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Low pretreatment PNI correlates with worse survival in patients with stage I11/

IV NSCLC who received chemotherapy
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The aim of this study was to investigate the prognostic value of the prognostic nutritional index (PNI) on the long-term
survival of non-small cell lung cancer (NSCLC) patients who received platinum-based chemotherapy. Data on nutritional
parameters and clinicopathological characteristics [e.g., albumin, total protein, body mass index (BMI), eastern coopera-
tive oncology group (ECOG) performance status, stage, pathology, treatment strategy] were analyzed and retrospectively
correlated with overall survival (OS). The PNI was calculated based on the concentration of albumin and lymphocyte count
[10 x albumin, (g/dl) + 0.005 x lymphocyte (count/mm?)]. A receiver operating characteristic curve (ROC) analysis was
used to find the optimal cut-off value of PNI. Univariate and multivariate analyses were used to evaluate the prognostic
value of PNI. A total of 186 patients met the inclusion criteria. The optimal cut-off value for PNI was 50.45. Compared with
the parameters of the low PNI group (n=76), high PNI was significantly associated with adenocarcinoma type, stage III,
better ECOG and comprehensive treatment modality. The univariate analysis demonstrated that OS was superior when PNI
250.45, albumin 235 g/l, platelet-lymphocyte ratio (PLR) 2163 and ECOG <2, and when the patient received a comprehen-
sive treatment modality. In the multivariate analysis, PNI, TNM stage and treatment strategy were identified as indepen-
dent predictors of survival in this study. This retrospective study demonstrated that a low PNI was related to worse overall
survival in patients with stage IITI/TV NSCLC who received platinum-based chemotherapy. These data provided a conceptual
basis for further research on the clinical application of the PNI index for patients receiving chemotherapy for intermediate-

and advanced-stage NSCLC.
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Lung cancer continues to be the leading cause of cancer-
related mortality around the world, according to the data
from 2018 [1]. Non-small cell lung cancer (NSCLC) accounts
for 85-90% of newly diagnosed lung cancer, of which 66%
were at middle or late stages [2], and the prognosis of patients
with NSCLC remains disappointing.

Chemotherapy plays an important role in the NSCLC
multidisciplinary treatment modalities when combined
with surgery, radiotherapy, target therapy and immuno-
therapy. However, platinum drug-related symptoms such as
anorexia, nausea, vomiting and constipation usually induce
the deterioration of nutritional status [3, 4]. On the other
hand, baseline nutritional deficiencies are prevalent in cancer
and have been revealed to be related to decreased tolerance
of chemotherapy [5], poor life quality and inferior clinical

outcomes [6]. Furthermore, nutrition support therapy was
reported to be helpful in maintaining patients’ weight level
[7], decreasing therapy breaks for toxicity [8] and obtaining
survival benefits [9-11]. Notably, identifying the nutrition
risks before treatment initiation through convenient and
cost-effective methods is of great value.

Prognostic nutritional index (PNI) is an index that
comprehensively reflects the nutritional and immunological
status of patients. PN was calculated based on the concentra-
tion of albumin and lymphocyte count [10 x albumin, (g/dl)
+ 0.005 x lymphocyte (count/mm?®)]. PNI was originally
presented by Onodera et al. in 1984, and was applied to relate
the risk of postoperative complications to baseline nutrition
status in gastric cancer [12]. To date, PNI has been discov-
ered to be a predictor of survival in a variety of malignancies
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[13-15]. However, little is known about the prognostic value
of PNI in patients with stage III/IV NSCLC who received
chemotherapy. In this study, we observed the relationship
between nutrition status and clinicopathological character-
istics, and evaluated the prognostic value of PNI for survival
through univariate and multivariate analyses in treatment-
naive NSCLC patients.

