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Abstract: Purpose: The neutrophil-to-lymphocyte ratio is a simple biomarker that reflects the balance
between the systemic inflammatory and immunity status. Here we investigate the prognostic role of
pre-treatment neutrophil-to-lymphocyte ratio (NLR) in an Asian cohort of oropharyngeal squamous
cell carcinoma (OPSCC) patients. Methods: A retrospective review of OPSCC patients from a tertiary
institution was conducted. The NLR was calculated from the haematological specimen taken within
a month before treatment. Survival rates were estimated via the Kaplan–Meier method, and Cox
proportional hazards regression was performed for univariable and multivariable analyses. The
NLR cutpoint was determined using maximally selected log-rank statistics. Results: In a cohort of
148 OPSCC patients, 43% were p16-positive and 44% were p16-negative, with a median follow-up
of 24 months. The p16-positive patients were younger (median age 62 vs. 67 years) and exhibited
a lower prevalence of heavy smoking (47% vs. 69%). The p16-negative cases frequently presented
at an advanced disease stage (74% vs. 41%), with a history of previous radiotherapy (26% vs. 3%).
The p16-negative patients displayed a higher median NLR (2.91 vs. 2.49). The 3-year disease-specific
survival (DSS) in p16-positive was higher compared to p16-negative patients (89.9% vs. 41.6%).
The optimal NLR cutpoint was determined as 3.56 and predicted for decreased DSS (hazard ratio
[HR] 2.59, p = 0.004). Multivariable analysis revealed smoking, high NLR ≥ 3.56, and p16-negativity
as independent variables associated with poorer DSS and overall survival (OS) across the cohort.
Conclusion: A high NLR is independently prognostic of poorer DSS in OPSCC, independent of p16
and smoking status. A NLR of more than 3.56 was highly prognostic for poorer survival and warrants
further validation in larger cohorts of OPSCC.

Keywords: head and neck cancer; oropharynx cancer; oropharyngeal squamous cell carcinoma;
neutrophil-to-lymphocyte ratio; prognostic factors

1. Introduction

The pre-treatment neutrophil-to-lymphocyte ratio (NLR) is a prognostic marker in
head and neck squamous cell carcinomas (HNSCC). It is a simple biomarker that can be
easily calculated from a patient’s complete blood count (CBC). A high pre-treatment NLR
has been reported in HNSCC to be associated with poor overall survival (OS), disease-free
survival, and cancer-specific survival [1].

It is hypothesized that changes in the systemic inflammatory status, indirectly mea-
sured through the NLR, may reflect changes in the tumour microenvironment [2,3]. In the
early stages of tumour growth, there is an anti-tumour host immune response manifested
by the infiltration of tumour stroma with lymphocytes in an attempt to protect against
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tumour growth [4,5]. However, as the tumour progresses, it develops immune escape
mechanisms and triggers an inflammatory response that promotes tumour growth [6].
Studies have shown that tumour cells secrete cytokines that promote the release of neu-
trophils, resulting in an elevated absolute neutrophil count, which may be recruited to
the primary tumour site [7,8]. Subsequently, tumour-infiltrating neutrophils can secrete
cytokines promoting angiogenesis, leading to tumour proliferation and metastasis [7,9].
Hence, the NLR is a reflection of the balance between systemic inflammation and immunity,
where a high NLR suggests an imbalance in the host inflammatory response to cancer,
associated with a poorer prognosis [1,6].

In recent years, the incidence of human papillomavirus (HPV)-associated oropharyn-
geal squamous cell carcinoma (OPSCC) has been on the rise [10]. Globally, the attributable
fraction (AF) of OPSCC driven by HPV is reported to be up to 42.7% [11]. There is a search
for various biomarkers that could further prognosticate these groups of patients for risk
stratification. A recent meta-analysis reported that an elevated NLR was associated with a
poorer OS, DFS, and RFS in HPV-positive OPSCC patients [12]. However, a validated and
established NLR cut-off point for prognostication has not been introduced.

Furthermore, there is presently a paucity of data in the Asian context. In the North
American region, the age-standardized incidence rate (ASIR) of HPV-associated OPSCC is
estimated to be 3.41 per 100,000 in males and 0.71 in females, with an estimated 63% AF.
Conversely, in Asia, the ASIR of HPV-associated OPSCC is 0.49 per 100,000 in males and
0.10 in females, with an estimated 34.6% AF [11,13]. Also, the HPV strains reported to be
associated with HPV-associated HNSCC in an Asian population have been reported to be
high-risk HPV 16, 18, 31, 45, 56, and 58 [14]. This differed from the West, where high-risk
HPV strains were predominantly that of HPV 16 [13,14]. This led us to hypothesize that
the epidemiology of HPV-associated OPSCC in Asian populations may be different from
the Western population.

Hence, we aimed to investigate the prognostic role of pre-treatment NLR in OPSCC
in relation to the p16 status in our Asian population. Our primary endpoints were OS,
disease-specific survival (DSS), and locoregional recurrence-free survival (LRFS).

2. Materials and Methods
2.1. Patients

Patients diagnosed with oropharyngeal squamous cell carcinoma (OPSCC) between
June 2001 and December 2020 at a single tertiary institution were retrospectively reviewed.
Patients treated for curative intent and with sufficient follow-up data were included.
Patients with a history of previous radiotherapy (RT) were included in our cohort, as
radiation-induced head and neck malignancies were commonly seen in our population.
This is due to nasopharyngeal carcinoma being endemic in Southeast Asia, for which
primary treatment is RT/concurrent chemotherapy and radiotherapy (CRT) [15]. Sufficient
follow-up time was defined as three months in our study, as there was a mortality within
three months post-treatment.

2.2. Staging

Patients were staged with the American Joint Commission for Cancer (AJCC) Eighth
Edition [16]. Patients who were diagnosed before 2017 were re-staged according to the
AJCC Eighth Edition. p16 staining was performed for specimens available for retrieval
before 2013, where staining was previously not routinely performed. Patients who had
unknown p16 status due to a lack of access to previous biopsy specimens were staged as
p16-negative OPSCC according to AJCC recommendations. These patients were also left
out of subsequent subgroup analyses. The SingHealth Centralised Institutional Review
Board approved the study.
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2.3. Treatment Received

Treatment decisions were made during weekly multidisciplinary tumour board meet-
ings according to the National Comprehensive Cancer Network (NCCN) guidelines [17].
Early-stage tumours were treated with single-modality treatment: surgery or radiotherapy
(RT) alone. Advanced-stage tumours were treated with multimodality treatment: surgery
with adjuvant RT or adjuvant chemotherapy and radiotherapy (CRT) or concurrent CRT.

Patients who were treated surgically were those with a previous history of RT and
patients whose disease would allow for resection with clear margins and the sparing of
triple-modality treatment. As per NCCN guidelines [17], clear margins were defined as a
distance from the invasive tumour front of 5 mm or more; close margins were defined as
less than 5 mm from the invasive tumour front; positive margins were defined as carcinoma
at the margin of resection. Transoral robotic surgery (TORS) was introduced in 2015 in our
institution. The approach to surgery was determined by patient factors, disease factors,
and surgeon factors.

