
1

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:15717  | https://doi.org/10.1038/s41598-020-72585-4

www.nature.com/scientificreports

Utility of red cell distribution width 
as a diagnostic and prognostic 
marker in non‑small cell lung 
cancer
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An increasing number of studies have indicated that red blood cell distribution width (RDW) may be a 
novel biomarker for the diagnosis and prognosis of various malignancies. However, to date, data on 
the association of RDW with non‑small cell lung cancer (nScLc) are unclear. our present study aimed 
to explore the value of RDW in NSCLC patients. A total of 338 NSCLC patients, 109 small cell lung 
cancer (SCLC) patients, and 302 healthy participants were retrospectively analyzed between January 
2016 and December 2018. In the present study, we found that RDW was significantly increased in 
nScLc patients. Receiver‑operating characteristic (Roc) analysis showed that the area under the 
ROC curve (AUC) of RDW was 0.753 in discriminating NSCLC patients from healthy participants, the 
optimal cut-off value of RDW was 12.95, and the specificity and sensitivity were 76.33% and 76.16%, 
respectively. Further analysis found that RDW can enhance the diagnostic performance of Cyfra21-1 
and nSe in discriminating nScLc patients from healthy participants or ScLc patients. Among nScLc 
patients, RDW was significantly correlated with TNM stage, T stage, N stage, M stage, and Cyfra21-
1, indicating that RDW may be helpful for predicting the prognosis of NSCLC patients. Our findings 
suggest that RDW can be used as an auxiliary marker for the diagnosis and prognosis of nScLc.

Lung cancer, regarded as the 1st fatal cancer in the whole world, is also one of the most common cancers in 
 China1. Non-small cell lung cancer (NSCLC) is the most common type of lung cancer and accounts for approxi-
mately 80% of all diagnosed lung cancer patients. Unfortunately, most of the NSCLC patients have metastasis 
at the time of  diagnosis1,2. Although there are many treatments for NSCLC, including surgery, radiotherapy, 
and chemotherapy, these treatments bring limited improvements in the long-term survival of NSCLC patients 
due to the high incidence of recurrence and distant  metastasis2. Mortality from NSCLC could be reduced by 
timely screening. Until recently, X-rays, computed tomography (CT) scans, and lung biopsies have been used 
to diagnose lung cancer, but various limitations restrict their clinical application, such as low sensitivity, high 
expense or  invasive3,4. Therefore, to improve treatment strategies, the investigation of simple and readily available 
biomarkers is urgently needed for the clinic.

Recently, many studies have reported the relationships between various hematological parameters and the 
clinical diagnosis and treatment process of cancer patients, such as the neutrophil-to-lymphocyte ratio (NLR)5, 
platelet distribution width (PDW)6,7, and platelet-to-lymphocyte ratio (PLR)8. Red blood cell distribution width 
(RDW), one of the routine blood indexes, indicates the variability of red blood cell size within a blood sample. In 
the past, RDW was mainly used for the differential diagnosis of anemia. As an inexpensive and easy-to-measure 
marker, RDW is gradually attracting attention and being used more and more widely in the  clinic9–12 . Emerg-
ing evidence suggests that RDW plays an important role in tumor diagnosis and  prognosis13, such as renal cell 
 cancer14, breast  cancer15, ovarian  cancer16, colorectal  cancer17, esophageal  cancer18, endometrial  cancer19, and 
gastric  cancer20.
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However, to date, data about the association of RDW with NSCLC are still scarce. In 2013, Yasuko et al. first 
found that RDW is significantly associated with clinical cancer stage and higher RDW values suggested that lung 
cancer patients will have poor clinical  outcomes21. In 2014, Richard et al. found that RDW plays a significant role 
in determining potentially curative resection in NSCLC  patients22. In 2016, Mehmet et al. found that RDW levels 
are significantly and negatively correlated with survival  rate23. Recently, two reports suggested that RDW is an 
independent predictor of worse prognosis in lung  cancer24,25 . These limited reports suggest that RDW may be 
helpful in predicting prognosis in lung cancer, but there are few studies about the role of RDW in the diagnosis 
of NSCLC. Additionally, the relationships between histological types of lung cancer and RDW have not been 
clarified in some  studies21. Thus, further investigations are needed to analyze the significance of RDW in NSCLC.

