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Abstract

Background: The pretreatment prognostic nutritional index (PNI) is an indicator of nutritional and immune status, andQ
potential use as a predictor of survival in cancer patients. Several retrospective studies have used the PNI to predict the outcome
of lung cancer patients receiving different immune checkpoint inhibitors (ICls), but the results have been inconsistent. The objective
of our study is to assess the relationship of pretreatment PNI with survival outcomes in lung cancer patients who received ICI-
based treatments by meta-analysis.

Methods: We searched the EMBASE, PubMed, Cochrane Library, American Society of Clinical Oncology, and European
Society of Medical Oncology databases to identify studies that reported overall survival (OS) or progression-free survival (PES) in
eligible patients. Eight studies were eligible based on predefined inclusion and exclusion criteria. Data and pooled indicators were
extracted from these studies. Meta-analysis was used to analyze hazard ratios (HRs) and 95% confidence intervals (Cls) for OS
and/or PFS and the prognostic value of pretreatment PNI. We completed the registration of the research protocol (Registration
number: INPLASY202240087, DOl number: 10.37766/inplasy2022.4.0087).

Results: We analyzed data from 8 eligible studies (831 patients). Meta-analysis showed that relative to patients with low
pretreatment PNI, those with a high pretreatment PNI had better OS (HR = 2.50, 95% Cl = 1.44-4.33, P = .001) and better PFS
(HR = 1.94, 95% CI = 1.56-2.42, P < .001). Sensitivity analysis indicated these results were robust. There was also no evidence
of publication bias.

Conclusion: Lung cancer patients receiving ICl-based treatments who had higher pretreatment PNI had better OS and PFS.

Abbreviations: Cls = confidence intervals, HRs = hazard ratios, ICls = immune checkpoint inhibitors, NSCLC = non-small cell
lung cancer, OS = overall survival, PFS = progression-free survival, PNl = prognostic nutritional index, SCLC = small cell lung

cancer.
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1. Introduction

Lung cancer is responsible for the greatest number of cancer
deaths worldwide, and has a high incidence and mortality rate
in men and women.!!! The introduction of immunotherapy for
lung cancer, especially immune checkpoint inhibitors (ICIs), has
greatly increased the survival times of patients with lung can-
cer.?l At present, ICIs can be used as first-line treatments for
advanced non-small cell lung cancer (NSCLC), the extensive
stage of small cell lung cancer (SCLC), and as neoadjuvant or a
djuvant therapy for NSCLC.B! Although ICIs have good efficacy
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and are well-tolerated, some patients do not achieve good treat-
ment response. It is therefore important to use clinically acces-
sible biomarkers or other methods to identify patients who are
most likely to have long-term favorable responses to ICIs.
Many studies have examined the use of simple biomark-
ers from blood tests to determine the prognoses of patients
with a variety of cancers. Thus, biomarkers such as the prog-
nostic nutritional index (PNI),’! neutrophil-to-lymphocyte
ratio, platelet-to-lymphocyte ratio, red blood cell distribution
width, lung immune prognostic index, and lactate dehydroge-
nase, have been used to assess the immune status, nutritional
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status, or inflammatory status of cancer patients.l® The PNI is
a particularly useful biomarker because it indicates the nutri-
tional and immunological status of cancer patients. In 1980,
researchers in the U.S. introduced the PNI as a nutritional
indicator to predict risk from gastrointestinal surgery.”! In
1984, researchers in Japan simplified the algorithm for cal-
culating PNI as: (10 x albumin [g/dL]) + (0.005 x lympho-
cytes [cells/pL]).® More recent studies have extended the PNI
to predict prognosis in additional groups of patients, such
as those with gastrointestinal malignancies, gynecological
tumors, and lung cancer.’"*3! In particular, numerous retro-
spective clinical studies have examined the value of pretreat-
ment PNI in assessing the prognosis of lung cancer patients
receiving ICI therapies.'*2!!

The research problem of this meta-analysis was to deter-
mine the prognostic value of pretreatment PNI in lung cancer
patients receiving ICI-based treatment by investigating the
association between pretreatment PNI and prognosis of lung
cancer patients receiving ICI-based treatment. Our objective
was to find out whether there was an association between pre-
treatment PNI and prognosis of lung cancer patients receiving
ICI-based therapy, and if so, how pretreatment PNI affected
OS and PFS.

