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Background: The prognostic value of hypertension remains unknown in nasopharyngeal carcinoma (NPC)
treated with intensity-modulated radiation therapy (IMRT). In this study, we aimed to develop hypertension as
a prognostic signature for improving the clinical outcome of non-metastatic NPC patients treated with IMRT.
Methods: A clinical cohort, comprising 1,057 patients with non-metastatic, histologically proven, NPC
who were treated with IMRT were retrospectively reviewed. Associations between hypertension and overall
survival (OS), progression-free survival (PFS), locoregional relapse-free survival (LRRES), and distant
metastasis-free survival (DMFS) were estimated by Cox regression. A subgroup analysis of the relationship
between hypertension grade and NPC prognosis was also conducted.

Results: Among the 1057 patients, 94 (8.9%) had hypertension. Significant differences were observed
between patients with hypertension and patients without hypertension in relation to OS (66.6% vs. 85.4%;
P<0.0001), PES (60.8% wvs. 76.3%; P=0.001), LRRFS (85.3% vs. 90.5%; P=0.024), and DMFS (77.4% uvs.
85.1%; P=0.048), and patients without hypertension had greater treatment success rates. The Cox analysis
showed that hypertension was an independent unfavorable prognostic factor for OS [hazards ratio (HR),
2.056; P=0.001], PFS (HR, 1.716; P=0.005), and DMFS (HR, 1.658; P=0.049). The patients with more
severe levels of hypertension had worse OS and LRRFS. Specifically, the 5-year OS and LRRFS for grades 1,
2, and 3 were 70.6%, 64.3%, and 62.4% (P=0.712), and 89.5%, 86.4%, and 76.1% (P=0.376), respectively.
Conclusions: Hypertension is an independent adverse prognostic factor in NPC patients treated with
IMRT. The question of whether the severity of hypertension affects prognosis needs to be further verified by

large sample data.
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Introduction proximity to the skull base, but has high radiosensitivity.

Nasopharyngeal carcinoma (NPC) is endemic in certain Radiation therapy remains the mainstay treatment

regions, especially in southern China and Southeast modality for locoregionally confined stages of NPC, and
Asia (1). The annual incidence of NPC is 15-50 cases the tumor, nodes, and metastases (TNM) staging system is

per 100,000 people (2). NPC is unresectable due to its the most reliable method for guiding treatment decisions
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and predicting prognosis. However, the TNM staging
system chiefly classifies the extent of the disease based on
anatomical information, and is inadequate for assessments of
prognosis (3). Thus, it would be of great clinical value to
identify novel prognostic indicators to improve outcome
prediction and optimize the treatment of patients with NPC.

With an occurrence rate of 37%, hypertension has been
reported to be the most common comorbidity encountered
in patients with tumors (4). Many studies have suggested
that hypertension is associated with an increased risk of
cancer, such as renal cell carcinoma (5), breast cancer (6),
and urinary bladder cancer (7). In addition, renal cancer (8),
pancreatic cancer (9), and esophageal cancer patients (10)
with hypertension have poorer prognoses than normotensive
patients.

To the best of our knowledge, only 1 study has examined
the association between hypertension and the survival
of NPC patients (11), and that study population covered
both non-metastatic and metastatic NPC patients. As
the biological behaviors and therapeutic principles are
obviously different between these 2 groups, it is reasonable
to discuss the prognostic indicators separately. Further, it
is well known that intensity-modulated radiation therapy
(IMRT) provides excellent local control and is now a
mainstream radiation therapy (12). However, the prognostic
value of hypertension in NPC patients treated with IMRT
is unclear. Thus, in this study, we conducted a retrospective
analysis of existing patient data to evaluate the prognostic
effect of hypertension on the outcome of non-metastatic
NPC patients treated with IMRT. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/atm-21-3130).