In this study, we assessed RDW values to analyze the significance of RDW in diagnosing NSCLC. Moreover, 
the ability of RDW to indicate prognosis in NSCLC patients was evaluated by analyzing the correlation between 
clinicopathological features and RDW levels. Our findings suggest that RDW can be used as an auxiliary marker 
for the diagnosis and prognosis of NSCLC.

Results
RDW levels are increased in nScLc patients. The RDW levels of 338 NSCLC patients, 109 small cell 
lung cancer (SCLC) patients, and 302 healthy participants were analyzed in this study. The results showed that 
the RDW levels were significantly higher in the NSCLC group [13.0 (IQR 13.0–14.0)] and the SCLC group [14.0 
(IQR 12.85–15.0)] than in the control group [12.5 (IQR 12.18–12.90)] (P < 0.05). However, no difference was 
found in terms of RDW between NSCLC and SCLC patients (Fig. 1). Our data demonstrated that the levels of 
RDW are increased in NSCLC patients.

RDW is a useful blood marker to help diagnose nScLc. ROC curve analysis was used to analyze the 
power of RDW in the differential diagnosis of NSCLC patients and healthy participants. The results showed that 
the AUC of RDW was 0.753 (Fig. 2 and Table 1). When the cut-off value of RDW was 12.95, the sensitivity and 
specificity were 76.33% and 76.16%, respectively (Table 1).

Serum CEA and Cyfra21-1 are common tumor markers in the clinic, but they cannot be widely used in the 
diagnosis of NSCLC because they lack  specificity26. In this study, we found that RDW can enhance the diagnostic 
sensitivity of CEA and Cyfra21-1(Table 1). Importantly, in the differential diagnosis of patients with NSCLC and 
healthy participants, the AUC values of CEA alone and Cyfra21-1 alone were 0.665 and 0.657, respectively. When 
CEA, Cyfra21-1, and RDW were combined for detection, the AUC values for CEA + RDW and Cyfra21-1 + RDW 
were 0.816 and 0.808, respectively, which were significantly higher than those for CEA + Cyfra21-1, CEA alone 
and Cyfra21-1 alone. When combined detection of lung cancer serum markers (CEA and Cyfra21-1) and blood 
markers (RDW) was applied, the AUC value was further increased, which was 0.834 (Fig. 2 and Table 1). In 
brief, these results indicated that RDW can enhance the diagnostic performance of CEA and Cyfra21-1 in the 
diagnosis of NSCLC.

NSCLC and SCLC are different in terms of their clinical course and response to treatment; thus, it is very 
important to differentially diagnose NSCLC and SCLC. NSE, a serum tumor marker, is widely used in SCLC 
patient  diagnosis27. Next, the results of ROC curve analysis showed that the AUCs of RDW and NSE were 0.581 
and 0.798, respectively. When the combined detection of RDW and NSE was applied, the AUC was further 
increased to 0.824 (Fig. 3 and Table 2), suggesting that RDW alone did not perform well, but can slightly enhance 
the diagnostic performance of NSE in the differential diagnosis of NSCLC and SCLC.

Relationships between RDW levels and clinicopathological characteristics in nScLc 
patients. The patients were categorized according to the RDW cut-off value, which was 12.95%. The cor-

Figure 1.  RDW levels in the NSCLC, SCLC, and control groups. RDW levels in NSCLC patients (n = 338), 
SCLC patients (n = 109), and healthy controls (n = 302) were tested by hematology analyzer. Data are expressed 
as median and interquartile range. *p < 0.05.
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Figure 2.  ROC analysis based on RDW for NSCLC diagnosis. (A) ROC analysis of value of RDW alone, CEA 
alone, and Cyfra21-1 alone for NSCLC diagnosis. (B) ROC analysis of value of combined detecting RDW, CEA 
and Cyfra21-1 for NSCLC diagnosis.