2. Materials and Methods

This study adhered to the PRISMA guidelines and developed
exclusion criteria based on the PICOS model. The registra-
tion number is INPLASY202240087 and the DOI number is
10.37766/inplasy2022.4.0087.

2.1. Study search

Two investigators (SYF and CW) independently searched
EMBASE, PubMed, Cochrane Library, American Society of
Clinical Oncology, and European Society of Medical Oncology
using the following terms: PNI; immunotherapy; immune
checkpoint inhibitor; programmed death ligand-1 inhibitor;
programmed death-1 inhibitor. The results included published
and unpublished studies. References in these documents were
also examined to identify additional relevant studies. If there
was disagreement about the results of the search or study qual-
ity, a third member of the team (GXL) reviewed the results until
the 3 investigators reached a consensus.

2.2. Study selection

2.2.1. Inclusion criteria. All included studies: were clinical
trials that examined patients with lung cancer based on cytology
or histology; examined patients who received treatments
that included ICIs; used the PNI as a prognostic indicator of
outcome (progression-free survival [PFS] or overall survival
[OS]) and provided hazard ratios (HRs) with 95% confidence
intervals (CIs) for these metrics; measured the PNI prior to
administration of a regimen containing an ICI.

2.2.2. Exclusion criteria. All included studies: were excluded
if they only calculated HRs using univariate analysis; were
reviews, comments, letters, expert opinions, summary of
meetings or reports; have no adequate and accurate definition
of PNI and its pre- and/or post-treatment cutoff values; were
repeated study data.

2.3. Data extraction

A total of 133 potentially eligible studies were identified by
database searching, and 8 studies were considered eligible for
inclusion (Fig. 1). Two investigators separately performed data

Medicine

extraction from the 8 included studies, and recorded the fol-
lowing information in an Excel spreadsheet: name of the first
author, date of publication, time period when patients were
enrolled, country where the study was conducted, study design,
sample size, patent gender, follow-up time, type of cancer, treat-
ment regimen, pretreatment PNI cutoff value, survival outcome

(PES or OS), and HR with 95% CI (Table 1).

2.4. Assessment of study quality

The Newcastle-Ottawa Scale (NOS) was used to assess study
quality??! (Table S1, Supplemental Digital Content, http:/links.
lww.com/MD/H630). In this scale, a score less than 5 indicated
“low quality,” a score between 5 and 7 indicated “medium qual-
ity,” and a score greater than 7 indicated “high quality.”

2.5. Meta-analysis

STATA version 16.0 was used for statistical analysis. The pri-
mary endpoints were PFS and OS. HRs and 95% Cls were
used to evaluate the relationship between pretreatment PNI
and survival outcomes. A HR with 95% Cl in a pooled analysis
of survival outcome was considered significant if the P value
was below .05. The chi-square test and the I? statistic were
used to evaluate statistical heterogeneity. When there was sig-
nificant heterogeneity (I > 50%), a random-effects model was
used; when there was low heterogeneity (I> < 25%) or moder-
ate heterogeneity (25% < I> < 50%) a fixed-effects model was
used. Begg’s test and Egger’s test were used to assess publication
bias.[2324 Sensitivity analysis was used to assess the robustness
of the pooled HR values.

3. Results
3.1. Eligible studies

Our search of multiple databases led to the identification of
133 potentially eligible studies. Application of the predefined
inclusion and exclusion criteria led to identification of 8 eli-
gible studies (Fig. 1, Table 1). These 8 studies examined 831
patients with lung cancer who received ICI-based therapy,
and all of them examined patients from East Asia (China and
Japan). Six studies examined the association of pretreatment
PNI with OS and PFS,!1#1517:19211 1 study only examined the
relationship of pretreatment PNI with PFS,!"*l and 1 study only
examined the relationship of pretreatment PNI with OS.!*l
One publications!®! contained more precise groupings, so we
separated the data from this article and recorded it as “Shi
2021-1” and “Shi 2021-2.” All 8 studies were retrospective and
all had NOS scores of 7 or 8, indicating they were “high qual-
ity” studies.