Patients and methods

Patient selection. Medical records of 186 patients who were
first diagnosed with stage III/IV NSCLC from June 2014 to
December 2014 were retrieved and retrospectively analyzed.
All patients received first-line platinum-based chemotherapy
with or without other treatment methods. Patients were
excluded based on the following criteria: 1) diagnosed of other
primary cancer(s); 2) received anticancer treatment before
being admitted to our hospital; and 3) did not have complete
clinical information. Staging was performed according to the
2002 Union for International Cancer Control (UICC) TNM
classification. This retrospective study was approved by the
Medical Ethics Committee of our hospital.

Data collection. The main purpose of this study was to
investigate the prognostic value of pretreatment nutrition
parameters, including the PNT index, in stage III/TV NSCLC
patients who received first-line chemotherapy. The main
treatment methods applied from the day of diagnosis to
the study endpoint were recorded. Data collected included
patient demographics (age and gender), medical history
(pathological pattern, TNM stage, smoking history, ECOG
score, BMI), laboratory parameters (albumin, lymphocyte
cell count, neutrophil granulocyte count, platelet count), and
the date from diagnosis until death (overall survival).

Follow-up and statistical analysis. Overall survival (OS)
was calculated from the day of the pathological diagnosis of
NSCLC until death. The endpoint of this study was June 31,
2016. Patients lost to follow-up were censored at the time of
the last visit or observation. Continuous variables are shown
as the means and standard deviations (SDs). Percentages are
provided for categorical variables. Student’s t-test and analysis
of variance (ANOVA) were used for comparing continuous
variables from two or more independent samples. The
chi-square test was used for comparing categorical variables.
Receiver operating characteristic curve (ROC) analysis was
used to find the optimal cut-off value of the PNI index for
predicting OS. For survival analysis, the Kaplan-Meier
method was used to estimate the probability of OS. Survival
curves between groups were compared by the log-rank test.
Significant factors identified from the univariate analysis
and clinical factors that may be related to survival were
entered into the multivariate Cox regression model to test for
independent prognostic factors. P-values less than 5% were
considered statistically significant.

SPSS software (IBM SPSS Statistics for Windows, Version
20.0) was used to perform the statistical analysis.

Results

Patient characteristics. The clinical characteristics of 186
stage III/IV NSCLC patients are shown in Table 1. A total
of 138 male patients (74.2%) and 48 female patients (25.8%)
were included in this study. The age of patients at diagnosis
ranged from 31 to 80 years, and the median was 56 years.
Adenocarcinoma (56.7%) and squamous carcinoma (38.5%)
constituted the main pathological types, and other types
(4.8%) included adeno-squamous carcinoma, neuroendo-
crine carcinoma, large cell carcinoma, alveolar carcinoma,
poorly differentiated carcinoma and lymphoepithelial carci-
noma. Of the included patients, 78 patients (41.9%) received
platinum-based chemotherapy only, while 39 patients
(21.0%) received combined surgery, 31 patients (16.7%)

Table 1. Clinical characteristics of the included patients.

Characteristic Variable Patients, n (%)
Gender Male 138 (74.2)
Female 48 (25.8)
Age Mean + SD 56.12+9.91
Median (range) 56 (31-80)
Smoking Yes 93 (50.0)
No 93 (50.0)
Pathological Pattern ~ ADC 105 (56.5)
SCC 72 (38.7)
other types 9 (4.8)
TNM Stage 111 97 (52.2)
v 89 (47.8)
BMI Mean + SD 22.33+2.77
Median (range) 21.97 (16.00-29.07)
ECOG 0 14 (7.5)
1 159 (85.5)
>2 13 (7.0)
NRS score NRS >3 59 (31.7)
NRS <3 127 (68.3)
Albumin(g/L) Mean + SD 41.76 +5.13
Median (range) 42.00 (25.00-53.00)
PNI Mean + SD 51.26%6.57
Median (range) 52.50 (31.25-66.50)
PLR Mean + SD 164.64+86.97
Median (range) 144.00 (41.85-651.79)
NLR Mean + SD 4.09+13.09
Median(range) 2.52 (0.02-179.08)

Treatment strategy Comprehensive modality 108 (58.1)

Chemo-only 78 (41.9)

