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ABSTRACT

Red cell distribution width (RDW) and Neutrophil/Lymphocyte Ratio (NLR) are widely available blood tests which can be used to reflect
patients’” inflammatory status. We investigated the effects of RDW and NLR levels on long-term survival after pulmonary resection for
non-small cell lung cancers. Data were compiled retrospectively from 249 patients. We found a significant correlation between higher
RDW and NLR levels and poorer prognosis. Overall survival rates of patients with high and normal RDW levels were 42+7 and 84+12
months, respectively (p= 0.019). In addition, disease free survival rates of patients with high and normal RDW levels were 62+6 and
76+4 months (p= 0.047), respectively. When NLR levels were divided into tertiles we observed significantly poorer overall and disease
free survival in ascending tertiles. The overall and disease free survival rates in the lower through upper tertiles were; 88+6, 80+6,
50+5 months for overall and 87+6, 77+6, 47+5 months for disease free survival (p< 0.001). In conclusion, the ability to accurately
predict sub-sets with poorer outcomes among patients who had undergone pulmonary resection for non-small cell lung cancers is
important. RDW and NLR are biomarkers which could influence patients categorization in this regard. Preoperative measurement of
these potential markers are simple, adds no additional cost to routine preoperative workup and can be used to identify patients with
poorer prognosis.
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OzZET

Eritrosit Dagilim Genisligi (RDW) ve Nétrofil/Lenfosit Oraninin (NLR) Rezeksiyon Uygulanan Kiiciik Hiicreli Disi Akciger
Kanserli Hastalarda Uzun Dénem Sagkalima Etkisi

Eritrosit dagiim genisligi (RDW) ve notrofil/lenfosit orani (NLR) yaygin olarak kullanilan ve hastalarin inflamatuar durumunu gdsteren
kan testleridir. Calismamizda akciger rezeksiyonu uygulanan kicik hicreli disi akciger kanserli hastalarda bu belirteclerin uzun dénem
sagkalima etkisini arastirmayr amagladik. ikiyiiz kirkdokuz hastanin verileri retrospektif olarak incelendi. Yiiksek RDW ve NLR seviyeleri
ile kdtl prognoz arasinda ciddi bir korelasyon oldugu saptandi. Genel sagkalim yiksek ve normal RDW seviyelerinde sirasiyla 42+7 ile
84+12 ay (p=0.019) iken hastaliksiz sagkalm 62+6 ile 76+4 ay (p= 0.047) olarak hesaplandi. NLR seviyeleri (i¢ ana gruba ayrildiginda,
NLR seviyesi yUkseldikge prognozun kétulestigi gdzlemlendi. En alt seviye grubundan Ust seviye grubuna gidildikge genel sagkalim
siraslyla 88+6, 80+6 ve 50+5 ay (p< 0.001), hastaliksiz sagkalim ise 87+6, 77+6 ve 47+5 ay (p< 0.001) olarak bulundu.
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Sonug olarak akciger rezeksiyonu uygulanan kicUk hicreli disi akciger kanserli hastalarda kétl prognoza sahip alt-grup hastalarini
saptamak 6nemlidir. Preoperatif dlctimleri oldukca basit ve masrafsiz olan RDW ve NLR degerleri preoperatif rutin degerlendirmeye

katilarak bu amacla kullanilabilecek parametreler olabilirler.

Anahtar Kelimeler: Eritrosit dagiim genisligi, Notrofil/lenfosit orani, Sagkalm, Pulmoner rezeksiyon, Kliguk hiicreli digi akciger kanseri

INTRODUCTION

Red cell distribution width (RDW) is routinely
examined with complete blood count (CBC) test
and is a measure of variability in the size of cir-
culating erythrocytes. Clinically, it is used for dif-
ferentiating different types of anaemia and may
also be found elevated in chronic inflammation,
uraemia and poor nutritional status.'? Recent stud-
ies have demonstrated that elevated RDW levels
are associated with poor prognosis in patients with
cardiovascular disease, stroke, septicemia, chronic
obstructive pulmonary disease and older age.*?
However, few studies have investigated RDW lev-
els in lung cancer patients.®’

Neutrophil/Lymphocyte Ratio (NLR), an inexpen-
sive and widely available blood test, can also be
used for evaluating cell-mediated immune respons-
es and reflects patients’ inflammation status.® It has
been found to be an important indicator of prog-
nosis in various cancer types including colorectal,
gastric, metastatic melanoma, renal cell carcinoma
and pancreatic cancer.”'? Recently, increasing pre-
operative neutrophil/lymphocyte ratios were found
to be an independent predictor of survival after
complete resection for primary lung cancer.'

In this study, we aimed to investigate the effects
of preoperative levels of RDW and NLR on long-
term survival in patients who had undergone pul-
monary resection for non-small cell lung cancer.