3.2. Prognostic value of PNI for OS

Seven studies (793 patients) examined the relationship of pre-
treatment PNI with OS (Fig. 2A; (14-17, 19-21). These stud-
ies had high heterogeneity (I = 71%, P = .001), so we used
a random effects model for analysis. The results showed that
patients with high pretreatment PNI had significantly better OS
than patients with low PNI (HR = 2.50, 95% CI = 1.44-4.33,
P = .001). We also performed subgroup analysis (Table S2,
Supplemental Digital Content, http:/links.lww.com/MD/H631)
to determine the effect of country (China or Japan), sample size
(n > 100 or n < 100), PNI cutoff value (PNI > 45 or PNI < 45),
treatment modality (ICI or ICI + chemotherapy), and NOS score
(7 or 8). The results showed that high pretreatment PNI pre-
dicted better OS, regardless of country, sample size, treatment
regimen, and NOS score. Subgroup analysis also suggested that
it was more reasonable to use a PNI cutoff value of 45 or less.
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Figure 1. Identification, screening, assessment of eligibility, and inclusion of studies.

Characteristics of the included studies.*

Sample Gender, Follow-up, Cancer PNI
First author, yr Country Duration size,n Age, yrs F/M months type Treatment cutoff  Outcome NOS
Shoji et al, 2019 Japan 2015-2019 102 range: 42—-86 29/73 median: 7.37  NSCLC ICI 455 0S,PFS 8
Peng et al, 2020 China 2017-2019 102 median: 62 15/87 NR NSCLC ClI 45 0S,PFS 7
Liu et al, 2021 China 2018-2019 123 mean: 59.9 25/98 NR NSCLC ICl + Chemo  46.05 0S,PFS 7
Qi et al, 2021 China NR 53 NR 19/34 median: 17.1 SCLC ICl + Chemo 48 0S 8
Shi et al, 2021-1 China 2015-2020 32 NR NR median; 12.9  NSCLC ICl 45 0S,PFS 8
Shi et al, 2021-2 China 2015-2020 71 NR NR median: 12.9  NSCLC ICl + Chemo 45 0S,PFS 8
Zaitsu et al, 2021 Japan 2016-2020 73 mean: 70.9 21/52 NR LC ICl 43 0S,PFS 7
Shijubou et al, 2022 Japan 2017-2019 38 median: 75 8/30 NR NSCLC ICl 40 PFS 7
Tanaka et al, 2022 Japan 2018-2020 237 median: 69 50/187  median: 11.7  NSCLC ICl + Chemo 40.35 OS,PFS 8

*All studies were retrospective.

NR: not reported; F, female; M, male; LC: lung cancer; NSCLC: no-small cell lung cancer; SCLC: small cell lung cancer; OS: overall survival; PFS: progression-free survival; ICl: immune checkpoint inhibitor;

NOS: Newcastle-Ottawa Scale; Chemo: chemotherapy.

Qi, W.X., et al, Assessment of systematic inflammatory and nutritional indexes in extensive-stage small-cell lung cancer treated with first-line chemotherapy and

atezolizumab. Cancer Immunol Immunother, 2021. 70(11): p. 3199-3206.

3.3. Prognostic value of PNI for PFS

Seven studies (778 patients) examined the relationship of
pretreatment PNI with PFS (Fig. 2B) (14, 15, 17, 19-21, 23).
These studies had low heterogeneity (I? = 4.6%, P = .0394),
so a fixed-effects model was used for analysis. The results
showed that patients with high pretreatment PNI had sig-
nificantly better PFS than patients with low PNI (HR = 1.94,
95% CI = 1.56-2.42, P < .001). Subgroup analysis was per-
formed as previously, and indicated that high pretreatment
PNI predicted better PFS, regardless country, sample size,

treatment regimen, and NOS score (Table S3, Supplemental
Digital Content, http:/links.lww.com/MD/H632).