Table 1.  Diagnostic value of RDW alone, CEA alone and Cyfra21-1 alone and combined detecting for NSCLC 
diagnosis.

Variables AUC Cut off Sensitivity (%) Specificity (%)

95% confidence interval

Upper limit Lower limit

RDW 0.753 12.95 76.33 76.16 0.721 0.797

CEA 0.665 5.00 34.32 94.04 0.620 0.705

Cyfra21-1 0.657 3.30 50.31 86.42 0.614 0.700

RDW + CEA 0.816 82.10 66.20 0.783 0.850

RDW + Cyfra21-1 0.808 71.60 75.20 0.775 0.842

CEA + Cyfra21-1 0.705 60.80 78.50 0.663 0.746

RDW + CEA + Cyfra21-1 0.834 62.70 89.40 0.803 0.865

Figure 3.  ROC analysis of value of RDW alone and NSE alone, and the combination in differential diagnosis 
between NSCLC and SCLC. RDW levels in 272 NSCLC patients and 85 SCLC patients were analyzed by ROC 
curve analysis (NSE levels of some patients is missing).
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relations between RDW levels and clinicopatholotical characteristics are shown in Table 3. RDW levels were 
associated with TNM stage, T stage, M stage, N stage, and Cyfra21-1. However, no significant difference in age, 
sex, histological type, neutrophils, C-reactive protein (CRP), procalcitonin (PCT), or albumin (ALB) was shown 
in NSCLC patients (Table 3).

Discussion
Our findings showed that RDW levels were increased in NSCLC patients and that increased RDW levels can 
enhance the diagnostic performance of Cyfra21-1 in distinguishing NSCLC patients from healthy participants. 
Moreover, RDW is closely related to prognostic factors in NSCLC patients, such as tumor stage and tumor 
markers. Our results showed that RDW may be a useful biomarker in assisting diagnosis and predicting the 
outcome of NSCLC.

For decades, RDW has been routinely used as a useful index for the differential diagnosis of anemia. In recent 
years, RDW has attracted notable  attention7. Various studies have found that RDW is a simple, robust, and con-
venient biomarker in various  malignancies13. However, reports on the relationship between RDW and NSCLC 
are still  scarce21–23, and further studies are still needed to investigate the role of RDW in NSCLC.

In the current study, the results showed that the levels of RDW were increased in NSCLC patients, which is 
consistent with the finding of previous  report21–23. ROC curve analysis showed that RDW was an convenient 
marker for differentiating NSCLC patients and healthy participants with a cut-off value of 12.95%, sensitivity 
of 76.33%, and specificity of 76.16%. Cyfra21-1 and NSE, two important serum tumor markers, are often used 
for the differential diagnosis of lung  cancer26. However, the low specificity of Cyfra21-1 and NSE limit their 
clinical application in lung cancer screening. Our results showed that RDW can improve the diagnostic ability 
of Cyfra21-1 and NSE, suggesting that combining the detection of RDW and Cyfra21-1 or NSE may be a better 
marker for discriminating NSCLC patients from healthy participants or SCLC patients. To our knowledge, our 
study is the first to report the clinical utility of the combination of RDW and Cyfra21-1 or NSE for the differential 
diagnosis of patients with NSCLC.

Next, we investigated whether increased RDW levels might be a potential biomarker for predicting the prog-
nosis of NSCLC patients, and the results showed that reduced RDW was associated with TNM stage, T stage, 
M stage, N stage, and Cyfra21-1 in NSCLC patients. In contrast, Yasuko et al. reported that RDW is positively 
correlated with the clinical cancer stage of lung  cancer21. NSCLC and SCLC have different clinical courses and 
responses to treatment. However, Yasuko et al. did not analyze the relationships between RDW and NSCLC or 
 SCLC21. In addition, the inconsistent findings may be due to the selected populations, small sample sizes, and 
different RDW cut-off  values21. Therefore, we need to provide more data to make clarify the associations between 
RDW and NSCLC. Considering that TNM stage, T stage, M stage, N stage, and Cyfra21-1 are strong prognostic 
factors for NSCLC, we hypothesize that RDW can be used as a potential prognostic factor in NSCLC patients.