Methods
Patient cobort

We reviewed the medical records of all patients with NPC
treated with IMRT at The Affiliated Cancer Hospital
and Institute of Guangzhou Medical University between
February 2010 and October 2016. All newly diagnosed
patients who had been histologically confirmed to have
this non-metastatic disease were included in this study.
Ultimately, 1,057 patients were enrolled in this study. All
the patients underwent a physical examination, fiberoptic
examination, chest X-ray, abdominal ultrasonography,
magnetic resonance imaging (MRI) of the neck and
nasopharynx, and a whole-body bone scan using single-
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photon emission computed tomography (SPECT) before
treatment. The medical records and imaging studies were
analyzed retrospectively, and all patients were restaged
according to the 8th edition of the Union for International
Cancer Control/American Joint Committee on Cancer
staging system for NPC. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was reviewed and approved by the Ethics
Committee of The Affiliated Cancer Hospital & Institute
of Guangzhou Medical University (No. 2020-73), and

individual consent for this retrospective analysis was waived.

Hypertension assessment

All patient medical records were thoroughly reviewed.
In our study, patients were diagnosed with pre-treatment
hypertension if they had an average systolic blood pressure
(SBP) >140 mmHg, and/or diastolic blood pressure
(DBP) 290 mmHg (measured 3 times on different days)
and were not being treated with antihypertensive drugs,
or if they had a history of hypertension or were receiving
antihypertension medication treatment. Hypertension was
categorized as Grade 1 (BP >140/90 mmHg), Grade 2 (BP
>160/100 mmHg), or Grade 3 (BP >180/110 mmHg).

Treatment

Radiotherapy

All patients were treated with definitive IMRT at The
Affiliated Cancer Hospital and Institute of Guangzhou
Medical University. A high-resolution planning computed
tomography (CT) scan with contrast was taken from the
vertex down to 2 cm below the sternoclavicular joint.
The target volumes were delineated in accordance with
the International Commission on Radiation Units and
Measurements reports 50 and 62. The planning target
volumes (PTVs) and planning organs at risk volumes
(PRVs) were generated by adding a margin of 3 mm to the
respective clinical target volumes (CTVs) and corresponding
structures, such as the spinal cord and brainstem. The
prescribed dose was 68-70 Gy to the PTV of the gross
tumor volume of the primary (GTV-P), 64-66 Gy
to the PTV of the nodal gross tumor volume (GTV-N),
60-66 Gy to the PTV of the clinical target volume-1
(CTV-1; i.e., high-risk regions), and 54-56 Gy to the PTV
of the CTV-2 (i.e., low-risk regions) and CTV-N (i.e., neck
nodal regions) in 30-33 fractions. All targets were treated
simultaneously using the simultaneous integrated boost
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technique. The irradiation was delivered once daily, 5 days
per week.

Chemotherapy

The institutional guidelines recommend no chemotherapy
for patients in the early stage, and induction, concurrent
and adjuvant chemotherapy or combined treatment for
those in the locoregionally advanced stage. Induction
or adjuvant chemotherapy consisted of platinum with
S-fluorouracil, platinum with taxane, or triplet therapy with
platinum and 5-fluorouracil plus taxane every 3 weeks for 1
to 3 cycles. Concurrent chemotherapy consisted of platinum
administered weekly or in weeks 1, 4, and 7 of radiotherapy.
Deviation from the institutional guidelines occurred as a
result of organ dysfunction, treatment intolerance, and/or
patient refusal.

Follow-up period

The follow-up period was calculated from the first day of
treatment to either the day of death or the day of the last
examination. Each patient was assessed every 3 months
during the first 2 years, and every 6 months for 3-5 years
after radiotherapy. Endoscopy, CT, or MRI scans of the
head and neck were performed every 3 months during the
first year and annually for 2-5 years.

Statistical analysis

Statistical Package for Social Sciences version 22 (SPSS Inc.,
Chicago, IL, USA) was used for the analysis. The following
endpoints were assessed: overall survival (OS), which was
defined as the time from treatment to death resulting from
any cause; progression-free survival (PFS), which was
defined as the time from treatment to disease progression
or death resulting from any cause; and locoregional relapse-
free survival (LRRFS) and distant metastasis-free survival
(DMFS), which were defined as the time from treatment
to the first locoregional relapse and distant metastasis,
respectively. Patients with missing data were not included
in this study. Further, 156 (14.8%) patients were lost during
the follow-up period. The data of the patients who were lost
during the follow-up period were treated as censored data.

