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Immunonutritional Indices in Non-small-cell Lung Cancer
Patients Receiving Adjuvant Platinum-based Chemotherapy
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Abstract. Background/Aim: Adjuvant platinum-based
chemotherapy (APC) has been the standard of care for
patients with non-small-cell lung cancer (NSCLC) who have
undergone complete pulmonary resection. This study analyzed
the clinical and prognostic significance of immunonutritional
indices in NSCLC patients receiving APC. Patients and
Methods: We retrospectively reviewed 110 patients from 2008
to 2016. Three immunonutritional indices were calculated:
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and prognostic nutritional index (PNI). Results:
The median age was 64 years, and 66 patients were males.
Each index showed a significant correlation with primary
tumor length. NLR and PLR were significantly correlated with
vascular invasion. Prognostic analyses revealed that each
index was significantly correlated with postoperative
recurrence-free survival (RFS) and overall survival (OS). On
multivariate analyses, PNI was an independent predictor of
RFS and OS. Conclusion: Host immunonutritional status may
have a significant effect on the postoperative prognosis of
NSCLC in patients receiving APC.

Lung cancer is a leading cause of cancer-related death
worldwide, and non-small-cell lung cancer (NSCLC) accounts
for approximately 80% of the cases of lung cancer (1). The
development of multidisciplinary strategies for treating lung
cancer, including surgery, radiotherapy, chemotherapy, and
immunotherapy, has improved the outcomes of patients with
NSCLC. Surgical resection is a radical treatment option for
patients with stage I-III cancers. Based on several clinical trials
and a meta-analysis, adjuvant platinum-based chemotherapy
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(APC) after the complete resection of stage II-IIIl NSCLC has
proven clinical benefits and is now considered the standard of
care (2-5). However, approximately half of these patients
experience disease recurrence after APC (6, 7). Thus, it is
important to identify a recurrence- or survival-associated indexes
in these patients. Recently, several studies have investigated the
prognostic factors for malignant tumors, including NSCLC,
based on both tumor characteristics and patient factors. In these
studies, postoperative survival for resected NSCLC has been
associated with host immunonutritional indices (8-11), which are
well-known and can be easily calculated from blood tests:
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and prognostic nutritional index (PNI). However,
the reports which identified these as survival-associated markers
enrolled a heterogeneous population with respect to pathological
stage, including patients who received adjuvant therapy. Thus,
the significance of immunonutritional indices in a group of
patients receiving adjuvant therapy remains unclear. Herein, we
examined the clinical and prognostic significance of
immunonutritional indices in patients with NSCLC who received
APC after complete pulmonary resection.

Patients and Methods

Patients. We retrospectively investigated 1123 consecutive patients who
were diagnosed with NSCLC and underwent surgical pulmonary
resection at the Department of Thoracic Surgery, Kitakyushu Municipal
Medical Center from April 2008 to December 2016. Among these
patients, we excluded those who did not undergo complete resection or
receive neoadjuvant therapy, and included patients who received APC
after surgery. A consort diagram of this study is presented in Figure 1.
The following clinicopathological characteristics were collected: age at
surgery, sex, smoking history, performance status, histological type,
primary lesion (left or right, upper/middle/lower lobe), surgical
procedures, TNM classification, tumor diameter, pleural invasion,
lymphatic invasion, vascular invasion, and kind of platinum in the APC
regimen (cisplatin or carboplatin). Pathological stage was defined
according to the International Association for the Study of Lung Cancer
7th edition (12).

This study was approved by the Institutional Review Board of
Kitakyushu Municipal Medical Center on October 30th, 2019 (IRB
No. 2019100010), and written informed consent was obtained from
all patients preoperatively.
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Resected primary non-small cell lung cancer (NSCLC)
from April 2008 to December 2016 (n = 1123)

Patients who were diagnosed as stagelV or
performed non-curative surgery (n=49)

lung cancer (n = 1074)

Completely resected non-small cell

Patients who received adjuvant platinum-based chemotherapy after
surgery (n = 115)

—

Could not obtain preoperative laboratory data (n = 5)

| Study cohort (n = 110)

Figure 1. CONSORT diagram of the study design and inclusion and exclusion criteria.

Patient follow-up and adjuvant platinum-based chemotherapy. After
surgical resection, routine check-up examinations (including a
physical examination, blood tests including serum tumor marker
tests, and chest x-ray) were performed at 3-month intervals for the
first 2-3 years, and thereafter at 6-month intervals. Computed
tomography was performed twice each year for the first 2-3 years,
and at least annually thereafter. Brain magnetic resonance imaging
was performed as clinically required. The last follow-up review was
performed on June 30, 2020.

