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Simple Summary: We analyzed 324 patients affected by loco-regionally advanced virus- and non-
virus-related head and neck cancers treated with curative intent. We aimed at assessing the interplay
between age and viral status on outcome (disease-free- and overall survivals) in these patients.
We found that old patients had more comorbidities, and received less intensive treatments when
compared to younger subjects. OS and DFS were shorter in older patients. However, after adjusting
the models for stage, smoking, comorbidities, treatment strategy and dose intensity, no significant
differences in terms of survival were observed according to age. Therefore, factors such as comor-
bidities, treatment intensity and stage have a prognostic role with differential impact on both virus
and non-virus related tumors. Age should be considered as the expression of an array of host- and
tumor-related features rather than an independent prognostic factor.

Abstract: Background. The aim of this work was to analyze the interplay between age and viral status
on the outcomes in loco-regionally advanced oropharyngeal and nasopharyngeal cancer patients
treated with radiotherapy and different chemotherapy combinations. Methods. A retrospective
(2006–2017) analysis was performed on non-metastatic loco-regionally advanced oropharyngeal
(both HPV+ and HPV−) and EBV+ nasopharyngeal cancer patients (young: <65 years vs. elderly:
≥65 years) treated with radiotherapy with or without chemotherapy. The impact of age and viral
status on overall (OS) and disease-free survival (DFS) were studied with multivariable models,
which were adjusted for smoking, stage, comorbidities, chemotherapy dose intensity and treatment
strategy. Results. We analyzed 324 patients (146 HPV+ oropharynx, 63 HPV−, 115 nasopharynx).
Elderly patients had more comorbidities, and received less intensive treatments when compared to
younger subjects. Although OS and DFS were shorter in older patients, after adjustment for stage,
smoking, comorbidities, treatment strategy and dose intensity, no significant differences in terms
of survival were observed according to age (65 vs. 50 years of age: HR 1.89, 95% CI 0.45–7.84 for
HPV+ OPC; HR 0.91, 95% CI 0.29–2.89 for HPV− OPC; HR 1.99, 95% CI 0.9–4.39 for NPC; p = 0.395).
Conclusions. Several potential age-related (comorbidities, treatment intensity) and disease-related
(stage) confounding factors play a prognostic role with differential impacts on both virus and non-
virus-related tumors. In HPV+ oropharyngeal cancer and in EBV+ nasopharyngeal cancer patients,
age should be considered as the expression of an array of host- and tumor-related features rather
than an independent prognostic factor.
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1. Introduction

In the last decade, relevant changes in global head and neck cancer (HNC) epidemi-
ology have occurred, essentially driven by the increase of human papillomavirus (HPV)-
related carcinomas. Recently, the worldwide prevalence of HPV-associated oropharyngeal
cancer (OPC) was reported to be 44.8% [1]; in Europe, a recent meta-analysis showed that
the HPV-positive OPC prevalence ranged from 18% to 65% [2].

Virus-related oncogenesis is a common theme in nasopharyngeal cancer (NPC). In
regions where NPC is endemic, most cases consist of non-keratinizing subtypes, which
are invariably associated with Epstein-Barr virus (EBV) infection. In non-endemic areas,
an increase of EBV-related NPC subtypes has been reported across ethnicities and in both
genders in the United States [3].

Although literature data report a minority (8%) of HPV positivity in non-keratinizing
undifferentiated carcinoma patients in endemic areas, in non-endemic regions this preva-
lence is unknown and the presence of HPV is more related to keratinizing NPC [4]. More-
over, in clinical practice, HPV is usually not tested in EBER+ NPC, and the same happens
for EBV assessment in HPV+ and HPV− OPC patients.

Although NPC incidence has declined gradually worldwide over the past decades [5],
the old-age ratio (total number of individuals aged > 65 years per 100 working age peo-
ple (20–64 years)) is projected to increase from 13 elderly subjects per 100 in 2010 to
45 per 100 by 2050 [6].

Due to the improvement in life expectancy and the influence of preventive HPV
vaccination, an escalating incidence in the proportion of HPV-associated OPC among
elderly patients has been occurring, and is expected in the next decades [7].

A handful of studies have already reported that the majority of elderly patients with
OPC were found to be HPV+, underlying the pivotal role of HPV status in the elderly
population [8–10].

Since the number of old patients with OPC and NPC will increase with the rapid
growth of the elderly population, there is a strong need for data regarding the outcome of
this population.

For HPV-positive OPC very elderly patients, a shift towards non-surgical therapy, pos-
sibly due to the known favorable response of HPV-associated tumors to radiotherapy (RT)
and/or poor surgical candidacy, has been reported in recent years, without a detrimental
impact on survival. However, the best treatment modality has not yet been determined [11].

This is one of the major challenges in oncology because of the need for intense multi-
modality regimens in a potentially vulnerable population [12].

Given the scarce outcome data for elderly patients with OPC and NPC, we aimed
to analyze the interplay between patient age and disease viral status in a retrospective
consecutive series of OPC and NPC patients treated with definitive radiotherapy and
different combinations of systemic treatments at a single tertiary cancer center.

2. Materials and Methods
2.1. Study Population

We conducted a retrospective analysis of consecutive non-metastatic loco-regionally
advanced OPC and EBV-positive NPC patients, treated with curative intent at our institu-
tion with definitive intensity-modulated radiotherapy (IMRT) techniques with or without
systemic treatments (induction and/or concurrent), between 2006 and 2017. Disease was
staged according to the eighth edition of the American Joint Committee on Cancer (AJCC)
and Union for International Cancer Control (UICC) staging system (AJCC 8th). Inclusion
criteria for the study were as follows: pathologically proven OPC with known p16 or
HPV status or NPC with known EBV status; stage III-IVa/b (HPV-negative OPC) or stage
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III-IVa (NPC) or stage I-III (HPV-positive OPC); availability of data about treatment and
outcome. Exclusion criteria were: unavailability of HPV and p16 status for OPC patients;
unavailability of EBV status for NPC patients; presence of distant metastases; treatments
with palliative intent; not completing the curative treatments.

To study the differences between virus-related and unrelated tumors, at a first stage
four categories were considered: HPV-positive OPC, EBV-related NPC (virus-related can-
cers), HPV-negative OPC, EBV-negative NPC (virus-unrelated cancers). HPV status was as-
sessed in OPC patients based on tumor p16 expression (by immunohistochemical analysis)
and/or HPV DNA status (by in situ hybridization on tumor specimen). EBV virus-encoded
small RNAs (EBER) status was assessed for NPC patients.

Due to the limited number of EBV-negative NPC, the present analysis included EBER-
positive patients only.

Therefore, three groups were considered in the analysis: two were virus-related
(HPV + OPC, EBER + NPC), and one virus-unrelated (HPV− OPC).

The Ethical Committee of our institution approved this study on 19 June 2020 (internal
study identifier INT 121-20). Informed consent was obtained from patients, and the study
was conducted in accordance with the Declaration of Helsinki.

