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Aim: The purpose of this study was to evaluate the prognostic impact of red-cell distribution width (RDW)
on the overall survival (OS) of patients with squamous cell carcinoma (SCC) of the tongue.

Background: Development of cancer is connected with an ongoing inflammatory process which is reflected
by laboratory indices, such as RDW that can be used as prognostic tools.

Material and methods: The study group consists of 74 consecutive patients treated with radical radio-
therapy or chemo-radiotherapy for SSC of the tongue at one institution between 2005—-2014. RDW was

Keywords: assessed based on routine blood tests done before the start of the treatment. ROC curve was applied
Tongue cancer . L. . .
Radiotherapy to assess value of RDW in prediction of OS, and a cut-off value for further tests was obtained using the

Red cell distribution width Younden index. The survival analysis was performed using the Kaplan-Meier method, log-rank testing
RDW and Cox regression model.
Results: The AUC for RDW in ROC analysis was 0.703, and the optimal cut-off value was 13.5%. 5-year OS
was significantly lower in patients with RDW > 13.5% compared with patients with RDW < 13.5% (67% vs.
26%, p-value = 0.0005). Additionally, high RDW was associated with a greater odds ratio for 5-year OS in
a multivariate Cox proportional hazards regression analysis (3.43, 1.62-7.25; p=0.001).
Conclusion: Our study demonstrated that pre-treatment RDW > 13,5% is an indicator of poor overall sur-
vival in patients with SCC of the tongue. Since RDW is a cheap and convenient marker, usually routinely
assessed during complete blood count tests, it could be further used as an additional prognostic tool in
patients with tongue cancers.
© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

1. Introduction

Cancers located in the base and anterior tongue (C01-C02)
account for 0.6% (males) and 0.2% (females) cancer incidence in
Poland, which adds up to approximately 400-600 new cases per
year.! Infrequent as it is, this disease is connected with high mor-
tality and 5-year overall survival (OS) below 30% for males and
around 45% for females.? The main risk factors include tobacco,
alcohol consumption, HPV infection, poor oral hygiene and chew-
ing of betel and areca nuts, the latter being rather uncommon in
central Europe.>*

According to NCCN guidelines, the primary treatment modal-
ities include standalone surgery with or without lymphadenec-
tomy, radiotherapy, chemo-radiotherapy and multimodality
approaches.” Anterior tongue lesions are preferably treated with

* Corresponding author.
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surgical approach while radiotherapy and chemo-radiotherapy is
better suited for base-of-tongue cancers.*

Red blood cell distribution width (RDW) is defined as the
quotient of the standard deviation of red blood cells volume
and their mean volume. In practical terms, higher RDW values
reflect greater size variations of red blood cells, which might
be associated with multiple interrelated factors, such as chronic
inflammation, prolonged bleeding or oxidative stress.®” Inflam-
mation, in particular, can be associated with poorer prognosis®
due to cytokines and other mediators stimulating increased
angiogenesis, tumor proliferation and metastasis.” Up to now,
the prognostic value of RDW has been confirmed in numer-
ous malignancies.8-10-19.11-18 However, in certain publications the
correlation was not apparent?%-2! or a variation of RDW index
had to be used.?? The primary aim of our paper was to evalu-
ate the RDW as a prognostic factor in a cohort of patients with
squamous cell tongue cancers subjected to primary radio- or
chemo-radiotherapy.

1507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
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2. Material and methods
2.1. Patients

Out of 2156 patients treated for oropharyngeal and oral cavity
cancers between January 2005 and December 2014 in our institu-
tion, 80 patients met the following inclusion criteria:

- histopathologically proven squamous cell cancer primarily local-
ized in the anterior tongue or base of tongue.

- radiotherapy or chemo-radiotherapy with radical intent as the
only method of treatment.

- no prior tumorectomy or lymphadenectomy

- no other oncological treatment within 5 years prior to treatment
excluding treatment of non-melanoma skin cancers.

The blood tests were performed prior to the first frac-
tion of radiotherapy or first dose of chemotherapy in patients
treated with inclusion of neoadjuvant chemotherapy. Six cases
had to be removed due to missing data. The final cohort
included 74 retrospectively collected cases of patients treated
with radical radiotherapy (54 patients) or chemo-radiotherapy
(20 patients) for squamous cell tongue cancers (Table 1). 80%
of the patients were male and 20% female. The median age
was 59 (mean - 61). Data regarding concomitant diseases,
tobacco smoking and alcohol drinking history was gathered.
Since HPV status tests were not routinely performed before
2014 in our institution, the TNM classification was assessed in
compliance with the American Joint Committee on Cancer, 7th
edition (2010) for all of the patients. The main endpoint was
5-year OS.

