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Abstract:

BACKGROUND AND AIM: The systemic inflammatory response plays a crucial role in the
development and progression of many cancer types. In our study, we investigated the asso-
ciation of prognostic nutritional index (PNI) with progression-free survival (PFS) and overall
survival (OS) in patients with non-small cell lung cancer (NSCLC).

METHODS: This was a retrospective cohort study. The data of patients who were followed up
in the oncology clinic of our hospital between October 2011 and June 2014 were obtained from
the hospital automation system records and patient files. A total of 240 patients with NSCLC
diagnosis were included in the study, and their demographic and clinicopathological charac-
teristics were recorded. PNI was calculated at the time of diagnosis based on albumin levels
and lymphocyte counts.

RESULTS: In total, 231 patients were included in the study (205 [88.7%)] men and 26 [11.3%)]
women), with a mean age of 59.97+9.44 years. We divided the patients into two groups, namely
low (=42.2) and high (>42.2) PNI groups, based on their median PNI values. The median OS
of the low and high PNI groups were 380.00 (95% CI: 347.00—412.96) and 568.00 (95% CI:
515.52-620.48) days, respectively. The difference was statistically significant (p=0.009). Low PNI
was associated with a poor OS, and the mortality rate of the low PNI group was 1.5 times higher
than that of the high PNI group (hazard ratio: 1.50; 95% CI: 1.08-2.08). No statistically significant
difference was observed between PNI values and PFS (p=0.328).

CONCLUSIONS: This study showed that PNI (=42.2) at diagnosis is an independent biomarker
of poor prognosis in patients with NSCLC. Therefore, PNI can be used as a biomarker of NSCLC
prognosis because it is simple, inexpensive, and easily available.
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Introduction

Lung cancer ranks among the leading cancers based
on the 2020 global cancer statistics, accounting for
11.4% of new cases and causing 18% of deaths.!"! Accord-
ing to the Tiirkiye 2017 cancer statistics report, 56.7 per
100 000 men and 11.1 per 100 000 women have lung can-
cer. Considering all age groups, lung cancer incidence
ranks first in men (21.7%) and fourth in women (6.4%).
Non-small cell lung cancer (NSCLC) accounts for 79.6%
of lung cancers; adenocarcinoma is the most common
subtype of NSCLC, with an incidence rate of 47.7%; and
56.5% of the patients were in the advanced stage.?

The 5-year relative survival rate of NSCLC is approxi-
mately 25% for all stages. Advanced stage, advanced
performance score, and weight loss are considered poor
prognostic factors in NSCLC.®! However, easily acces-
sible parameters are needed for predicting survival
and identifying high-risk individuals. Recent studies
have shown that the patient’s systemic inflammatory
response status, nutritional status, and immunological
status have crucial roles in cancer development. Several
indices containing various inflammatory parameters are
used to determine the prognosis of patients with cancer.
The prognostic nutritional index (PNI) is a simple scale
that involves the combination of the serum albumin level
and lymphocyte count in the peripheral blood. PNI was
found to be an effective biomarker in the prognosis of pa-
tients who underwent surgery for esophageal, colorec-
tal, and gastrointestinal cancers.!**! Furthermore, studies
have shown that PNI has a prognostic value in patients
with resectable lung cancer.[*”!

Our study aimed to investigate the association of PNI
with overall and progression-free survival (PFS) in
NSCLC patients.

Materials and Methods

This was a retrospective cohort study. A total of 240
patients with a histopathological diagnosis of NSCLC
who were followed in the oncology clinic of our hospi-
tal between October 2011 and June 2014 were included
in the study. Demographic data, clinicopathological
features, laboratory findings, and treatment methods
of the patients were obtained from the hospital auto-
mation system records and patient files. Nine patients

were excluded from the study because of comorbidities,
such as malignancy of other organs, autoimmune and
hematological diseases, and other diseases that could
affect the blood lymphocyte count and serum albumin
level. The study was approved by the ethics commit-
tee of (No.: 235-2021; Date: November 22, 2021), and it
was conducted in accordance with the Declaration of
Helsinki. All patients were staged using the seventh Tu-
mour stage (TNM) system.®! We analyzed biochemical
(albumin, protein, lactate dehydrogenase, glucose, and
calcium levels) and hematological (neutrophil, lym-
phocyte, hemoglobin, and thrombocyte counts) values
in the blood samples collected at the time of diagnosis.
PNI was calculated according to the following formula:
(10 x albumin [g/dL]) + (0.005 x peripheral lymphocyte
count per mm®).% In our study, PFS was defined as the
period from the date of initial pathological diagnosis
to the date of disease progression, and overall survival
(OS) was calculated from the time of pathological diag-
nosis to the date of death from any cause. The patients
were divided into two groups, namely, high and low
PNI groups, based on their median PNI values.