2.2. Treatment

For both OPC and NPC patients, radiotherapy (RT) was delivered by relying either
on a conventional static-field technique (conventional IMRT) or volumetric modulated arc
therapy (VMAT) with sequential or simultaneous integrated boost approaches to a total
dose of 66–70 Gy with conventional or moderately accelerated fractionation (2–2.2 Gy per
fraction). Radiotherapy procedures were previously reported [13–15].

Concomitant chemoradiation (c-CHT-RT) was based on IMRT plus cisplatin (CDDP)
100 mg/m2 every 3 weeks or cisplatin 50 mg/m2 delivered weekly. According to medical
oncologist decision, patients who were deemed unfit for chemotherapy may not have
received systemic treatment or could have changed cisplatin dosage or drug substitution,
either a shift to 3-weekly carboplatin (CBDCA) or, for OPC only, cetuximab. In this case,
cetuximab was administered at a loading dose of 400 mg/m2 before IMRT, followed by
weekly maintenance doses of 250 mg/m2 until IMRT completion. OPC patients were
treated with definitive IMRT with or without concomitant systemic therapy and induction
chemotherapy according to disease stage, in agreement with international guidelines [16]
and with institutional policies [17]. When delivered, induction chemotherapy (I-CHT)
consisted of the TPF regimen: cisplatin 75 mg/m2 on day 1, docetaxel 75 mg/m2 on day
1 plus 5-fluorouracil 750 mg/m2/day, on days 1–4, every 3 weeks for two or three cycles.
I-CHT was used until 2013, when a lack of benefit of its addition over upfront concurrent
chemoradiation was observed [18–20].

In NPC patients, I-CHT with the TPF regimen was added in the case of diseases with
a potential higher risk of distant metastasis (e.g., high burden N2 or N3 stage and/or T4
and/or elevated plasmatic EBV DNA at baseline), according to the EURACAN-ESMO
guidelines [4].

After RT completion, patients were clinically evaluated at predefined intervals, every
3–6 months for the first 3 years and annually thereafter, as per international guidelines [4,21].

2.3. Statistical Analysis

The distributions of demographic and clinicopathological variables were determined.
To detect different distributions of the continuous variables in the different study

populations, the Wilcoxon–Mann–Whitney exact test adjusted for tied values [22] or the
Kruskal–Wallis rank sum test [23] were used, as appropriate. Similarly, the Fisher exact test
or Fisher–Freeman–Halton test [24] were used to test categorical variables in the different
study populations, as appropriate. Multiple testing was taken into account using the
Benjamini and Hochberg procedure [25].
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In the analysis of the association with other factors, age was included as a continuous
variable. The sub-distributions of age in the study populations by patient and treatment
characteristics were tested and adjusted using the same methods mentioned above for the
continuous variables in the different study populations.

The primary endpoints of this study were the assessments of differences in overall
and disease-free survivals (OS and DFS, respectively) according to age in the three study
cohorts (OPC HPV-positive; OPC HPV-negative; NPC EBER-positive). Survival times (OS
and DFS) were computed starting from the date of diagnosis to death from any cause and
recurrence of tumor or death from any cause, respectively.

As a secondary endpoint, post-relapse OS was calculated on the patients’ subgroup
with recurrence starting from the date of recurrence to death from any cause.

The association between the survival endpoints and the putative prognostic factors
was studied using multivariable Cox models. The model results are shown in terms of
the hazard ratio (HR), with 95% confidence interval (95% CI) and the Wald test p-value.
Age was included in the multivariable models as a continuous variable using three-knots
restricted cubic splines [26].

Several confounding factors could affect the proper investigation of the role of age on
the survival endpoints. Therefore, we built a “dishomogeneity score” (used as the adjust-
ment factor in all the multivariable models) as the linear predictor from a regression model
in which age was the dependent variable and the covariates were the putative confounding
factors (smoking status, stage, ACE-27 score, chemotherapy dose intensity—defined as the
actual dose of chemotherapy delivered to a patient divided by the theoretical dose planned
for the patient in the curative setting—and treatment strategy).

The significance level was set at 0.05. All the statistical analyses were conducted using
R version 4.1.2 [27].

3. Results
3.1. Patient Characteristics

A total number of 324 patients were analyzed: 146 HPV + OPC, 63 HPV− OPC and
115 EBER + NPC. Patient and treatment characteristics are shown in Table 1.

Overall, patients had a median age of 56 years (range 18–86), 74.4% were males and
41.4% never smoked. Subjects without comorbidities (ACE-27 = 0) represented 52.2%,
while 48.0% had a lower extent of tumor (AJCC 8th T, T1-T2) and 55.3% showed lower
lymph nodes involvement (AJCC 8th N, N0-N2b for OPC and N0-N1 for NPC).

To detect a difference in the characteristics between the study populations, the Kruskal–
Wallis test p-value or Fisher–Freeman–Halton exact test p-value were reported in Table 1,
too. While no statistically significant evidence of different proportions of males and females
was detected between the study populations (p = 0.244), as for AJCC 8th T stage (p = 0.434),
other patient characteristics were significantly dissimilar. The current or previous smokers
were the 96.8% of HPV− OPC sample, a proportion significantly different (p < 0.001) from
the 65.8% of HPV+ OPC and the 27.0% of EBER+ NPC. The frequency of EBER+ NPC
without comorbidities (ACE-27 equal to 0) was significantly higher (68.7%) compared to
the one observed in the OPC populations (43.8% in HPV+ and 41.3% in HPV−, p < 0.001).
A lower lymph nodes involvement was detected in 91.8% of HPV+ OPC patients, while the
same frequency was decreased in HPV− OPC (55.6%) and, particularly, in EBER+ NPC
(8.7%, p < 0.001).

By focusing on age across study cohorts, we observed that EBER+ NPC patients were
significantly (p < 0.001) younger (median = 49 years) than patients in OPC cohorts (median
for HPV+ was 59 years; median for HPV− 61 years).

Table 2 shows age sub-distributions, described by using the median and first to
third quartiles, in the overall sample and in the study cohorts by patient and treatment
characteristics. The cohort-specific p-values were adjusted for multiple testing.
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Table 1. Patient characteristics overall and according to study cohorts.