Among the patients receiving chemotherapy - Cisplatin was
used as a sole agent in concurrent chemotherapy in all cases.
The neoadjuvant regimens varied from Docetaxel/Cisplatin/5-
fluorouracil in 7 cases, Docetaxel/Cisplatin in 4 cases, and
5-fluorouracil/Cisplatin in one case. A detailed description of
radiotherapy fractionation schemes is presented in Table 2. The
treatment was delivered using IMRT in vast majority of the cases;
however, there were a few cases where 3D conformal radiother-
apy was used due to superior dose distribution achieved with such
a method.

The follow-up was based on data available from the patients’
medical history, Polish National Cancer Registry and the National
Health Fund. The information about the date of patients’ death was
available in all applicable cases. OS was defined as the time from
the completion of radiotherapy to the date of death in all applica-
ble cases or end of follow-up data in patients alive at the time of
completing database.

Due to the fact that the study was retrospective, in accordance
with our institutional policy, the Bioethical Committee approval
was not necessary.

2.2. Statistical analysis

Receiver operating characteristics (ROC) curve was used to
evaluate the accuracy of RDW as a prognostic factor. The cut-
off value was determined using a method based on the Younden
index and the patients were divided into two groups based on
the RDW score (Fig. 1). The distribution of continuous variables
was tested with the Shapiro-Wilk test. The statistical analysis
employed the Chi-Square test for dichotomous categorical vari-
ables and Mann-Whitney U test for continuous variables. The
survival analysis was performed using the Kaplan-Meier method
and log-rank testing. The Cox proportional hazards regression
model was applied to perform uni- and multivariate analysis
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Fig. 1. Receiver operating characteristic curve of red-cell distribution width for
overall survival prediction.

including variables that reached a p-value lower than 0.05 in uni-
variate analysis.

The statistical analysis was performed using the STATISTICA 13
software with Medical Bundle (StatSoft INC., Tulsa Oklahoma, USA).

3. Results

The mean and median follow-up were 38.8 and 22.4 months,
respectively. Death occurred in 58.1% of the cases within the first 5
years after treatment. The optimal cut-off value of RDW for 5-year
OS calculated using ROC curve analysis was 13.5% (79% sensitivity
and 39% specificity, Fig. 1). The AUC (area under curve) for 5-year
OS was 0.703.

5-year overall survival was significantly higher in patients with
RDW <13.5% compared to patients with RDW > 13.5%, and was
67% at 5 years compared to 26% in the high-RDW group (p-
value =0.0005, Fig. 2).

The univariate Cox regression analysis included sex, age, con-
comitant diseases’ burden, smoking, pack-years, history of alcohol
abuse, ZUBROD score, location of the tumor (base/anterior), addi-
tion of chemotherapy, RT fractionation scheme and dose, total
volume of the tumor, TNM stage groups, lymph node involvement,
and following hematological indices: white blood cell, red blood
cell, neutrophil, lymphocyte, and platelet count and hemoglobin
concentration.

The final model included parameters with p-value <0.05: RDW,
location of the tumor (base/anterior), addition of chemotherapy,
RBC and HGB. RDW > 13.5% was associated with a greater haz-
ard ratio for 5-year OS in multivariate analysis (3.43, 1.62-7.25;
p=0.001) and addition of chemotherapy was associated with
lower HR (0.35, 0.15-0.84, p=0.02) after adjustment for signif-
icant covariates in Cox proportional hazards regression analysis
(Table 3).

We did not find any significant differences between the groups
with low and high RDW in terms of sex, age, TNM stage group,
tumor volume, lymph node involvement, concomitant diseases,
history of smoking or alcohol abuse, ZUBROD performance scale
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Table 1

Baseline characteristics, pathological findings and outcomes in the whole population of patients stratified by RDW level and their correlation with RDW.