The eligibility criteria for patients receiving APC were as follows:
pathological stages II-III, Eastern Cooperative Oncology Group
performance status of 0 and 1, and acquisition of informed consent.
Although age was important in the consideration of APC
administration, it was not a stringent factor. Patients received APC
intravenously every 3-4 weeks. The APC regimens were as follows:
cisplatin (CDDP)/vinorelbine, carboplatin (CBDCA )/paclitaxel, CDDP/
Tegafur, Gimeracil, Oteracil (TS-1), CBDCA/gemcitabine, and others.

Immunonutritional indices. We evaluated the following preoperative
immunonutritional indices determined from blood tests: NLR, PLR,
and PNI. NLR was calculated as follows: number of whole
neutrophils/whole lymphocytes. Similarly, PLR was calculated as
follows: number of platelets/whole lymphocytes. The PNI was
calculated as follows: 10x serum albumin (g/dl) + 0.005 x total
lymphocyte count (/mm3).

Statistical analysis. All statistical analyses were performed using
JMP software version 14 (SAS Institute Inc., Cary, NC, USA).
Continuous variables are expressed as meanzstandard deviation, and
categorical variables are reported as numbers. The cutoff value of
each immunonutritional parameter was determined by a receiver
operative characteristic (ROC) curve using 5-year survival as the
state variable. Associations between each variable were analyzed via
two-sided Fisher’s exact test. Recurrence-free survival (RFS) was
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defined as the interval between the date of surgery and the date of
recurrence or death, which was censored at the last follow-up.
Overall survival (OS) was defined as the interval between the date
of surgery and the date of the last follow-up or death. Kaplan—Meier
survival curve was used to estimate survival rates. Univariate and
multivariate analyses were used to estimate the hazard ratios (HRs)
for independent prognostic values by Cox regression hazard models
using the backward stepwise elimination method. p-values of <0.05
were considered statistically significant.

Results

Patients and clinical characteristics. We enrolled 110 eligible
patients in the present study, of whom 60% were male and
approximately 72% were never smokers. The median age was
64 years (range=41-80 years). There were 74 (67.3%) patients
with adenocarcinoma and 36 (32.7%) with cancers of other
histological types, including squamous cell carcinoma.
During the follow-up period, disease recurrence was observed
in 46 patients (41.8%). Almost all patients underwent
lobectomy as a radical surgery, and 59 received cisplatin-
based APC and 51 received carboplatin-based APC (Table I).

Immunonutritional indices and their clinical significance.
According to the ROC curves, the optimal cutoff values of NLR,
PLR, and PNI were 3.0216, 157.7655, and 46.810, respectively
(Figure 2). The patients were divided into two groups according
to these cutoff values. There were 37, 53, and 73 patients with
high NLR, PLR, and PNI, respectively. We further analyzed the
relationship between each immunonutritional index and the
clinical characteristics. As shown in Table II, all parameters were
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Table 1. Clinical characteristics of the enrolled patients (n=110).

Factors Number of patients (% or range)
Age (median) 64 (40-81)
Gender

Male 66 (60.0%)

Female 44 (40.0%)
Smoking status

Absent 78 (72.2%)

Present 32 (27.8%)
Histological type

Adenocarcinoma 74 (67.3%)

Others 36 (32.7%)
Adjuvant platinum regimen

Cisplatin-based 59 (53.6%)

Carboplatin-based 51 (46.4%)

Surgical procedures

Lobectomy 107 (97.3%)

Sublober resection 3 (2.7%)
Pathological stage

I 57 (51.8%)

111 53 (48.2%)
Recurrence

None 46 (41.8%)

Occurred 64 (58.2%)

significantly associated with tumor size. There were no
significant relationships between pleural invasion or lymphatic
invasion and immunonutritional indices, but NLR and PLR were
significantly correlated with the presence or absence of vascular
invasion.

Prognostic significance of each immunonutritional index. We
analyzed the RFS and OS after surgery according to the NLR,
PLR, and PNI status (high or low). As shown in Figure 3, high
NLR, high PLR, and low PNI groups had significantly poor
survival as indicated by RFS (NLR: HR=1.88, p=0.0272; PLR:
HR=1.98, p=0.0222; PNI: HR=1.97, p=0.0174). Regarding OS,
all three parameters were significantly correlated with poor
prognosis as indicated by RES (NLR: HR=3.14, p=0.0007; PLR:
HR=2.49, p=0.0088; PNI: HR=2.81, p=0.0022) (Figure 4).

