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ABSTRACT

Background: Red cell distribution width (RDW), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR)
are known inflammatory indices. Elevated values are found in many cancers and may be associated with a poor prognosis.
The article aimed to assess the impact of RDW, NLR, and PLR on overall survival (OS) of patients with oropharyngeal cancer
treated with radiotherapy (RT).

Materials and methods: This retrospective study includes 208 patients treated for oropharyngeal cancer with definitive RT or
RT combined with neoadjuvant or concurrent systemic therapy, at one institution between 2004 and 2014. The receiver oper-
ating characteristic (ROC) method, log-rank testing, and Cox proportional hazards regression model were used for the analysis.
Results: The OS was significantly higher in RDW < 13.8% (p = 0.001) and NLR < 2.099 (p = 0.016) groups. The RDW index was
characterized by the highest discriminatory ability [area under the curve (AUC) = 0.59, 95% confidence interval (Cl): 0.51-0.67],
closely followed by NLR (AUC = 0.58, 95% Cl: 0.50-0.65). In the univariate Cox regression analysis, RDW [hazard ratio (HR): 1.28,
95% Cl: 1.12-1.47, p < 0.001] and NLR (HR: 1.11,95% Cl: 1.06-1.18, p < 0.001) were associated with an increased risk of death.
In the multivariate analysis, among the analyzed indices, only NLR was significantly associated with survival (HR: 1.16, 95% CI:
1.03-1.29, p=0.012).

Conclusions: In the study, only NLR proved to be an independent predictor of OS. However, its clinical value is limited due to
the relatively low sensitivity and specificity.
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Introduction

Head and neck cancers (HNC) add up to nearly
5% of all registered cancers in Poland — about 7%
for males, and a little above 1% for females [1].
There were 1351 new cases of oropharyngeal can-
cer (ICD-10: C-01, C-05, C-09 and C-10 code) and

799 related deaths in 2016. The incidence presents
an upward trend [2]. Risk factors for oropharyngeal
cancer include male sex, the use of tobacco, alco-
hol, and oncogenic human papillomavirus (HPV)
infection [3] which accounts for 10-70% of the
cases, depending on the study [1]. HPV-associated
cancer may occur at a younger age and has better
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survival rates compared to non-HPV-associated
cancers [3].

Red blood cell distribution width (RDW) rep-
resents the variation in the red blood cell (RBC)
volume. It is a simple, routinely performed labora-
tory test, which is useful in assessing the function
of bone marrow, but can also be regarded as an
inflammatory index [4]. Elevated RDW is associ-
ated with anemia, chronic inflammation, and mal-
nutrition [5] which are frequently associated with
advanced cancer [6]. Besides, chronic inflammation
may further accelerate or lead to carcinogenesis and
neovascularization due to inflammatory cytokines
[7], and elevated RDW has proven to be a negative
prognostic factor in many malignant tumors [8-12].

The neutrophil-to-lymphocyte ratio (NLR)
is an index of circulating neutrophil and lym-
phocyte counts in the blood. The PLR means plate-
let-to-lymphocyte ratio and specifies the relation
between platelet and lymphocyte counts circulating
in the human body. Even though NLR and PLR
are only conversions of routinely performed blood
tests, they have shown to have a prognostic value
in many non-oncological [13-15] and oncological
diseases [16-18].

Because indices such as RDW, NLR, and PLR
can be assessed using results of routinely performed
blood tests, they could potentially be used as prog-

Table 1. Description of radiotherapy modalities

nostic factors at no additional cost. The purpose of
this study was to determine whether these indices
are associated with survival in patients treated with
radiotherapy (RT) due to the oropharyngeal cancer.

Materials and methods

Study group

The study is based on data from 208 patients
treated for oropharyngeal cancer with definitive
RT or RT in association with neoadjuvant or con-
current systemic therapy, including concomitant
chemotherapy, immunotherapy, or both, at one in-
stitution between 2004 and 2014. Exclusion criteria
included prior surgery and palliative intent of the
treatment. Initially, the database consisted of 297
oropharyngeal cancer patients. Cases with unavail-
able blood test data (82; 27.6%) or ongoing immu-
nosuppressive treatment (7; 2.4%) were removed
from the analysis.

More than a half (116; 55.8%) of the patients were
treated with definitive RT, including conventional
RT (42; 36.2%), continuous accelerated irradiation
(CAIR; 57;49.1%) [19], split-course accelerated hy-
perfractionated irradiation (CHA-CHA; 13; 11.2%)
[20], or external beam RT with brachytherapy boost
(EBRT+BT; 2; 1.7%) or moderate hypofractiona-
tion (2; 1.7%) (Tab. 1).