Whole population
n=74

RDW

Low (<13.5%)n=28 High (>13.5%)n =46 p-value
Sex (% of males) 79,73% 82,14% 78,26% 0.69
Age [years] 60,7 (40.7-83.0) 59,8 (49.6-76.4) 61,2 (40.7-83.0) 0.47
RDW [%] 13.9(12.0-16.3) 12,8(12,0-13.4) 14,5(13.5-16.3)
Hemoglobin [g/dlI] 13.8(10.3-18.5) 14.0(11.0-15.9) 13.7(10.3-18.5) 0.23
Hematocrit [%] 40,3 (30.8—54.6) 41,2 (33.1-47.2) 39.8 (30.8—-54.6) 0.1
RBC (10%/mm?) 4.38 (3.56-5.64) 4.43(3.68-5.21) 4.35(3.56-5.64) 0.31
WBC (10%/mm?3) 8.3(5-15) 8.2(5.4-14.5) 8.4(5-15) 0.86
TNMT stage 0.84
1 2.7% 3.6% 2.2%
2 24.3% 17.8% 28.3%
3 18.9% 25% 15.2%
4 54.1% 53.6% 54.3%
TNM N stage 0.37
0 25.7% 28.6% 23.9%
1 18.9% 25% 15.2%
2 47.3% 39.3% 52.2%
3 8.1% 7.1% 8.7%
Tumor volume 0.5
<15¢cc 28.4% 28.6% 28.3%
15-30cc 31.1% 35.7% 28.3%
>30cc 40.5% 35.7% 43.4%
% base of tongue 75.7% 78.6% 73.9% 0.65
Concomitant diseases 58.1% 50% 62% 0.30
History of smoking 0.29
Non-smoker 11% 17.9% 6.7%
Former smoker 6.8% 7.1% 6.7%
Active smoker 82.2% 75% 86.6%
Pack-years 32.5(0-105) 27.6 (0-90) 35.6 (0—105) 0.07
History of alcohol abuse 17.8% 17.9% 17.8% 0.99
ZUBROD 0.97
0-1 93,2 89,3% 95,6%
2 5.4% 10.7% 2.2%
3+ 1.4% 0% 2.2%
Fractionation regimen: 0.01
Conventional 48.6% 64.3% 39.1%
CAIR?! 27% 28.6% 26.1%
CHA-CHA*? 19% 7.1% 26.1%
EBRT+BT 5.4% 0% 8.7%
Addition of chemotherapy 27% 36% 22% 0.19
Type of chemotherapy 0.12
Neoadjuvant 25% 20% 30%
Concomitant 40% 40% 40%
Both 35% 40% 30%
5-year 0S* 42% 67% 26% 0,0005
Continuous variables are presented as mean (min-max range) unless indicated otherwise. Dichotomous variables are presented as percentages.
2 log-rank.
Table 2

Description of radiotherapy modalities.

Fractionation schedule: Description: Number of Complete Total dose: Fraction dose:
patients: treatment
time (days)
Conventional One fraction per day, 5 days a week 36 51 70Gy 2Gy
Fractionation
CAIR One fraction per day, 7 days a week 20 40 72Gy 1.8Gy
CHA-CHA Two fractions a day, 7 days a week. 8 days break midterm. 14 28 64Gy 1.6Gy
External beam One fraction per day, 5 or 7 days a week, then BT. 4 63 60Gy+18Gy 2Gy/3 Gy
radiother-
apy +brachytherapy
boost
(EBRT +BT)

Data presented as median value in applicable cases.

score prior to treatment or addition of chemotherapy as is depicted
in Table 1. Although red blood cell count, hemoglobin count and
hematocrit were slightly lower in the high RDW group - the
differences were not statistically significant. The groups were sig-
nificantly different regarding applied modality of radiotherapy
(p=0.01).

4. Discussion

Squamous cell carcinoma of the tongue is an aggressive disease
characterized by a poor prognosis. The local advancement of the
tumor often results in an ongoing inflammatory process and sub-
clinical bleeding. RDW is an indicator allowing differentiation of
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Fig. 2. Kaplan-Meier curves for overall survival of patients with squamous cell carcinoma of the tongue stratified according to red-cell distribution width (RDW) level.

Table 3

Multivariate Cox Regression analysis of HR for OS in patients with squamous cell

carcinoma of the tongue.

In this study, 5-year overall survival was significantly higher in
patients with lower RDW. Similar results have been reported by

other authors. Wang et al. performed a retrospective study con-
cerning non-metastatic nasopharyngeal cancer on 2318 patients,
and found a correlation between higher RDW level and lower 0S.!2

95% CI
Covariates? HR Lower Upper P value
RDW (<13.5% vs. > 13.5%) 3,43 1,62 7,25 0,001
Addition of chemotherapy 0,35 0,15 0,84 0,018
Tumor location (base vs. anterior) 1,79 0,92 3,43 0,086
RBC (mln/pl) 0,41 0,13 1,27 0,121
HGB (g/dl) 1,03 0,69 1,55 0,871

Hsueh et al. demonstrated a significant (p-value 0001) correlation
between higher RDW quartiles and worse overall survival in a ret-
rospective analysis of 809 male patients with laryngeal squamous
cell carcinoma.!” Regarding oral cavity cancer, Tangthongkum et al.

