bottino, C.; Moretta, L.; Moretta, A. p46, a novel natural killer

cell-specific surface molecule that mediates cell activation. J. Exp. Med. 1997, 186, 1129–1136. [CrossRef]
36. Glasner, A.; Levi, A.; Enk, J.; Isaacson, B.; Viukov, S.; Orlanski, S.; Scope, A.; Neuman, T.; Enk, C.D.; Hanna, J.H.; et al. NKp46

Receptor-Mediated Interferon-γ Production by Natural Killer Cells Increases Fibronectin 1 to Alter Tumor Architecture and
Control Metastasis. Immunity 2018, 48, 107.e4–119.e4. [CrossRef]

37. Murad, S.; Michen, S.; Becker, A.; Fussel, M.; Schackert, G.; Tonn, T.; Momburg, F.; Temme, A. NKG2C+ NK Cells for Immunother-
apy of Glioblastoma Multiforme. Int. J. Mol. Sci. 2022, 23, 5857. [CrossRef] [PubMed]

38. Mushti, S.L.; Mulkey, F.; Sridhara, R. Evaluation of Overall Response Rate and Progression-Free Survival as Potential Surrogate
Endpoints for Overall Survival in Immunotherapy Trials. Clin. Cancer Res. 2018, 24, 2268–2275. [CrossRef]

http://doi.org/10.1200/JCO.19.03136
http://doi.org/10.1056/NEJMoa1613493
http://doi.org/10.1016/S0140-6736(16)00561-4
http://doi.org/10.1200/JCO.21.02010
http://doi.org/10.1172/JCI80004
http://www.ncbi.nlm.nih.gov/pubmed/26241053
http://doi.org/10.1016/j.cell.2016.01.049
http://www.ncbi.nlm.nih.gov/pubmed/26967289
http://doi.org/10.1111/imcb.1003
http://www.ncbi.nlm.nih.gov/pubmed/29359507
http://doi.org/10.1016/S1471-4906(01)02060-9
http://doi.org/10.1084/jem.186.7.1129
http://doi.org/10.1016/j.immuni.2017.12.007
http://doi.org/10.3390/ijms23105857
http://www.ncbi.nlm.nih.gov/pubmed/35628668
http://doi.org/10.1158/1078-0432.CCR-17-1902

	Introduction 
	Materials and Methods 
	Patients 
	Immune Cell Analysis 
	Response and Survival Analysis 

	Results 
	Patients and Immune Cell Analysis 
	Response to Treatment and Survival Outcomes 

	Discussion 
	Conclusions 
	Appendix A
	References

