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Abstract

Objectives: The neutrophil-to-lymphocyte ratio (NLR) is a prognostic marker in patients with cancer receiving
immunotherapy. Recent studies have shown that a high NLR was associated with a poor response and decreased survival.
However, there is no intervention to reverse abnormally high NLR and improve clinical outcomes. Astragalus polysaccharide
injection (PG2) is an immunomodulatory therapy for cancer-related fatigue. This study aimed to examine whether PG2
might normalize the NLR and affect the overall survival of patients with lung cancer treated with immunotherapy. Materials
and Methods: We retrospectively examined the medical records of patients with lung cancer treated with immune
checkpoint inhibitors (ICls) between October |, 2015 and November 30, 2019. All patients received ICl combination
chemotherapies, and some similarly received PG2 (Control vs PG2). The NLR was assessed before treatment and 6 weeks
after ICI initiation, and the survival data was collected at least 4years after treatment initiation for the first enrolled
patient. Results: Fifty-three patients were included. Six weeks after ICl initiation, 91.3% of the patients in the PG2 group
exhibited a predefined “Decrease or no change” in the NLR, which was 28% higher than that in the Control group (63.3%)
(P=.028). The NLR significantly decreased by 31.60% from baseline in the PG2 group (P=.012), whereas it increased by
5.80% in the Control group (P=.572). Six weeks after IC| treatment initiation, both groups had a median NLR of 3.73, and
the overall survival was also similar (PG2 vs Control, 26.1 months vs 25.4 months, respectively); however, the PG2 group
had a higher median baseline NLR than the Control group (PG2 vs Control, 4.51 vs 2.81, respectively). Conclusion: This
study demonstrated that PG2 could normalize the NLR in patients with lung cancer receiving ICl combination treatments.
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Introduction The neutrophil-to-lymphocyte ratio (NLR) is a marker
of systemic inflammation. Some studies have shown
that, among patients with cancer receiving immunother-
apy, a higher blood NLR was related to a poor response
and shorter survival in those with advanced cancer.*’

Advances in the standard therapies for lung cancer, includ-
ing chemotherapy, targeted treatments, and immunotherapy,
have been translated into an improvement in the survival of
patients with lung cancer over the last 2 decades. The devel-
opment of immune checkpoint inhibitors (ICIs) is an impor-
tant breakthrough in cancer treatment, especially when
administered in combination with chemotherapy. Many
patients with cancer have shown an improvement in sur- o )
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Additionally, several studies have investigated the pre-
dictive value of the NLR among patients with lung can-
cer treated with inhibitors of programmed cell death-1
(PD-1) and its ligand (PD-L1). They have shown that a
higher NLR was associated with worse clinical outcomes
in various cancers.*!%!2 Although previous studies have
demonstrated that blood NLR levels before treatment
and approximately 6 weeks after the initiation of ICls are
potential predictive markers of clinical response,'’ no
intervention that can regulate inflammation to reduce the
NLR and improve clinical outcomes in patients with can-
cer receiving immunotherapy has been established.

A prescription drug, injectable astragalus polysaccha-
ride (PG2) (PhytoHealth Corporation, Taiwan, ROC), is
an immunomodulator that has been approved for the
alleviation of cancer-related fatigue (CRF).'* PG2 can
stimulate medullary hematopoiesis and enhance immune
function. Preclinical studies have demonstrated that
PG2 has an anti-inflammatory effect by inhibiting LPS-
induced TNF-o and IL-1B production in THP-1 cells.!
Additionally, PG2 can promote the proliferation and matu-
ration of bone marrow and spleen precursor cells in mice
treated with 5-fluorouracil, mitomycin C, or high-dose
radiotherapy, and can promote the recovery of peripheral
blood leukocytes, erythrocytes, and platelets.'® Further,
PG2 can modulate tumoral M1/M2 macrophage polariza-
tion and induce dendritic cell maturation.'’

Therefore, we hypothesized that PG2 might normalize
the NLR in patients with lung cancer receiving ICI combi-
nation treatment. We further explored its association with
patient survival.