Abbreviation: ADC, adenocarcinoma;; Non-ADC: Non-adenocarcinoma;
SCC, squamous carcinoma; BMI, body mass index; ECOG, Eastern Coop-
erative Oncology Group performance status; NRS, nutrition risk screening
2002; PNI, prognostic nutritional index; PLR, platelet-lymphocyte ratio;
NLR, neutrophil-lymphocyte ratio; Comprehensive modality: Chemothera-
py combined with at least one other treatment method: surgery, radiother-
apy, target therapy, immunotherapy, antiangiogenic therapy, interventional
treatment and gamma knife radiosurgery et al.; Chemo-only: platinum-
based chemotherapy only during the treatment courses.
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received radiotherapy, 23 patients (12.4%) received more
than two treatment methods in addition to chemotherapy, 13
patients (7.0%) received combined target therapy according
to the results of the EGFR/ALK mutation test, and 2 patients
(1.1%) received combined immunotherapy/antiangiogenic
therapy. Fifty-nine patients (31.7%) fell into the category of
nutritional risk (nutritional risk screen-NRS >3).

The relationship between clinicopathological character-
istics and nutrition parameters. As shown in Table 2, some
frequently used nutritional parameters tended to be different
among patients grouped by clinical characteristics. The mean
values of albumin and total protein (TP) were significantly
higher in patients with better (ECOG <2) performance
status (albumin: 42.08+5.03 g/l vs 37.54+4.72, p=0.002; TP:
71.21+6.68 vs 66.69+8.73, p=0.023), while the platelet count
level was higher in patients with worse (ECOG 22) perfor-
mance status (platelet: 271.73+84.78 vs 323.15+111.81,
p=0.041). In patients who received comprehensive treatment
modalities, the levels of albumin and TP were higher than in
those who received chemotherapy only (albumin: 42.67+4.42
vs 40.47+£5.79, p=0.004; TP: 72.22+6.07 vs 69.01+7.60,
p=0.002). In addition, the total protein level was higher
in stage III patients (III vs IV: 72.4346.16 vs 69.21+7.32,
p=0.001), and the albumin level was higher in patients
with adenocarcinoma (ADC vs Non-ADC: 42.70+5.19
vs 40.54+4.82, p=0.004). No direct correlation between
lymphocyte count and these characteristics was found.

The correlation of the PNI index and albumin with clini-
copathological characteristics is shown in Table 3. High

PNI (PNI >50.45) was significantly related to earlier stage
(p=0.016), comprehensive treatment modalities (p=0.017),
better ECOG performance status (p=0.032) and adenocarci-
noma (p=0.013). High albumin was only significantly related
to gender and treatment strategy.

Univariate and multivariate analyses of overall survival
of 183 patients. At the time of analysis, 80 (43.7%) patients
had died. Three patients were lost to follow-up. The mean
value of OS was 15.49+0.71 months for all patients. The
ROC analysis showed that the optimal PNI cut-off was
50.45 (p=0.008, AUC, 0.615; 95% CI, 0.532-0.699) for
overall survival. The patients were then divided into high
PNI (250.45) and low PNI (<50.45) groups. There were 110
patients in the high PNI group and 76 patients in the low
PNI group.

Univariate analysis (Table 4) of predictive factors of OS
showed that nutritional parameters, namely, PNI >50.45,
serum albumin >35 g/L, and PLR =163, were strongly corre-
lated with a longer OS. Comprehensive treatment modalities,
stage III and ECOG <2 were the clinicopathological factors
that predicted a better OS.

In the multivariate analysis (Table 5), PNI [HR 0.457
(0.291-0.717)], TNM stage [HR 2.423 (1.497-3.921)] and
treatment strategy [HR 0.359 (0.225-0.573)] were identi-
fied as independent predictors of OS in NSCLC patients. The
median (95% CI) OS in patients in the high PNI group was
longer than that in the patients in the low PNI group [17.90
(16.26-19.53) months versus 11.86 (9.65-14.07) months,
respectively (HR 0.466, 95% CI 0.298-0.729; p<0.001;

Table 2. Correlation of nutritional laboratory parameters with clinicopathological characteristics.