Statistical analysis

The normality of the data was tested using the Shapiro—
Wilk test. Continuous variables were presented as mean
+ standard deviation for normally distributed variables,
and comparisons between the two independent groups
were performed using an independent samples t-test,
whereas they were presented as median (minimum-—
maximum) values for nonnormal variables, and com-
parisons between the two independent groups were
performed using the Mann-Whitney U-test. Categorical
variables were expressed as numbers and percentages,
and comparisons between the groups were performed
using Pearson’s Chi-squared or the Fisher—Freeman—
Halton test. The Kaplan-Meier analysis and log-rank
test were used to compare survival times between the
groups. Additionally, the Cox regression analysis was
performed for the multivariate analysis of survival
data. A p-value of 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using IBM
SPSS Statistics version 23.0 (IBM Corp., USA).

Results

In total, 231 patients were included in the study, 205
(88.7%) men and 26 (11.3%) women. The mean age of the
patients was 59.919.4 years (range: min 34 max 82). In our
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study, smoking, a crucial risk factor for lung cancer, was
91.8% (n=212), and the most common histopathological
subtype was adenocarcinoma (n=107, 46.3%). At diagno-
sis, 106 (45.9%) patients had stage 4 disease. The most
common sites of metastasis were the brain (n=95, 41.1%)
and the bone (n=55, 23.8%). The demographics and clin-
ical characteristics of the patients are presented in Table
1. The median OS and PFS were found to be 444.00 days
(95% CI: 366.75-521.25) and 288.00 days (95% CI: 250.76—
325.14), respectively.

The median PNI value was found to be 42.2 (range: 14—
66). Patients were divided into two groups based on their
median PNI values as low (<42.2) and high (>42.2) PNI
groups. When PNI groups were compared, patients with
low PNI values were seen to be older than the patients
with high PNI values (p=0.005). No significant corre-
lation was observed between PNI and smoking status,
histopathology, comorbidity, tumor stage, performance
status, and treatment modality. The comparisons of the
clinicopathological features of the patients according to
their PNI values are presented in Table 2.

The median OS of patients with low PNI and high PNI
was 380.00 (95% CI: 347.00-412.96) days and 568.00 (95%
CI: 515.52-620.48) days, respectively, and the difference
was statistically significant (p=0.009). A low PNI was
highly associated with a short survival time, and the
mortality rate of the low PNI group was 1.5 times higher
than that of the high PNI group (hazard ratio [HR]: 1.50;
95% CI: 1.08-2.08). However, no statistically significant
difference was observed between PNI values in terms of
PFS (p=0.328) [Figs 1, 2].

Univariate analysis and Cox regression model were ap-
plied to better define risk factors associated with OS.
Smoking (p=0.006), histopathology (p=0.036), treatment
modality (p=0.001), Eastern cooperative oncology group
performence status (ECOG PS) (p=0.001), TNM stage
(p=0.001), and PNI (p=0.009) were found as poor prog-
nostic factors. Multivariate analysis showed that non-
surgical systemic treatments, advanced tumor stage, and
low PNI (<42.2, p=0.016) were significant independent
predictors of OS (Table 3).

We performed a univariate analysis to identify the risk
factors linked to PFS, and smoking (p=0.001), treatment
modality (p=0.001), ECOG PS (p=0.001), and TNM
stage (p=0.001) were found to be significant prognos-

Table 1: Clinical characteristics of the study population

Mean=SD n %
Age, year 59.9+9.4
BMI, kg/m? 24.6+4.1
Gender
Male 205 88.7
Female 26 11.3
Smoking
Nonsmoker 19 8.2
Active smoker 91 39.4
Former smoker 121 52.4
Histopathology
Adenocarcinoma 107 46.3
Squamous cell carcinoma 88 38.1
Others* 36 15.6
ECOG PS
0 103 44.6
1 95 411
2 28 12.1
3 5 2.2
TNM stage
1B+2A+2B 32 13.9
3A 69 29.9
3B 24 104
4 106 45.9
Treatment
No treatment 3 1.3
Chemotherapy 109 47.2
Chemotherapy and radiotherapy 50 21.6
Others** 69 29.9