PATIENTS and METHODS

Two hundred and ninety-three patients who under-
went complete resection for non—small cell lung
cancer between January 2002 and December 2012
were retrospectively studied. Exclusion criteria in-
cluded any patients with coexistent hematologic
disorders or known active infection at the time of
surgical intervention. This study has been approved
by the Ethical Committee of Hacettepe University
Faculty of Medicine and written consent has been
waived.

70

Data were compiled from individual patient notes,
electronic patient records and pathology reports.
Samples were collected from patients using routine
methods at the time of diagnosis. NLR was defined
as the absolute neutrophil count divided by the ab-
solute lymphocyte count. NLR was analysed as a
continuous variable and by tertiles to aid graphi-
cal representation of the results. NLR tertiles were
defined as 1st NLR: 0.3-2.1, 2nd NLR: 2.1-3.5 and
3rd NLR: 3.5-29.6. Normal range in our labora-
tory for RDW was 11.7% to 14.6%, patients were
divided into high RDW (RDW = 14.6%, n= 92)
group and normal RDW (RDW: 11.7%-14.6%, n=
157) group. Survival status was determined from
the date of last follow-up. Mortality status was
documented from patient records and the National
Health Service database.

Statistical Analysis

Statistical analyses were carried out with IBM
SPSS for Windows version 21.0 statistical soft-
ware (IBM Co., Armonk, NY, USA). Continuous
variables were presented as meantstandard devia-
tion and categorical variables as frequencies and
percentages. Categorical variables were compared
using “chi-square test”. Normality was assessed by
Shapiro-Wilks test. Differences in continuous val-
ues between two groups were assessed with Mann-
Whitney U tests for non-normally distributed vari-
ables. Actuarial survival was estimated by using
the Kaplan—Meier method, and differences were
tested with the log-rank test. NLR values were ex-
pressed in tertiles to retain sufficient numbers per
group for comparison. A p value < 0.05 was con-
sidered statistically significant.

RESULTS

Totally, 249 patients consisting of 208 males and
41 females, ranging from 35 to 81 (60.8+9.1) years
with 188 having a smoking history were enrolled
in this study. The characteristics of the study popu-
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Table 1. Pre, peri and postoperative characteristics of pa-
tients (n= 249)

Variable Mean (SD)
(Minimum-maximum)
Preoperative
Age (years) 60.8 (9.1) (35-81)
Male (%) 208 (83.5)
Diabetes (%) 22 (8.8)
Hypertension (%) 54 (21.7)
Coronary artery disease (%) 38 (156.3)
COPD (%) 18(7.2)
Smoking history 188 (47.3)
FEVA () 2.39 (0.6) (1.1-3.9)
Hemoglobin 13.1 (1.6) (9.0-18.3)
RDW 14.6 (1.9) (11.6-23.9)
NLR 3.4 (2.9) (0.3-29.6)
Operative
Pneumonectomy (%) 66 (26.6)
Lobectomy (%) 177 (71.0)
Segmentectomy-wedge 6 (2.4)
resection (%)
Histology (%)
Sqguamous carcinoma 114 (45.8)
Adenocarcinoma 93 (37.3)
Large-cell carcinoma 21 (8.4)
Other 21 (8.4)
Postoperative
Pathologic stage (%)
IA 89 (35.7)
B 50 (20.1)
IIA 51 (20.5)
1B 23 (9.2)
A 36 (14.5)
Air leak > 7 days (%) 49 (19.7)
Postoperative ventilator 17 (6.8)
support (%)
Reoperation (%) 4 (1.6)
Atelectasis (%) 32 (12.9)
Rhythm disturbances (%) 21 (8.4)
Surgical site infection (%) 3(1.2
Hospital stay (days) 9.9 (7.9) (4-60)

COPD: Chronic obstructive pulmonary disease; RDW: Red cell distri-
bution width; NLR: Neutrophil/Lymphocyte ratio
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lation are given in Table 1. The median follow-up
time for the cohort was 26 months. The overall 1-,
3- and 5-year survival rates were 85%, 66% and
50%, respectively.

The median overall and disease free survival rates
of patients associated with RDW and NLR levels
are presented in Table 2. Kaplan-Meier analysis
showed that patients with high RDW levels had
significantly lower overall and disease free surviv-
al rates than patients with normal RDW levels (p=
0.019 and p= 0.047, respectively) (Figure 1 A-B).
Similarly, High NLR levels were observed to be
associated with lower overall and disease free sur-
vival rates (p< 0.001 for both) (Figure 2 A-B).