Characteristics Albumin Total Protein Platelet count Lymphocyte count
(g/1) (g/1) (x10°/1) (x10°/1)
Mean SD Mean SD Mean SD Mean SD

Pathological type

Non-ADC 40.54 4.82 70.90 6.80 278.59 94.41 1.92 0.68

ADC 42.70 5.19 70.89 7.03 272.81 82.26 1.88 0.63

p-value 0.004* 0.988 0.656 0.682
TNM Stage

I 42.34 4.55 72.43 6.16 268.36 86.98 1.95 0.64

v 41.13 5.66 69.21 7.32 282.92 88.04 1.84 0.65

p-value 0.11 0.001* 0.26 0.23
NRS score

NRS <3 42.17 4.93 71.45 6.50 268.80 85.43 1.91 0.65

NRS =3 40.88 5.48 69.69 7.63 289.37 91.14 1.88 0.65

v-value 0.11 0.11 0.14 0.84
ECOG

<2 42.08 5.03 71.21 6.68 271.73 84.78 1.87 0.62

>2 37.54 4.72 66.69 8.73 323.15 111.81 2.22 0.85

p-value 0.002* 0.023* 0.041* 0.064
Treatment strategy

Comprehensive modality 42.67 4.42 72.22 6.07 27091 85.34 1.94 0.66

Chemo-only 40.47 5.79 69.01 7.60 281.58 90.79 1.84 0.63

p-value 0.004* 0.002* 0.414 0.296
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Table 3. Characteristics of 186 stage III/IV NSCLC patients grouped by
albumin and PNI index.

Table 4. Univariate analysis of overall survival in stage III/IV NSCLC
patients.

PNI Albumin
Characteristics >50.45 <50.45 p-value >35 g/L <35 g/L p-value
(n=110) (n=76) =
Age
<60 72 43 0.142 105 10 0.369
>60 38 33 63 8
Gender
Male 85 53 0.162 121 17 0.028*
Female 25 23 47 1
Smoking history
No 53 40 0.327 85 8 0.402
Yes 57 36 83 10
Pathological type
Non-ADC 40 41 0.013* 70 11 0.092
ADC 70 35 98 7
TNM Stage
111 65 32 0.016* 89 8 0.329
v 45 44 79 10
Strategy
Comprehensive 72 37 0.017* 104 5 0.006*
modality
Chemo-only 38 39 64 13
NRS score
NRS <3 78 49 0.221 118 0.071
NRS >3 32 27 50 9
ECOG
<2 106 67 0.032* 158 15 0.117
>2 4 9 10 3

Figure 1A)]; patients with stage IV NSCLC lived for a shorter
time than those with stage III [12.07 (9.99-14.15) months
versus 18.64 (17.02-20.26) months, respectively (HR 2.137,
95% CI 1.339-3.412; p<0.001; Figure 1B)]. Patients who
received a comprehensive treatment modality had better
survival than those who received chemotherapy only [18.45
(16.93-19.96) months versus 10.53 (8.28-12.78) months,
respectively (HR 0.379, 95% CI 0.239-0.603; p<0.001;
Table 5, Figure 1C)].

Discussion

Our study demonstrated that PNI, TNM stage and treat-
ment strategy are independent predictors of survival in stage
III/IV NSCLC patients who received platinum-based chemo-
therapy.