Methods

We collected the medical records of patients with lung cancer
treated with ICIs at the Chung Shan Medical University
Hospital in Taiwan between October 1, 2015 and November
30, 2019. The trial protocol was approved by the Institutional
Review Board of the Chung Shan Medical University Hospital
(IRB No.: CS2-20009, Clinicaltrials.gov: NCT04352335).
Informed consent was waived due to the retrospective nature
of this study. All included patients had adequate bone marrow,
renal, and hepatic function and had received at least 1 dose
of ICI treatment, including nivolumab, pembrolizumab, or
atezolizumab, combined with chemotherapy. PG2 at a dose
of 500 mg was administered to relieve CRF either before and/
or after ICI initiation. Data of the conducted hematological
investigations were collected before ICI treatment (within
3 days) and in the sixth week after initiation (£2 weeks). The
primary endpoint was the NLR change 6 weeks after treat-
ment initiation between patients treated with PG2 (PG2
group) and those who were not (Control group). The NLR
was defined as the absolute number of neutrophils divided by
the absolute number of lymphocytes. The changes in the

NLR were classified as “Increase (bad outcome),” which was
defined as an increase of 25% or more from the baseline, and
“Decrease or no change (good outcome),” which was defined
as a decrease, no change, or an increase of less than 25%
from the baseline. The data of all the patients and subgroups
(baseline NLR =5 and <5) were analyzed in this study.*® In
addition, the overall survival (OS) was compared between
the groups, and the data were collected at least 4 years after
the day of ICI treatment initiation for the first enrolled patient.

Statistical Analysis

When inferential analyses were required, the Wilcoxon
rank-sum test was used for quantitative variables. In con-
tingency tables for categorical variables, the Fisher’s or
chi-square tests were used. OS was analyzed using the
Kaplan—Meier method and the log-rank test. The signifi-
cance of the NLR for within-group differences in baseline
versus the sixth week was determined using the Wilcoxon
signed-rank test, and the significance for differences
between the PG2 and Control groups was determined using
the Wilcoxon rank-sum test. Data from the sixth week
minus baseline were used to compare the significance of
between-group differences using the Wilcoxon rank-sum
test. Covariance from the NLR at baseline and the sixth
week was controlled using ANCOVA to avoid a correlation
affecting between-group differences. Values of P <<.05
were considered statistically significant. Statistical analyses
were performed using SAS v9.4 (SAS Institute, Inc, Cary,
NC) and R v3.6.2 (R Core Team (2019), R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient Demographics and Disease
Characteristics

Fifty-three patients, including 23 treated with ICIs and PG2
(PG2 group) and 30 treated with ICIs alone (Control group),
were enrolled and analyzed in the study. The baseline
patient characteristics are listed in Table 1. The median age
of all the patients was 63 (range, 44-89) years. Most patients
were men, current or former smokers, had an Eastern
Cooperative Oncology Group performance status score of
1, and were diagnosed with adenocarcinoma, Stage I'V, with
tumor metastasis to the bone. All patients had received one
previous line of immunotherapy, and the baseline character-
istics were balanced between the 2 groups.

Changes in the NLR

In the PG2 group, 91.3% of the patients exhibited a pre-
defined “Decrease or no change” in the NLR 6 weeks after
IClI initiation, which was 28% higher than that in the Control
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Table |. Baseline Demographic and Disease Characteristics.
PG2 (N=23) Control (N=30) P value*
Age at immunotherapy (y)
Median (range) 66 (44-81) 61.5 (48-89) .148
Sex (N, %) 747
Male 18 (78.3%) 22 (73.3%)
Female 5(21.7%) 8 (26.7%)
Smoking status (N, %) .387
Never-smoker 9 (39.1%) 8 (26.7%)
Current or ex-smoker 14 (60.9%) 22 (73.3%)
ECOG performance status (N, %) 431
| 14 (60.9%) 22 (73.3%)
2 8 (34.8%) 8 (26.7%)
3 | (4.4%) 0 (0.00%)
Histology (N, %) .352
Adenocarcinoma 13 (56.5%) 19 (63.3%)
Squamous cell 5(21.7%) 9 (30.0%)
Others (Small cell, LELC) 5(21.7%) 2 (6.7%)
Stage (N, %) .845
I 0 (0.0%) 1 (3.3%)
11l 4 (17.4%) 7 (23.3%)
v 19 (82.6%) 22 (73.3%)
Previous lines of systemic treatment (N, %) 769
| 9 (39.1%) 10 (33.3%)
=2 14 (60.9%) 20 (66.7%)
PD-LI positivity (N, %) 751
<1, Negative 7 (30.4%) 7 (23.3%)
1-49% 5(21.7%) 4 (13.3%)
=50% 4 (17.4%) 7 (23.3%)
Unknown 7 (30.4%) 12 (40.0%)
Metastasis
Liver 4 (17.4%) 2 (6.7%)
Brain 11 (47.8%) 5 (16.7%)
Bone 15 (65.2%) 12 (40.0%)
Other: lymph node, adrenal gland, pleura 9 (39.1%) 19 (63.3%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LELC, Lymphoepithelioma-like carcinoma; PD-LI, programmed death ligand |;

