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Abstract

Purpose
To investigate the prognostic value of hypertension in patients with nasopharyngeal carcinoma (NPC) treated with intensity-modulated
radiation therapy (IMRT).

Methods and Materials:
A total of 1057 patients with nonmetastatic, histologically proven NPC who were treated with IMRT were retrospectively reviewed. Associations
between hypertension and overall survival (OS), loco-regional relapse-free survival (LRRFS) and distant metastasis-free survival (DMFS) were
estimated by Cox regression.

Results
Among 1057 patients, 94 (8.9%) had hypertension. Compared to normotensive patients, the hypertensive patients were generally older, had
higher body fat, were more likely to be alcohol consumers, were more often in the early stage and usually received radiotherapy alone.
Compared to normotension, hypertension was signi�cantly associated with worse OS (hazard ratio (HR), 2.20; 95% con�dence interval (CI),
1.41–3.42; P = 0.000), LRRFS (HR, 2.13; 95% CI, 1.12–4.03; P = 0.021) and DMFS (HR, 1.82; 95% CI, 1.09–3.05; P = 0.023) after adjusting for
covariates. Moreover, the association with OS remained unchanged regardless of smoking, body mass index (BMI), N stage and chemotherapy,
whereas it was limited in the subgroup of patients who were older than 50 years, male, not alcohol consumers, in advanced T stage and in
advanced clinical stage. Compared with treated hypertension, untreated hypertension was associated with increased risks for death (P = 0.221;
HR, 1.88; 95% CI, 0.69–5.15), locoregional recurrence (P = 0.073; HR, 3.29; 95% CI, 0.89–12.09) and distant metastasis (P = 0.640; HR, 1.30; 95%
CI, 0.44–3.83). The patients with more severe levels of hypertension had worse survival and locoregional control, although there was no
statistically signi�cant difference (P > 0.05).

Conclusions
Hypertension is an independent adverse prognostic factor in NPC patients treated with IMRT. The NPC patients with untreated hypertension
had similar survival as those with treated hypertension. The severity of hypertension did not in�uence the prognosis.

Introduction
Nasopharyngeal carcinoma (NPC) is endemic in certain regions, especially in southern China and Southeast Asia [1]. The annual incidence of
NPC is 15–50 cases per 100,000 people [2]. NPC is unresectable due to its proximity to the skull base and high radiosensitivity, so radiation
therapy remains the mainstay treatment modality for locoregionally con�ned stages of NPC, and the TNM staging system is the most reliable
method for guiding treatment decisions and predicting prognosis. However, the TNM staging system classi�es the extent of the disease chie�y
on the basis of anatomical information, and it is inadequate for the assessment of prognosis [3]. Therefore, it is of great clinical value to
identify novel prognostic indicators to improve outcome prediction and optimize the treatment of patients with NPC.

Hypertension has been reported to be the most common comorbidity encountered in patients with tumours, with an occurrence rate of 37% [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 oesophageal cancer patients [10] with hypertension
have poorer prognoses than normotensive patients.

To the best of our knowledge, only one study has reported an association between hypertension and the survival of NPC patients [11], and the
study population covered not only non-metastatic NPC patients but also metastatic patients. Since the biological behaviours and therapeutic
principles were obviously different between these two groups, it is reasonable to discuss the prognostic indicators separately. Furthermore, it is
well known that intensity-modulated radiation therapy (IMRT) provides excellent local control and is now the mainstream radiation therapy
[12]. However, the prognostic value of hypertension in NPC patients treated with IMRT is unclear. Hence, in this report, we conducted a
retrospective analysis of existing patient data to evaluate the prognostic impact of hypertension on the outcome of non-metastatic NPC
patients treated with IMRT.

Materials And Methods



Page 3/12

Patient cohort
We reviewed the medical records of all patients with NPC treated with IMRT at the A�liated Cancer Hospital & Institute of Guangzhou Medical
University between February 2010 and October 2016. We included all patients with newly diagnosed, non-metastatic, histologically con�rmed
disease, and 1057 patients were eventually enrolled in this study. All patients underwent a physical examination, �breoptic examination, chest
X-ray, abdominal ultrasonography, magnetic resonance imaging (MRI) of the neck and nasopharynx, and a whole-body bone scan using single-
photon emission computed tomography (SPECT) prior to treatment. The medical records and imaging studies were analysed 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 reviewed and approved by the ethics committee of the A�liated Cancer Hospital & Institute of
Guangzhou Medical University, and informed consent was obtained from all patients.