Patients who received upfront radical RT were treated with 70 Gy delivered in
35 fractions, whereas patients who received adjuvant RT were treated with 60–66 Gy
in 30–33 fractions. None of the de-escalation protocols/trials have been used in our patient
cohort. Patients were treated with either conventional external beam RT or intensity-
modulated radiotherapy (IMRT) at the discretion of the treating radiation oncologist. IMRT
was introduced in our institution in 2002. Less than 5% of the entire cohort received conven-
tional external beam RT. In patients who were treated with concurrent CRT, the concurrent
chemotherapy agent was cisplatin-based chemotherapy.

2.4. Data Collection

Patient data including age, gender, smoking history (defined as more than 10 pack-
years), Eastern Cooperative Oncology Group (ECOG) performance status [18], Adult
Comorbidity Evaluation 27 (ACE-27) [19], history of prior RT, tumour subsite, p16 status,
AJCC group stage (8th edition), histology grade, histology margin status, and treatment
received were collected retrospectively.

Patients routinely had blood investigations performed within one month prior to
treatment. The pre-treatment full blood count (FBC) was recorded, and any FBC completed
within three months post-treatment was recorded. For patients who had multiple blood
draws, the one nearest to the three-month post-treatment timepoint was used. The NLR
was calculated as the absolute neutrophil count divided by the absolute lymphocyte count.

2.5. Statistical Methods

Demographic characteristics and baseline clinical features of patients were summarized
with frequency (percentage) and median (interquartile range [IQR]) for categorical and contin-
uous variables, respectively. When comparing p16-positive and -negative patients, categorical
variables were compared using Pearson’s Chi-squared test and continuous variables were
compared using the Wilcoxon rank sum test. All analyses were performed in the R 4.2.1
environment. A p-value < 0.05 was considered statistically significant.

The impact of several factors on overall survival (OS), disease-specific survival (DSS),
and locoregional recurrence-free survival (LRFS) was studied. OS was defined as the time
from diagnosis to death due to any cause, DSS as the time from diagnosis to death due to
disease, and LRFS as the time from diagnosis to the first locoregional recurrence, either
local or nodal. Patients who did not reach the endpoint were censored at the time of last
contact. Survival probabilities were estimated using Kaplan–Meier method, and group
comparisons were made using the log-rank test.

The cutpoint analyses were performed to obtain the threshold value for the continuous
variable of the NLR, separating patients into high-risk and low-risk groups, with respect
to the survival endpoints, OS, DSS, and LRFS. Three methods were employed: maximally
selected log-rank statistics by Lausen and Schumacher [20] using the “maxstat” package;
the method of Contal and O’Quigley [21] using the “survMisc” package; and the receiver
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operating characteristic (ROC) curve using the “cutpointr” package. In the first two
approaches, the estimation was determined by the most significant split using the log-rank
statistics, with predictive performance assessed by the Concordance Index (CI). Meanwhile,
the ROC approach transformed the survival endpoint into binary by considering the
2-year survival, followed by an estimation using the Youden index. Only patients with
a minimum 2-year follow-up or those who deceased within the observation period were
included, with the accuracy of the cutpoint evaluated by the Area Under the Receiver
Operating Characteristic (AUROC). The CI and AUROC values provide measures of a
test’s prognostic accuracy, with higher values indicating better separation of patients into
high- and low-risk groups.

Univariate and multivariable Cox proportional hazards (PH) models were conducted
for all survival endpoints in a complete case analysis. The reported estimates include
hazard ratios (HR) and their corresponding 95% confidence intervals (CI). For the entire
cohort, multivariable analysis was performed for age, smoking, NLR, p16 status, and
AJCC 8th group stage. In p16-positive patients, the variables included were age, smoking,
NLR, and AJCC 8th group stage. In p16-negative patients, the variables included were age,
smoking, alcohol intake, NLR, AJCC 8th group stage, and prior head and neck radiotherapy.
Independent variables in the multivariable models were chosen a priori for each subgroup,
based on risk factors previously reported [16] to be associated with patients’ survival. T
and N categories were not included in the same model as the clinical stage is dependent
on them. Based on DSS and using the method proposed by Contal and O’quigley, an NLR
cutpoint of ≥3.56 (high risk) vs. <3.56 (low risk) was chosen and used as a binary variable
in all models.

3. Results
3.1. Baseline Characteristics

Between 2001 and 2020, we identified 148 patients with OPSCC who had complete
clinical records. Among them, 43% (n = 64) tested positive for the p16 biomarker, while 44%
(n = 65) tested negative. The median follow-up time was 24 months (IQR 13–36), and for
those alive at last contact, the median follow-up time was 29 months (IQR 19–38) (Table 1).

In the p16-positive group, the median age was 62 years (IQR 58–70), younger than
the p16-negative group (67 years [IQR 59–71], p = 0.18). Both groups exhibited a male
predominance, with a higher proportion in the p16-negative group (83% [n = 54]) compared
to the p16-positive group (67% [n = 43], p = 0.04). Additionally, the p16-negative group had
a higher percentage of smokers with at least 10 pack-years (69% [n = 45]) compared to the
p16-positive group (47% [n = 30], p = 0.01).

Regarding the disease stage, 74% (n = 48) of p16-negative patients presented with
stage III/IV disease, which was significantly higher than the p16-positive group (41%
[n = 26], p < 0.001). Moreover, they had a significantly higher history of prior head and
neck radiotherapy (26% [n = 17]) compared to p16-positive patients (3% [n = 2], p < 0.001).

Treatment modalities also significantly differed between both groups. In the p16-
negative group, a higher percentage of patients received surgery alone (23% [n = 15]) and
radiotherapy alone (29% [n = 19]) compared to the p16-positive group (surgery alone: 9%
[n = 6]; radiotherapy alone: 8% [n = 5]). Conversely, more patients in the p16-positive group
received concurrent chemoradiotherapy (70% [n = 45]) compared to the p16-negative group
(37% [n = 24], overall p < 0.001). The p16-negative group also had a higher median NLR
(2.91 [IQR 2.42–4.51]) compared to the p16-positive group (2.49 [IQR 1.78–3.74]). Among
41 patients who were treated in the surgical arm, 16 patients (39%) were treated with TORS,
and 25 patients (61%) were treated with open surgical approaches. There was no significant
difference in overall survival for these surgical modalities (p = 0.796).

Our comparison of clinical characteristics between p16-positive and p16-negative
OPSCC groups also revealed significant differences in other variables, including alcohol
history, ECOG performance status, ACE-27 comorbidity index score, tumour subsite, AJCC
8th Edition N-stage, grade, and second malignancy (Table 2).
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Table 1. Baseline characteristics of the entire cohort of oropharyngeal squamous cell carcinoma
patients (N = 148).