Variable Statistic/Levels Overall (n = 324) HPV+ OPC
(n = 146)

HPV− OPC
(n = 63)

EBER+ NPC
(n = 115) p-Value

Age (years) Mean (SD) 56.2 (11.9) 59.7 (8.5) 61.3 (8.5) 48.8 (13.6)
Median (IQR) 56.0 (50.0–64.0) 59.0 (53.0–66.0) 61.0 (54.5–67.5) 49.0 (40.0–58.0) <0.001

Min–Max 18–86 44–85 48–86 18–81

Gender Females (n,%) 83 (25.6) 36 (24.7) 12 (19.0) 35 (30.4) 0.314Males (n,%) 241 (74.4) 110 (75.3) 51 (81.0) 80 (69.6)

Smoker Yes (n,%) 188 (58.0) 96 (65.8) 61 (96.8) 31 (27.0)
No (n,%) 134 (41.4) 48 (32.9) 2 (3.2) 84 (73.0) <0.001
Missing 2 (0.6) 2 (1.3) 0 (0.0) 0 (0.0)

ACE 27 0 (n,%) 169 (52.2) 64 (43.8) 26 (41.3) 79 (68.7)
1 (n,%) 112 (34.6) 64 (43.8) 26 (41.3) 22 (19.1) <0.001
2 (n,%) 36 (11.1) 16 (11.0) 10 (15.9) 10 (8.7)
3 (n,%) 7 (2.1) 2 (1.4) 1 (1.5) 4 (3.5)

AJCC 8th T T1–T2 (n,%) 155 (48.0) 70 (48.3) 26 (41.3) 59 (51.3) 0.434
T3–T4 (n,%) 168 (52.0) 75 (51.7) 37 (58.7) 56 (48.7)

AJCC 8th N N0–N2b (n,%) 169 (52.2) 134 (91.8) 35 (55.6) - <0.001
N2c–N3 (n,%) 40 (12.3) 12 (8.2) 28 (44.4) -
N0–N1 (n,%) 10 (3.1) - - 10 (8.7) -
N2–N3 (n,%) 105 (32.4) - - 105 (91.3)

Therapy strategy Exclusive RT (n,%) 15 (4.6) 8 (5.5) 7 (11.1) 0 (0.0)
RT + CT (n,%) 161 (49.7) 107 (73.3) 33 (52.4) 21 (18.3) <0.001

RT + CT + IND (n,%) 148 (45.7) 31 (21.2) 23 (36.5) 94 (81.7)

Toxicity G3-4 (n,%) 179 (55.2) 70 (47.9) 21 (33.3) 88 (76.5) <0.001G0-1-2 (n,%) 145 (44.8) 76 (52.1) 42 (66.7) 27 (23.5)

Dose Intensity (%) Mean (SD) 77.5 (23.5) 78.4 (23.9) 71.3 (28.5) 79.6 (19.6)
Median (IQR) 83 (67–100) 83 (67–100) 83 (67–92) 83 (66–100) 0.367

Min–Max 0–100 0–100 0–100 23–100
Not available (n,%) 33 (10.2) 16 (11.0) 9 (14.3) 8 (7.0)

Kruskal–Wallis test p-value or Fisher–Freeman–Halton Exact test, as appropriate, adjusted for multiple testing us-
ing Benjamini and Hochberg’s correction. Information not available for one patient. Abbreviations: oropharyngeal
and nasopharyngeal cancers (OPC and NPC, respectively); human papilloma virus (HPV); Epstein–Barr virus–
encoded small RNA (EBER); adult comorbidity evaluation 27 (ACE-27); radiotherapy (RT); concurrent chemo-
radiotherapy (RT + CT); induction chemotherapy followed by concomitant chemo-radiotherapy (RT + CT + IND);
standard deviation (SD); interquartile range (IQR).

Regarding tumor characteristics, age is similarly distributed within study cohorts
for both AJCC 8th edition T (T1-T2 vs. T3-T4 WMW test p-values: HPV+ OPC 0.276;
both HPV− OPC and EBER+ NPC 0.823) and N (low vs. high nodes invasion WMW test
p-values equal to 0.556 in the three cohorts).

In the same way, no evidence of different age distributions was detected by comparing
males and females (WMW test p-values: HPV+ OPC 0.113; both HPV− OPC and EBER+
NPC 0.895) or high and low-grade toxicities (G1-2-3 vs. G3-4 WMW test p-values equal to
0.823 in the three cohorts).

Non-smoking HPV+ OPC subjects were significantly (p = 0.039) younger (median age = 55)
than smokers (median age = 61). The median age of EBER+ NPC patients was equal to
49 years independent of smoking status, while the comparison was not possible for the
HPV- OPC cohort because there were only two non-smokers.

The presence of comorbidities was significantly (p = 0.001) attributed to older patients
both in the HPV+ OPC and the EBER+ NPC cohorts: respectively, the median age was 61
and 58.5 years versus 56 and 44 years in patients without comorbidities. On the contrary,
no statistically significant association (p = 0.402) was detected among HPV− OPC patients
when comparing the age distributions of subjects with or without comorbidities.
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Table 2. Median age and interquartile range in the overall sample and in the study cohorts by patients’
and treatment characteristics.

Median Age (IQR) and
p-Value a by Variables’ Levels Median Age (IQR) and p-Value b by Variables’ Levels and by Study Cohort

Variable Levels Overall (n = 324) HPV+ OPC (n = 146) HPV− OPC (n = 63) EBER+ NPC (n = 115)

Gender Females 55.0 (47.0–62.0) 56.0 (52.0–61.0) 61.5 (55.5–65.2) 47.0 (41.0–60.0)
Males 57.0 (50.0–65.0) 60.0 (54.0–66.8) 61.0 (54.5–67.5) 49.5 (40.0–57.2)

0.040 0.113 0.895 0.895

Smoker Yes 60.0 (52.0–66.0) 61.0 (54.8–66.2) 61.0 (55.0–68.0) 49.0 (40.0–58.0)
No 52.0 (44.0–59.8) 55.0 (52.0–61.0) - 49.0 (40.0–58.0)

<0.001 0.039 - 0.975

ACE 27 0 61.0 (54.0–68.0) 56.0 (51.0–61.0) 59.5 (54.2–63.5) 44.0 (37.5–52.0)
≥1 52.0 (45.0–60.0) 61.5 (55.0–67.0) 61.0 (55.0–70.0) 58.5 (49.0–65.5)

< 0.001 0.001 0.402 <0.001

AJCC 8th T T1–T2 55.0 (49.0–64.0) 57.5 (52.0–65.0) 61.5 (54.0–69.8) 49.0 (40.0–57.0)
T3–T4 57.5 (50.0–64.2) 60.0 (54.5–66.5) 61.0 (55.0–66.0) 49.0 (39.2–58.2)

0.220 0.276 0.823 0.823

AJCC 8th N c Low nodes invasion 52.0 (44.0–62.0) 58.5 (53.0–65.8) 61.0 (55.0–62.5) 42.5 (40.0–55.8)
High nodes invasion 59.0 (53.0–65.0) 60.5 (57.0–66.2) 61.0 (53.8–69.5) 49.0 (40.0–58.0)

<0.001 0.556 0.556 0.556

Therapy strategy RT only 77.0 (73.0–79.5) 77.0 (76.2–80.5) 74.0 (71.0–77.5) -
RT + CT 59.0 (53.0–66.0) 57.0 (53.0–65.0) 61.0 (56.0–67.0) 54.0 (47.0–69.0)

RT + CT + IND 52.0 (44.0–60.0) 60.0 (53.5–65.5) 56.0 (52.5–61.0) 48.0 (39.2–57.0)
<0.001 0.001 0.002 0.005

Toxicity G3-4 55.0 (48.0–64.5) 59.0 (53.0–66.8) 61.0 (55.0–68.0) 49.0 (40.0–58.2)
G0-1-2 58.0 (52.0–64.0) 59.0 (53.8–65.0) 61.0 (54.2–66.8) 49.0 (40.0–56.0)