Hypertension Assessment
All patient medical records were thoroughly reviewed. In our study, pretreatment hypertension was de�ned as an average systolic blood
pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg measured three times on a different day without the use of
antihypertensive drugs, as well as having a history of hypertension or receiving anti-hypertension medication treatment. Furthermore,
hypertension was categorized as Grade 1 (BP ≥ 140/90 mmHg), Grade 2 (BP ≥ 160/100 mmHg) or Grade 3 (BP ≥ 180/110 mmHg). The
pretreatment hypertension treatment status was also recorded.

Treatment

Radiotherapy
All patients were treated with de�nitive IMRT at the A�liated Cancer Hospital & Institute of Guangzhou Medical University. A high-resolution
planning computed tomography 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 organ 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 gross tumour volume of the primary (GTV-P), 64–66 Gy to the PTV of nodal gross tumour volume (GTV-N), 60–66 Gy to the PTV of
clinical target volume-1 (CTV-1; i.e., high-risk regions), and 54–56 Gy to PTV of 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 technique. The irradiation was
delivered once daily 5 days per week.

Chemotherapy
Institutional guidelines recommended 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 5-
�uorouracil, platinum with taxane or triplet therapy with platinum and 5-�uorouracil plus taxane every 3 weeks for one to three cycles.
Concurrent chemotherapy consisted of platinum given weekly or on 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
The follow-up duration was calculated from the �rst 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 �rst 2 years and every 6 months during years 3–5 after radiotherapy. Endoscopy, computed
tomography or MRI scans of the head and neck were performed every 3 months during the �rst year and annually during years 2–5. The
median follow-up period for the whole group was 54.1 months (range 2.9–120.4 months).

Statistical analysis
Statistical Package for Social Sciences version 22 (SPSS Inc., Chicago, IL, USA) was used for analysis. The primary end point was overall
survival (OS), de�ned as the time from treatment to death resulting from any cause. The secondary end points were loco-regional relapse-free
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survival (LRRFS) and distant metastasis-free survival (DMFS), de�ned as the time from treatment to the �rst locoregional relapse and distant
metastasis, respectively.

The baseline characteristics between the two groups were compared and analysed using the 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 Cox
proportional hazards model were used to test the independent signi�cance of different explanatory variables. Two-tailed P-values < 0.05 were
considered statistically signi�cant.

Results

Patient baseline characteristics
In total, 94/1057 patients were found to be hypertensive. Of the 94 hypertension patients, 42 (44.7%) had grade 1 hypertension, 31 (33.0%) had
grade 2 hypertension, and 21 (22.3%) had grade 3 hypertension. Furthermore, 72 (76.6%) were treated for hypertension, while 22 (23.4%) were
not.

The characteristics of the 1057 NPC patients are summarized in Table 1. There were no differences in the distributions of sex, smoking, T
stage, N stage or clinical stage between the two groups (P > 0.05). However, the hypertension group had a higher percentage of patients who
were older (P = 0.000), consumed alcohol (P = 0.016), were overweight (P = 0.000), and were in an early clinical stage (P = 0.044), and the
proportion of hypertensive patients who received chemotherapy along with RT was lower than that of patients without hypertension (P = 
0.000).



Page 5/12

Table 1
Baseline characteristics of NPC patients with or without hypertension.

Characteristics Without hypertension With hypertension P

No. (%) No. (%)

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)  

Smoking     0.385

Yes 396(41.1) 43(45.7)  

No 567(58.9) 51(54.3)  

Drinking     0.016

Yes 136(14.1) 22(23.4)  

No 827(85.9) 72(76.6)  

BMI(kg/m2)     0.000

< 18.5 79(8.2) 4(4.3)  

18.5–22.9 477(49.5) 19(20.2)  

22.9–27.5 338(35.1) 50(53.2)  

≥ 27.5 69(7.2) 21(22.3)  

T stage*     0.889

T1 166(17.2) 18(19.1)  

T2 134(13.9) 15(16.0)  

T3 520(54.0) 48(51.1)  

T4 143(14.9) 13(13.8)  

N stage*     0.252

N0 114(11.8) 16(17.0)  

N1 552(57.3) 57(60.7)  

N2 227(23.6) 16(17.0)  

N3 70(7.3) 5(5.3)  

Clinical stage*     0.044

I 34(3.5) 9(9.7)  

II 185(19.2) 18(19.1)  

III 538(55.9) 49(52.1)  

IV 206(21.4) 18(19.1)  

Chemotherapy     0.000

Abbreviations: NPC, nasopharyngeal carcinoma; BMI, Body Mass Index.