The baseline characteristics between the hypertensive and
normotensive groups were compared and analyzed using a
chi-square test. The actuarial rates were estimated using the
Kaplan-Meier method, and the differences were compared
using the log-rank test. Multivariate analyses with the

© Annals of Translational Medicine. All rights reserved.

Page 3 of 10

Cox proportional hazards model were used to test the
independent significance of different explanatory variables.
Two-tailed P values <0.05 were considered statistically
significant.

Results
Patients’ baseline characteristics

In total, 94/1,057 patients were found to be hypertensive.
Of the 94 hypertensive patients, 42 (44.7%) had grade 1
hypertension, 30 (31.9%) had grade 2 hypertension, and
22 (23.4%) had grade 3 hypertension. The median follow-
up period for the whole group was 54.1 months (range,
2.9-120.4 months).

The characteristics of the 1,057 NPC patients are
summarized in Table 1. There were no differences between
the 2 groups in terms of the distributions of sex, T
stage, N stage, or clinical stage (P>0.05). However, the
hypertension group had a higher percentage of patients
who were older (P=0.000), and fewer hypertensive patients
received chemotherapy and RT than normotensive patients
(P=0.000).

Failure pattern

The patterns of treatment failure and causes of death
are shown in Tuable 2. Thirteen of 94 patients in the
hypertension group (13.8%) and 78 of 963 patients in
the normotensive group (8.1%) experienced locoregional
failure, and 19 of 94 patients in the hypertension group
(20.2%) and 134 of 963 patients in the normotensive group
(24.3%) developed distant metastases. Additionally, 31 of
94 patients in the hypertension group (33.0%) and 134 of
963 patients in the normotensive group (13.9%) died; the
majority of deaths (74.2% and 85.8%, respectively) were
attributed to NPC. No significant difference was found
in relation to the percentage of non-cancer-related deaths
between hypertensive and normotensive patients (25.8% vs.
14.2%; P=0.115; see Table 2).

Prognostic value of bypertension in patients with NPC

For the entire patient population, the 5-year OS, PFS,
LRRFS, and DMFS rates were 83.8%, 74.9%, 90.0%,
and 84.5%, respectively. The treatment outcomes
for normotensive and hypertensive patients were also
compared. Significant differences were observed between
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Table 1 Baseline characteristics of NPC patients with and without hypertension

Characteristics Without hypertension, No. (%) With hypertension, No. (%) P
Total 963 94
Age 0.000
<50 577 (59.9) 19 (20.2)
>50 386 (40.1) 75 (79.8)
Gender 0.308
Male 690 (71.7) 72 (76.6)
Female 273 (28.3) 22 (23.4)
T stage” 0.889
T, 166 (17.2) 18 (19.1)
T, 134 (13.9) 15 (16.0)
T, 520 (54.0) 48 (51.1)
T, 143 (14.9) 13 (13.8)
N stage” 0.252
No 114 (11.8) 16 (17.0)
N, 552 (57.3) 57 (60.7)
N, 227 (23.6) 16 (17.0)
N 70 (7.3) 5(5.3)
Clinical stage* 0.190
=l 219 (22.7) 27 (28.8)
-1V 744 (77.3) 67 (71.2)
Chemotherapy 0.000
No 41 (4.3) 14 (14.9)
Yes 922 (95.7) 80 (85.1)

*, according to the 8th edition of the Union for International Cancer Control/American Joint Committee on Cancer staging system. NPC,

nasopharyngeal carcinoma.

patients with and patients without hypertension in
relation to OS (66.6% vs. 85.4%, respectively; P<0.0001),
PES (60.8% vs. 76.3%, respectively; P=0.001), LRRFS
(85.3% wvs. 90.5%, respectively; P=0.024), and DMFS
(77.4% wvs. 85.1%, respectively; P=0.048). Patients without
hypertension had greater treatment success rates than those
with hypertension (see Figure 1 and Table 3).