0.038 0.823 0.823 0.823

Dose intensity (%) 100 53.0 (48.0–58.0) 53.0 (50.5–57.5) 55.0 (52.0–59.0) 49.0 (42.0–57.0)
99–75 56.0 (48.0–62.5) 60.0 (54.0–65.0) 60.5 (53.0–63.5) 44.0 (38.5–49.0)
<75 59.0 (50.0–67.0) 62.0 (56.8–71.5) 62.0 (58.0–71.0) 50.0 (38.5–57.2)

0.004 <0.001 0.091 0.163
Not available 62.0 (58.0–69.0) 61.5 (57.5–66.2) 62.0 (56.0–72.0) 67.0 (58.8–78.5)

a: Wilcoxon–Mann–Whitney exact test p-value or Kruskal–Wallis rank sum test p-value, as appropriate;
b: Wilcoxon–Mann–Whitney exact test p-value or Kruskal–Wallis rank sum test p-value, as appropriate, ad-
justed for multiple testing by applying Benjamini-Hochberg procedure; c: low nodes invasion: for OPC, N0-N2b;
for NPC, N0-N1. High nodes invasion: for OPC, N2c-N3; for NPC, N2-N3.

3.2. Treatments

The strongest differences in the age sub-distributions, independently of study cohorts,
were found when comparing therapy strategies (p-values: HPV+ OPC, 0.001; HPV− OPC,
0.002; EBER+ NPC, 0.005). As reported in Table 2 and in Figure 1A, OPC patients treated
with exclusive radiotherapy were systematically older (median age of 77 years in HPV+,
p = 0.001; 74 years in HPV−, p = 0.002) than those treated with c-CHT-RT (57 years in
HPV+ and 61 in HPV−) or those with the addition of I-CHT (60 years in HPV+ and 56 in
HPV−). In the NPC cohort, which did not receive RT only, patients treated with I-CHT
were significantly younger (median age of 48 years) than those who received c-CRT only
(median age of 54 years, p = 0.005).

By shifting the focus onto associations between age and dose intensity, whose sub-
distribution is depicted in Figure 1B and described in Table 2, it can be noticed that HPV+
OPC subjects receiving a full dose were significantly (p < 0.001) younger (median age = 53)
compared to incomplete administration (median age in the 99–75% and <75% dose intensity
class was 60 and 62 years, respectively). A similar behavior, despite not statistically
significant (p = 0.091), can be observed on the HPV− OPC population, while no difference
in the sub-distributions of age was detected in the EBER + NPC sample (p = 0.163).
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3.3. Disease-Free Survival and Overall Survival

In the study population, the median follow-up was 64.6 months (IQR 54.5–77.2). The
five-year DFS was 85.3% in HPV+ OPC, 43.7% in HPV− OPC and 71.4% in NPC (p < 0.001).
In these three groups, 5-year OS was 88.5%, 61.7% and 86.4% (p < 0.001), respectively
(Supplementary Table S1).

The results of the adjusted multivariable Cox analysis for OS and DFS are shown
in Table 3. Non-adjusted analysis is reported in Supplementary Table 2. As far as OS is
concerned, after adjustment accounting for the confounding factors associated with age
(see Section 2.3), the HR of HPV− vs. HPV+ OPC was 3.37 (95% CI 1.46–7.77) and the HR of
NPC vs. HPV+ OPC 4.06 (95% CI 1.53–10.79) (p = 0.004). The HR of age 65 versus 50 years
was 1.89 (95% CI 0.45–7.84) for HPV+ OPC, 0.91 (95% CI 0.29–2.89) for HPV− OPC and
1.99 (95% CI 0.9–4.39) for NPC (p = 0.395).

The HR for DFS was 5.37 (95% CI 2.64–10.93) in HPV− vs. HPV+ OPC patients, and
5.21 (95% CI 2.38–11.40) for NPC patients with respect to HPV+ OPC ones (p < 0.001). The
HR of an age of 65 versus 50 years was 1.50 (95% CI 0.47–4.77) for HPV+ OPC, 0.67 (95% CI
0.26–1.73) for HPV− OPC and 1.13 (95% CI 0.67–1.91) for NPC (p = 0.852).

In the 82 subjects with disease recurrence, the multivariable adjusted model showed
that, for post-relapse OS, the HR between the elderly and young people was 2.53 (95%
CI 0.40–16.00) in HPV+ OPC, 0.92 (95% CI 0.29–2.92) in HPV− OPC and 3.43 (95% CI
1.49–7.89) in NPC.
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Table 3. Multivariable analyses of overall survival (OS) and disease-free survival (DFS).

OS DFS

Covariates Reference Comparison HR (95% CI) p-Value HR (95% CI) p-Value

Age (years) OPC+ 65 vs. 50 1.89 (0.45–7.84)
0.395

1.50 (0.47–4.77)
0.852OPC− 65 vs. 50 0.91 (0.29–2.89) 0.67 (0.26–1.73)

NPC 65 vs. 50 1.99 (0.90–4.39) 1.13 (0.67–1.91)

Study cohort Age 56 years OPC− vs. OPC+ 3.37 (1.46–7.77) 0.004 5.37 (2.64–10.93) <0.001Age 56 years NPC vs. OPC+ 4.06 (1.53–10.79) 5.21 (2.38–11.40)

Interaction term 0.751 0.749

The age values (i.e., 50, 56, and 65) are, respectively, the 1st quartile, the median and the cut-off used for defining
the age classes young (<65 years) and old (≥65 years). Together with age and cohort, the models also included
their interaction to investigate the differential effect of age in the three cohorts and, symmetrically, the effect of
cohorts at varying ages. The first is represented in the upper panel of the table (“Age (years)”), while for the
second we only estimated the effect of the cohort at median age (lower panel of the table “Study cohort”). The
models also included a score to adjust for confounding factors possibly affecting the role of age on the three
endpoints (see the Section 2.3). The p-value refers to the 2-sided Wald test. Abbreviations: oropharyngeal and
nasopharyngeal cancers (OPC and NPC, respectively); human papilloma virus (HPV) status (positive or negative,
+ or −); hazard ratio (HR); 95% confidence interval (95% CI); Overall Survival (OS); Disease-Free Survival (DFS).

4. Discussion

This retrospective study primarily analyzed how the interplay between age, virus
status, and treatment approach impacted on outcomes in NPC and OPC patients.

In the original non-adjusted model, a statistically significant higher risk of death
was observed in the elderly population, while it was borderline significant for DFS in the
same direction.

After adjusting for stage, smoking status, comorbidities, treatment strategy, and
intensity, no statistical differences were observed in young subjects compared to old subjects,
especially in virus-related cancers.

On this basis, we confirm the evidence found in literature that the factors used to
adjust the models play a relevant prognostic role with a differential impact on virus vs. non
virus-related tumors.

As expected, in the present study, the frequency of smokers and subjects with more
comorbidities were higher in the global elderly population [28–30]. In line with data from
the literature, these factors may justify higher competing mortality such as non-cancer
causes like comorbidities and/or second primary malignancies [31–33].