* According to the 8th AJCC/UICC staging system.



Page 6/12

Characteristics Without hypertension With hypertension P

No. (%) No. (%)

No 41(4.3) 14(14.9)  

Yes 922(95.7) 80(85.1)  

Abbreviations: NPC, nasopharyngeal carcinoma; BMI, Body Mass Index.

* According to the 8th AJCC/UICC staging system.

Failure pattern
The patterns of treatment failure and causes of death are shown in Table 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. Moreover, 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. There was no signi�cant difference noted with regard to the percentage of non-cancer-related deaths between hypertensive and
normotensive patients (25.8% vs 14.2%; P = 0.115) (Table 2).

Table 2
Patterns of treatment failure and causes of death for patients with or without

hypertension.
Failure pattern Without hypertension With hypertension P

No. (%) No. (%)

Local only 41(21.5) 4(14.8) 0.586

Local + regional 2(2.1) 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  

Prognostic value of hypertension in patients with NPC
Hypertension history in NPC patients was associated with a signi�cant increase in the risk of death (Fig. 1A). The 5-year OS rate was 66.6% for
patients with hypertension compared with 85.4% for those without hypertension (P < 0.0001; HR, 2.54; 95% CI, 1.68–3.83). This remained
unchanged after adjusting for other important prognostic factors, including age, sex, smoking, alcohol consumption, body mass index (BMI), T
stage, N stage, clinical stage and chemotherapy. Compared with patients without hypertension, the NPC patients with hypertension had a
multivariate HR of 2.20 (P = 0.000; 95% CI, 1.41–3.42) for death (Table 3).
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Table 3
Multivariate analysis of prognostic factors for patients with

NPC
Endpoint Variable P HR 95% CI

OS 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

  T1 − 2 vs T3 − 4 0.031 2.05 1.07–3.93

  N0 − 1 vs N2 − 3 0.000 1.94 1.36–2.78

LRFS hypertension 0.021 2.13 1.12–4.03

DMFS hypertension 0.023 1.82 1.09–3.05

  N0 − 1 vs N2 − 3 0.000 2.33 1.61–3.38

PFS age 0.012 1.41 1.08–1.84

  hypertension 0.001 1.94 1.31–2.87

  T1 − 2 vs T3 − 4 0.040 1.69 1.02–2.79

  N0 − 1 vs N2 − 3 0.000 1.87 1.39–2.51

The results for the risk of locoregional relapse (Fig. 1B) and distant metastasis (Fig. 1C) were similar to those for death. In univariate analysis,
hypertension was associated with worse LRRFS (P = 0.027; HR, 1.95; 95% CI, 1.08–3.51) and DMFS (P = 0.048; HR, 1.62; 95% CI, 1.00-2.62). In
multivariate analysis, the adjusted HRs for LRRFS and DMFS were 2.13 (P = 0.021; 95% CI, 1.12–4.03) and 1.82 (P = 0.023; 95% CI, 1.09–3.05),
respectively (Table 3).

The grade and treatment status of hypertension
We found that the three grades of hypertension were associated with a signi�cant increase in the risk of death with adjusted HRs of ascending
grades of 1.59, 2.30 and 2.86, respectively, when compared with normotensive individuals (Table 4). The patients with more severe levels of
hypertension had worse survival and locoregional control; however, there was no statistically signi�cant difference (P > 0.05).

Table 4
Multivariate analysis for the grade and treatment status of hypertension.

