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Introduction.  Inflammation plays an important role in carcinogenesis, therefore morphology-based inflammatory indi-
ces could be prognostic factors in lung cancer patients. This study aimed to analyze if red cell distribution width (RDW), 
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) are associated with patients’ prognosis in 
non-small cell lung cancer (NSCLC) patients.
Material and methods.  The study population included 110 patients treated with definitive sequential radio-chemo-
therapy for stage IIIA–IIIB NSCLC. The data were retrospectively analyzed using the receiver operating characteristic (ROC) 
method, Kaplan-Meier estimator, log-rank testing, and Cox proportional hazards regression model.
Results.  The ROC analysis has shown that the optimal cut-off values were 14% for RDW, 2.1 for NLR, and 120 for PLR, 
with area under the curve (AUC) of 0.606, 0.509, and 0.564 respectively. The overall survival was significantly higher in 
patients with RDW ≤ 14% with a median survival of 31.2 months compared to 20.2 months for patients with RDW > 14%. 
RDW was an independent prognostic factor in multivariate analysis.
Conclusions.  RDW can provide additional information in assessing patients’ prognosis, but it is necessary to consider 
its modest sensitivity and specificity. NLR and PLR were not found to be independent prognostic factors.
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Introduction
Lung cancer is the most common cause of cancer-related de-
ath among men and the second most frequent among women 
with as many as 1.76 million deaths worldwide annually [1]. The 
disease is frequently diagnosed at an advanced stage, which is 
associated with a poor prognosis. Approximately 84% of lung 
cancers are non-small cell lung cancers (NSCLC) characterized 
by a 5-year overall survival rate of 24%, which is significantly 
higher than 6% for small cell lung cancer (SCLC) [2, 3].

Inflammation plays a significant role in cancer develop-
ment and is regarded as the 7th hallmark of cancer [4]. Inflam-

matory cells release molecules to the tumor microenviron-
ment, including growth factors that stimulate proliferation 
and survival factors that limit apoptosis. Furthermore, these 
molecules include proangiogenic factors and extracellular 
matrix-modifying enzymes, which facilitate angiogenesis, in-
vasion, and metastasis [5]. 

Multiple studies indicate that blood morphology indices, 
such as red blood cell distribution width (RDW) [6–13], neu-
trophil-to-lymphocyte ratio (NLR) [14–19], and platelet-to-
-lymphocyte ratio (PLR) [6, 19–21], may be prognostic factors 
in cancer patients. Such indices could be particularly useful 
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for clinicians given that the majority are based on routinely 
performed laboratory tests. 

RDW indicates the variability of red blood cell volume, and 
it is commonly used to distinguish the etiology of anemia [22]. 
Higher RDW values reflect a larger variation of erythrocyte vo-
lume, which can be associated with chronic inflammation [23] 
and oxidative stress [24]. Likewise, neutrophil-to-lymphocyte 
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have been 
reported as inflammation biomarkers [19, 25]. In our study, we 
analyzed whether parameters such as RDW, NLR, and PLR could 
be useful in assessing prognosis in patients treated with defi-
nitive sequential radio-chemotherapy for stage IIIA–IIIB NSCLC.

Material and methods
This retrospective analysis was based on a group of 110 patients 
treated for NSCLC at a single institution between January 2009 
and December 2017. The following inclusion criteria were used:
• inoperable stage IIIA or IIIB NSCLC (according to the 7th edi-

tion of AJCC/UICC TNM Classification of Malignant Tumors),
• radical sequential radiotherapy and chemotherapy as the 

primary method of treatment.

Patients with a diagnosis of a secondary malignant neo-
plasm, ongoing autoimmune disease, or chronic steroid uptake 
were excluded from the study group.

The data were collected from patients’ medical history and 
the Polish National Cancer Registry. Out of the initial database 
of 176 patients, 64 cases had to be excluded due to missing 
data (36.8%). The final cohort included 110 patients. The RDW 
was available in 81 cases (73.6%), NLR and PLR in 110 cases 
(100%). The indices were calculated based on laboratory tests 
performed before the first dose of chemotherapy (median 
delay of 1 day, IQR 0–10). 