3 The analysis includes parameters that were significantly correlated with OS in
a univariate analysis at a p<0.05 level of significance. The complete list of variables
included in the univariate analysis is presented in the 3rd paragraph of the Results
section.

anemia. High RDW values are associated with a chronic inflamma-
tory state and disrupted erythropoiesis.?*->4 On top of that, RDW
also serves as a marker reflecting systemic inflammation, which is
regarded as the 7th hallmark of cancer.?> Due to the fact that this
disease is often diagnosed at a late stage when subclinical bleed-
ing and ongoing inflammatory process are chronically present and
heavily pronounced, markers such as RDW can reflect the progno-
sis of the patients and present a cheap addition (or alternative) to
common diagnostic tools, especially important considering much
higher oral cavity cancers incidence in less wealthy Asian countries
with betel and areca nut chewing traditions.2®

In the study conducted by Lippi et al., the authors discovered
that RDW correlated with one of the most commonly used mark-
ers of inflammation, hs-CRP and erythrocyte sedimentation rate
test.?” The association between RDW and cancer patients prog-
nosis can also be explained by the relationship between the red
blood cell distribution width and factors like: interleukin-6 (IL-6),
tumor necrosis factor alpha (TNF-a), hepcidin and other circulating
cytokines that may support the development of cancer.?®:2° As to
tongue cancer patients, who very often suffer from malnutrition, it
is proven than RDW correlates with a low nutritional status.>°

reported no significant differences in OS between the high and low
RDW groups in a retrospective study on 374 patients.2? A retro-
spective analysis by Ge et al. on 236 patients with oral squamous
cell carcinoma demonstrated that a high RDW was connected with
poor overall survival.'®

Koma et al. carried out a retrospective study on 332 patients
with lung cancer, and reported that elevated RDW was associated
with poorer survival. Patients were divided into four groups accord-
ing to the TNM staging system, and for stage IIl and IV, RDW did
not significantly correlate with prognosis.'? Kiriu et al. performed a
retrospective analysis of 47 patients with non-small cell lung can-
cer dividing them into three groups, which corresponded to RDW
levels. Higher RDW was correlated with shorter 0S.'7 Also Hira-
hara et al. reported a significant association between high RDW
and poorer prognosis in the matter of overall survival in a ret-
rospective study of 366 patients with gastric adenocarcinoma.'8
Beltran et al. showed that in a cohort of 121 DLBCL patients, 5-
year OS was 51% for patients with elevated RDW, compared to
79% for the rest of the group (p-value 0001) (19). Zyczkowski
et al. reported that higher RDW is correlated with poor over-
all survival in a retrospective study of 434 patients with renal
cell carcinoma.’® Hu et al. performed meta-analysis that included
15 retrospective studies, and one article with both retrospec-
tive and prospective design in two independent patients groups,
and reported that elevated RDW is associated with poor 0S.®
However, Xu et al. in meta-analysis regarding esophageal cancer
showed that higher RDW values are not associated with a better
prognosis.!!
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Since the study was conducted retrospectively on patients
treated between 2005 and 2014, and the 8th edition of TNM stag-
ing system that includes the assessment of HPV status came into
effect between 2017-2018, practically no patients had their HPV
status assessed at the time of the treatment. We have tried contact-
ing respective hospitals for access to the histopathological material,
but we have received responses in less than 10 cases. It is an impor-
tant limitation of the study since the HPV significantly impacts
the survival of patients with oropharyngeal cancers. The study
group was also relatively heterogeneous in terms of applied treat-
ment modality (radiotherapy fractionation schemes and addition of
chemotherapy), which influences the treatment results and, there-
fore, limits the value of the analysis.

We did not find significant differences between the groups with
low and high RDW in terms of sex and age, which is similar to
other studies regarding sex,'?-16.20 however, certain publications
suggest that RDW is correlated with age.!3-'® We did not find any
significant correlation between RDW value and TNM stage groups,
tumor volume, lymph node involvement or concomitant diseases.
Such correlations have been reported in certain studies.!3:16.18 We
have found a significant difference between the choice of fraction-
ation schemes in RDW groups. Patients with high RDW were more
likely to be treated with CHA-CHA, and less likely to be treated with
conventional radiotherapy. It can be attributed to the fact that the
CHA-CHA trial recruited patients with advanced stage disease (T2
N3, T3 NO-3 and T4 NO-3), that had worse prognosis and higher
RDW due to the more locally advanced disease in comparison with
the patients recruited for CAIR trial (T2-4 NO-1). It is important to
note that the cut-off values for RDW, in a vast majority of the stud-
ies, including ours, were determined a posteriori using tests such
as ROC analysis. Therefore, the differences are significant between
studies, and the values ranged from 13,55% to 16%.

5. Conclusion

The results of our study support the evidence of the clinical
utility of simple blood-based indicators. Our findings suggest that
inexpensive, convenient and routinely assessed markers, such like
RDW, could be a useful prognostic tool for patients treated with
radiotherapy or radio-chemotherapy, and may provide additional
information about possible treatment outcome for no additional
cost.
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