DISCUSSION

RDW, which quantifies the variability in the vol-
ume of red blood cells, is routinely examined with
the CBC test. Elevation of RDW levels are consid-
ered to be associated with chronic inflammation,
poor nutritional status and age-associated diseases
via changes in erythropoiesis.!*!4

Chronic inflammatory response is clearly impli-
cated in the functional decline of the cancer patient
and their subsequent poor outcome."” The exact
mechanisms of inflammation on RDW levels are
unknown, but potential mechanisms include im-
pairing iron metabolism, inhibiting the response to
erythropoietin, and decreasing red blood cell sur-
vival via production of inflammatory markers.' ¢

To date, few studies investigate the association
of RDW with respect to mortality and long-term
survival in patients with lung cancer.”'* Recently,
Warwick et al. evaluated patients undergoing pul-
monary resections for non-small-cell lung cancer
and concluded that RDW is a significant factor
after risk adjustment, determining in-hospital mor-
bidity, mortality and long-term survival.” Our study
confirmed their results and found that patients who
had undergone pulmonary resections for non-small
cell lung cancer with high preoperative RDW lev-
els had significantly lower overall and disease free
survival rates than patients with normal RDW lev-
els. As shown in Table 2, Overall survival rates of
patients with high and normal RDW levels were
42+7 and 84+12 months, respectively (p= 0.019).
Similarly, disease free survival rates of patients
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Table 2. Survival rates of patients according to RDW and NLR levels.
n % Overall survival p-value Disease free survival p-value
(95% CI) (months) (95% CI) (months)
RDW
High RDW 92 36.9 42+7 0.019 62+6 0.047
Normal RDW 167 63.1 84+12 764
NLR
1st tertile 83 Eote 88+6 < 0.001 86+6 < 0.001
2nd tertile 83 33.3 80+6 77+6
3rd tertile 83 33.3 50+5 47+5
RDW: Red cell distribution width; NLR: Neutrophil/Lymphocyte ratio

with high and normal RDW levels were 62+6 and
764 months (p=0.047), respectively.

NLR, as a measure of the relative differences of
the baseline neutrophil and lymphocyte counts
also reflects patients’ immune status and simi-
larly found to be associated with poor outcome in
various cancer patients. Neutrophils are accepted
as a major source of circulating angiogenetic and
growth factors and may cause tumour progression,
whereas lymphocytes control the host immune
responses via cytotoxic cell death and by produc-
tion of cytokines. High neutrophil levels have been
identified as an independent predictor of death in
patients with advanced non—small cell lung cancer

and have also been involved in the promotion of
aerogenous metastasis in patients with bronchi-
oloalveolar carcinoma.'”'® NLR, was discovered to
be a more powerful predictor of death than either
component alone."”® Studies which show the rela-
tionship between preoperative NLR and survival
after resection in non-small cell lung cancer are
very rare. Sarraf et al. reported that high preopera-
tive NLR is an independent predictor of survival
after complete resection for primary lung cancer.
They also accepted NLR as a potential biomarker
to stratify high risk patients within stage 1."* Al-
though our study did not specifically analyse this
relationship according to the TNM stage, it dem-
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Figure 1 A-B. Correlations between RDW levels and survival rates with Kaplan-Meier Analyses (A: Overall survival, B: Disease free

survival)
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Figure 2 A-B. Correlations between NLR levels and survival rates with Kaplan-Meier Analyses  (A: Overall survival, B: Disease free

survival)

onstrated that high NLR levels were associated
with lower overall and disease free survival rates
after complete resection. As given in Table 2, when
NLR levels were divided into tertiles we observed
significantly poorer overall and disease free sur-
vival rates in ascending tertiles. The overall and
disease free survival rates in the lower through
upper tertiles were respectively 88+6, 80+6, 50+5
months for overall and 87+6, 77+6, 47+5 months
for disease free survival (p< 0.001). Likewise, Fig-
ure 2 clearly showed that high NLR levels are cor-
related with poor survival.

There are some limitations in this study. First of all,
this is a retrospective study conducted at a single
institution. Secondly, since both RDW and NLR
levels are affected by many conditions, RDW and
NLR levels without other inflammatory indicators
such as C-reactive protein, gamma-glutamyl trans-
ferase and albumin, may not give exact informa-
tion about patients’ inflammatory status. On the
other hand, we could not examine the patients™ un-
derlying diseases which could alter the NLR lev-
els. Considering that all operations were scheduled
operations we believe the effect of infectious dis-
eases on the RDW and NLR levels to be minimal.

In conclusion, as patients’ clinical courses differ
and are difficult to predict especially in patients
who had undergone pulmonary resection for non-
small cell lung cancer, the ability to accurately pre-
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dict sub-sets with poor outcomes is an important
consideration and can be used to help select appro-
priate patients for different therapeutic strategies.
RDW and NLR are biomarkers to influence patient
selection in this regard. Preoperative measurement
of these potential markers are simple, adds no ad-
ditional cost to routine preoperative workup and
can be used for identifying patients with poorer
prognosis. However, the exact mechanism of their
impact on survival should be sorted out through
further researches and clinical trials.
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