The vast majority of patients (97; 88.2%) received chemo-
therapy based on cisplatin and vinorelbine. Remaining patients 
received gemcitabine and carboplatin (5; 4.5%), cisplatin and 
etoposide (5; 4.5%), carboplatin and vinorelbine (2; 1.8%), or 
pemetrexed and cisplatin (1; 0.9%). The median radiotherapy 
dose was 67.2 Gy (IQR 66.51–69.2). The majority of the patients 
received radiotherapy doses ranging between 60 and 70 Gy 
(93.6%). The remaining patients had their total dose reduced 
due to treatment complications. Patients’ characteristics are 
presented in table I.

Table I. Patients’ characteristics

Whole group RDW ≤14% RDW >14%

n = 110 n = 58 n = 23

age 61.8 years 
(57.1–66.4)

61.8 years
(57.1–66.4)

62.8 years
(54–66.4)

sex:
• male 
• female

82 (74.5%)
28 (25.5%)

44 (75.9%)
14 (24.1%)

16 (69.6%)
7 (30.4%)

history of smoking:
• non-smoker
• active or former smoker 
• pack-years

13 (11.8%)
95 (86.4%)

33.0 (20–42)

10 (17.2%)
48 (82.8%)
30 (0–64.5)

1 (4.3%)
20 (86.9%)

32.5 (0–58.5)

blood panel:
• WBC
• RBC
• HGB
• RDW
• NLR
• PLR

8.6 (7.1–10.1)
4.6 (4.3–4.9)

13.6 (12.6–14.5)
13.4 (12.9–14.1)

2.8 (2.1–3.9)
145.1 (107.8–232.9)

8.2 (6.8–9.7)
4.7 (4.4–4.9)

13.9 (13.4–14.7)
13.1 (12.7–13.6)

2.5 (2.0–3.4)
147.4 (107.3–200.6)

8.8 (7.3–10.5)
4.5 (3.9–4.9)

12.3 (11.2–13.7)
15.0 (14.3–16.9)

2.6 (1.9–3.6)
132.9 (107.8–232.9)

stage:
• IIIA
• IIIB

73 (66.4%)
37 (33.6%)

40 (69%)
18 (31%)

10 (43.5%)
13 (56.5%)

type:
• adenocarcinoma
• squamous cell carcinoma
• large cell
• NOS (not otherwise specified)

17 (15.5%)
69 (62.7%)

5 (4.5%)
19 (17.3%)

11 (19.0%)
37 (63.8%)

2 (3.4%)
8 (13.8%)

5 (21.7%)
12 (52.2%)

2 (8.7%)
4 (17.4%)

Zubrod score:
• 0
• 1
• 2 

35 (31.8%)
73 (66.4%)

2 (1.8%)

23 (39.7%)
34 (58.6%)

1 (1.7%)

6 (26.09%)
16 (69.56%)

1 (4.35%)

GTV (cc):
• primary
• nodal

34.2 (16.0–56.3)
2.85 (0.0–8.9)

27.8 (4.3–203.2)
2.65 (0.0–37.1)

43.2 (6.4–471.0)
5.8 (0.0–15.9)

The data is presented as median value and interquartile range or number and percentage for binary variables.
WBC – white blood cell count; RBC – red blood cell count; HGB – hemoglobin concentration; RDW – red blood cell distribution width; NLR – neutrophil-to-lymphocyte ratio; PLR 
– platelet-to-lymphocyte ratio; GTV – gross tumor volume
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The receiver operating characteristic (ROC), Kaplan-Me-
ier estimator, log-rank testing, and Cox proportional hazards 
regression model were used for the analysis. Median OS was 
chosen as a cut-off point for the ROC analysis. The univariate 
Cox analysis was performed using known clinical factors. Sta-
tistically significant cofactors (p-value < 0.05) were included in 
the multivariable analysis (MVA, tab. II). Due to the inclusion of 
corresponding variables, the MVA was performed twice, using 
RDW, NLR, and PLR as continuous and binary indices. The Spe-
arman Rank Correlation test was used to assess the correlation 
between the RDW or primary gross tumor value (GTVp) and 
hemoglobin concentration (HGB). The statistical analysis was 
performed using the STATISTICA 13.3 by TIBCO Software Inc.