  Total(No.) OS LRFS DMFS

Events(No.) HR(95%CI) P Events(No.) HR(95%CI) P Events(No.) HR(95%CI) P

The grade of hypertension

0 963 120 1.00   74 1.00   130 1.00  

1 42 11 2.08(1.09–
3.98)

0.026 4 1.59(0.56–
4.49)

0.380 5 1.12(0.45–
2.80)

0.813

2 31 10 2.27(1.17–
4.41)

0.016 5 2.30(0.90–
5.90)

0.083 10 2.64(1.35–
5.16)

0.004

3 21 7 2.29(1.04–
5.05)

0.041 4 2.86(0.99–
8.26)

0.053 4 1.79(0.64–
4.97)

0.266

The treatment status of hypertension

0 963 120 1.00   74 1.00   130 1.00  

treated 72 22 2.06(1.26–
3.59)

0.004 9 1.84(0.88–
3.86)

0.105 14 1.68(0.93–
3.02)

0.085

untreated 22 6 2.87(1.24–
6.63)

0.014 4 3.17(1.13–
8.94)

0.029 5 2.35(0.95–
5.83)

0.066

In addition, we examined the effect of antihypertensive drug intake on prognosis. After adjusting for known confounders, both treated
hypertension (P = 0.004; HR, 2.06; 95% CI, 1.26–3.59) and untreated hypertension (P = 0.014; HR, 2.87; 95% CI, 1.24–6.63) were associated with
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an increased risk for death compared with normotension (Table 4). Compared with treated hypertension, untreated hypertension was
associated with increased risks for death (P = 0.221; HR, 1.88; 95% CI, 0.69–5.15), locoregional recurrence (P = 0.073; HR, 3.29; 95% CI, 0.89–
12.09) and distant metastasis (P = 0.640; HR, 1.30; 95% CI, 0.44–3.83), although statistical signi�cance was not reached.

Subgroup analysis based on various prognostic factors
We assessed the prognostic value of hypertension in different NPC subgroups, which were strati�ed by other potential predictors of patient
outcome (Fig. 2). Multivariate analyses showed that hypertension was signi�cantly correlated with worse OS regardless of smoking, BMI, N
stage and chemotherapy. In addition, the effect of hypertension on increasing the risk of death was observed among older individuals (HR,
2.16; 95% CI, 1.34–3.49; P = 0.002), males (HR, 2.36; 95% CI, 1.44–3.87; P = 0.001), and non-alcohol consumers (HR, 2.47; 95% CI, 1.52–4.02; P 
= 0.000). Moreover, hypertension was also signi�cantly associated with OS among patients with advanced T stage (HR, 2.33; 95% CI, 1.45–
3.74; P = 0.000) and advanced clinical stage (HR, 2.33; 95% CI, 1.47–3.69; P = 0.000), whereas this did not occur in those with early T stage and
stage I/II disease.

Discussion
To our knowledge, this is the largest and most detailed report to evaluate the impact of hypertension on the prognosis of non-metastatic NPC
patients treated with IMRT. We demonstrated that hypertension was associated with a signi�cant increase in the risk of death, locoregional
relapse and distant metastasis in nonmetastatic NPC patients treated with IMRT, and the result remained unchanged after adjusting for known
prognostic factors.