Complete Total dose Fraction dose
Fractionation shedule Description Num.ber i treatment time (median, IQR) (median, IQR)
patients (median, IQR)
[days] [Gy] [Gy]
i 50 70 2.0
Conventional One fraction per day, 5 105
days a week (48.0-52.0) (70.0-72.0) (2.0-2.0)
Continuous accelerated .
el One f(rjzct;c;nvfeegkday, 7 26 \ 4(i1 . 7272 1 1.81
(CAR 1) y! (40.0-40.0) (72.0-72.0) (1.8-1.8)
Continuous accelerated .
(CAIR2) (41.0-41.0) (68.0-68.0) (1.7-1.7)
Split-course accelerated Two fractions a day,
K R L ’ 28 64 1.6
hyperfractionated irradiation 7 days a week. 8 days 13
(CHA-CHA) B earmid e (28.0-28.0) (64.0-64.0) (1.6-1.6)
External beam radiotherapy + One fraction per day, 66 60418 2046
brachytherapy boost eI R DR 2 51.0-81.0 60.0-60.0 2.0-2.0
(EBRT+BT) then BT (51.0-81.0) (60.0-60.0) (2.0-2.0)
i 43 66 2.2
Moderate hypofractionation Qi TGO (23 €375 2
days a week (43.0-43.0) (66.0-66.0) (22-22)

IQR — interquartile range; data presented as median value in applicable cases
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Patients treated with RT with concurrent sys-
temic therapy (47; 22.6%), received a sole-agent
cisplatin (40; 85.1%), cisplatin with vinorelbine (3;
6.4%), or cisplatin with cetuximab (1; 2.1%). Ce-
tuximab was used as a sole agent in 2 cases (4.3%)
and panitumumab in one (2.1%).

Twenty-three patients (23; 11.1%) were treated
with neoadjuvant chemotherapy in addition to con-
current systemic therapy, in which cisplatin was
used as a sole agent in all of the cases (23; 100%).
Among the neoadjuvant chemotherapy regimens,
cisplatin was used in association with Docetaxel
and 5-Fluorouracil (5-FU) in 16 cases (69.6%). Five
patients (5; 21.7%) received cisplatin with 5-FU.
One patient (1; 4.3%) was treated with cisplatin
with docetaxel and the last one (1; 4.3%) — with
cisplatin alone.

Twenty-two patients (22; 10.6%) received only
neoadjuvant chemotherapy. Likewise, cisplatin was
used with docetaxel and 5-FU in 11 cases (50.0%).
Eight patients (8; 36.4%) were treated with cisplatin
and 5-FU, and 2 patients (9.1%) — with cisplatin
and docetaxel. In 1 case (4.5%), cisplatin was a sole
agent.

The majority of the tumors were squamous cell
carcinomas (200; 96.1%). Undifferentiated carcino-
ma was found in 6 (6; 2.9%), and mucoepidermoid
carcinoma in 2 cases (2; 1.0%).

Methodology
The blood tests were performed within a month
before the first fraction of RT in patients treated
with definitive RT (116; 55.8%) or RT with con-
current systemic therapy (47; 22.6%) (Tab. 2), or
before the first cycle of neoadjuvant chemotherapy

(45; 21.7%). The median time from laboratory test
to treatment was 2 days (interquartile range IQR
0-13). All of the blood tests, including RDW, were
performed at one laboratory and the derivative in-
dices (NLR, PLR) were calculated retrospectively
using the following formulas:

[neutrophil]
NLR = ——

[lymphocyte]
PLR — [platelet]

[lymphocyte]

The database included data regarding tobacco
smoking, alcohol drinking history, and concomi-
tant diseases. The TNM staging was evaluated us-
ing the American Joint Committee on Cancer 7"
Edition (2010) [21]. The HPV status data was not
available, as it was not routinely assessed at our
institution until 2017.

The follow-up was collected retrospectively from
patients’ medical history, the National Health Fund,
and the Polish National Cancer Registry. Overall
survival (OS) was defined as the time from the first
fraction of RT in patients receiving definitive RT or
concurrent systemic therapy (163; 78.4%), or first
cycle of neoadjuvant chemotherapy (45; 21.6%),
to the date of death. Dates of patients’ death were
available in all applicable cases. The remaining cas-
es were censored using the last known date at which
the patient was alive.