Characteristics All Patients
N = 148 1

Age (years) 64 [58–71]

Male 111 (75%)

Smoking ≥ 10 pack years 85 (57%)

Alcohol drinker 42 (28%)

ECOG 2

0–1 138 (93%)
2–3 10 (7%)

ACE27 score 3

0–1 112 (76%)
2–3 36 (24%)

Previous head and neck radiotherapy 21 (14%)

Tumour subsite
Base of tongue 35 (24%)

Soft palate 14 (9%)
Tonsil 73 (49%)

Glossotonsillar sulcus 5 (3%)
Pharyngeal wall 15 (10%)

Not specified, NOS 4 6 (4%)

p16 status
Positive 64 (43%)

Negative 65 (44%)
Unknown 19 (13%)

AJCC 8th Edition Group stage
Stage I + II 59 (40%)

Stage III + IV 89 (60%)

Grade
Well-differentiated 6 (4%)

Moderately differentiated 37 (25%)
Poorly differentiated 47 (32%)

Undifferentiated 2 (1%)
Not specified, NOS 4 56 (38%)

Treatment modality breakdown
Surgery alone 23 (16%)

Surgery + adjuvant RT 5/CRT 6 18 (12%)
Radiotherapy alone 27 (18%)

Concurrent chemoradiotherapy 80 (54%)

Treatment modality
Surgery ± adjuvant RT/CRT 41 (28%)

Radical RT/CRT 107 (72%)

NLR 7
2.76 [2.10–4.12]

Range 0.54–26.10
N = 139

Denominators, N that do not equal sample sizes are due to missing data. 1 Statistics presented: median [IQR];
n (%). 2 ECOG, Eastern Cooperative Oncology Group Functional Status. 3 ACE27, ACE27 comorbidity index.
4 NOS, not otherwise specified. 5 RT, radiotherapy. 6 CRT, concurrent chemotherapy and radiotherapy. 7 NLR,
neutrophil-to-lymphocyte ratio.
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Table 2. Baseline characteristics of the entire cohort, classified by p16 status (N = 129).

Characteristics p16-Positive
N = 64 1

p16-Negative
N = 65 1 p-Value 2

Age (years) 62 [58–70] 67 [59–71] 0.18

Male 43 (67%) 54 (83%) 0.04

Smoking ≥ 10 pack years 30 (47%) 45 (69%) 0.01

Alcohol drinker 9 (14%) 28 (43%) <0.001

ECOG 3 0.03
0–1 63 (98%) 58 (89%)
2–3 1 (2%) 7 (11%)

ACE27 score 4 0.03
0–1 54 (84%) 44 (68%)
2–3 10 (16%) 21 (32%)

Previous head and neck
radiotherapy 2 (3%) 17 (26%) <0.001

Tumour subsite 0.007
Base of tongue 14 (22%) 17 (26%)

Pharyngeal wall 0 (0%) 11 (17%)
Soft palate 40 (62%) 26 (40%)

Tonsil 2 (3%) 3 (5%)
Glossotonsillar sulcus 5 (8%) 7 (11%)
Not specified, NOS 5 3 (5%) 1 (2%)

AJCC 8th T-stage 0.23
T0–2 42 (66%) 36 (55%)
T3–4 22 (34%) 29 (45%)

AJCC 8th N-stage <0.001
N0 9 (14%) 25 (38%)
N1 44 (69%) 11 (17%)
N2 9 (14%) 25 (38%)
N3 2 (3%) 4 (6%)

AJCC 8th Edition Group stage <0.001
Stage I + II 38 (59%) 17 (26%)

Stage III + IV 26 (41%) 48 (74%)

Grade 0.02
Well-differentiated 1 (2%) 2 (3%)

Moderately differentiated 10 (16%) 26 (40%)
Poorly differentiated 21 (33%) 18 (28%)

Undifferentiated 2 (3%) 0 (0%)
Not specified, NOS 5 30 (47%) 19 (29%)

Treatment modality breakdown <0.001
Surgery 6 (9%) 15 (23%)

Surgery + adjuvant RT 6/CRT 7 8 (12%) 7 (11%)
Radiotherapy alone 5 (8%) 19 (29%)

Concurrent chemoradiotherapy 45 (70%) 24 (37%)

Second Malignancy 0.03
Synchronous 3 (5%) 3 (5%)

Metachronous 4 (6%) 15 (23%)
No 57 (89%) 47 (72%)

Second Malignancy 7 (11%) 18 (28%) 0.02

ANC (×109/L) 8 4.36 [3.65–5.72]
N = 60

5.33 [4.03–6.72]
N = 63 0.09
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Table 2. Cont.

Characteristics p16-Positive
N = 64 1

p16-Negative
N = 65 1 p-Value 2

ALC (×109/L) 9 1.87 [1.47–2.18]
N = 60

1.57 [1.17–2.15]
N = 63 0.07

NLR 10 2.49 [1.78–3.74]
N = 60

2.91 [2.42–4.51]
N = 63 0.02

Denominators, N that do not equal sample sizes are due to missing data. 1 Statistics presented: median [IQR];
n (%). 2 Statistical tests performed: Wilcoxon rank sum test; Pearson’s Chi-squared test. 3 ECOG, Eastern
Cooperative Oncology Group Functional Status. 4 ACE27, ACE27 comorbidity index. 5 NOS, not otherwise
specified. 6 RT, radiotherapy. 7 CRT, concurrent chemotherapy and radiotherapy. 8 ANC, absolute neutrophil
count. 9 ALC, absolute lymphocyte count. 10 NLR, neutrophil-to-lymphocyte ratio.

3.2. Survival Probabilities via Kaplan–Meier Method

The 3-year OS for p16-positive patients was 88.5% (95% CI 79.9–97.9), whilst the 3-year
OS for p16-negative patients was 34.6% (95% CI 23.4–51.2). The difference in OS between
p16-positive and p16-negative patients was statistically significant (p < 0.001).

The 3-year DSS was 89.9% (95% CI 81.7–99.0) in the p16-positive group and 41.6%
(95% CI 29.0–59.8) in the p16-negative group. The DSS differed significantly between the
two groups (p < 0.001). Illustrated in Figure 1 are the Kaplan–Meier plots for OS and DSS,
stratified by the p16 status.
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Figure 1. Survival curves depicting overall survival (OS, left) and disease-specific survival (DSS,
right) of p16-positive and p16-negative oropharyngeal squamous cell carcinoma. Both the OS and
DSS were significantly different between both groups p < 0.0001.

The 2-year LRFS was 79.9% (95% CI 69.7–91.5) in p16-positive patients and 52.0%
(95% CI 39.8–68.1) in p16-negative patients. The LRFS showed a significant difference
between the p16-positive and p16-negative patients (p = 0.001). Detailed information can
be referenced in Supplementary Table S1.