The mechanisms explaining our findings are unclear, but there are some possible explanations. First, some 
reports have suggested that chronic inflammation plays a significant role in the development and progression of 
NSCLC, and inflammatory cells release various signaling molecules, which may affect the synthesis or activity of 
erythropoietin, thus impairing red blood cell maturation and causing immature red blood cells to enter the blood 
 flow28. At the same time, inflammation can also lower red blood cell survival, thus resulting in the mixing of red 
blood cell volumes in peripheral  circulation29. Previous studies have shown that there is a positive relationship 
between RDW and inflammatory  markers30. Second, cancer growth leads to nutritional deficiency, which weak-
ens red blood cell maturation and causes a increased RDW. In this study, we analyzed the relationship between 
RDW and inflammatory markers (neutrophils, CRP, and PCT) and malnutrition markers (ALB) and found that 
RDW levels were increased in NSCLC patients with high levels of inflammation markers (neutrophils, CRP, and 
PCT), but these result were not statistically significant. In addition, RDW levels were not associated with serum 
ALB levels in NSCLC patients. Therefore, we speculate that RDW is increased and that the relationship between 
the pathological features and RDW of NSCLC patients may be only partly related to the inflammatory response 
in NSCLC patients, and the main reasons that may affect RDW levels in NSCLC patients need further study.

Several limitations of the present study remain to be resolved. First, our study was a single-institution, retro-
spective, relatively small sample size study, which may lead to bias in sample selection and analysis. Second, our 
study did not assess the association between RDW values and overall survival in NSCLC patients, which limits 
the generalization of our findings. Therefore, the clinical role of RDW in NSCLC needs to be further verified by 
other research centers.

Overall, our study indicated that RDW might be used as an auxiliary marker for the diagnosis and prognosis 
of NSCLC.

Table 2.  Diagnostic values of RDW alone and NSE alone, and combined detecting in differential diagnosis 
between NSCLC and SCLC.

Variables AUC Cut off Sensitivity (%) Specificity (%)

95% confidence interval

Upper limit Lower limit

RDW 0.581 14.95 30.60 84.90 0.508 0.653

NSE 0.798 16.30 75.30 72.10 0.736 0.861

RDW + NSE 0.824 78.80 72.10 0.768 0.880



5

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:15717  | https://doi.org/10.1038/s41598-020-72585-4

www.nature.com/scientificreports/

Subjects and methods
Study subjects. We retrospectively reviewed patients newly diagnosed with lung cancer from January 2016 
to December 2018. The exclusion criteria of patients were as follows: anemia, hematologic diseases, and active 
inflammation. Finally, 338 NSCLC patients [196 male and 142 female, median age (interquartile range age): 61 
(53–67) years], 109 SCLC patients [95 male and 14 female, median age (interquartile range age): 64 (57–68) 
years], and 302 healthy participants [171 male and 131 female, median age (interquartile range age): 60 (55–65) 
years] were included. The clinicopathological characteristics and laboratory data of the patients were obtained by 

Table 3.  Relationship between RDW and clinical characteristics of NSCLC patients. *Data of some patients is 
missing. Bold indicates a statistically significant.