The study was performed retrospectively, based
on available pre-existing data. The study protocol
was approved by a Bioethical Committee (Maria
Sklodowska-Curie National Research Institute of
Oncology, Gliwice, Poland, KB/430-81/20).

Table 2. Comparison of the TNM stage of patients who received neoadjuvant chemotherapy, concurrent systemic therapy*
or both of them, with radiotherapy and patients who did definitive radiotherapy

Neoadjuvant Chemo-

Concurrent systemic
radiotherapy

therapy* with radiotherapy

Neoadjuvant chemotherapy

and concurrent systemic Definitive radiotherapy

(n=22) (n=47) therapy” “(':2 rza;;iotherapy (n=116)
TNM stage [n(%)]
| 6(5.2)
Il 19(16.4)
1] 2(9.1) 7 (14.9) 1(4.3) 24 (20.7)
v 20(90.9) 40 (85.1) 22(95.7) 67 (57.7)

*Concurrent systemic therapy: concomitant chemotherapy or immunotherapy, or both
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Statistical analysis

The receiver operating characteristic (ROC)
method, log-rank testing, and Cox proportional
hazards regression model were used for the analy-
sis.

Median OS (45.4 months) was chosen as a cut-off
point for the ROC analysis. Cut-off values in the
log-rank analysis were based on Youden index [22].
The univariate Cox analysis was performed using
known clinical factors, which included: sex, age,
TNM stage groups, primary tumor volume, nod-
al tumor volume, total tumor volume, history of
smoking and pack-years, history of alcohol abuse
(ICD-10: F-10 code; mental and behavioral disor-
ders due to using alcohol), ZUBROD score, the ad-
dition of neoadjuvant chemotherapy or concurrent
systemic therapy, and hematological indices: RDW,
NLR and PLR.

All of the above variables were used as input for
the backward stepwise selection model, using the
threshold significance level for variable removal of

Table 3. Baseline characteristics

Low (<13.8%)

High (>13.8%)

0.15. For the variables remaining in the multivariate
model, hazard ratios with 95% confidence intervals
were reported. In the case of many significant inter-
dependent variables, only the most statistically and
clinically significant variables were included: GTV
total instead of GTV primary and GTV nodal, and
binary value for smoking status (smoker: no/yes)
instead of number of pack-years.

The statistical analysis was performed using the
STATISTICA 13.3 by TIBCO Software Inc.

Results

The median age in the study group was 58.8
(IQR: 54.1-65.9), and three-quarters of patients
(156; 75.0%) were male. At the time of treatment,
148 patients were active smokers (71.5%), 22 ceased
smoking within the last year (10.6%) and 37 were
non-smokers (17.9%), who had stopped smoking
at least one year before the treatment. The median
pack-years was 30 (IQR: 15.0-35.0) (Tab. 3). Me-

Low (<2.099) High (>2.099)

n=120 n=88 n=90 n=118
Sex (% of males) 733 77.3 71.1 78.0
58.9 58.5 58.5 58.8
Age [years]
(53.9-66.6) (54.8-64.8) (54.9-66.2) (54.0-65.8)
12.9 14.6 13.5 13.7
RDW (%)
(12.6-13.4) (14.2-15.0) (12.9-14.5) (12.9-14.3)
23 23 1.6 3.1
NLR
(1.8-3.2) (1.5-3.2) (1.3-1.8) (2.6-4.0)
PLR 1313 122.0 102.8 166.4
(99.0-176.9) (98.1-167.0) (83.8-126.5) (119.4-201.4)
TNM stage (%)
| 25 34 4.4 1.7
1] 6.7 125 12.2 6.8
1] 17.5 14.8 20.0 13.6
\% 733 69.3 63.3 78.0
5 204 243 17.6 283
GTVp [cm’]
(13.4-31.3) (14.2-40.7) (10.5-24.6) (16.4-43.6)
3.6 5.7 25 6.0
GTVn [cm’]
(0.9-7.7) (0.0-17.9) (0.0-6.0) (1.7-15.3)
5 25.6 30.5 23.7 36.3
GTVtotal [cm’]
(17.4-39.1) (18.2-67.4) (15.5-28.4) (21.8-70.5)
Histopathology (% SCC) 96.7 95.5 95.6 96.6
—
https://journals.viamedica.pl/rpor 1013
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Table 3. Baseline characteristics

Low (<13.8%)

n=120

High (>13.8%)
n=88

Low (<2.099)
n=90

High (>2.099)
n=118

History of smoking (%)