3.3. NLR Cutpoint and Univariate Cox PH

In our study, the optimal NLR cutpoints for categorising patients into high-risk and
low-risk groups ranged from 1.61 to 3.63 for OS, 2.51 to 3.56 for DSS, and 1.61 to 2.67 for
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LRFS (Supplementary Table S2). An NLR ≥ 3.56 was associated with decreased DSS, with
HR 2.59 (95% CI 1.36–4.95, p = 0.004). This cutpoint was employed across all our models.
However, a continuous NLR showed a non-significant association with DSS (HR 1.06, 95%
CI 1.00–1.14, p = 0.06, per 1-unit increase). In OS, a binary NLR had a significant HR of
1.95 (95% CI 1.12–3.39, p = 0.02), while a continuous NLR had a smaller estimate (HR 1.05,
95% CI 0.98–1.12, p = 0.14, per 1-unit increase) (Table 3).

Table 3. Univariate Cox proportional hazards model of the entire cohort (N = 148).

Characteristics

Overall Survival,
OS

Disease-Specific
Survival, DSS

Locoregional Recurrence-Free
Survival, LRFS

HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value

Age (per year increase) 1.05 (1.02, 1.08) 0.003 1.04 (1.01, 1.08) 0.02 1.04 (1.01, 1.07) 0.02

Male 3.13 (1.41, 6.96) 0.005 4.16 (1.48, 11.7) 0.007 2.59 (1.21, 5.56) 0.01

Smoking ≥ 10 pack years 3.58 (1.84, 6.95) <0.001 5.15 (2.16, 12.3) <0.001 2.06 (1.13, 3.77) 0.02

Alcohol drinker 2.30 (1.34, 3.97) 0.003 2.50 (1.34, 4.68) 0.004 1.32 (0.71, 2.48) 0.38

ECOG 2

0–1 - - - - - -
2–3 12.3 (5.33, 28.2) <0.001 13.0 (4.71, 36.1) <0.001 0.00 (0.00, Inf) >0.99

ACE27 score 3

0–1 - - - - - -
2–3 1.57 (0.87, 2.82) 0.13 1.81 (0.93, 3.51) 0.08 1.12 (0.57, 2.20) 0.74

Previous head and neck
radiotherapy 3.30 (1.77, 6.14) <0.001 4.24 (2.12, 8.45) <0.001 2.32 (1.15, 4.68) 0.02

Tumour subsite
Base of tongue - - - - - -

Soft palate 0.62 (0.22, 1.75) 0.37 0.69 (0.22, 2.21) 0.54 0.91 (0.33, 2.51) 0.85
Tonsil 0.49 (0.25, 0.99) 0.05 0.44 (0.19, 0.99) 0.05 0.72 (0.35, 1.50) 0.38

Glossotonsillar sulcus 1.96 (0.64, 5.99) 0.24 2.47 (0.78, 7.81) 0.12 2.15 (0.60, 7.76) 0.24
Pharyngeal wall 1.43 (0.65, 3.17) 0.38 1.23 (0.48, 3.17) 0.67 0.65 (0.20, 2.05) 0.46

Not specified, NOS 4 0.18 (0.02, 1.42) 0.11 0.24 (0.03, 1.92) 0.18 0.53 (0.11, 2.42) 0.41

AJCC 8th T-stage
T0–2 - - - - - -
T3–4 1.71 (1.00, 2.92) 0.05 1.17 (0.62, 2.21) 0.62 0.76 (0.41, 1.41) 0.39

AJCC 8th N-stage
N0 - - - - - -
N1 0.18 (0.07, 0.46) <0.001 0.22 (0.08, 0.56) 0.001 0.55 (0.27, 1.12) 0.10
N2 0.69 (0.38, 1.28) 0.24 0.63 (0.31, 1.26) 0.19 0.56 (0.27, 1.15) 0.11
N3 2.99 (0.99, 9.04) 0.05 1.05 (0.14, 8.13) 0.96 2.95 (0.66, 13.3) 0.16
N4 0.00 (0.00, Inf) >0.99 0.00 (0.00, Inf) >0.99 0.00 (0.00, Inf) >0.99

AJCC 8th Edition Group stage
Stage I + II - - - - - -

Stage III + IV 2.87 (1.44, 5.73) 0.003 2.34 (1.11, 4.93) 0.03 1.05 (0.58, 1.87) 0.88

Grade
Well-differentiated - - - - - -

Moderately differentiated 6.88 (0.91, 52.2) 0.06 4.86 (0.63, 37.4) 0.13 1.43 (0.40, 5.11) 0.58
Poorly differentiated 3.43 (0.45, 26.0) 0.23 2.47 (0.32, 19.0) 0.38 1.07 (0.31, 3.70) 0.92

Undifferentiated 0.00 (0.00, Inf) >0.99 0.00 (0.00, Inf) >0.99 1.32 (0.13, 12.9) 0.81
Not specified, NOS 4 2.22 (0.29, 17.0) 0.44 1.36 (0.17, 10.8) 0.77 0.66 (0.19, 2.33) 0.52

Treatment modality breakdown
Surgery - - - - - -

Surgery + adjuvant RT 5/CRT 6 0.63 (0.23, 1.75) 0.38 0.65 (0.21, 2.00) 0.45 0.46 (0.16, 1.34) 0.16
Radiotherapy alone 1.28 (0.58, 2.79) 0.54 1.36 (0.57, 3.24) 0.49 0.78 (0.34, 1.82) 0.57

Concurrent chemoradiotherapy 0.42 (0.20, 0.90) 0.03 0.31 (0.13, 0.77) 0.01 0.40 (0.19, 0.84) 0.02
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Table 3. Cont.

Characteristics

Overall Survival,
OS

Disease-Specific
Survival, DSS

Locoregional Recurrence-Free
Survival, LRFS

HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value

Second Malignancy 1.87 (1.04, 3.36) 0.04 1.95 (0.99, 3.85) 0.05 1.49 (0.78, 2.87) 0.23

ANC (per 1 × 109/L increase)
N = 139

1.09 (0.97, 1.23) 0.15 1.13 (0.99, 1.29) 0.07 1.00 (0.87, 1.15) 0.98

ALC (per 1 × 109/L increase)
N = 139

0.69 (0.45, 1.06) 0.09 0.68 (0.41, 1.13) 0.13 0.80 (0.51, 1.25) 0.32

NLR 7 (per 1-unit increase)
N = 139

1.05 (0.98, 1.12) 0.14 1.06 (1.00, 1.14) 0.06 1.00 (0.90, 1.10) 0.93

NLR 7

N = 139
Low Risk (NLR < 3.56) - - - - - -
High Risk (NLR ≥ 3.56) 1.95 (1.12, 3.39) 0.02 2.59 (1.36, 4.95) 0.004 1.28 (0.69, 2.37) 0.43

Denominators, N that do not equal sample sizes are due to missing data. 1 HR = hazard ratio, CI = confidence
interval. 2 ECOG, Eastern Cooperative Oncology Group Functional Status. 3 ACE27, ACE27 comorbidity index.
4 NOS, not otherwise specified. 5 RT, radiotherapy. 6 CRT, concurrent chemotherapy and radiotherapy. 7 NLR,
neutrophil-to-lymphocyte ratio.