3.4. Publication bias and sensitivity analysis

Measurements using Egger’s test (P = .884 for OS, P = .549
for PFS) and Begg’s test (P = .536 for OS, P = .536 for PFS)
indicated no evidence for significant publication bias. We also
performed sensitivity analyses to validate the robustness of the

pooled results for OS (Fig. 3A) and PFS (Fig. 3B). The results
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A B
Study % Study %
s} HR (95% C1) Weight D HR (95% CY) Weight
Shoji etal 2019 L 161(095,274) 1702 Shoji et al. 2019 —_— 170(1.04,283) 1956
Peng et al. 2020 — 279(1.57,495) 1657 Peng et al 2020 — 192(1.14,325) 17.90
Liu et al 2021 o~ 7.22(408,1278) 1660 Liu etal 2021 e 270(175,4.15) 2633
Qi et al. 2021 —_— 0.88(0.30,263) 1126 Shi etal. 2021 1 0.96(0.21,448) 207
Shi et al. 2021 1 ——--— 14.71 (1.14, 200.00) 3.69 Shi etal. 20212 —————— 366(1.10,12.19) 3.40
Shietal 20212 —-— 3.97(0.96,1639) 859 Zaitsu et al 2021 —_— 093(0.38,224) 621
Zaitsu et al. 2021 —_— 098(0.31,313) 1064 Shijubou et al. 2022 — 2.32(066,787) 319
Tanaka et al 2022 —=— 238(123,462) 1563 Tanaka et al 2022 —— 172(107,279) 2135
Overall (-squared = 71.0%, p = 0.001) <> 250(1.44,433) 10000 Overall (l-squared = 4.6%, p = 0.394) <> 1.94(1.56,242) 100.00
NOTE: Weights are from random effects analysis:
005 1 200 082 1 122

Figure 2. Meta-analysis of the impact of pretreatment PNI on overall survival (A) and progression-free survival (B). PNI = prognostic nutritional index.
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Figure 3. Sensitivity analyses of HR for OS (A) and PFS (B). HR = hazard ratios, OS = overall survival, PFS = progression-free survival.

showed no significant change in the pooled HR for OS or PFS,
indicating the pooled results were robust.

4. Discussion

Our major finding is that the pretreatment PNI is a reliable
indicator of prognosis in lung cancer patients receiving ICI-
based therapy. In particular, patients with a high pretreatment
PNI had significantly better PFS and OS than those with a low
pretreatment PNI. According to the results of our meta-analy-
sis, survival time and progression-free time were shorter in the
low pretreatment PNI group. The low pretreatment PNI group
have a 150% increased risk of death and a 94% increased risk
of disease progression than the high pretreatment PNI group.
Since the introduction of the PNI in 1980, this index has been
to estimate prognosis in patients with various diseases, and also
in patients who received surgical treatment,?! radiotherapy,2®!
and drug therapy. Measurement of the PNI is simple and eco-
nomical, and the results are applicable in diverse clinical fields.
Several studies have demonstrated the usefulness of the PNI
in predicting the prognosis of cancer patients.?”? More spe-
cifically, the PNI is useful in predicting the prognosis of lung
cancer patients, in that a high PNI was associated with better
prognosis.’! Other studies examined use of the PNI to predict
outcome in cancer patients receiving an ICI-based therapy and
concluded that a high PNI predicted a better outcome. !

We identified 8 retrospective studies, all published since 2019,
that examined use of the pretreatment PNI in predicting the

outcome of lung cancer patients receiving ICI-based therapies.
However, the conclusions of these studies were inconsistent. We
therefore conducted a meta-analysis of these recent studies. All
of these studies examined patients with lung cancer who received
treatments that included IClIs, measured the pretreatment PNI,
assessed PFS and/or OS, and provided HRs and 95% ClIs for the
outcome metrics. Our study is the only meta-analysis to focus
on this topic. Seven!'*'719-21l of the studies in our included liter-
ature included data on patient OS. Four!!*1517:201 of these studies
showed that pretreatment PNI was associated with patient OS
and that a relatively high pretreatment PNI represented a better
OS for patients, however the other 4 studies!'®!71%2!l showed no
statistical association between pretreatment PNI and patient OS.
The heterogeneity of studies was relatively high when the 8 data
sets from these 7 papers were analyzed in a pooled manner. We
attributed the source of heterogeneity to differences in treatment
regimens and differences in lung cancer type included in each
study. Four data sets were treated with ICIs alone, however, the
other 4 sets were treated with ICIs plus chemotherapy (Table 1).
So we can infer that there may be a difference in the staging
of lung cancer, it is an important source of heterogeneity. Five
studies!!*!15:17:19201 were conducted on NSCLC alone, 1 study!'®!
was conducted on SCLC, and 1 study?!! did not distinguish
between NSCLC and SCLC. It is known that the OS of SCLC
is much worse than that of NSCLC. So we think lung cancer
type is also an important source of heterogeneity. Seven of the
studies in our included literature included data on patient PFS.
The low heterogeneity of our pooled results for PFS may be due
to the relatively small differences in the characteristics of those
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patients included in the 8 data sets included in these 7 studies,
with non-NSCLC cases accounting for a smaller number.