Results
The median overall survival (OS) was 27 months; 17 (15.5%) 
patients were alive at the time of the analysis.

The ROC analysis (fig. 1) showed that RDW had the highest 
discriminatory value for overall survival (AUC = 0.606; 95% CI: 
0.479–0.733). PLR (AUC = 0.564; 95% CI: 0.452–0.675) and NLR (AUC 
= 0.509; 95% CI: 0.398–0.619) had lower discriminatory values.

In the univariate Cox regression model, RDW as a continu-
ous value and histopathological diagnosis of squamous cell 
carcinoma were associated with increased mortality risk as well 
as RDW, NLR, and PLR presented as binary values categorized 
by Youden index value (tab. II). In the MVA, squamous cell 
carcinoma (SCC) histopathology became nearly statistically 
significant (p = 0.051), while GTVp and RDW remained inde-
pendent prognostic factors. When presenting blood indices as 
binary variables, RDW, SCC histopathology, and primary GTV 
remained independent prognostic factors, while NLR and PLR 
were non-significant (tab. II). 

The overall survival was significantly higher in patients 
with RDW ≤ 14%, with a median survival of 31.2 months 
compared to 20.2 months for patients with RDW > 14% 
(fig.  2, p = 0.006).

Table II. Univariate and multivariate COX regression analysis

Univariate analysis

HR (95% CI) p-value

sex (male) 1.080 (0.654–1.784) 0.765

smoking 0.816 (0.815–3.509) 0.158

pack-years 0.999 (0.989–1.009) 0.802

RDW 1.227 (1.054–1.430) 0.008

RDW (>14%) 2.434 (1.420–4.173) 0.001

NLR (>2.1) 0.547 (0.336–0.889) 0.015

PLR (>120) 0.592 (0.377–0.928) 0.022

hemoglobin 0.937 (0.807–1.088) 0.395

neutrophil count 1.029 (0.956–1.107) 0.446

platelet count 1 (0.999–1.001) 0.926

lymphocyte count 1.28 (0.916–1.799) 0.154

TNM stage (IIIB vs. IIB–IIIA) 1.216 (0.774–1.912) 0.396

type – squamous cell carcinoma 1.619 (1.038–2.524) 0.034

type – adenocarcinoma 0.535 (0.258–1.110) 0.093

type – NOS 0.727 (0.438–1.109) 0.217

Zubrod (1–2 vs. 0) 1.496 (0.927–2.415) 0.099

primary GTV (per cc) 1.004 (1.002–1.007) 0.0006

nodal GTV (per cc) 1.000 (0.986–1.014) 0.997

total GTV (per cc) 1.003 (1.001–1.006) 0.002

Multivariate analysis

RDW, NLR and PLR as continuous variables

RDW 1.179 (1–1.39) 0.049

type – squamous cell carcinoma 1.558 (0.997–2.43) 0.051

primary GTV (per cc) 1.003 (1.000–1.006) 0.009

RDW, NLR and PLR as binary variables separated by Youden index 
value

RDW (>14%) 2.048 (1.155–3.632) 0.014

NLR (>2.1) 0.584 (0.33–1.033) 0.065

PLR (>120) 0.648 (0.378–1.111) 0.115

type – squamous cell carcinoma 1.717 (1.093–2.695) 0.019

primary GTV (per cc) 1.004 (1.002–1.007) <0.001

RDW – red blood cell distribution width; NLR – neutrophil-to-lymphocyte ratio; 
PLR – platelet-to-lymphocyte ratio; TNM – stage according to AJCC/UICC TNM 
Classification of Malignant Tumors; NOS – not otherwise specified; GTV – gross 
tumor volume
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Figure 1. ROC analysis based on RDW, PLR, and NLR for OS in patients 
treated with sequential radio-chemotherapy for advanced inoperable 
NSCLC



192

of NSCLC [32]. Koma et al. conducted a study to assess the as-
sociation between RDW levels and prognosis in 332 patients 
with NSCLC (stages I–IV) [7]. In the last study, the authors 
divided patients into two groups: the early (stage I–II) and 
advanced cancer stage (stage III–IV). In the early stage group, 
higher RDW levels (>15%) were associated with prognosis, 
but such association was not found in the advanced stage 
group [7]. The RDW was also found as potentially helpful in 
screening, as RDW varies significantly between healthy adults 
and NSCLC patients [31, 32].