Non-smoker 22.7 11.4 20.2 16.1

Former smoker 10.1 1.4 11.2 10.2

Active smoker 67.2 77.3 68.5 73.7

Pack-years 2 30 2 30
(10-35) (20-40) (10-35) (20-35)

History of alcohol abuse” (%) 59 1.4 5.6 10.2

ZUBROD

0 60.0 54.5 65.6 51.7

1 383 39.8 333 43.2

2 1.7 5.7 1.1 5.1

Fractionation regimen (%)

Conventional 55.0 40.9 47.8 50.0

Alternative 45.0 59.1 52.2 50.0

Addition of neoadjuvant

chemotherapy or concurrent 55.0 29.5 422 45.8

systemic therapy” (%)

Type of additional treatment (%)

Neoadjuvant chemotherapy 24.2 23.1 21.1 259

Concurrent systemic therapy ™ 50.0 53.8 63.2 426

Both 25.8 23.1 15.8 315

Median OS = 45.4 months (%) 433 63.6 44.4 57.6

RDW — red-cell distribution width; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocytes ratio; GTVp — primary tumor volume; GTVn — nodal
tumor volume; GTVtotal — primary tumor volume (GTVp) and nodal tumor volume (GTVn); SCC — squamous cell carcinoma; OS — overall survival. alcohol
abuse (ICD-10: F-10 code): mental and behavioral disorders due to using alcohol; “concurrent systemic therapy: concomitant chemotherapy or immunotherapy,
or both. Continuous variables are presented as median, and interquartile range (IQR) unless indicated otherwise. Dichotomous variables are presented as

percentages

dian values of the RDW, NLR, and PLR were 13.6%
(min-max range: 11.6-19.5%; IQR: 12.9%-14.4%),
2.3 (min-max range: 0.4-24.8; IQR: 1.7-3.2),
and 128.8 (min-max range: 30.8-1150.0; IQR:
98.8-175.2), respectively.

Median OS was 45.4 months (IQR 15.59-87.18).
The OS was significantly higher in patients with
low RDW (< 13.8% and > 13.8%, p = 0.001) and
low NLR (< 2.099 and > 2.099, p = 0.016). Me-
dian OS for patients with RDW < 13.8% was 55.3
months (95% CI: 46.94-63.74) and 23.8 (95% CI:
13.89-33.78) for those with RDW > 13.8% (Fig. 2).
Similarly, median OS for patients with NLR <2.099
was 60.4 months (95% CI: 49.48-71.36), and 33.0
(95% CI: 25.49-40.52) months for patients with
NLR > 2.099 (Fig. 2).

The cut-off values were determined based on
the results of ROC analysis (Fig. 1). The RDW

index was characterized by the highest area un-
der the curve, AUC (0.59, 95% CI: 0.51-0.67,
p = 0.02), closely followed by the NLR (0.58, 95%
CI: 0.50-0.65, p = 0.05). The PLR presented the
lowest AUC (0.51, 95% CI : 0.43-0.59, p = 0.83).
The cut-oft values for log-rank analysis were 13.8%
for RDW (55.6% sensitivity, 67.0% specificity) and
2.099 for NLR (63.9% sensitivity, 50.0% specificity).
Due to the low AUC for PLR, it was not possible to
discriminate a meaningful cut-off value, and there-
fore log-rank analysis was omitted.

The univariate Cox regression analysis showed
that sex [hazard ratio (HR): 1.83,95% CI: 1.18-2.82,
p = 0.007), history of smoking (HR: 1.74, 95% CI:
1.16-2.62, p = 0.008), number of pack-years (HR:
1.01,95% CI 1.00-1.02, p = 0.017), ZUBROD score
(HR: 1.52, 95% CI: 1.08-2.14, p = 0.017), TNM
stage (HR: 1.37, 95% CI: 0.93-2.03, p = 0.111)

1014 https://journals.viamedica.pl/rpor
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ROC curve for RDW
AUC =0.592
95% C10.513-0.670

0.8 |

0.6

Sensitivity

04

0.2t

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity

ROC curve for NLR
AUC=0.576
95% Cl 0.498-0.653

10 F

Sensitivity

0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity

Figure 1. Receiver operating characteristic curve of red-cell distribution width and neutrophil-to-lymphocyte ratio for overall

survival prediction

Overall survival for RDW
p=0.001
— RDW < 13.8% - — RDW > 13.8%

0.7
0.6
05
04}

03} %

»
02} b-@--r B s o s

Survival probability

0.1

0.0
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Time [months]