Cancer patients are usually at a high risk of malnutri-
tion prior to any treatment [16, 17] because of the tumor
itself. The possible mechanisms include cancer-related
symptoms (fatigue, pain, coughing and loss of appetite),
abnormal energy and protein metabolism of cancer cells
and aberrant systemic inflammatory reactions. Baseline
nutrition problems have been demonstrated to be prevalent

Patients,

Characteristics n (%) Months (95% CI) p-value
Gender
Male 136 (74.2)  15.62(14.01-17.30) .
Female 47(25.8)  15.07 (12.43-17.71)
Age
<60 113 (61.7)  15.92 (14.14-17.70) 0,698
>60 70 (38.3) 14.91 (12.69-7.13)
Smoking
Yes 92(50.3)  15.15(13.225-17.07) 0.482
No 91 (49.7)  15.89(13.86-17.91)
Pathological Pattern
ADC 102 (55.7)  15.01 (13.13-16.90) 0461
Non-ADC 81(44.3)  16.09 (14.02-18.15)
TNM Stage
111 96 (52.5)  18.64(17.02-20.26)
<0.001*
v 87 (47.5) 12.07 (9.99-14.15)
Albumin
235 g/L 165(902) 1604 (1461-17.47)
<35g/L 18 (9.8) 10.68 (5.86-15.50)
NRS score
NRS <3 125(68.3)  16.25(14.58-17.92) 0.067
NRS >3 58 (31.7)  13.76 (11.29-16.24)
ECOG
<2 170 (92.9)  16.02 (14.57-17.46)
0.003*
>2 13 (7.1) 8.97 (5.19-12.74)
PLR
>163 111 (60.7)  16.82 (15.08-18.56) 011"
<163 72(39.3)  13.28 (11.06-15.51)
NLR
25 23(12.57)  12.40(8.46-16.34) 0,094
<5 160 (87.43) 15.87 (14.39-17.35)
PNI
>50.45 109 (59.56)  17.90 (16.26-19.53)
<50.45 74 (40.44)  11.86 (9.65-14.07) <0.001%
Treatment strategy
Comprehensive modality 107 (58.47)  18.45 (16.93-19.96)
<0.001*

Chemo-only 76 (41.53)  10.53 (8.28-12.78)

Table 5. Multivariate analysis of overall survival in stage III/IV NSCLC
patients.

Hazard Ratio
Variables p-value
(95% CI)
PNI (250.45/<50.45) 0.466 (0.298-0.729)  0.001
TNM stage (IV/III) 2.137 (1.339-3.412)  0.001
Treatment strategy 0.379 (0.239-0.603) <0.001

(Comprehensive modality/Chemo-only)

among lung cancer patients, of whom approximately 34-69%
experienced malnutrition [18,19], while the percentage of
patients with nutrition risk might be higher. Our study found
that 40.9% of patients had a PNI <50.45 (related to worse
survival), 31.4% had an NRS 23 (regarded as nutritional
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risk) and only 7.5% had BMI <18.5 (regarded as malnutri-
tion). This finding reminds us that PNI may be more sensi-
tive when used for identifying potential nutritional problems
in NSCLC patients.

Baseline nutrition status was traditionally evaluated with
parameters and systemic inflammatory reaction biomarkers.
Studies have shown that serum albumin [20], body mass
index (BMI) [21], physical performance [22, 23], and quality
of life [24] are related to the prognosis of cancer patients. Our
results suggested that higher albumin or total protein (TP)
was correlated with ECOG <2 and comprehensive treatment
modality. Albumin was a predictor of OS in the univariate
analysis that was performed in this study. It could be inferred
that albumin and total protein may be valuable in reflecting
patients’ physical performance status, which was possibly
a key premise of optimal treatment and better survival
outcomes.
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Figure 1. The median OS in patients in the high PNI group (A) was lon-
ger than those in the low PNI group [17.90 (16.26-19.53) months ver-
sus 11.86 (9.65-14.07) months, respectively]; in patients with stage IV
NSCLC (B) was worse than those with stage III disease [12.07 (9.99-
14.15) months versus 18.64 (17.02-20.26) months, respectively]; in pa-
tients who received a comprehensive treatment modality (C) was better
than those who received chemotherapy only [18.45 (16.93-19.96) months
versus 10.53 (8.28-12.78) months, respectively].