Optimal NLR cutpoints were further explored for DSS in p16-positive and -negative
patients, revealing distinct thresholds: 4.17 for p16-positive patients (HR 4.77, 95% CI
0.76–30.00, p = 0.07) and 3.56 for p16-negative patients (HR 1.96, 95% CI 0.94–4.08, p = 0.07).
The findings are summarized in Table S3 and S4 of the Supplementary Material.

Univariate analysis revealed worse OS with increasing age, being male, smoking at
least 10 pack-years, drinking alcohol, poorer ECOG status, having had previous head and
neck radiotherapy, presenting with stage III/IV, and having had a second malignancy.

3.4. Multivariable Cox PH

On multivariable analysis of the entire cohort, independent variables associated with
poorer DSS included the following: smoking ≥ 10 pack-years (HR 3.18, 95% CI 1.20–8.45,
p = 0.02), a high NLR ≥ 3.56 (HR 2.44, 95% CI 1.23–4.84, p = 0.01), and p16-negativity
(HR 4.11, 95% CI 1.51–11.2, p = 0.006). Similarly, independent variables associated with
poorer OS were as follows: advanced age (HR 1.03, 95% CI 1.00–1.07, p = 0.04), a high
NLR ≥ 3.56 (HR 1.98, 95% CI 1.08–3.66, p = 0.03), p16-negativity (HR 4.60, 95% CI 1.87–11.3,
p < 0.001), and advanced AJCC 8th stage (HR 2.35, 95% CI 1.05–5.27, p = 0.04). Furthermore,
p16-negativity was independently associated with poorer LRFS (HR 2.15, 95% CI 1.08–4.29,
p = 0.03) (Table 4a).

In the subset of p16-positive patients, none of the following variables showed any
statistical significance with OS, DSS, and LRFS: age, smoking ≥ 10 pack-years, a high
NLR ≥ 3.56, and AJCC 8th stage (Table 4b).

In p16-negative patients, AJCC 8th stage III/IV (DSS HR 5.28, 95% CI 1.60–17.5, p = 0.006)
and prior head and neck radiotherapy (DSS HR 7.15, 95% CI 2.39–21.4, p < 0.001) were signifi-
cantly associated with poorer OS, DSS, and LRFS. However, age, smoking ≥ 10 pack-years,
alcohol consumption, and a high NLR ≥ 3.56 were not significantly associated with all
three survival endpoints (Table 4c).
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Table 4. (a) Multivariable Cox proportional hazards model of the entire cohort (N = 129). (b) Multi-
variable Cox proportional hazards model of p16-positive oropharyngeal squamous cell carcinoma
group (N = 64). (c) Multivariable Cox proportional hazards model of p16-negative oropharyngeal
squamous cell carcinoma group (N = 65).

(a)

Characteristics

Overall Survival,
OS

Disease-Specific Survival,
DSS

Locoregional Recurrence-Free
Survival, LRFS

HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value

Age (per year increase) 1.03 (1.00, 1.07) 0.04 1.02 (0.99, 1.06) 0.18 1.02 (0.99, 1.06) 0.15

Smoking ≥ 10 pack years 1.82 (0.88, 3.77) 0.11 3.18 (1.20, 8.45) 0.02 1.40 (0.70, 2.76) 0.34

NLR 2

N = 139
Low Risk (NLR < 3.56) - - - - - -
High Risk (NLR ≥ 3.56) 1.98 (1.08, 3.66) 0.03 2.44 (1.23, 4.84) 0.01 1.08 (0.56, 2.09) 0.82

p16 status
Positive - - - - - -

Negative 4.60 (1.87, 11.3) <0.001 4.11 (1.51, 11.2) 0.006 2.15 (1.08, 4.29) 0.03

AJCC 8th Edition Group stage
Stage I + II - - - - - -

Stage III + IV 2.35 (1.05, 5.27) 0.04 1.98 (0.82, 4.81) 0.13 1.14 (0.58, 2.25) 0.71

(b)

Characteristics

Overall Survival,
OS

Disease-Specific Survival,
DSS

Locoregional Recurrence-Free
Survival, LRFS

HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value

Age (per year increase) 1.08 (0.95, 1.23) 0.23 1.07 (0.93, 1.23) 0.33 1.04 (0.96, 1.12) 0.36

Smoking ≥ 10 pack years 1,795,672,981
(0.00, Inf) >0.99 1,918,785,642

(0.00, Inf) >0.99 2.93 (0.90, 9.54) 0.07

NLR 2

Low Risk (NLR < 3.56) - - - - - -
High Risk (NLR ≥ 3.56) 1.11 (0.17, 7.06) 0.91 1.57 (0.22, 11.4) 0.66 0.44 (0.11, 1.74) 0.24

AJCC 8th Edition Group stage
Stage I + II - - - - - -

Stage III + IV 3.43 (0.54, 21.6) 0.19 2.77 (0.38, 20.1) 0.31 0.48 (0.14, 1.65) 0.24

(c)

Characteristics

Overall Survival,
OS

Disease-Specific Survival,
DSS

Locoregional Recurrence-Free
Survival, LRFS

HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value HR (95% CI) 1 p-Value

Age (per year increase) 1.03 (1.00, 1.07) 0.05 1.02 (0.99, 1.06) 0.23 1.03 (0.99, 1.07) 0.14

Smoking ≥ 10 pack years 1.17 (0.49, 2.77) 0.72 2.37 (0.74, 7.61) 0.15 1.47 (0.54, 4.02) 0.46

Alcohol drinker 1.68 (0.80, 3.55) 0.17 1.64 (0.70, 3.82) 0.25 0.82 (0.33, 2.03) 0.67

NLR
Low Risk (NLR < 3.56) - - - - - -
High Risk (NLR ≥ 3.56) 1.44 (0.68, 3.05) 0.35 1.73 (0.74, 4.01) 0.20 0.99 (0.41, 2.42) 0.99

AJCC 8th Edition Group stage
Stage I + II - - - - - -

Stage III + IV 5.49 (1.92, 15.7) 0.001 5.28 (1.60, 17.5) 0.006 4.58 (1.31, 16.0) 0.02

Previous head and neck
radiotherapy 4.87 (1.87, 12.7) 0.001 7.15 (2.39, 21.4) <0.001 6.13 (1.78, 21.1) 0.004

Denominators, N that do not equal sample sizes are due to missing data. 1 HR = hazard ratio, CI = confidence
interval. 2 NLR, neutrophil-to-lymphocyte ratio.
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4. Discussion

In our entire OPSCC cohort, a high NLR ≥ 3.56 was associated with poor OS (HR 2.27,
95% CI 1.29–4.00, p = 0.005) and DSS (HR 2.94, 95% CI 1.52–5.67, p = 0.001) on multivariable
analysis. This was similar to other retrospective studies that included p16-positive and
-negative patients in their study cohort. Ng et al. [22] reported that a pre-treatment NLR ≥ 3
was associated with poorer OS (HR 1.64, p = 0.001). Similarly, Kreinbrink et al. [23] reported
that an NLR ≥ 3 as a binary variable was associated with worse progression-free survival
(PFS) (HR 1.66, 95% CI 1.03–2.69, p = 0.031). In our cohort, a high NLR ≥ 3.56 was not
significantly associated with poor LRFS. This differs from Ng et al. [22]’s cohort that showed
that an NLR ≥ 3 was associated with freedom from recurrence (HR 1.6, p = 0.006). This
could be due to the smaller numbers in our study. Overall, previously published cutpoints
and results were relatively consistent with our study, which reported an NLR ≥ 3.56 to be
associated with poorer DSS and OS.