Overall survival for NLR
p=0016
— NLR <2.099 - - NLR > 2.099

Survival probability

0.1 |

0.0

40 60 80 100 120 140 160 180

Time [months]

Figure 2. Kaplan-Meier curves for overall survival of patients with oropharyngeal cancer stratified by red-cell distribution

width (RDW) and neutrophil-to-lymphocyte ratio (NLR) level

RDW (HR: 1.28, 95% CI: 1.12-1.47, p < 0.001),
NLR (HR: 1.11, 95% CI: 1.06-1.18, p < 0.001),
gross tumor volume (GTVp; HR: 1.12, 95% CI:
1.03-1.21, p = 0.005), nodal tumor volume (GTV
n; HR: 1.12, 95% CI: 1.04-1.21, p = 0.002) and
total tumor volume (GTV total; HR: 1.11, 95%

CI: 1.05-1.16, p < 0.001) were associated with in-
creased risk, while the addition of neoadjuvant
chemotherapy or concurrent systemic therapy
(HR: 0.54,95% CI: 0.38-0.78, p = 0.001) decreased
the risk of death (Tab. 4). The hazard ratio indicates
the change in the risk of death for every 10 cm’ of
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Table 4. Univariate and multivariate Cox Regression analysis of hazard ratio (HR) for overall survival (OS) in patients with

oropharyngeal cancer

Univariate analysis

Multivariate analysis

Covariates”

HR (95% Cl) p-value HR (95% Cl) p-value
Sex 1.83 (1.18-2.82) 0.007
Age 1.01 (1.00-1.03) 0542 1.03 (1.01-1.06) 0015
m;:’;‘;}ocf;:::’"/‘s'”fham I 1.74(1.16-2.62) 0.008 2,02 (1.26-3.23) 0.004
Pack-years 1.01 (1.00-1.02) 0.017
History of alcohol abuse™ 1.24 (0.63-2.45) 0.528
ZUBROD (0 vs. 1, 2) 1,52 (1.08-2.14) 0017 2.02 (0.96-4.26) 0.064
2:’3::28r‘r’i:te;’;‘:i‘:;’fc“:hcehrgg;°therapy 0.54 (0.38-0.78) 0.001 0.58 (0.38-0.90) 0013
TNM stage (1-3 vs. 4) 1.37 (0.93-2.03) 0.111 191 (1.21-3.02) 0.005
GTVpA [cm’] 1.12(1.03-1.21) 0.005
GTV nA [cm’] 1.12 (1.04-1.21) 0.002
GTV totalA [cm’] 1.11 (1.05-1.16) <0.001 1.10(1.03-1.17) 0.002
RDW 1.28 (1.12-1.47) <0.001 1.13 (0.97-132) 0.118
NLR 1.11(1.06-1.18) <0.001 1.16 (1.03-1.29) 0012
PLR 1.01 (1.00-1.03) 0.091 0.997 (0.995-0.999) 0.026

RDW — red-cell distribution width; NLR — neutrophil-to-lymphocyte ratio; PLR —platelet-to-lymphocytes ratio; GTVp — primary tumor volume; GTVn — nodal
tumor volume; GTVtotal — primary tumor volume (GTVp) and nodal tumor volume (GTVn); Cl — confidence interval; ‘all of the variables included in univariate
analysis were used as input for the backward stepwise selection model, using the threshold significance level for variable removal of 0.15. For the variables
remaining in the multivariate model, hazard ratios with 95% Cl were reported; " alcohol abuse (ICD-10: F-10 code): mental and behavioral disorders due to using

alcohol; Aper increase by 10 cm®

gross tumor volume (GTVp), nodal (GTVn) and
total tumor volume (GT Vtotal).

In the multivariate analysis, history of smoking
(HR: 1.03, 95% CI: 1.26-3.23, p = 0.004), the addi-
tion of neoadjuvant chemotherapy or concurrent
systemic therapy (HR: 0 .58, 95% CI: 0.38-0.90,
p=0.013), total GTV (HR: 1.10, 95% CI: 1.03-1.17,
p = 0.002), age (HR: 1.03, 95% CI: 1.01-1.06,
p = 0.015), and NLR (HR: 1.16, 95% CI: 1.03-1.29,
p = 0.012) remained as cofactors significantly as-
sociated with OS (Tab. 4).

Due to the lack of statistical significance in
univariate analysis, low values of the hazard ra-
tio and 95% confidence interval (HR: 0.997, 95%
CI: 0.995-0.999), and the relatively high p-value
(p = 0.026) in multivariate models, PLR was pre-
sumed to be a clinically insignificant factor.