In this analysis, in contrast to other studies, we analyzed 
RDW both as a continuous and binary variable. The conversion 
of continuous variables into binary variables can lead to overfit-
ting and lack of reproducibility of results, especially considering 
the relatively low AUC values for each investigated index (0.606, 
0.564, and 0.509 respectively). While setting a cut-off value 
can produce statistically significant results, those values vary 
in different studies. Koma et al. established a cut-off value of 
15% [7]. Toyokawa et al. used 14.5% as a cut-off value, which 
they described as “the upper limit of the hospital laboratory 
normal range” [33]. Ichinose et al. used a cut-off value of 13.8 
[34]. Some authors used quartiles or tertiles to divide patients 
into groups, such as Kiriu et al. [35] or Warwick et al. [36]. In 
our study, we have shown that RDW remains a significant 
prognostic factor even as a continuous variable, and although 
defining a single cut-off value remains controversial, higher 
RDW values are universally associated with poorer prognosis 
in NSCLC patients.

The strength of our study lies in the analysis of RDW in-
fluence on prognosis in patients limited to stage III NSCLC, 
decreasing the influence of cancer stage on prognosis, and 
the use of RDW as both a continuous and binary index in 
COX regression analysis, which is less prone to overfitting. We 
acknowledge the study limitations, including the small group 
size, retrospective design, and limited clinical data available. 
Additionally, concurrent radio-chemotherapy and immuno-
therapy with durvalumab are currently considered to be the 
standard of care for advanced NSCLC patients, superseding 
sequential radio-chemotherapy. However, due to the recent 
introduction of durvalumab to clinical practice [37–39], there 
is limited follow-up data available. Moreover, sequential radio-
-chemotherapy remains in use for patients with contraindica-
tions for concurrent therapy [39, 40].

Conclusions
The introduction of RDW to the initial patient assessment 
might improve the prognostic accuracy, as RDW was deter-
mined to be an independent prognostic factor for the OS in 
non-operative stage IIIA and IIIB NSCLC, albeit with limited 
specificity and sensitivity. Both NLR and PLR were not found 
to be statistically significant prognostic factors in our analysis. 

Conflict of interest: none declared

Discussion
Inflammation plays an important role in tumor development, 
including angiogenesis, tumor invasion, and metastasis. Many 
molecules released by the inflammatory cells to the tumor 
environment promote cancer development [5, 26]. Elevated 
expression of various inflammatory biomarkers, including in-
terleukin-10 (IL-10) and transforming growth factor (TGF-β), 
were found to be associated with poor survival in patients 
with NSCLC [27, 29].

The correlation between C-reactive protein, erythrocyte 
sedimentation rate (ESR), and RDW was reported by Lippi et al. 
in 2009 [23]. In another study, by Allen et al. reported a corre-
lation of RDW and different inflammatory biomarkers; it was 
suggested that RDW may reflect pathologic processes, such as 
inflammatory stress and impaired iron metabolism [30]. Since 
RDW can be considered a marker of chronic inflammation, its 
elevated value may be associated with poor survival in patients.

In this study, overall survival (OS) was significantly lower in 
patients with higher RDW as well as higher PLR and NLR, when 
the latter two were expressed as binary values. Furthermore, 
as shown in table I, patients with RDW > 14% had lower HGB 
and RBC than those with RDW ≤ 14%, higher median GTVp, 
and more frequently stage IIIB disease. Additionally, there was 
a statistically significant correlation between HGB and RDW 
(p = 0.002). However, the HGB was not significantly associated 
with survival (tab. II), while RDW was found to be an indepen-
dent prognostic factor.

Many authors reported that elevated RDW values are as-
sociated with an advanced cancer stage in NSCLC [7, 31, 32]. 
In our study, we have shown that RDW can also provide ad-
ditional prognostic insights in patients presenting advanced 
disease (IIIA–IIIB). Chen et al. found that among 245 NSCLC 
patients, RDW ≥ 13.25 was significantly correlated with can-
cer stage III–IV [31]. In a study conducted by Song et al. 
RDW > 12.95 was strongly associated with the IIIB and IV stage 
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