Clinicians have long used the PNI, which is a function of
serum albumin and lymphocyte count (10 x Alb [g/dL] + 0.005 x
lymphocytes [cells/uL]), as a prognostic indicator because it con-
siders nutritional status and immune status. When we discuss the
mechanisms involved in PNI affecting immunotherapy, we think
in terms of 2 separate perspectives, albumin and lymphocytes.

Albumin accounts for about 55% of total plasma protein,
and normal levels are about 35 to 45g/L. Serum albumin is an
indicator of nutritional status, it also helps to maintain intravas-
cular osmotic pressure,*!l. A healthy liver synthesizes about
14 g of albumin per day, and albumin levels are generally lower
in patients with hepatic dysfunction. The serum albumin level
is also lower in patients with malignant tumors, severe tuber-
culosis, malnutrition, accumulation of thoracoabdominal fluid,
kidney disease, and hypoalbuminemia. A low serum albumin
level is therefore an independent indicator of poor prognosis
in these patients with diverse conditions. Malnutrition is com-
mon in cancer patients, this is mainly due to the physical and
metabolic effects of cancer and the side effects of anti-can-
cer treatments®>*l so hypoproteinemia is common in cancer
patients. Epidemiological studies reported that a low pretreat-
ment albumin level was associated with poor outcome in lung
cancer patientst®¥. At the cellular level, hypoalbuminemia may
lead to impaired immune cell function, thereby allowing tumor
progression®*l. Patients with tumor progression and poor nutri-
tional status have poor prognoses. Another important consid-
eration is that cytokines, such as interleukin-1, interleukin-6,
and tumor necrosis factor-a, inhibit the synthesis of albumin®
and the levels of these cytokines are increased in patients with
malignant tumors?*%7l. Albumin also functions in the scav-
enging of oxygen free radicals, a hallmark of inflammation®'l.
Inflammation plays an important role in the development, pro-
gression, and metastasis of malignant tumors®. In patients
targeted for immunotherapy, hypoproteinemia can lead to phys-
iological dysfunction including loss of drug efficacy®®., and it
has been shown that shortened OS in individuals with higher
pembrolizumab clearance is associated with increased cancer
cachexia and protein turnover*’l, Talvas et al illustrates that the
proper process of activation and function of cytotoxic T cells
and memory cells requires adequate protein intake and™*!, in
particular,arginine has a positive effect on the activity of the
immune system!*?l. Tumor interstitial fluid and the tryptophan
and cystine consumed in the circulation of cancer patients,
among others, play an important role in activating the immune
response of the immune system!*l. Hypoproteinemia restricts
the availability of these amino acids and may deprive immune
cells of essential nutrients, thereby having the adverse effect of
suppressing anti-cancer immunity and impeding the anti-can-
cer activity of ICIs. These many different functions of albumin
explain the association of hypoalbuminemia with poor progno-
sis in patients with malignancies.