PG2, Astragalus polysaccharide injection.
*Wilcoxon rank-sum test, Chi-square test, or Fisher’s exact test.

group (63.3%) (P=0.028; Table 2). The changes in the
NLR before and 6 weeks (2 weeks) after ICI initiation in
individual patients and all patients’ NLR median scores are
shown in Figure la and b, respectively. The NLR level in
the PG2 group 6weeks after ICI initiation significantly
decreased from baseline (—1.92, —31.60%; P=.012),
whereas that in the Control group slightly increased from
baseline (0.13, 5.80%; P=.572). A significant difference in
the NLR change was observed between the PG2 and control
groups (P=.014). However, the median baseline NLR was
significantly higher in the PG2 group than in the Control
group (P=.009). After adjusting for the baseline NLR, no
difference in the change in the NLR was observed between
the 2 groups (P=.573) (Figure 2a, Supplemental Table S1).
In the PG2 group, the proportion of patients with an

NLR =5 decreased in week 6 by 17.4% compared to that
before treatment, whereas no change was observed in the
Control group (Figure 3, Supplemental Table S2).

In patients with a baseline NLR =5, 100% of the
patients in the PG2 group exhibited a predefined
“Decrease or no change” in the NLR; however, only 80%
of these patients in the Control group demonstrated a
“Decrease or no change” in the NLR (Table 2). The NLR
decreased significantly in the PG2 group (—4.80,
—52.40%; P =.005); however, no significant change was
observed in the Control group 6 weeks after ICI initiation
(Figure 2b, Supplemental Table S1).

Among patients with a baseline NLR <5, 83.3% and
60.0% of the patients in the PG2 and the Control group,
respectively, exhibited a predefined “Decrease or no
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Table 2. Distribution of the Change in the NLR 6 weeks (=2 weeks) After ICl Initiation.

PG2 Control
Population Classification N (%) N (%) P value*
All Patients (N=53) Decrease or no change* 21 (91.3) 19 (63.3) .028
Increase’ 2 (8.7) Il (36.7)
Baseline NLR =5 (N=21) Decrease or no change* 11 (100) 8 (80.0) 214
Increaset 0 (0) 2 (20.0)
Baseline NLR <5 (N=32) Decrease or no change* 10 (83.3) 12 (60.0) 139
Increaset 2 (16.7) 8 (40.0)

Abbreviations: ICl, immune checkpoint inhibitors; NLR, neutrophil-to-lymphocyte ratio; PG2, Astragalus polysaccharide injection.
*Decrease or no change: The NLR decreased or increased by <25% from baseline.

fIncrease: The NLR increased by =25% from baseline.
*Chi-square test or Fisher’s exact test.
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Figure I. Change in the NLR before and 6 weeks after (*2weeks) ICl initiation among all patients. (A) Each line represents the data

for an individual patient. (B) The median of the 2 groups.

Abbreviations: ICl, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio.

change” in the NLR (Table 2). The NLRs had slightly
increased 6weeks after treatment initiation in the PG2
group (0.11, 2.72%, P=.507); however, they significantly
increased by 0.52 (19.00%, P =.009) in the Control group.
Nevertheless, the baseline NLR in the PG2 group was sig-
nificantly higher than that of the Control group (P=.003)
(Figure 2c, Supplemental Table S1).

Survival Outcomes

The median OS was 6 months in patients with an NLR =5
at 6 weeks, compared with 25.4months in those with an
NLR <5 at 6weeks (P=.006, Figure 4a). We performed

survival analysis to examine the survival in patients with
advanced lung cancer receiving ICIs and PG2. Six weeks
after ICI treatment initiation, both groups had a median
NLR of 3.73. The median OS was 26.1 months in the PG2
group (95% confidence interval [CI]: 6-not applicable) and
25.4months in the Control group (95% CI: 10.7-29.9). No
significant difference was observed between the 2 groups
(P=0.76) (Figure 4b).