*: Large cell carcinoma or NSCLC not otherwise specified (NOS). **: Neoadjuvant
chemotherapy+surgery, surgery+adjuvant chemotherapy, or surgery+adjuvant
chemoradiotherapy. BMI: Body mass index, ECOG PS: Eastern cooperative
oncology group performence status, TNM: Tumour stage

tic factors. After multivariate analysis, advanced stage,
nonsurgical treatments, and presence of bone metas-
tases (p=0.001) were determined as independent risk
factors for PFS. However, PNI had no influence on PFS
(p=0.328) [Fig. 2] (Table 4).

Discussion

Our study demonstrated that a low PNI was an inde-
pendent poor prognostic factor, and a low PNI was
associated with a 1.5-fold reduction in survival. The
systemic inflammatory response has an important role
in cancer development. Indices containing various in-
flammatory parameters are used for the prognosis of
patients with cancer. Lung cancer is one of the most
fatal cancer types, with a 5-year survival rate of 25%.
Therefore, high-risk patients must be identified using
prognostic parameters. PNI is calculated based on the
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Table 2: Association between PNI and clinicopathological features

Parameters PNI
=42.2 >42.2 p
n % n %
118 51.1 113 51.9
Age
<60 48 40.7 67 59.3 0.005
=60 70 59.3 46 40.7
Gender
Male 111 94.1 94 83.2 0.009
Female 7 5.9 19 16.8
Smoking
Nonsmoker 7 5.9 12 10.6 0.259
Active smoker 44 37.3 47 41.6
Former smoker 67 56.8 54 47.8
Histopathology
Adenocarcinoma 50 42.4 57 50.4 0.141
Squamous cell carcinoma 52 441 36 31.9
Others* 16 13.5 20 17.7
Comorbidity
None 67 56.8 56 49.6 0.520
Single 28 23.7 33 29.2
Multiple 23 19.5 24 21.2
ECOG PS
0 45 38.1 58 51.3 0.089
1 52 441 43 38.1
243 21 17.8 12 10.6
TNM stage
1B+2A+2B 15 12.7 17 15.0 0.121
3A 28 23.7 41 36.3
3B 15 12.7 9 8.0
4 60 50.8 46 40.7
Treatment
Chemotherapy 62 52.5 47 42.7 0.287
Chemotherapy and radiotherapy 25 21.2 25 22.7
Others** 31 26.3 38 34.5

*: Large-cell carcinoma or NSCLC not otherwise specified (NOS). **: Neoadjuvant chemotherapy+surgery,
surgery+adjuvant chemotherapy, or surgery+adjuvant chemoradiotherapy. PNI: Prognostic nutritional index, ECOG
PS: Eastern cooperative oncology group performence status, TNM: Tumour stage, NSCLC: Non-small cell lung cancer

serum albumin concentration and lymphocyte count
in the peripheral blood, and it is used to determine the
nutritional and immunological status of patients with
gastrointestinal cancer.*®!

In 2011, Proctor et al.l"! reported that PNI is a prognostic
factor for all cancers independent of the tumor site. Ad-
ditionally, Yao et al.'"! showed that PNI is a useful indi-
cator in the prognosis of patients with malignant pleural
mesothelioma.

In addition to neutrophils, T and B lymphocytes play
crucial roles in tumor inflammation and immunology.

According to preclinical studies, neutrophils stimulated
by the tumor growth factor-mediated signaling path-
way may promote tumor growth. The predictive role of
neutrophil or lymphocyte counts in inflammation or im-
mune tumor progression may be limited, and they are
not associated with survival prognosis, but together they
have a strong predictive role in survival.l'”

A close relationship exists between albumin and lympho-
cyte levels and the presence of an inflammatory response in
patients with cancer. Hypoalbuminemia is generally seen
in patients with advanced cancer and is usually accepted
as an indicator of malnutrition and cachexia. Proinflamma-
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Figure 1: Kaplan-Meier survival curve for overall survival of the two PNI groups (p=0.009)
PNI: Prognostic nutritional index

tory mediators, such as interleukin (IL)-1, IL-6, and tumor
necrosis factor-alpha secreted from the tumor, downregu-
late albumin synthesis. Furthermore, these cytokines play
a role in malignant transformation, neoangiogenesis, and
cancer progression.'** Therefore, hypoalbuminemia sug-
gests a poor prognosis in patients with cancer.