A multivariate analysis using a Cox proportional hazards
model was conducted to adjust for various prognostic
factors, including the following known important prognostic
variables: age (<50 vs. 250 years), gender (male vs. female), T
classification, N classification, chemotherapy (yes vs. no) and
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hypertension. Hypertension was identified as an independent
unfavorable prognostic factor for OS [hazards ratio (HR),
2.056; 95% confidence interval (95% CI), 1.336-3.163;
P=0.001], PFS (HR, 1.716; 95% CI, 1.175-2.508; P=0.005),
and DMFS (HR, 1.658; 95% CI, 1.003-2.739; P=0.049).
Hypertensive patients also had an increased risk of local
relapse compared to normotensive patients. This difference
was marginally statistically significant (HR, 1.834; 95% CI,
0.989-3.400; P=0.054). Both advanced T classification and
advanced N classification were associated with an increased
risk of death, disease progression and distant metastasis in
the entire cohort (see Tiable 4).
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Table 2 Patterns of treatment failure and causes of death for patients with and without hypertension
Failure pattern Without hypertension, No. (%) With hypertension, No. (%) P
Local only 41 (21.5) 4(14.8) 0.586
Local + regional 22.1) 0(0.0) 1.000
Local + distant 8 (4.2 3(11.1) 0.285
Local + regional + distant 2(1.0) 0 (0.0) 0.466
Regional only 14 (7.3) 4 (14.8) 0.343
Regional + distant 11 (5.8) 2(7.4) 1.000
Distant only 113 (59.2) 14 (51.9) 0.471
Total locoregional 78 (40.8) 13 (48.1) 0.471
Total distant 134 (70.2) 19 (70.4) 0.982
Total failure 191 27
Causes of death 0.115

Cancer 115 (85.8) 23 (74.2)

Non-cancer 19 (14.2) 8 (25.8)

Total 134 31
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Figure 1 Kaplan-Meier survival curves analysis in nasopharyngeal carcinoma patients with or without hypertension. (A) OS; (B) PFS; (C)
LRRFS; and (D) DMEFS. OS, overall survival; PES, progression-free survival; LRRFS, locoregional relapse-free survival; DMFS, distant

metastasis-free survival.
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5-year OS 5-year PFS 5-year LRRFS 5-year DMFS

Factor n

OS (%) x? P PFS (%) 12 P LRFS (%) e P DMFS (%) 12 P
Sex 0.527 0.680 1.089 0.297 0.108 0.742 4.216 0.040
Male 762 83.5 741 90.3 82.9
Female 295 84.3 77.0 89.3 88.6
Age 35.129 0.000 14.019 0.000 2.978 0.084 3.485 0.062
<50 596 89.9 79.0 90.8 86.3
>50 461 75.6 69.8 89.3 82.0
Hypertension 21.194 0.000 11.357 0.001 5.079 0.024 3.895 0.048
No 963 85.4 76.3 90.5 85.1
Yes 94 66.6 60.8 85.3 77.4
T 21.977 0.000 9.812 0.002 0.511 0.475 5.642 0.018
T, 333 92.2 81.1 91.1 88.2
Tss 724 79.6 72.0 89.5 82.7
N 21.868 0.000 22.214 0.000 3.542 0.060 29.093 0.000
No-1 739 87.3 79.0 91.4 88.3
N5 318 75.2 65.5 86.5 75.7
Stage 23.753 0.000 10.718 0.001 0.967 0.325 9.688 0.002
-1 246 94.6 82.6 91.7 90.7
Ni-1v 811 80.2 72.6 89.5 82.5
Chemotherapy 6.009 0.014 2.036 0.154 0.677 0.411 0.042 0.837
No 55 73.4 68.3 87.6 85.9
Yes 1,002 84.3 75.3 90.2 84.4

NPC, nasopharyngeal carcinoma; OS, overall survival; PFS, progression-free survival; LRRFS, locoregional relapse-free survival; DMFS,

distant metastasis-free survival.