In the subset of p16-positive patients, none of the following variables showed any
statistical significance with OS, DSS, and LRFS: age, smoking ≥ 10 pack-years, a high
NLR ≥ 3.56, and AJCC 8th stage. This differed from other studies: Fanetti et al. [24]
reported that a baseline NLR ≥ 3 was associated with poorer OS (HR 2.46, 95% CI 1.11–5.46;
p = 0.030); So et al. [25] reported that an NLR > 2.42 was associated with worse disease-
free survival (DFS) (HR 4.16, 95% CI 1.24–13.95, p = 0.010); Gorphe et al. [26] reported
that an NLR > 5 was associated with decreased OS (HR 3.483, p = 0.009) and PFS (HR
2.421, p = 0.042). A recent meta-analysis [12] also showed that a high NLR was exclusively
prognostic of poorer OS in HPV-positive OPSCC (HR 4.05, 95% CI 1.90–8.62, p = 0.0003). In
our study’s subset of p16-positive OPSCC, although an elevated NLR was not significantly
associated with survival, all other variables such as smoking and AJCC 8th stage that have
been established as prognostic factors were not significant as well. This may be due to the
smaller proportion/number of HPV-positive patients in our cohort.

In the subset of p16-negative patients, an NLR ≥ 3.56 was not significantly associated
with OS, DSS, and LRFS. This differed from another small retrospective cohort study by De
Felice et al. [27], which reported that an NLR > 4.7 was associated with poorer OS and DFS
in p16-negative patients. However, the numbers in their cohort were smaller (N = 56). The
results of our study were consistent with a recent meta-analysis [12], which showed that an
elevated NLR was not associated with poorer OS in the HPV-negative subgroup (HR 0.92,
95% CI 0.47–1.80, p = 0.82).

Furthermore, in the subset of p16-negative patients, our study reported poorer DSS in
patients with advanced AJCC 8th stage (HR 5.28, 95% CI 1.60–17.5, p = 0.006) and prior
head and neck radiotherapy (HR 7.15, 95% CI 2.39–21.4, p < 0.001). The 3-year OS for
p16-negative patients was 34.6%, and the 3-year DSS was 41.6%. This is generally lower
than the 3-year OS of HPV-negative OPSCC, previously reported to be 57.1% [28]. This is
likely due to the larger proportion of patients in our cohort who had prior head and neck
radiotherapy (26%). These patients generally have a poorer prognosis.

When looking at multivariable analysis on the entire cohort, both the AJCC 8th edition
stage and NLR appeared to be independent prognostic factors for OS. Interestingly, in
the context of DSS, only the NLR exhibited independent prognostic significance, whereas
the stage did not prognosticate DSS. However, in subgroup multivariable analysis among
p16-positive patients, none of the variables were independently prognostic of OS, DSS, or
LRFS. Furthermore, for p16-negative patients, the NLR was not prognostic of OS, DSS, or
LRFS. Instead, the stage and previous radiotherapy were independently prognostic of OS,
DSS, and LRFS. These findings suggest the need for larger subgroups of p16-positive and
p16-negative patients to comprehensively evaluate the prognostic strength of the NLR.

Our study employed an outcome-oriented approach to determine the cutpoints for the
NLR biomarker’s association with survival outcomes. The Contal and O’Quigley method
was used due to its higher power and lower bias compared to Lausen and Schumacher.
The NLR cutpoint determined in our cohort was that of 3.56. This was similar to the mean
NLR cut-off value of 3.6 reported in a recent meta-analysis [12]. Furthermore, while using
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the ROC, the survival endpoint had to be transformed into a binary variable, which may
have resulted in the exclusion of some patients and, hence, a potential information loss.
In a previous study by Kreinbrink et al., the NLR was also used as a binary variable and
showed significant associations with PFS [23]. Hence, the NLR may potentially need to be
used as a binary variable with a defined cutpoint for prognostication.

One limitation of our study was the small sample size, which was further limited when
divided into p16-positive and -negative groups. This led to uncertainty in our estimates
and wider confidence intervals. This limited sample size may have also contributed to
non-statistically significant results when analysing the two groups separately. Additionally,
the performance metrics, when determining the NLR cutpoints, were moderate, ranging
from 0.5 to 0.6, indicating room for improvement in predictive accuracy. Furthermore, as
HPV testing is presently not routine in our institution, we were unable to have both the
HPV-DNA status and p16 status. This may result in a HPV/p16 discordance (worldwide
discordant rates are reported to be 8.1%), preventing a better estimation of the attribution
of HPV to oropharynx carcinogenesis [29].

Another limitation of our study was that the follow-up was lower than the ideal
number of 60 months for many patients. This is likely due to the poor OS and DSS of
p16-negative patients in our cohort (3-year OS was 34.6% and 3-year DSS was 41.6%). The
poor OS and DSS of our cohort is likely due to the significant number of patients (14%)
who had prior head and neck irradiation. As nasopharyngeal carcinoma is endemic in
our population, there was a significant proportion of OPSCC patients who had previously
been treated with head and neck irradiation. The biology of these oropharyngeal tumours
in a previously irradiated field may be poorer due to factors such as radio-resistance and
field cancerization.

Other limitations of our study are that of a retrospective study—such as recall bias,
misclassification bias, and inadequate records maintained. Despite these limitations, our
study provides valuable insights into HPV-associated OPSCC in an Asian cohort, an
area with limited research. Future studies, including prospective collaborative multi-
institutional investigations, are needed to validate our findings and identify robust NLR
cutpoints for p16-positive and -negative cohorts. Systematic reviews and meta-analyses
can also be conducted once more data become available.

5. Conclusions

In conclusion, a high NLR is independently prognostic of poorer DSS in OPSCC,
regardless of advanced age, p16, and smoking status. An NLR of more than 3.56 was
highly prognostic for poorer survival in our cohort. Further investigation on larger cohorts
of HPV-positive versus HPV-negative OPSCC patients is required to determine a robust
cutpoint for further risk stratification of patients.
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(NLR) for prediction of poorer survival (N = 139); Table S3: Determination of cutpoint for neutrophil
to lymphocyte ratio (NLR) for prediction of poorer survival in p16-positive oropharyngeal squamous
cell carcinoma group (N = 60); Table S4: Determination of cutpoint for neutrophil to lymphocyte
ratio (NLR) for prediction of poorer survival in p16-negative oropharyngeal squamous cell carcinoma
group (N = 63).