However, it is not sufficient for oncologists to reach
a clinical determination based on albumin and TP only.
Comprehensive indexes with more information are needed.
In previous studies, systemic inflammatory biomarkers and
indexes such as PNI, neutrophil-lymphocyte ratio (NLR),
and platelet-lymphocyte ratio (PLR) have been demon-
strated to be important prognostic factors, independent of
primary tumor site [25, 26]. In this study, however, NLR and
PLR showed no significance in the multivariate analysis. PLR
was found to be related to survival in the univariate analysis.
PNI was positively correlated with OS both in the univariate
analysis and the multivariate analysis.

PNI is an index reflecting systemic immunonutritional
status of patients. Large amounts of evidence indicate that
higher PNI values are independently associated with better
survival in malignancies, including gastric cancer [27],
colorectal cancer [28, 29], lung cancer [30, 31], head and
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neck cancer [32] and renal cell cancer [33]. A similar study
conducted by Hong et al. [14] found that PNI >52.48 was
an independent predictor of longer OS compared with low
PNI group in patients with small cell lung cancer (SCLC),
yielding a significant reduction in mortality risk of 38%. The
research discovered that, besides PN, other factors including
ECOG <2, normal LDH (lactate dehydrogenase) and limited
disease were also independent predictors of OS in SCLC
patients. What was different in our study is that pathology
type and general treatment strategy were put into survival
analysis considering the heterogeneity of subtypes of NSCLC.
Furthermore, other nutritional and inflammatory indexes
including NRS, NLR, PLR were calculated and compared
with PNI, which was not done in the study mentioned above.
The results of our study showed that PNI, together with TNM
stage and treatment modality, were independent prognostic
factors for OS in NSCLC patients whose treatment modali-
ties included platinum-based chemotherapy. In the multivar-
iate analysis, we observed a 54.3% reduction in the mortality
risk in the high PNI group (>50.45) when compared to the
mortality risk of the low group (Table 4).

In patients stratified by the PNI index, variables including
age, gender, smoking history and NRS were similar between
the two groups. Higher PNI was significantly related to
adenocarcinoma type, a stage classification of III, ECOG
<2 and comprehensive treatment modality (Table 3). When
compared to albumin, which was only associated with gender
and treatment strategy, PNI was able to distinguish patients
with potential nutritional deficiencies from the others.

Treatment strategy was stratified into two groups in our
study: 1) chemotherapy only; and 2) chemotherapy combined
with at least one other anti-cancer treatment method. The
comprehensive modality group was positively correlated
with higher concentrations of albumin (p=0.004) and TP
(p=0.002). When stratified by PNI and albumin, we observed
that the comprehensive treatment strategy group was signifi-
cantly correlated with PNI >50.45 or albumin >35g/l. It
could be inferred that whether a more comprehensive treat-
ment strategy was acceptable to patients may be affected by
baseline nutrition status and immunological conditions.

Considering the fact that PNI has been reported to be
related to the compliance of chemotherapy [34], this would
serve as an explanation why higher PNI levels correlate with
better OS in NSCLC patients since the possibility of receiving
optimal treatment would be higher in those with a PNI >50.45.

As a result, our study verified the prognostic value of PNI
as an independent predictor of overall survival in stage III/
IV NSCLC patients who received platinum-based chemo-
therapy. In addition, TNM stage and treatment modality
were also identified as independent predictors of OS in this
study. In conclusion, PNI may be useful for identifying poten-
tial nutritional problems and guiding oncologists to provide
appropriate interventions before treatment initiation.

This study provided a conceptual basis for a prospective
study exploring the correlation of baseline nutritional status

with the clinical outcomes in NSCLC patients who had an
acceptable condition to initiate anti-cancer treatment. There
are limitations of our study related to not including a larger
number of patients, who received chemotherapy combined
with target therapy or immunotherapy as these treatments
have become increasingly important in first-line anticancer
treatment. However, the results of our study still presented
the potential of PNI for predicting patient survival indepen-
dent of other features, including treatment strategy and stage.
Nevertheless, further investigations and prospective clinical
trials are needed to confirm the significance of the PNI nutri-
tional index in predicting clinical outcomes.
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