Consistently with clinical best practices, older patients were more likely to receive less
aggressive treatments with less concomitant and induction chemotherapy [4]. Also, we
showed that older patients received an inferior dose intensity of concurrent chemotherapy
than younger ones. Even with physician’s selection of the treatment strategy, the compliance
of the patients with chemotherapy is reduced with increasing age, thus underlining the
need for more accurate evaluations of treatment strategies in elderly subjects [34].

In addition, we showed that, after adjusting for a linear predictor of age, NPC had
worse outcomes (both DFS and OS) than HPV+ OPC, while the latter group confirmed its
well-known [35,36] better prognosis when compared with its HPV− counterpart.

In this context, in our study population HPV− OPC patients were slightly older and
more frequently smokers than what was observed in the HPV+ OPC patient cohort. This is
in line with the available literature in the field [36,37].

Although both are virally related cancers, NPC and HPV+ OPC have different biology
and natural history that may justify these observations [5,38]. Nonetheless, we observed
that the statistically negative effect of age in virus-related cancers was smoothened after
model adjustment. Interestingly, this effect was not seen in the HPV− counterpart sug-
gesting a different interplay between age, treatment, tumor and host characteristics in the
two groups.

With the caveat of the limited number of HPV− OPC patients considered in this
study and given the specific type of the aforementioned factors, we speculate that the
intrinsic characteristics of the non-virus related tumors might overcome them. By contrast,
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in virus-related cancers, an approach acting on modifiable factors such as dose intensity
and treatment strategy is justified independently of age.

According to our results, age in itself should not be considered as an indepen-
dent prognostic factor. Indeed, in the literature, the prognostic role of age in HNC is
controversial [39–44]. In particular, age has been found to play a role for the prognosis of
OPC with a cut-off point of 65 years [37,45,46]. Similarly to OPC, for NPC patients age
significantly impacts on survival [47,48].

In our study, older age correlated with a worse post-relapse OS in NPC patients, but
not in OPC ones. This might reflect the opportunity of a less aggressive salvage treatment
for elderly patients [49,50].

The main limitations of our analysis are its retrospective nature and the small number
of patients over 65 years. Furthermore, the fact that systemic treatments were chosen at
the discretion of the treating oncologist created inherently disparate subgroups for each
regimen, making direct comparisons harder to be interpreted.

Given the heterogeneity of the older population, it is crucial to develop scientifically
validated tools for assessing the fitness of an older patient to receive multimodal treatment
beyond simply age and performance status [51].

In this regard, standard geriatric assessment tools, such as the comprehensive geriatric
assessment may be helpful [52] and in accordance with our observations especially in virus-
related tumor patients where an accurate host profiling might lead to a more appropriate
treatment approach.

In one of the largest geriatric chemoradiation studies to date, a Karnofsky performance
status ≤80, Charlson index ≥3 and weekly platinum were associated with lower treat-
ment completion rates for patients undergoing chemoradiation [53]. Similarly, ACE-27
was shown to be a predictor of outcome in a retrospective cohort of NPC patients, thus
underlining the necessity to comprehensively assess elderly patients [54].

5. Conclusions

Given the results, we may posit that age in itself should be considered as the expression
of an array of host and tumor-related features rather than an independent prognostic factor.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14246170/s1, Table S1: Survival endpoints estimates;
Table S2: Non adjusted multivariable analyses of overall survival (OS) and disease-free survival (DFS).

Author Contributions: Conceptualization: L.L., P.B., E.O.; Methodology: P.B., G.I., R.M., E.O.;
Software: G.I.; Case material selection and recruitment: N.A.I., E.I., L.D.L., C.B., C.R., I.N., S.A.,
R.I., M.F., G.C.; Data curation: G.I., R.M.; Writing—original draft preparation: S.C., P.B., G.I., R.M.,
L.L., E.O.; Writing—review and editing: S.C., P.B., G.I., R.M., N.A.I., E.I., L.D.L., C.B., C.R., I.N.,
S.A., E.C., R.I., M.F., G.C., L.L., E.O. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Fondazione IRCCS Istituto Nazionale dei
Tumori of Milan, Italy (protocol code INT 121-20, date of approval 19 June 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets analyzed for this study may be available upon reasonable
request to the Authors.

https://www.mdpi.com/article/10.3390/cancers14246170/s1
https://www.mdpi.com/article/10.3390/cancers14246170/s1


Cancers 2022, 14, 6170 10 of 12

Conflicts of Interest: Paolo Bossi reports participation on the advisory board or conference honoraria,
outside the submitted work from: Merck, Sanofi, Merck Sharp & Dohme, SunPharma, Kyowa
Hakko Kirin, Angelini, AstraZeneca, Bristol-Myers Squibb, Helsinn, Roche, GlaxoSmithKline (GSK).
Lisa Licitra declares the following conflicts of interests: ceceipt of grants/research supports from
Astrazeneca, BMS, Boehringer Ingelheim, Celgene International, Debiopharm International SA, Eisai,
Exelixis inc, Hoffmann-La Roche Ltd., IRX Therapeutics Inc., Medpace Inc., Merck–Serono, MSD,
Novartis, Pfizer, Roche; receipt of honoraria or consultation fees from Astrazeneca, Bayer, BMS, Eisai,
MSD, Merck–Serono, Boehringer Ingelheim, Novartis, Roche, Debiopharm International SA, Sobi,
Ipsen, Incyte Biosciences Italy srl, Doxa Pharma, Amgen, Nanobiotics Sa and GSK. Laura Deborah
Locati reports grant and other financial relationship with Eisai, Ipsen, Merck Serono, MSD, BMS;
Lilly. Carlo Resteghini reports honoraria from SunPharma. The remaining authors declare no conflict
of interest.

References
1. Mariz, B.A.L.A.; Kowalski, L.P.; William, W.N.; de Castro, G.; Chaves, A.L.F.; Santos, M.; de Oliveira, T.B.; Araújo, A.L.D.;

Normando, A.G.C.; Ribeiro, A.C.P.; et al. Global prevalence of human papillomavirus-driven oropharyngeal squamous cell
carcinoma following the ASCO guidelines: A systematic review and meta-analysis. Crit. Rev. Oncol. Hematol. 2020, 156, 103116.
[CrossRef]

2. Stjernstrøm, K.D.; Jensen, J.S.; Jakobsen, K.K.; Grønhøj, C.; von Buchwald, C. Current status of human papillomavirus positivity
in oropharyngeal squamous cell carcinoma in Europe: A systematic review. Acta Otolaryngol. 2019, 139, 1112–1116. [CrossRef]
[PubMed]

3. Argirion, I.; Zarins, K.R.; Ruterbusch, J.J.; Vatanasapt, P.; Sriplung, H.; Seymour, E.K.; Rozek, L.S. Increasing incidence of
Epstein-Barr virus–related nasopharyngeal carcinoma in the United States. Cancer 2020, 126, 121–130. [CrossRef] [PubMed]