Author Contributions: Conceptualization, I.J.H.J. and C.M.L.; methodology, I.J.H.J., C.M.L. and
H.B.A.K.; validation, I.J.H.J., C.M.L., H.B.A.K., J.S.G.H., K.H.L. and W.C.D.C.; formal analysis,
I.J.H.J. and H.B.A.K.; investigation, I.J.H.J., C.M.L., H.B.A.K., J.S.G.H., K.H.L. and W.C.D.C.; formal
analysis, I.J.H.J. and H.B.A.K.; resources, I.J.H.J., K.H.L. and J.S.G.H.; data curation, I.J.H.J., C.M.L.,
H.B.A.K., J.S.G.H., K.H.L. and W.C.D.C.; formal analysis, I.J.H.J. and H.B.A.K.; writing—original
draft preparation, I.J.H.J. and H.B.A.K.; writing—review and editing, I.J.H.J., C.M.L., H.B.A.K.,
J.S.G.H., K.H.L. and W.C.D.C.; formal analysis, I.J.H.J. and H.B.A.K.; supervision, C.M.L.; project

https://www.mdpi.com/article/10.3390/curroncol31110521/s1
https://www.mdpi.com/article/10.3390/curroncol31110521/s1


Curr. Oncol. 2024, 31 7086

administration, I.J.H.J.; funding acquisition, I.J.H.J. All authors have read and agreed to the published
version of the manuscript.

Funding: The study was funded by the Singapore General Hospital Research Grant SRG-NIG-01-2021,
principal investigator Isabelle Jang Jia Hui.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Centralised Institutional Review Board of SINGAPORE HEALTH
SERVICES (protocol code 2021/2012 and date of approval 21 June 2021).

Informed Consent Statement: Patient consent was waived.

Data Availability Statement: Data is unavailable due to privacy restrictions.

Conflicts of Interest: All authors have no conflict of interest or financial disclosures.

References
1. Yang, L.; Huang, Y.; Zhou, L.; Dai, Y.; Hu, G. High pre-treatment neutrophil-to-lymphocyte ratio as a predictor of poor survival

prognosis in head and neck squamous cell carcinoma: Systematic review and meta-analysis. Head Neck 2019, 41, 1525–1535.
[CrossRef] [PubMed]

2. Gu, L.; Li, H.; Chen, L.; Ma, X.; Li, X.; Gao, Y.; Zhang, Y.; Xie, Y.; Zhang, X. Prognostic role of lymphocyte to monocyte ratio for
patients with cancer: Evidence from a systematic review and meta-analysis. Oncotarget 2016, 7, 31926. [CrossRef] [PubMed]

3. Tham, T.; Bardash, Y.; Herman, S.W.; Costantino, P.D. Neutrophil-to-lymphocyte ratio as a prognostic indicator in head and neck
cancer: A systematic review and meta-analysis. Head Neck 2018, 40, 2546–2557. [CrossRef]

4. Galon, J.; Pagès, F.; Marincola, F.M.; Thurin, M.; Trinchieri, G.; Fox, B.A.; Gajewski, T.F.; Ascierto, P.A. The immune score as a new
possible approach for the classification of cancer. J. Transl. Med. 2012, 10, 1. [CrossRef] [PubMed]

5. Zhang, D.; Tang, D.; Heng, Y.; Zhu, X.K.; Zhou, L.; Tao, L.; Lu, L.M. Prognostic Impact of Tumor-Infiltrating Lymphocytes in
Laryngeal Squamous Cell Carcinoma Patients. Laryngoscope 2020, 131, E1249–E1255. [CrossRef]

6. Aguilar-Cazares, D.; Chavez-Dominguez, R.; Marroquin-Muciño, M.; Perez-Medina, M.; Benito-Lopez, J.J.; Camarena, A.;
Rumbo-Nava, U.; Lopez-Gonzalez, J.S. The systemic-level repercussions of cancer-associated inflammation mediators produced
in the tumor microenvironment. Front. Endocrinol. 2022, 13, 929572. [CrossRef]

7. Dumitru, C.A.; Lang, S.; Brandau, S. Modulation of neutrophil granulocytes in the tumor microenvironment: Mechanisms and
consequences for tumor progression. Semin. Cancer Biol. 2013, 23, 141–148. [CrossRef]

8. Tazzyman, S.; Niaz, H.; Murdoch, C. Neutrophil-mediated tumour angiogenesis: Subversion of immune responses to promote
tumour growth. Semin. Cancer Biol. 2013, 23, 149–158. [CrossRef]

9. Huang, S.H.; Waldron, J.N.; Milosevic, M.; Shen, X.; Ringash, J.; Su, J.; Tong, L.; Perez-Ordonez, B.; Weinreb, I.; Bayley, A.J.; et al.
Prognostic value of pre-treatment circulating neutrophils, monocytes, and lymphocytes in oropharyngeal cancer stratified by
human papillomavirus status. Cancer 2015, 121, 545–555. [CrossRef]

10. Chaturvedi, A.K.; Anderson, W.F.; Lortet-Tieulent, J.; Curado, M.P.; Ferlay, J.; Franceschi, S.; Rosenberg, P.; Bray, F.; Gillison, M.L.
Worldwide trends in incidence rates for oral cavity and oropharyngeal cancers. J. Clin. Oncol. 2013, 31, 4550–4559. [CrossRef]

11. Lu, Y.; Xie, Z.; Luo, G.; Yan, H.; Qian, H.Z.; Fu, L.; Wang, B.; Huang, R.; Cao, F.; Lin, H.; et al. Global burden of oropharyngeal
cancer attributable to human papillomavirus by anatomical subsite and geographic region. Cancer Epidemiol. 2022, 78, 102140.
[CrossRef] [PubMed]

12. Rodrigo, J.P.; Sánchez-Canteli, M.; Triantafyllou, A.; de Bree, R.; Mäkitie, A.A.; Franchi, A.; Hellquist, H.; Saba, N.F.; Stenman,
G.; Takes, R.P.; et al. Neutrophil to Lymphocyte Ratio in Oropharyngeal Squamous Cell Carcinoma: A Systematic Review and
Meta-Analysis. Cancers 2023, 15, 802. [CrossRef] [PubMed]

13. Ndon, S.; Singh, A.; Ha, P.K.; Aswani, J.; Chan, J.Y.; Xu, M.J. Human Papillomavirus-Associated Oropharyngeal Cancer: Global
Epidemiology and Public Policy Implications. Cancers 2023, 15, 4080. [CrossRef] [PubMed]

14. Tan, L.S.; Fredrik, P.; Ker, L.; Yu, F.G.; Wang, Y.; Goh, B.C.; Loh, K.S.; Lim, C.M. High-risk HPV genotypes and P16INK4a
expression in a cohort of head and neck squamous cell carcinoma patients in Singapore. Oncotarget 2016, 7, 86730–86739.
[CrossRef]

15. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

16. Amin, M.B.; Edge, S.; Greene, F.; Byrd, D.R.; Brookland, R.K.; Washington, M.K.; Gershenwald, J.E.; Compton, C.C.; Hess, K.R.;
Sullivan, D.C.; et al. (Eds.) AJCC Cancer Staging Manual, 8th ed.; Springer International Publishing: New York, NY, USA, 2017.