Prognostic value of the grade of hypertension

Figure 2 shows the OS, PFS, LRRFS, and DMFS curves
for the hypertension groups with different grades of
hypertension. In relation to the 94 NPC patients with
hypertension, patients with more severe grades of
hypertension had worse OS and LRRFS. Their 5-year OS
and LRREFS for grade 1, 2, and 3 were 70.6%, 64.3%, and
62.4% (P=0.712), and 89.5%, 86.4%, and 76.1% (P=0.376),
respectively; however, the difference was not statistically
significant.

Discussion

To our knowledge, this is the largest and most detailed

© Annals of Translational Medicine. All rights reserved.

study undertaken to evaluate the effects of hypertension
on the prognosis of non-metastatic NPC patients treated
with IMRT. We found that hypertension was associated
with a significant increase in the risk of death, disease
progress, and distant metastasis in non-metastatic NPC
patients treated with IMRT. Further, these results remained
unchanged after adjusting for known prognostic factors.

In our study, the incidence of hypertension was 8.9%,
which was lower than that of a previous study (17.8%) (11).
A possible explanation for this difference may be the stricter
patient selection criteria employed in the present study
whereby only non-metastatic NPC patients who received
IMRT were included in this study. The hypertensive
patients in our study tended to be elderly and have only
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Table 4 Multivariate analysis of prognostic factors for patients with NPC

Endpoint Variable P HR 95% Cl

0os Age 0.000 2.32 1.63-3.31
Hypertension 0.000 2.20 1.41-3.42
Chemotherapy 0.009 0.47 0.26-0.82
Tiovs. Tay 0.031 2.05 1.07-3.93
Noi vs. Nog 0.000 1.94 1.36-2.78

PFS Age 0.012 1.41 1.08-1.84
Hypertension 0.001 1.94 1.31-2.87
Tiovs. Tay 0.040 1.69 1.02-2.79
Noi vs. Nog 0.000 1.87 1.39-2.51

LRRFS Hypertension 0.021 2.13 1.12-4.03

DMFS Hypertension 0.023 1.82 1.09-3.05
No; vs. Nog 0.000 2.33 1.61-3.38

NPC, nasopharyngeal carcinoma; OS, overall survival; PFS, progression-free survival; LRRFS, locoregional relapse-free survival; DMFS,

distant metastasis-free survival.
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Figure 2 Kaplan-Meier survival curves analysis in hypertension groups with different grades. (A) OS; (B) PFS; (C) LRREFS; and (D) DMFS.
OS, overall survival; PFS, progression-free survival; LRRES, locoregional relapse-free survival; DMFS, distant metastasis-free survival.
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received radiotherapy. This is likely because hypertension is
a kind of comorbidity, and the risk of comorbidity increases
with age, and older people with complications are less able
to receive chemotherapy than the rest of the population.

Various potential mechanisms have been reported to
link hypertension to carcinogenic processes. Chronic
hypoxia and vascular endothelial growth factor (VEGF)
are considered partly responsible for the increased cancer
mortality of patients with hypertension (10,13). It is well
known that hypertension leads to angiosclerosis and artery
stenosis, resulting in insufficient blood supply to tissues and
hypoxia. Hypoxic tumor cells exhibit increased resistance
to radiotherapy, which may result in treatment failure, local
relapse, and metastasis (14,15), especially for NPC, which is
mainly treated by radiation therapy Conversely, VEGF was
found to be increased in hypertensive patients (16), and was
also confirmed to promote tumor angiogenesis (17). Thus,
it is possible that VEGF causes tumor cell proliferation and
metastasis in cancer patients with hypertension. Further,
studies have reported that there is a close relationship
between hypoxia and VEGF expression in tumors and that
hypoxia can induce an increase in VEGF expression (18,19).
Our results indicate that NPC patients with hypertension
had HRs of 2.056, 1.716, and 1.658 for death, disease
progress, and distant metastasis, respectively. Our results are
similar to those reported by other research groups, including
those of Yang et al. (11), who conducted a multivariate
analysis that indicated that hypertension is an independent
risk factor of survival, and results in poorer survival
outcomes in patients with NPC. Similarly, Eytan et a/. (20)
analyzed the effects of hypertension on the survival of head
and neck cancer patients and found a 7-19% increased risk
of cancer mortality in patients with hypertension compared
to patients without hypertension. To date, only 2 studies
(including this study) have reported the poor prognostic
value of hypertension in NPC patients. More research
should be conducted to evaluate the effects of hypertension
on the survival outcomes of NPC patients.