4. Bossi, P.; Chan, A.T.; Licitra, L.; Trama, A.; Orlandi, E.; Hui, E.P.; Halámková, J.; Mattheis, S.; Baujat, B.; Hardillo, J.; et al.
Nasopharyngeal carcinoma: ESMO-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol.
2021, 32, 452–465. [CrossRef] [PubMed]

5. Chen, Y.P.; Chan, A.T.C.; Le, Q.T.; Blanchard, P.; Sun, Y.; Ma, J. Nasopharyngeal carcinoma. Lancet 2019, 394, 64–80. [CrossRef]
[PubMed]

6. Jin, Y.N.; Zhang, W.J.; Cai, X.Y.; Li, M.S.; Lawrence, W.R.; Wang, S.Y.; Mai, D.M.; Du, Y.Y.; Luo, D.H.; Mo, H.Y. The character-
istics and survival outcomes in patients aged 70 years and older with nasopharyngeal carcinoma in the intensity-modulated
radiotherapy era. Cancer Res. Treat. 2019, 51, 34–42. [CrossRef] [PubMed]

7. Zhang, Y.; Fakhry, C.; D′Souza, G. Projected Association of Human Papillomavirus Vaccination with Oropharynx Cancer
Incidence in the US, 2020–2045. JAMA Oncol. 2021, 7, e212907. [CrossRef]

8. Dickstein, D.R.; Egerman, M.A.; Bui, A.H.; Doucette, J.T.; Sharma, S.; Liu, J.; Gupta, V.; Miles, B.A.; Genden, E.; Westra, W.H.; et al.
A new face of the HPV epidemic: Oropharyngeal cancer in the elderly. Oral Oncol. 2020, 109, 104687. [CrossRef]

9. Windon, M.J.; D′Souza, G.; Rettig, E.M.; Westra, W.H.; van Zante, A.; Wang, S.J.; Ryan, W.R.; Mydlarz, W.K.; Ha, P.K.;
Miles, B.A.; et al. Increasing prevalence of human papillomavirus–positive oropharyngeal cancers among older adults. Cancer
2018, 124, 2993–2999. [CrossRef]

10. Caparrotti, F.; O′Sullivan, B.; Bratman, S.V.; Ringash, J.; Lu, L.; Bayley, A.; Cho, J.; Giuliani, M.; Hope, A.; Kim, J.; et al. Exploring
the Impact of Human Papillomavirus Status, Comorbidity, Polypharmacy, and Treatment Intensity on Outcome of Elderly
Oropharyngeal Cancer Patients Treated with Radiation Therapy with or Without Chemotherapy. Int. J. Radiat. Oncol. Biol. Phys.
2017, 98, 858–867. [CrossRef]

11. Chidambaram, S.; Hong, S.A.; Simpson, M.C.; Osazuwa-Peters, N.; Ward, G.M.; Massa, S.T. Temporal trends in oropharyngeal
cancer incidence, survival, and cancer-directed surgery among elderly Americans. Oral Oncol. 2022, 134, 106132. [CrossRef]
[PubMed]

12. Porceddu, S.V.; Haddad, R.I. Management of elderly patients with locoregionally confined head and neck cancer. Lancet Oncol.
2017, 18, e274–e283. [CrossRef] [PubMed]

13. Orlandi, E.; Tomatis, S.; Potepan, P.; Bossi, P.; Mongioj, V.; Carrara, M.; Palazzi, M.; Franceschini, M.; Bergamini, C.; Locati, L.; et al.
Critical analysis of locoregional failures following intensity-modulated radiotherapy for nasopharyngeal carcinoma. Futur. Oncol.
2013, 9, 103–114. [CrossRef] [PubMed]

14. Iacovelli, N.A.; Cicchetti, A.; Cavallo, A.; Alfieri, S.; Locati, L.; Ivaldi, E.; Ingargiola, R.; Romanello, D.A.; Bossi, P.; Cavalieri, S.; et al.
Role of IMRT/VMAT-Based Dose and Volume Parameters in Predicting 5-Year Local Control and Survival in Nasopharyngeal
Cancer Patients. Front. Oncol. 2020, 10, 518110. [CrossRef] [PubMed]

15. Spreafico, A.; Huang, S.H.; Xu, W.; Granata, R.; Liu, C.S.; Waldron, J.N.; Chen, E.; Ringash, J.; Bayley, A.; Chan, K.K.W.; et al.
Impact of cisplatin dose intensity on human papillomavirus-related and -unrelated locally advanced head and neck squamous
cell carcinoma. Eur. J. Cancer 2016, 67, 174–182. [CrossRef]

16. NCCN. Clinical Practice Guidelines in Oncology—Head and Neck Cancers. 2020. Available online: https://www.nccn.org/
professionals/physician_gls/pdf/head-and-neck.pdf (accessed on 15 January 2021).

http://doi.org/10.1016/j.critrevonc.2020.103116
http://doi.org/10.1080/00016489.2019.1669820
http://www.ncbi.nlm.nih.gov/pubmed/31560260
http://doi.org/10.1002/cncr.32517
http://www.ncbi.nlm.nih.gov/pubmed/31524955
http://doi.org/10.1016/j.annonc.2020.12.007
http://www.ncbi.nlm.nih.gov/pubmed/33358989
http://doi.org/10.1016/S0140-6736(19)30956-0
http://www.ncbi.nlm.nih.gov/pubmed/31178151
http://doi.org/10.4143/crt.2017.551
http://www.ncbi.nlm.nih.gov/pubmed/29409313
http://doi.org/10.1001/jamaoncol.2021.2907
http://doi.org/10.1016/j.oraloncology.2020.104687
http://doi.org/10.1002/cncr.31385
http://doi.org/10.1016/j.ijrobp.2016.11.044
http://doi.org/10.1016/j.oraloncology.2022.106132
http://www.ncbi.nlm.nih.gov/pubmed/36191478
http://doi.org/10.1016/S1470-2045(17)30229-2
http://www.ncbi.nlm.nih.gov/pubmed/28456589
http://doi.org/10.2217/fon.12.166
http://www.ncbi.nlm.nih.gov/pubmed/23252567
http://doi.org/10.3389/fonc.2020.518110
http://www.ncbi.nlm.nih.gov/pubmed/33072562
http://doi.org/10.1016/j.ejca.2016.08.013
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf


Cancers 2022, 14, 6170 11 of 12

17. Granata, R.; Miceli, R.; Orlandi, E.; Perrone, F.; Cortelazzi, B.; Franceschini, M.; Locati, L.D.; Bossi, P.; Bergamini, C.;
Mirabile, A.; et al. Tumor stage, human papillomavirus and smoking status affect the survival of patients with oropharyngeal
cancer: An Italian validation study. Ann. Oncol. 2012, 23, 1832–1837. [CrossRef]

18. Haddad, R.; O′Neill, A.; Rabinowits, G.; Tishler, R.; Khuri, F.; Adkins, D.; Clark, J.; Sarlis, N.; Lorch, J.; Beitler, J.J.; et al. Induction
chemotherapy followed by concurrent chemoradiotherapy (sequential chemoradiotherapy) versus concurrent chemoradiotherapy
alone in locally advanced head and neck cancer (PARADIGM): A randomised phase 3 trial. Lancet Oncol. 2013, 14, 257–264.
[CrossRef]