The relationship between the lymphocyte count with the
immune system and cancer has been investigated, and
malnutrition severity has been found to increase with a
decrease in lymphocyte count.!'>'”! Lymphocytes inhibit
proliferation, invasion, and migration of cancer cells
through T cell-mediated immune response.['¥!

CD4+ Th cells can increase the effect of CD8+ cytotoxic
T lymphocytes and induce the antitumor inflammation
response through IL-2 release. Chronic inflammatory re-
actions contribute to tumor growth and invasion. Lym-
phocytopenia induced by systemic inflammatory reac-
tions shows that cellular immunity is impaired, and it
provides information regarding the severity and progno-
sis of the disease.!"”)

Therefore, although PNI was initially considered an in-
dicator of the nutritional status of a patient, it is likely
an indicator of systemic inflammation. Furthermore,
the presence of inflammatory response has been sug-
gested to be associated with increased mortality and

Figure 2: Kaplan-Meier survival curve for progression-free survival of the two PNI
groups (p=0.328)

malnutrition, resulting in poor performance status in
patients with cancer.?!

The systemic inflammatory response is manifested
through increased basal metabolism, loss of nonadi-
pose tissue, and decreased performance and life ex-
pectancy in patients with lung cancer.?*%! Scott et al.l*!
showed that systemic inflammatory response is asso-
ciated with an increase in weight loss, a decrease in
performance status, an increase in fatigue, and a short-
ened life expectancy.

Few studies have investigated whether PNI is a prog-
nostic factor for OS in patients with NSCLC. Although
different PNI values are used in current studies, median
values are generally accepted as threshold values. In
these studies, the relationship between low PNI and poor
prognosis has been found to be statistically significant.
1193233 Wang et al.* found that PNI had an independent
effect on survival in patients with NSCLC treated with
platinum-based chemotherapy.

In our study, we used the median PNI value of 42.2. Non-
surgical systemic treatment, advanced disease, and low
PNI were evaluated as independent poor prognostic fac-
tors for OS. Mortality risk was seen to increase 1.5-fold in
patients with low PNI values compared to the patients
with high PNI values. In a meta-analysis by Hu et al.*!
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Table 3: Univariate and multivariate analyses of clinicopathological parameters for the prediction of OS in patients with NSCLC

Univariate Multivariate
Variable n KM ST 95% CI p HR 95% CI p
L.B. U.B. L.B. U.B.
Age, years
<60 115 470.00 353.99 586.01 0.073
=60 116 390.00 284.06 495.94
Gender
Male 205 439.00 357.39 520.61 0.746 2.21 1.07 4.57 0.032
Female 26 470.00 220.87 719.13 - - - -
Smoking
Nonsmoker 19 322.00 101.29 542.71 0.006 1.64 1.17 2.31 0.004
Active smoker 91 388.00 342.68 433.32 2.20 0.99 4.93 0.054
Former smoker 121 533.00 44451 621.49 - - - 0.007
Histopathology
Adenocarcinoma 107 555.40 38.94 479.08 0.036
Squamous cell 88 690.10 56.52 579.31
Large cell carcinoma 4 611.25 189.82 239.20
NOS 32 403.11 57.34 290.71
Comorbidity
None 123 439.00 322.90 555.10 0.835
Single 61 508.00 316.87 699.13
Multiple 47 445.00 320.29 569.71
Treatment
Chemotherapy 109 322.00 241.11 402.89 <0.001 - - - 0.015
Chemoradiation 50 494.00 393.07 594.93 1.89 1.07 3.33 0.028
Others* 69 969.00 758.26 1179.74 1.04 0.57 1.90 0.901
ECOG PS
0 103 64.05 435.46 686.54 <0.001
1 95 53.44 382.27 591.73
2-3 33 56.85 127.58 350.42
TNM stage*
1B+2A+2B 32 996.65 870.90 1122.39 <0.001 - - - <0.001
3A 69 678.59 581.70 775.48 2.73 1.26 5.93 0.011
3B 24 589.52 380.25 798.78 4.56 1.74 11.96 0.002
4 106 372.31 312,57 432.06 5.28 2.23 12.53 <0.001
Bone metastasis
Present 55 262.00 197.64 326.36 <0.001
Absent 176 543.00 472.56 613.44
PNI
<42.20 118 380.00 347.04 412.96 0.009 1.50 1.08 2.08 0.016
>42.20 113 568.00 515.52 620.48 - - - -