Finally, we performed univariate and multivariate analyses to
determine the independent prognostic factors. In the
multivariate analysis, the following factors assessed in the
univariate analysis were included: age (=70 vs. <70 years), sex,
smoking status, surgical procedures, tumor diameter (=30 vs.
<30 mm), histological type, APC regimen (CDDP vs. CBDCA),
pathological stage (III vs. II), lymphovascular invasion, pleural
invasion, NLR, PLR, and PNI. The multivariate analysis of RFS
revealed that PNI (HR=2.16, p=0072) and lymphatic invasion
(HR=2.51, p=0015) were independent prognostic factors of
poor RFS (Table III). Similarly, the multivariate analysis
revealed that PNI was an independent prognostic factor of poor
OS (HR=2.69; p=0.0034) (Table III).
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Figure 2. ROC curve of the NLR, PLR, and PNI dependent on 5-year
overall survival. The cutoff values were 3.0216, 157.7655, and 46.81,
respectively. NLR: Neutrophil-to-lymphocyte ratio; PLR: platelet-to-
lymphocyte ratio; PNI: prognostic nutritional index; ROC: receiver
operative characteristic.

Discussion

We investigated the clinical and prognostic significance of
immunonutritional indices for patients receiving APC. In the
present study, the patients were divided into high and low
groups based on the optimal cutoff values of each index,
which were determined using an ROC curve. The three
immunonutritional indices were significantly associated
with postoperative RFS and OS. Low PNI was also found
to be an independent prognostic factor of poor RFS and OS.

Host immunonutritional status is known to be a valuable
prognostic factor for malignant tumors, including NSCLC
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Table II. Relationships between immunonutritional indices and clinicopathological characteristics.

NLR PLR PNI
High Low p-Value High Low p-Value High Low p-Value
Age 62.8 62.9 0.9386 61.8 63.8 0.2703 62.4 63.8 0.4912
Mean (95%CI) (60.0-65.9)  (60.7-65.1) (59.3-644) (61.4-66.3) (60.2-64.6) (60.7-66.8)
Gender
Male 28 (75.7%) 38 (52.1%) 0.0231 34 (642%) 35(56.1%)  0.4393 39 (53.4%) 27 (73.0%) 0.0638
Female 9 (24.3%) 35 (47.9%) 19 (35.8%) 25 (33.9%) 34 (46.6%) 10 (27.0%)
Tumor diameter (mm) 495 37.7 0.0231 48.8 350 0.0047 36.9 51.1 0.0061
Mean (95%CI) (41.2-579)  (31.8-43.5) (42.0-55.7)  (28.5-41.6) (31.1-42.7) (42.9-59.4)
Histological type
Adenocarcinoma 23 (62.2%) 51 (69.9%) 0.5193 36 (67.9%) 38 (66.7%) 1.0000 52 (71.2%) 22 (59.5%) 0.2823
Others 14 37.8%) 22 (30.1%) 17 (32.1%) 19 (33.2%) 21 (38.8%) 15 (40.5%)
Pathological stage
111 22 (59.5%) 35 (48.0%) 03139 28 (52.8%) 29 (509%)  0.8510 36 (49.3%) 21 (59.8%) 0.5460
11 15 (40.5%) 38 (52.0%) 25 (47.2%) 28 (49.1%) 37 (50.7%) 16 (40.2%)
Lymphatic invasion
Present 10 27.8%) 23 (31.5%) 0.8253 18 (34.6%) 15(263%)  0.4063 21 (29.2%) 12 (32.4%) 0.8263
Absent 26 (72.2%) 50 (68.5%) 34 (654%) 42 (73.7%) 51 (70.8%) 25 (67.6%)
Vascular invasion
Present 9 (24.3%) 5 (6.9%) 0.0146 11 (20.8%) 3 (5.3%) 0.0208 8 (11.0%) 6 (162%) 0.5463
Absent 28 (75.7%) 68 (93.1%) 42 (792%) 54 (94.7%) 65 (89.0%) 31 (83.8%)
Pleural invasion
Present 20 (54.1%) 26 (35.6%) 0.0700 25 (472%) 21 (36.8%)  0.3345 30 (41.1%) 16 (40.2%) 0.8407
Absent 17 (459%) 47 (64.4%) 28 (52.8%) 36 (63.2%) 43 (58.9%) 21 (59.8%)

CI: Confidence interval; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PNI: prognostic nutritional index.

Table III. Multivariate analyses of RFS (A) and OS (B) in patients with NSCLC who received adjuvant platinum-based chemotherapy (n=110).