19. Cohen, E.E.W.; Karrison, T.G.; Kocherginsky, M.; Mueller, J.; Egan, R.; Huang, C.H.; Brockstein, B.E.; Agulnik, M.B.; Mittal, B.B.;
Yunus, F.; et al. Phase III randomized trial of induction chemotherapy in patients with N2 or N3 locally advanced head and neck
cancer. J. Clin. Oncol. 2014, 32, 2735–2743. [CrossRef]

20. Ribassin-Majed, L.; Marguet, S.; Lee, A.W.M.; Ng, W.T.; Ma, J.; Chan, A.T.C.; Huang, P.Y.; Zhu, G.; Chua, D.T.T.; Chen, Y.; et al.
What is the best treatment of locally advanced nasopharyngeal carcinoma? An individual patient data network meta-analysis.
J. Clin. Oncol. 2017, 35, 498–505. [CrossRef]

21. Machiels, J.P.; Leemans, C.R.; Golusinski, W.; Grau, C.; Licitra, L.; Gregoire, V. Squamous cell carcinoma of the oral cavity, larynx,
oropharynx and hypopharynx: EHNS–ESMO–ESTRO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann.
Oncol. 2020, 31, 1462–1475. [CrossRef]

22. Hájek, J.; Šidák, Z.; Sen, P. Theory of Rank Tests, 2nd ed.; Academic Press: San Diego, CA, USA, 1999; ISBN 9780126423501.
23. Hollander, M.; Wolfe, D.A.; Chicken, E. Nonparametric Statistical Methods, 3rd ed.; John Wiley & Sons: Chichester, UK, 1973;

ISBN 978-0-470-38737-5.
24. Freeman, G.; Halton, J. Note on an exact treatment of contingency, goodness of fit and other problems of significance. Biometrika

1951, 38, 141–149. [CrossRef] [PubMed]
25. Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple Testing.

J. R. Stat. Soc. 1995, 57, 289–300. [CrossRef]
26. Durrleman, S.; Simon, R. Flexible regression models with cubic splines. Stat. Med. 1989, 8, 551–561. [CrossRef] [PubMed]
27. The R Project for Statistical Computing. Available online: https://www.r-project.org/ (accessed on 15 January 2021).
28. Lugo, A.; La Vecchia, C.; Boccia, S.; Murisic, B.; Gallus, S. Patterns of smoking prevalence among the elderly in Europe. Int. J.

Environ. Res. Public Health 2013, 10, 4418–4431. [CrossRef] [PubMed]
29. Karlamangla, A.S.; Tinetti, M.; Guralnik, J.; Studenski, S.; Wetle, T.; Reuben, D. Comorbidity in older adults: Nosology of

impairment, diseases, and conditions. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2007, 62, 296–300. [CrossRef]
30. Kojima, G.; Iliffe, S.; Jivraj, S.; Liljas, A.; Walters, K. Does current smoking predict future frailty? The English longitudinal study

of ageing. Age Ageing 2018, 47, 126–131. [CrossRef]
31. Rose, B.S.; Jeong, J.H.; Nath, S.K.; Lu, S.M.; Mell, L.K. Population-based study of competing mortality in head and neck cancer.

J. Clin. Oncol. 2011, 29, 3503–3509. [CrossRef]
32. Mell, L.K.; Dignam, J.J.; Salama, J.K.; Cohen, E.E.W.; Polite, B.N.; Dandekar, V.; Bhate, A.D.; Witt, M.E.; Haraf, D.J.;

Mittal, B.B.; et al. Predictors of competing mortality in advanced head and neck cancer. J. Clin. Oncol. 2010, 28, 15–20. [CrossRef]
33. Shen, W.; Sakamoto, N.; Yang, L. Cancer-Specific Mortality and Competing Mortality in Patients with Head and Neck Squamous

Cell Carcinoma: A Competing Risk Analysis. Ann. Surg. Oncol. 2015, 22, 264–271. [CrossRef]
34. Pottel, L.; Lycke, M.; Boterberg, T.; Pottel, H.; Goethals, L.; Duprez, F.; Van Den Noortgate, N.; De Neve, W.; Rottey, S.;

Geldhof, K.; et al. Serial comprehensive geriatric assessment in elderly head and neck cancer patients undergoing curative
radiotherapy identifies evolution of multidimensional health problems and is indicative of quality of life. Eur. J. Cancer Care 2014,
23, 401–412. [CrossRef]

35. Gillison, M.L. Evidence for a Causal Association between Human Papillomavirus and a Subset of Head and Neck Cancers. J. Natl.
Cancer Inst. 2000, 92, 709–720. [CrossRef]

36. Wu, Q.; Wang, M.; Liu, Y.; Wang, X.; Li, Y.; Hu, X.; Qiu, Y.; Liang, W.; Wei, Y.; Zhong, Y. HPV Positive Status Is a Favorable
Prognostic Factor in Non-Nasopharyngeal Head and Neck Squamous Cell Carcinoma Patients: A Retrospective Study From the
Surveillance, Epidemiology, and End Results Database. Front. Oncol. 2021, 11, 3804. [CrossRef]

37. 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] [PubMed]

38. Leemans, C.R.; Snijders, P.J.F.; Brakenhoff, R.H. The molecular landscape of head and neck cancer. Nat. Rev. Cancer 2018,
18, 269–282. [CrossRef] [PubMed]

39. Zhang, L.L.; Xu, F.; Song, D.; Huang, M.Y.; Huang, Y.S.; Deng, Q.L.; Li, Y.Y.; Shao, J.Y. Development of a Nomogram Model for
Treatment of Nonmetastatic Nasopharyngeal Carcinoma. JAMA Netw. Open 2020, 3, e2029882. [CrossRef] [PubMed]

40. Cadoni, G.; Giraldi, L.; Petrelli, L.; Pandolfini, M.; Giuliani, M.; Paludetti, G.; Pastorino, R.; Leoncini, E.; Arzani, D.;
Almadori, G.; et al. Fattori prognostici del tumore testa-collo: Un’analisi retrospettiva monocentrica di 10 anni. Acta Otorhino-
laryngol. Ital. 2017, 37, 458–466. [CrossRef] [PubMed]