*: Neoadjuvant chemotherapy and surgery, surgery and adjuvant chemotherapy, or surgery and chemoradiation. OS: Overall survial, NSCLC: Non-small cell lung

cancer, KM: Kaplan—Meier, ST: Survival table, Cl: Confidence interval, L.B.: Lower bound, U.B.: Upper bound, HR: Hazard ratio, NOS: NSCLC not otherwise

specified, ECOG PS: Eastern cooperative oncology group performence status, TNM: Tumour stage, PNI: Prognostic nutritional index.

that involved patients with NSCLC, low PNI was associ-
ated with advanced TNM stage and tumor progression;
thus, low PNI indicated a shortened life span of patients.

Current studies have not investigated the relationship be-
tween PFS and PNL In our study, although the relation-

ship between PNI and PFS was not significant, disease
recurrence was earlier in patients with a low PNI value.

112

Conclusion

This study has several limitations. This was a retrospec-
tive, single-center study with a relatively small sample
size and had a few female participants.

In conclusion, PNI (< 42.2) at diagnosis is an independent
biomarker of poor outcome in patients with NSCLC. As a
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Table 4: Univariate and multivariate analyses of clinicopathological parameters for the prediction of PFS in patients with NSCLC

Univariate Multivariate
Variable n KM ST 95% CI p HR 95% CI p
L.B. U.B. L.B. U.B.
Age, years
<60 115 294.00 233.37 354.63 0.307
=60 116 280.00 233.38 326.62
Sex
Male 205 289.00 252.40 325.60 0.072
Female 26 220.00 110.07 329.94
Smoking
Nonsmoker 19 185.00 160.83 209.17 <0.001 1.38 0.99 1.89 0.051
Active smoker 91 247.00 190.13 303.87 1.91 1.1 3.28 0.019
Former smoker 121 320.00 265.27 374.73 - - - 0.033
Histopathology
Adeno 107 262.00 194.75 329.25 0.099
Squamous 88 314.00 268.05 359.95
Large cell carcinoma 4 359.00 * *
NOS 32 229.00 155.55 302.45
Comorbidity
None 123 312.00 251.45 372.55 0.349
Single 61 276.00 195.10 356.90
Multiple 47 259.00 178.40 339.60
Treatment
Chemotherapy 109 208.00 174.53 241.47 <0.001 1.35 0.81 2.25 0.253
Chemoradiation 50 312.00 266.99 357.01 1.92 1.15 3.20 0.012
Others* 69 569.00 423.01 714.99 - - - 0.034
ECOG PS
0 103 314.00 285.07 342.93 <0.001
1 95 288.00 241.04 334.96
2-3 33 149.00 79.22 218.78
TNM stage
1B+2A+2B 32 883.51 731.47 1035.56 <0.001 - - - 0.001
3A 69 458.68 375.31 542.06 2.99 1.53 5.85 0.001
3B 24 452.62 267.86 637.37 3.20 1.37 7.49 0.007
4 106 232.79 195.89 269.70 4.20 1.93 9.14 <0.001
Bone metastasis
Present 55 160.00 123.67 196.33 <0.001 1.40 0.96 2.05 0.080
Absent 176 320.00 290.58 349.42 - - - -
PNI
<42.20 118 254.00 195.45 312.55 0.328
>42.20 113 311.00 258.91 363.09

*: Neoadjuvant chemotherapy and surgery, surgery and adjuvant chemotherapy, or surgery and chemoradiation. PFS: Progression-free survival, NSCLC: Non-small
cell lung cancer, KM: Kaplan-Meier, ST: Survival table, Cl: Confidence interval, HR: Hazard ratio, L.B.: Lower bound, U.B.: Upper bound, NOS: NSCLC not otherwise
specified, ECOG PS: Eastern cooperative oncology group performence status, TNM: Tumour stage, PNI: Prognostic nutritional index.

biomarker of systemic inflammatory response in NSCLC,
PNI can be a useful tool to predict the prognosis because it
is simple, easily available, and inexpensive. Furthermore,
we suggest that intensive supportive care may be required

to improve prognosis in those with low PNI values.
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