Variables Total

RDW ≤ 12.95 RDW > 12.95

pn (%) n (%)

Sample size 338 80 (23.6) 258 (76.4)

Gender 0.146

Male 196 52 (26.5) 144 (73.5)

Female 142 28 (19.7) 114 (80.3)

Age 0.151

< 60 158 43 (27.2) 115 (72.8)

 ≥ 60 180 37 (20.5) 143 (79.5)

Histological type 0.138

Adenocarcinoma 263 60 (22.8) 203 (77.2)

Squamous cell carcinoma 65 15 (23.1) 50 (76.9)

Others 10 5 (50.0) 5 (50.0)

TNM stage 0.000

Early (I + II + IIIa) 220 37 (16.8) 183 (83.2)

Advance (IIIb + IV) 118 43 (36.4) 75 (63.6)

pT stage 0.000

T1 145 20 (13.8) 125 (86.2)

T2 75 17 (22.7) 58 (77.3)

T3 49 17 (34.7) 32 (65.3)

T4 69 26 (37.7) 43 (62.3)

pN stage 0.004

N0 181 29 (16.0) 152 (84.0)

N1 22 7 (31.8) 15 (68.2)

N2 70 25 (35.7) 45 (64.3)

N3 65 19 (29.2) 46 (70.8)

pM stage 0.041

M0 257 54 (21.0) 203 (79.0)

M1 81 26 (32.1) 55 (67.9)

CEA 0.135

  <5 222 47 (21.2) 175 (78.8)

 ≥5 116 33 (28.4) 83 (71.6)

Cyfra21-1* 0.008

   < 3.3 161 29 (18.0) 132 (82.0)

  ≥ 3.3 163 50 (30.7) 113 (69.3)

Neutrophile 0.094

 ≤ 7.00 279 71 (25.4) 208 (74.6)

 > 7.00 59 9 (15.3) 50 (84.7)

CRP* 0.067

 ≤ 8 48 6 (12.5) 42 (87.5)

 > 8.0 35 10 (28.6) 25 (71.4)

PCT* 0.847

 ≤ 0.05 25 9 (36.0) 16 (64.0)

 > 0.05 18 7 (38.9) 11 (61.1)

ALB 0.961

 ≤ 35 64 15 (23.4) 49 (76.6)

 > 35 274 65 (23.7) 209 (76.3)
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screening the hospital medical records system. This research was approved by the ethics committee of the Fujian 
Medical University Union Hospital. Informed consent was obtained from all participants included in the study. 
All methods were carried out in accordance with relevant guidelines and regulations.

Laboratory analysis. Peripheral blood samples were collected prior to the start of treatment. Routine 
blood tests were performed with a Beckman Coulter LH 780 automated hematology analyzer (Beckman Coulter, 
Brea, CA, USA), the normal range of neutrophils was less than or equal to 7.0× 109/L. The serum carcinoembry-
onic antigen (CEA), cytokeratin 19 fragments (Cyfra21-1), neuron-specific enolase (NSE), C-reactive protein 
(CRP), and procalcitonin (PCT) levels were determined by a Cobas 6000 Analyzer (Roche Diagnostics, Basel, 
Switzerland). According to the manufacturer’s instructions, the normal range of CEA is less than 5 ng/mL, the 
normal range of CYFRA21-1 is less than 3.3 ng/mL, the normal range of NSE is less than 16.3 ng/mL, the normal 
range of CRP is less than or equal to 8 mg/L, and that for the normal range of PCT is less than or equal to 0.05 
ng/mL. Serum albumin (ALB) was detected with a Beckman DXC800 Biochemical analyzer (Beckman Coulter, 
Brea, CA, USA), and the normal range of the ALB is more than or equal to 35 g/L.

Statistical analysis. Statistical analyses were performed using SPSS software version 21.0 (SPSS Inc., Chi-
cago, IL, USA). RDW values are summarized as the median (interquartile range, IQR), and the Mann–Whitney 
U-test was used to determine the differences between the two groups. ROC curve analysis was performed to 
assess the diagnostic value of RDW in NSCLC patients. The optimal cut-off value for RDW was determined by 
the Youden index (Youden index = specificity + sensitivity − 1). The categorical variables are presented as the 
numbers of patients and percentages, and the Chi-square test was used to compare the differences in incidence 
of abnormal RDW data between the different groups. All statistical tests were considered statistically significant 
at a p-value < 0.05.
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