41. Van der Walde, N.A.; Fleming, M.; Weiss, J.; Chera, B.S. Treatment of Older Patients with Head and Neck Cancer: A Review.
Oncologist 2013, 18, 568–578. [CrossRef]

http://doi.org/10.1093/annonc/mdr544
http://doi.org/10.1016/S1470-2045(13)70011-1
http://doi.org/10.1200/JCO.2013.54.6309
http://doi.org/10.1200/JCO.2016.67.4119
http://doi.org/10.1016/j.annonc.2020.07.011
http://doi.org/10.1093/biomet/38.1-2.141
http://www.ncbi.nlm.nih.gov/pubmed/14848119
http://doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://doi.org/10.1002/sim.4780080504
http://www.ncbi.nlm.nih.gov/pubmed/2657958
https://www.r-project.org/
http://doi.org/10.3390/ijerph10094418
http://www.ncbi.nlm.nih.gov/pubmed/24048208
http://doi.org/10.1093/gerona/62.3.296
http://doi.org/10.1093/ageing/afx136
http://doi.org/10.1200/JCO.2011.35.7301
http://doi.org/10.1200/JCO.2008.20.9288
http://doi.org/10.1245/s10434-014-3951-8
http://doi.org/10.1111/ecc.12179
http://doi.org/10.1093/jnci/92.9.709
http://doi.org/10.3389/fonc.2021.688615
http://doi.org/10.1056/NEJMoa0912217
http://www.ncbi.nlm.nih.gov/pubmed/20530316
http://doi.org/10.1038/nrc.2018.11
http://www.ncbi.nlm.nih.gov/pubmed/29497144
http://doi.org/10.1001/jamanetworkopen.2020.29882
http://www.ncbi.nlm.nih.gov/pubmed/33306119
http://doi.org/10.14639/0392-100X-1246
http://www.ncbi.nlm.nih.gov/pubmed/28663597
http://doi.org/10.1634/theoncologist.2012-0427


Cancers 2022, 14, 6170 12 of 12

42. Xiao, G.; Cao, Y.; Qiu, X.; Wang, W.; Wang, Y. Influence of gender and age on the survival of patients with nasopharyngeal
carcinoma. BMC Cancer 2013, 13, 226. [CrossRef]

43. Tian, Y.M.; Tian, Y.H.; Zeng, L.; Liu, S.; Guan, Y.; Lu, T.X.; Han, F. Prognostic model for survival of local recurrent nasopharyngeal
carcinoma with intensity-modulated radiotherapy. Br. J. Cancer 2014, 110, 297–303. [CrossRef]

44. Xie, J.D.; Chen, F.; He, Y.X.; Di Chen, X.; Zhang, G.Y.; Li, Z.K.; Hong, J.; Xie, D.; Cai, M.Y. Old age at diagnosis increases risk of
tumor progression in nasopharyngeal cancer. Oncotarget 2016, 7, 66170–66181. [CrossRef]

45. Straetmans, J.M.; Stuut, M.; Lacko, M.; Hoebers, F.; Speel, E.J.M.; Kremer, B. Additional parameters to improve the prognostic
value of the 8th edition of the UICC classification for human papillomavirus-related oropharyngeal tumors. Head Neck 2022,
44, 1799–1815. [CrossRef] [PubMed]

46. Huang, S.H.; Xu, W.; Waldron, J.; Siu, L.; Shen, X.; Tong, L.; Ringash, J.; Bayley, A.; Kim, J.; Hope, A.; et al. Refining American joint
committee on cancer/union for international cancer control TNM stage and prognostic groups for human papillomavirus-related
oropharyngeal carcinomas. J. Clin. Oncol. 2015, 33, 836–845. [CrossRef] [PubMed]

47. Chua, M.L.K.; Wee, J.T.S.; Hui, E.P.; Chan, A.T.C. Nasopharyngeal carcinoma. Lancet 2016, 387, 1012–1024. [CrossRef] [PubMed]
48. Zhang, L.-N.; Qiu, X.-S.; OuYang, P.-Y.; Xiao, Y.; Lan, X.-W.; Deng, W.; Xie, F.-Y.; Wang, X.-C.; Zhang, L.-N.; Qiu, X.-S.; et al. Age at

diagnosis indicated poor prognosis in locoregionally advanced nasopharyngeal carcinoma. Oncotarget 2016, 5. [CrossRef]
49. Li, W.; Lu, H.; Wang, H.; Zhang, H.; Sun, X.; Hu, L.; Zhao, W.; Gu, Y.; Li, H.; Wang, D. Salvage Endoscopic Nasopharyngectomy

in Recurrent Nasopharyngeal Carcinoma: Prognostic Factors and Treatment Outcomes. Am. J. Rhinol. Allergy 2021, 35, 458–466.
[CrossRef]

50. Hu, J.; Huang, Q.; Gao, J.; Guan, X.; Hu, W.; Yang, J.; Qiu, X.; Chen, M.; Kong, L.; Lu, J.J. Clinical outcomes of carbon-ion
radiotherapy for patients with locoregionally recurrent nasopharyngeal carcinoma. Cancer 2020, 126, 5173–5183. [CrossRef]

51. Garcia, M.V.; Agar, M.R.; Soo, W.-K.; To, T.; Phillips, J.L. Screening Tools for Identifying Older Adults with Cancer Who May
Benefit from a Geriatric Assessment. JAMA Oncol. 2021, 7, 616–627. [CrossRef]

52. Hurria, A.; Gupta, S.; Zauderer, M.; Zuckerman, E.L.; Cohen, H.J.; Muss, H.; Rodin, M.; Panageas, K.S.; Holland, J.C.; Saltz, L.; et al.
Developing a cancer-specific geriatric assessment: A feasibility study. Cancer 2005, 104, 1998–2005. [CrossRef]

53. Bahig, H.; Fortin, B.; Alizadeh, M.; Lambert, L.; Filion, E.; Guertin, L.; Ayad, T.; Christopoulos, A.; Bissada, E.; Soulières, D.; et al.
Predictive factors of survival and treatment tolerance in older patients treated with chemotherapy and radiotherapy for locally
advanced head and neck cancer. Oral Oncol. 2015, 51, 521–528. [CrossRef]

54. Wen, Y.F.; Sun, X.S.; Yuan, L.; Zeng, L.S.; Guo, S.S.; Liu, L.T.; Lin, C.; Xie, H.J.; Liu, S.L.; Li, X.Y.; et al. The impact of adult
comorbidity evaluation-27 on the clinical outcome of elderly nasopharyngeal carcinoma patients treated with chemoradiotherapy
or radiotherapy: A matched cohort analysis. J. Cancer 2019, 10, 5614–5621. [CrossRef]

http://doi.org/10.1186/1471-2407-13-226
http://doi.org/10.1038/bjc.2013.715
http://doi.org/10.18632/oncotarget.10818
http://doi.org/10.1002/hed.27084
http://www.ncbi.nlm.nih.gov/pubmed/35579041
http://doi.org/10.1200/JCO.2014.58.6412
http://www.ncbi.nlm.nih.gov/pubmed/25667292
http://doi.org/10.1016/S0140-6736(15)00055-0
http://www.ncbi.nlm.nih.gov/pubmed/26321262
http://doi.org/10.18632/oncotarget.12544
http://doi.org/10.1177/1945892420964054
http://doi.org/10.1002/cncr.33197
http://doi.org/10.1001/jamaoncol.2020.6736
http://doi.org/10.1002/cncr.21422
http://doi.org/10.1016/j.oraloncology.2015.02.097
http://doi.org/10.7150/jca.35311

	Introduction 
	Materials and Methods 
	Study Population 
	Treatment 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Treatments 
	Disease-Free Survival and Overall Survival 

	Discussion 
	Conclusions 
	References