Lymphocytes function in immune recognition, and are clas-
sified as B cells, T cells and natural killer cells. All 3 types of
lymphocytes have anti-tumor effects.***! T cells account for
about 70 to 80% of all peripheral blood lymphocytes, and their
anti-tumor effects is an area of active research. In particular,
at the onset of tumorigenesis, T cells are activated, migrate to
the lesion, and attack tumor cells.*”) Previous studies of patients
with breast cancer and lung cancer reported negative associ-
ations of peripheral blood T-cell count and circulating cancer
cell load."*s!" More recent studies demonstrated that a low
peripheral blood lymphocyte count was associated with lung
cancer invasion and recurrence, and was an independent predic-
tor of poor prognosis in these patients.’>%3! Other studies also
reported a relationship of cancer progression with low lympho-
cyte count in patients with pancreatic, esophageal, and kidney
cancers.’*5¢ This suggests that a decreased peripheral blood
lymphocyte count may reflect an impairment of the body’s
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anti-cancer response. Previous studies showed that immune
checkpoints, such as programmed cell death protein 1 and cyto-
toxic T-lymphocyte-associated protein 4, down-regulate T-cell
function, allowing immune evasion of malignant cells.” Thus,
a low serum albumin and a low lymphocyte count have many
adverse effects, and this explains why the pretreatment PNI is
such a reliable prognostic indicator for lung cancer patients
receiving ICI-based treatment.

Although the exact mechanism by which PNI affects ICIs has
not been fully cleared, the discussion above may suggest that a
relatively high PNI at baseline status may reflect the patient’s
original nutritional status and better immune system response.
It may also reflect tumor differentiation in each individual, with
patients with high pretreatment PNI having relatively less aggres-
sive tumors. Therefore, such patients tend to have better OS and
PFS. Many studies examined the use of PNI to predict disease
outcome, and most of them concluded that a high pretreatment
PNI was associated with a better prognosis.>!%25-2858-611 Srudies
have also looked at the relationship between PNI and immuno-
therapy and have found PNI to be an independent factor in the
prognosis of immunotherapy patients.*”*?! Compared to other
indicators, PNI is more suitable for the prediction of survival in
the elderly and in patients with malignancies because it consid-
ers nutritional status and immunological status. These 2 groups
of patients often have poorer nutritional status due to chemo-
therapy or receipt of surgery. Moreover, tumor progression is
also associated with a collapse of the body’s immune system.
Sociologically speaking, patients with low pretreatment PNI
often have poorer economic status, have less nutritious diets,
receive worse medical care, and experience poor living condi-
tions. These many factors related to lifestyle reduce the PNI and
also adversely affect the immune system and patient prognosis.
From our clinician’s perspective, with the current explosion of
immunotherapy, we need to think about new models of man-
aging patients, that is, the alignment of nutritional intake and
immunotherapy. There have been many studies showing that diet
can interfere with the efficacy of ICIs and thus have an impact
on prognosis. In addition to regulating the function of immune
cells through the regulation of metabolites such as amino acids,
fatty acids and nucleotides in the body, diet can also influence
the efficacy of ICIs by affecting the gut microecology.!1:43:63.64]

Although our meta-analysis confirmed the PNI was a reliable
prognostic indicator, clinicians should use caution when using a
single indicator to predict patient prognosis. Because the clinical
studies we examined have limitations, like all clinical studies, we
suggest that future efforts consider development of an algorithm
that considers the PNI along with several additional indicators,
such as the neutrophil-to-lymphocyte ratio, red blood cell dis-
tribution width, platelet-to-lymphocyte ratio, lung immune
prognostic index, and lactate dehydrogenase to more accurately
assess patient prognosis. Use of such an algorithm may allow
clinicians to focus on the specific nutritional, immunological, or
other specific problems in patients with malignant tumors.

Our study has some limitations. All of the 8 studies we exam-
ined enrolled patients from China and Japan, so the results may
only be relevant to East Asian populations. All 8 studies were ret-
rospective, and this may have led to bias. The sample size of our
meta-analysis was also small, in that we only examined 8 studies
with 831 patients, and these studies had significant heterogeneity
regarding treatment regimen, lung cancer pathology, PNI cutoff,
and patient age distribution. Finally, the 8 studies we examined
did not provide sufficient data on drugs and dosing regimens, so
we were unable to consider these factors in our analysis.

5. Conclusion

Our meta-analysis indicated that the pretreatment PNI of lung
cancer patients was a reliable indicator of patient outcome.
More specifically, patients receiving ICIs for lung cancer who
had a higher pretreatment PNI had better OS and PFS.
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