(A) RFS Multivariate analysis (B) OS Multivariate analysis

Factor HR (95%CI) p-Value Factor HR (95%CI) p-Value

Lymphatic invasion Present 2.51 0.0015 Vascular invasion Present 2.70 0.0102
Absent (1.42-4.42) Absent (1.27-5.78)

PNI Low 2.16 0.0072 PNI Low 2.69 0.0034
High (1.23-3.80) High (1.39-5.22)

CI: Confidence interval; HR: hazard ratio; NSCLC: non-small cell lung cancer; RFS: recurrence free survival; OS: overall survival: PNI: prognostic

nutritional index.

(13). Several studies have reported a significant correlation
of NLR, PLR, and PNI with postoperative prognosis (14-16),
but these studies analyzed a heterogenous population of
patients with stage I-III cancers who had undergone resection,
including those who received adjuvant therapy. Thus, it is
important to analyze the prognostic power of
immunonutritional indices in a group with background
characteristics. Toda et al. analyzed preoperative PLR and its
prognostic value in patients treated surgically with or without
adjuvant chemotherapy (17) and found that PLR predicted
poor prognosis in surgically treated patients with NSCLC,
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especially those who received adjuvant chemotherapy. The
cutoff of PLR was also determined using the ROC curve.
Conversely, Shimizu et al. investigated the clinical and
prognostic significance of PNI before adjuvant chemotherapy
and demonstrated that PNI was significantly correlated with
RFS at a cutoff value of 50 for patients with NSCLC who
received adjuvant tegafur or APC. According to these
previous reports and the present study, it is likely that the host
immunonutritional status is indeed associated with poor
survival in patients with NSCLC who have undergone
surgical resection, including those who received APC.
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Figure 3. Recurrence free survival analysis of patients with NSCLC who
underwent curative pulmonary resection and subsequent adjuvant platinum-
based chemotherapy according to NLR, PLR, and PNI status. NLR:
Neutrophil-to-lymphocyte ratio; NSCLC': non-small-cell lung cancer; PLR:
platelet-to-lymphocyte ratio; PNI: prognostic nutritional index.

The present study demonstrated that low PNI was an
independent predictive factor of poor survival, but NLR and
PLR were not. Further, all these parameters fluctuated based on
total lymphocyte counts, with low lymphocyte counts resulting
in high NLR, high PLR, and low PNI. Lymphocytes induce
tumor cell apoptosis, and a decrease in lymphocytes is known
to be proportional to tumor growth and invasion (18), which
could subsequently promote the metastatic potential of the
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Figure 4. Overall survival analysis of patients with NSCLC who underwent
curative pulmonary resection and subsequent adjuvant platinum-based
chemotherapy according to NLR, PLR, and PNI status. NLR: Neutrophil-
to-lymphocyte ratio; NSCLC': non-small-cell lung cancer; PLR: platelet-
to-lymphocyte ratio; PNI: prognostic nutritional index.

tumor. However, NLR and PLR seem to be affected by
inflammatory conditions, which are changed at that moment. A
decrease in PNI can result from a decrease in serum albumin
and/or total lymphocyte count. In summary, PNI is affected by
both host nutritional and inflammation status, which is
highlighted in the present study. Albumin synthesis is
suppressed by inflammatory cytokines such as interferon-y or
interleukin-6, which act on the liver (19). Thus, albumin levels
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may have relatively long-term consequences on inflammatory
signals compared with NLR and PLR, and thus may affect
prognosis more strongly. It is suggested that nutritional
intervention can decrease the disease occurrence or improve
prognosis of patients with lung cancer (20). In fact, the body
mass index, which may be affected by nutritional intervention,
was significantly associated with postoperative prognosis in
patients with NSCLC (21). This nutritional intervention trial
will be needed in future.

Recently, the treatment strategies for patients with
advanced lung cancer have changed due to the emergence
of immune-checkpoint inhibitors (ICIs). This change has
also affected the field of perioperative treatment. In fact,
several clinical trials of perioperative treatment using ICIs
have proven their clinical significance in the adjuvant or
neoadjuvant setting (22-25). Host immunonutritional indices
were identified as potential biomarkers for the response and
post-treatment prognosis of ICIs (26, 27). Because ICIs are
expected to play an important role in perioperative
treatment, including postoperative adjuvant therapy, it is
important to study the effects of the immunonutritional
status of patients.

The present study has some limitations. First, this is a
single-center retrospective study in which the cutoff values
were determined from within the study cohort. Second, the
APC regimens were diverse in terms of the kind of platinum
used, which could affect the postoperative prognosis.
However, in this study, there were no significant differences
in the investigated parameters among the groups that had
undergone different APC regimens.

Conclusion

In conclusion, the host preoperative immunonutritional status
may be associated with postoperative prognosis in patients
with NSCLC who received APC. Further multicenter studies
are warranted to verify the results of this study.
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