17. NCCN. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Head and Neck Cancers V.2.2023; National Comprehensive
Cancer Network, Inc.: Plymouth Meeting, PA, USA, 2023. Available online: https:www.nccn.org (accessed on 15 May 2023).

18. Oken, M.M.; Creech, R.H.; Tormey, D.C.; Horton, J.; Davis, T.E.; McFadden, E.T.; Carbone, P.P. Toxicity and response criteria of
the Eastern Cooperative Oncology Group. Am. J. Clin. Oncol. 1982, 5, 649–655. [CrossRef]

19. Piccirillo, J.F.; Feinstein, A.R. Clinical symptoms and comorbidity: Significance for the prognostic classification of cancer. Cancer
1996, 77, 834–842. [CrossRef] [PubMed]

https://doi.org/10.1002/hed.25583
https://www.ncbi.nlm.nih.gov/pubmed/30597654
https://doi.org/10.18632/oncotarget.7876
https://www.ncbi.nlm.nih.gov/pubmed/26942464
https://doi.org/10.1002/hed.25324
https://doi.org/10.1186/1479-5876-10-1
https://www.ncbi.nlm.nih.gov/pubmed/22214470
https://doi.org/10.1002/lary.29196
https://doi.org/10.3389/fendo.2022.929572
https://doi.org/10.1016/j.semcancer.2013.02.005
https://doi.org/10.1016/j.semcancer.2013.02.003
https://doi.org/10.1002/cncr.29100
https://doi.org/10.1200/JCO.2013.50.3870
https://doi.org/10.1016/j.canep.2022.102140
https://www.ncbi.nlm.nih.gov/pubmed/35303618
https://doi.org/10.3390/cancers15030802
https://www.ncbi.nlm.nih.gov/pubmed/36765760
https://doi.org/10.3390/cancers15164080
https://www.ncbi.nlm.nih.gov/pubmed/37627108
https://doi.org/10.18632/oncotarget.13502
https://doi.org/10.3322/caac.21660
https:www.nccn.org
https://doi.org/10.1097/00000421-198212000-00014
https://doi.org/10.1002/(SICI)1097-0142(19960301)77:5%3C834::AID-CNCR5%3E3.0.CO;2-E
https://www.ncbi.nlm.nih.gov/pubmed/8608472


Curr. Oncol. 2024, 31 7087

20. Lausen, B.; Sauerbrei, W.; Schumacher, M. Classification and Regression Trees (CART) used for the exploration of prognostic
factors measured on different scales. In Computational Statistics; Dirschedl, P., Ostermann, R., Eds.; Physica-Verlag: Heidelberg,
Germany, 1994; pp. 483–496.

21. Contal, C.; O’Quigley, J. An application of changepoint methods in studying the effect of age on survival in breast cancer. Comput.
Stat. Data Anal. 1999, 30, 253–270. [CrossRef]

22. Ng, S.P.; Bahig, H.; Jethanandani, A.; Sturgis, E.M.; Johnson, F.M.; Elgohari, B.; Gunn, G.B.; Ferrarotto, R.; Phan, J.; Rosenthal,
D.I.; et al. Prognostic significance of pre-treatment neutrophil-to-lymphocyte ratio (NLR) in patients with oropharyngeal cancer
treated with radiotherapy. Br. J. Cancer 2021, 124, 628–633. [CrossRef]

23. Kreinbrink, P.J.; Li, J.; Parajuli, S.; Wise-Draper, T.M.; Choi, D.L.; Tang, A.L.; Takiar, V. Pre-treatment absolute lymphocyte count
predicts for improved survival in human papillomavirus (HPV)-driven oropharyngeal squamous cell carcinoma. Oral Oncol.
2021, 116, 105245. [CrossRef]

24. Fanetti, G.; Alterio, D.; Marvaso, G.; Gandini, S.; Rojas, D.P.; Gobitti, C.; Minatel, E.; Revelant, A.; Caroli, A.; Francia, C.M.;
et al. Prognostic significance of neutrophil-to-lymphocyte ratio in HPV status era for oropharyngeal cancer. Oral Dis. 2020, 26,
1384–1392. [CrossRef] [PubMed]

25. So, Y.K.; Lee, G.; Oh, D.; Byeon, S.; Park, W.; Chung, M.K. Prognostic Role of Neutrophil-to-Lymphocyte Ratio in Patients with
Human Papillomavirus-Positive Oropharyngeal Cancer. Otolaryngol. Head Neck Surg. 2018, 159, 303–309. [CrossRef] [PubMed]

26. Gorphe, P.; Chekkoury Idrissi, Y.; Tao, Y.; Schernberg, A.; Ou, D.; Temam, S.; Casiraghi, O.; Blanchard, P.; Mirghani, H. Anemia and
neutrophil-to-lymphocyte ratio are prognostic in p16-positive oropharyngeal carcinoma treated with concurrent chemoradiation.
Papillomavirus Res. 2018, 5, 32–37. [CrossRef] [PubMed]

27. De Felice, F.; Tombolini, M.; Abate, G.; Salerno, F.; Bulzonetti, N.; Tombolini, V.; Musio, D. Prognostic Significance of the
Neutrophil/Lymphocyte Ratio in Patients with Non-Human Papilloma Virus-Related Oropharyngeal Cancer: A Retrospective
Cohort Study. Oncology 2019, 96, 8–13. [CrossRef] [PubMed]

28. Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tân, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C.;
et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24–35. [CrossRef]

29. Mehanna, H.; Taberna, M.; von Buchwald, C.; Tous, S.; Brooks, J.; Mena, M.; Morey, F.; Grønhøj, C.; Rasmussen, J.H.; Garset-
Zamani, M.; et al. Prognostic implications of p16 and HPV discordance in oropharyngeal cancer (HNCIG-EPIC-OPC): A
multicentre, multinational, individual patient data analysis. Lancet Oncol. 2023, 24, 239–251. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0167-9473(98)00096-6
https://doi.org/10.1038/s41416-020-01106-x
https://doi.org/10.1016/j.oraloncology.2021.105245
https://doi.org/10.1111/odi.13366
https://www.ncbi.nlm.nih.gov/pubmed/32315470
https://doi.org/10.1177/0194599818764651
https://www.ncbi.nlm.nih.gov/pubmed/29557259
https://doi.org/10.1016/j.pvr.2017.12.002
https://www.ncbi.nlm.nih.gov/pubmed/29253748
https://doi.org/10.1159/000492389
https://www.ncbi.nlm.nih.gov/pubmed/30212829
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1016/S1470-2045(23)00013-X

	Introduction 
	Materials and Methods 
	Patients 
	Staging 
	Treatment Received 
	Data Collection 
	Statistical Methods 

	Results 
	Baseline Characteristics 
	Survival Probabilities via Kaplan–Meier Method 
	NLR Cutpoint and Univariate Cox PH 
	Multivariable Cox PH 

	Discussion 
	Conclusions 
	References