Discussion

The NLR, a readily obtainable inexpensive biomarker,
can predict treatment outcomes and survival in various
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Figure 2. NLR at baseline and 6 weeks (=2 weeks) after ICl initiation. (A) All patients. (B) Patients with a baseline NLR =5. (C)
Patients with a baseline NLR <.

Mann—Whitney tests: *P <.05.

Abbreviations: ICl, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio.
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cancers.'® Recent evidence indicated that a higher NLR ) . . ' ,
was associated with worse clinical outcomes and shorter Figure 4. Kaplan—Meier analysis of overall survival. (A) Patients

OS in patients with cancer treated with emerging IClIs.
Nevertheless, no drug can reverse abnormal NLR and

improve clinical outcomes.

with a baseline NLR =5 and <5. (B) The PG2 and control
groups.

Abbreviations: Cl, confidence interval; NLR, neutrophil to lymphocyte
ratio; NA, not applicable; wk, week.
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In this study, patients with lung cancer who received
combination therapy with PG2 and ICIs had a stable or
decreased NLR 6 weeks after treatment initiation (PG2 vs
Control: 91.3% vs 63.3%, respectively). This result was
independent of a high or normal baseline NLR. Further, a
slightly lower proportion (8.3%) of patients with a baseline
NLR <5 had an NLR =5 at 6 weeks in the PG2 group (PG2
vs Control, 16.7% vs 25.0%, data not shown, respectively).
An NLR =5 or an increase in the NLR by =25% after
6weeks of treatment was associated with a worse OS.!%-?!
Interestingly, we observed that the median baseline NLR
was higher in the PG2 group than in the Control group (4.51
vs 2.81); however, 6 weeks after ICI treatment initiation, the
median NLRs in the 2 groups were comparable (3.73). We
hypothesized that a high NLR might be associated with
CRF, which indicates PG2 administration. No significant
difference in the median OS was observed between the 2
groups (PG2 vs Control, 26.1 months vs 25.4months,
respectively); this is notable given the significantly higher
baseline NLR in the PG2 group before the ICI and PG2
treatment initiation. Therefore, we propose that in patients
receiving ICI combination therapy, PG2 may decrease or
stabilize the NLR, and the survival time might be similar to
that of patients with low NLR.

This is the first study identifying a drug that may normal-
ize the NLR in patients with lung cancer receiving an ICI
combination therapy. PG2, an immunomodulator, might
affect the tumor microenvironment by reducing inflamma-
tion.'” ICIs are known to enhance the host immune response
to cancer by negative regulation to prevent tumor cells from
avoiding immune cell-mediated death.?® As PG2 stabilizes
or decreases the NLR, alterations in the relative proportions
of circulating lymphocytes might promote the antitumor
immune effect mediated by immunotherapy. Furthermore,
PG2 can prevent bone marrow injury, which is a common
adverse effect of most chemotherapies. Hence, more
enriched circulating lymphocytes could be beneficial, espe-
cially for patients receiving ICI combination therapy.
Conversely, cancer-associated chronic inflammation is
linked with neutrophilia and accompanied by relative
lymphocytopenia.?! Additionally, higher blood neutrophil
levels are correlated with fatigue severity after therapy,?
and PQG2 significantly improves CRF by regulating chronic
inflammation, which is a critical pathway in the etiology of
CRF.!2324 PG2 treatment may have reduced inflammation
and consequently, the NLR among patients in the PG2
group, who had CRF as well as elevated NLR before ICI
treatment initiation. In contrast, 20% of the patients in the
control group, who had no use of PG2, showed increased
NLR after treatment initiation.

This study was a retrospective study with small sample
size. Although the baseline NLR was higher in the PG2
group, the results were comparable because no significant
difference in the demographics was observed between the

2 groups. On the other hand, the NLR change in patients
treated with a combination of immunotherapy and vary-
ing chemotherapy regimens remains unknown. In this
study, patients in the 2 groups had been treated with simi-
lar ICI combination chemotherapy regimens; therefore,
this does not affect the NLR results. As mentioned earlier,
a similar trend was observed between the 2 groups.
However, considering the limitations of this study, a more
in-depth randomized controlled trial is needed to confirm
the efficacy of PG2 in NLR normalization and patient
survival in the future.

Conclusions

A high NLR at 6 weeks after ICI treatment initiation was
associated with a worse OS. We observed that PG2, which
is used clinically to alleviate fatigue, could decrease the
prognostic indicator, NLR, among patients with advanced
lung cancer treated with ICI combination therapies.
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