Discussion

Beyond the usual clinical applications, both
RDW, NLR, and PLR have been a subject of in-
vestigation in oncology and proven to be useful
as prognostic factors in many cancers. For exam-
ple, some studies have proved the connection of

the RDW with prognosis in head and neck cancer
[12], digestive tract including esophagus [8], colon
and rectum [9], or gastric cancer [10]. The elevated
value of RDW was associated with poor survival
in breast cancer patients [11]. Preoperative RDW
and NLR high levels were found to be independent
predictors of worse survival in gliomas [23].

In this study, the median OS was significantly
higher in patients with lower RDW and NLR. How-
ever, an association between the PLR and OS was
not found. There are mixed reports in the literature
concerning RDW, NLR, and survival in head and
neck cancer patients. Moreover, the cut-off values
are significantly different. For example, in the afore-
mentioned studies, the authors used the cut-off val-
ues of 13.2% [24] and 15% [25] for RDW, and 2.32
[26],2.2 [27], 1.81 [28] and 3.9 [29] for NLR.

Although there are some reports which suggest
that PLR might be associated with survival in head
and neck cancers [26, 27], other studies confirm
our finding that it is not a significant factor for OS
[28-30].

Ye et al. performed a study on 427 patients with
nasopharyngeal carcinoma receiving definitive RT.
The authors showed that high values of pre-treat-
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ment NLR and PLR were associated with worse OS
[26]. Preoperative high NLR and PLR were found
to be significant factors of poor OS in a retrospec-
tive study focused on postoperative laryngeal can-
cer, conducted by Xun et al., but no significant im-
pact of RDW on OS was found [27]. Bojaxhiu et
al. analyzed 186 patients retrospectively with vari-
ous locations of HNC and treated with (chemo-)
radiation. Results of the study showed that elevated
values of pre-treatment NLR were associated with
shorter OS, while PLR was not [28]. According to
Young et al., pre-treatment NLR is an independent
factor for locoregional control but, just like PLR,
does not influence the OS [30]. Ge et al. found that
high pre-operative RDW is an independent factor of
poor OS in patients with squamous cell carcinoma of
the oral cavity treated with surgery [25]. Hsueh et al.
described the negative correlation between elevated
values of RDW and OS, based on a large cohort
study of 809 male laryngeal squamous cell carcino-
ma patients [24]. Szilasi et al. showed in their study
that high values of NLR affect the OS in patients with
various locations of head and neck cancers [29].

The major limitation of this study is the lack of
knowledge on the HPV status for oropharyngeal
cancer patients. Generally, HPV-related oropha-
ryngeal cancers are associated with better survival
compared to non-HPV cancers [3], and the in-
clusion of this prognostic factor could have sig-
nificantly altered the outcome of the multivariate
analysis. However, since the routine HPV testing
was introduced in 2017, the length of the follow-up
and quantity of patients with such data available at
our institution are by far insufficient.

It should be noted that treatment methods in this
study were not homogeneous. Patients were treated
by definitive RT or RT with neoadjuvant chemo-
therapy or concurrent systemic therapy, including
concomitant chemotherapy and immunotherapy.
Different RT regimens were also applied. In con-
nection with the above, the relatively high hetero-
geneity and comparatively small number of patients
(208) are other limitations of this article.

Besides, the study was performed retrospec-
tively and, therefore, challenged by the biases of
retrospective data collection.

Among hematological indices analyzed in the
study, only NLR was a statistically significant pre-
dictor in multivariate models. The lack of statisti-
cal significance of the remaining indices, in this

and other articles, is due to some important rea-
sons. The cut-off values differed between cited au-
thors and were often determined by other statisti-
cal methods. What is more, values of RDW, NLR,
and PLR are connected with concomitant diseases’
burden or past medical history, which are very di-
versified among the patients. These factors affect
the level of inflammation that directly impacts the
analyzed hematological indices.

Despite the considerable interest of many au-
thors in RDW, NLR, and PLR indeces, there is lim-
ited data regarding their usefulness in clinical daily
practice. Our analysis showed that only NLR is an
independent prognostic factor. Considering the
above, and relatively low specificity and sensitivity
of both RDW and NLR in the ROC analysis, despite
significant differences between groups in univariate
survival analysis, it is advisable to use these indices
in practice with caution.

Conclusions

In the study, only NLR proved to be an indepen-
dent predictor of OS. However, its clinical value
is limited due to the relatively low sensitivity and
specificity.
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