Previous research has reported that the severity of
hypertension can significantly affect prognosis (11). Stocks
et al. (9) found that the risk of cancer mortality increased
with an HR of 1.12 (95% CI, 1.08-1.15) for men and
1.06 (95% CI, 1.02-1.11) for women for every 10 mmHg
increase in hypertension. Harding et a/. (21) also noted
a 23% increased risk for mortality in those with the
highest grade of hypertension compared to those with the
lowest. We examined the effects according to the grades
of hypertension and found that OS and LRRFS decreased

© Annals of Translational Medicine. All rights reserved.
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gradually with an increase in the grades of hypertension,
but the difference was not statistically significant. Further
investigations need to be conducted, as the non-significant
difference in survival in our study seemed to be driven
by the small sample size of cases with different grades of
hypertension among NPC patients.

Previous findings have suggested that B-blockers have
a potentially favorable prognostic role for several tumors
(22,23). Due to the small sample size of the hypertension
group in this study, we did not classify antihypertensive
drugs or analyze the effects of different antihypertensive
drugs on the prognosis of NPC. It remains unclear whether
antihypertensive treatments improve cancer survival because
of the blood pressure-lowering effects alone or because of
additional anticancer mechanisms. Thus, this issue requires
further investigation.

The results of the current study provide the first evidence
of the unfavorable prognostic effect of hypertension on
the prognosis of patients with non-metastatic NPC who
received IMRT. Thus, researchers conducting clinical trials
in patients with NPC should pay attention to the incidence
of hypertension in different treatment arms. High BP can
damage arteries and kidneys, causing stroke, kidney disease
and other illnesses, and may result in a reduced ability to
receive chemotherapy and an increase in non-cancer-related
death rates. It is current practice in the tumor population
to control BP within reasonable limits before antitumor
therapy, which is similar to the treatment approach adopted
for the non-cancer population.

It is well-known that intensity-modulated radiotherapy
(IMRT) provides satisfactory long-term survival for non-
metastasis NPC. Mao ez a/. reported that the 5-years local
relapse-free survival (LRFS), nodal relapse-free survival
(RRFS), DMFS, PFES, and OS rates were 94.6%, 97.0%,
82.6%, 75.1%, and 82.0%, respectively, which were similar
with our research result (24). TNM staging system remains
the main prognostic factors for NPC. Our results showed
that both advanced TNM stage and hypertension was
independent adverse prognostic factor in NPC patients
treated with IMRT. Several studies have showed that
Epstein-Barr virus (EBV) DNA was associated with various
survival outcomes in NPC (25,26). Other biomarkers such
as primary tumor volume, lactate dehydrogenase (LDH)
also have demonstrated their prognostic value and potential
clinical applications in NPC (27,28).

This study had some limitations. First, due to the
retrospective nature of the study, a non-randomized study
design was adopted. However, we attempted to reduce any
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potential bias by conducting univariate and multivariate
analyses. Second, we only focused on patients diagnosed
with hypertension who have not yet received anticancer
treatment. Some patients may have become hypertensive
during the follow-up period, but such patients were not
included in this study, as we could not accurately determine
the reliability of information gathered from outpatient or
telephone follow-up conversations. Third, we did not have
information about the type or dose of antihypertensive
medications that participants were taking, and thus could
not explore the role of specific antihypertensive medications
on prognosis.

Conclusions

In the current study, hypertension was found to be an
independent poor prognostic factor for non-metastatic
NPC patients receiving IMRT. The question of whether
the severity of hypertension affects prognosis needs to be
further verified by large sample data.
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