In our study, the incidence of hypertension was 8.9%, which was lower than that in a previous study (17.8%) [11]. A possible explanation for
this difference may be the stricter patient selection criteria employed in the present study, that is, only nonmetastatic NPC patients who
received IMRT were included. The hypertensive patients in our study tended to be elderly, obese and alcohol consumers, which re�ected
unhealthy lifestyles and metabolic discordance, and these clinical features were similar to those reported in other literature [11]. In addition, we
found that hypertensive patients were more likely to be in the early clinical stage and receive radiotherapy alone. One reason for this was
probably that patients with hypertension are generally under closer medical supervision for treatment than those without such a pro�le, which
may increase the probability of early detection of malignancy and consequently lead to a lower proportion of chemotherapy being added to RT
for NPC in patients with hypertension. The other reason was probably that hypertension is a kind of comorbidity, and the risk increased with
age; older people with complications were considered to be 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) have been considered to be partly responsible for the increased cancer mortality in patients with hypertension [10, 13]. It
is well known that hypertension leads to angiosclerosis and artery stenosis, resulting in insu�cient blood supply to tissues and hypoxia.
Hypoxic tumour 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. On the other hand, VEGF was found to be increased in hypertensive patients
[16], and it was also con�rmed to promote tumour angiogenesis [17], thus possibly causing tumour cell proliferation and metastasis in cancer
patients with hypertension. Furthermore, studies have reported that there is a close relationship between hypoxia and VEGF expression in
tumours and that hypoxia can induce an increase in VEGF expression [18, 19]. Our results indicate that NPC patients with hypertension had
HRs of 2.20, 2.13 and 1.82 for death, locoregional relapse and distant metastasis, respectively, which was similar to the �ndings reported by
other research groups, including the study by Yang et al. [11], in which multivariate analysis indicated that hypertension is an independent risk
factor and results in poorer survival outcomes in patients with NPC. Similarly, Eytan DF et al. [20] analysed the effect of hypertension on the
survival of head and neck cancer patients and found a 7–19% increased risk in cancer mortality in those with hypertension compared with
those without hypertension. However, the prognostic value of hypertension in ovarian cancer (Stocks T et al. [9] and Minlikeeva AN et al. [21])
and breast cancer (Schairer C et al. [22] and Braithwaite1 D et al. [23]) patients remains controversial. This may be due to differences in the
biology and pathology of NPC vs. ovarian and breast cancers. In addition, only two studies, including ours, have reported the poor prognostic
value of hypertension in NPC patients. More research should be performed to evaluate the impact of hypertension on the survival outcome of
NPC patients.

Previous research has reported that the severity of hypertension can signi�cantly in�uence prognosis [11]. Stocks T 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 JL et al. [24] also noted a 23% increased risk for mortality in those with the highest grade of hypertension
compared with those with the lowest. We then examined the effects according to the severity of hypertension; no signi�cant decrease in OS,
LRRFS or DMFS with increasing severity was observed. Further investigations are required because this non-signi�cant difference in survival
seemed to be driven by the small sample size of cases with different grades hypertension among NPC patients in our study.
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Our results did not explicitly support a bene�t of antihypertensive medications for the prognosis of NPC patients treated with IMRT. Previous
study results suggested a potential favourable prognostic role of β-blockers for several tumours [25–26]. Moreover, a meta-analyse found that
bevacizumab-induced hypertension may represent a prognostic factor in patients with metastatic colorectal cancer [27]. However, no report
has thus far addressed the relationship between antihypertensive medications and NPC prognosis. Therefore, whether improvement in NPC
survival with antihypertensive medications is because of only blood pressure-lowering effects or additional anticancer mechanisms is still
unknown, and further validation of our �ndings will be required.

In our subgroup analysis, we found that the effects of hypertension were restricted in elderly patients. No interaction between age and
hypertension was shown, and a higher proportion of patients received radiotherapy alone in the elderly group than in the young group.
Moreover, there were a low proportion of patients and few events in the group of young people with hypertension. These �ndings may partially
explain the lack of effects of hypertension in young patients. In addition, we found that the effect of hypertension was restricted in male
patients and non-alcohol consumers. This may partly have been because of the small number of patients in the individual subgroups.
Moreover, the poor prognostic effect of hypertension was observed only in T3-4 patients, and there were signi�cant interactions between T
stage and hypertension. Patients with early T stage disease exhibit better survival than those with T3-4 stage disease. Therefore, it is likely that
the poor prognostic value of hypertension is not applicable to early T stage patients.

The results of the current study provide the �rst evidence of the unfavourable prognostic impact of hypertension on the prognosis of patients
with NPC who received IMRT. Therefore, researchers conducting clinical trials in patients with NPC should pay attention to the hypertension
rates in different treatment arms. Conversely, although antihypertensive status in the current study was not associated with survival, we cannot
conclude that antihypertensive therapy for patients with NPC is unnecessary due to the retrospective nature of the current study, and high
blood pressure can damage arteries and kidneys, causing stroke, kidney disease and other illnesses, resulting in a reduced ability to receive
chemotherapy and an increase in non-cancer-related death rates. It is current practice in the tumour population to control blood pressure within
reasonable limits before antitumour therapy, which is similar to treatment in the noncancer population.

Limitations
This study had some limitations. One limitation of our study was the nonrandomized study design due to the retrospective nature of the study.
However, we attempted to reduce any potential bias by using univariate and multivariate analyses, as well as subgroup strati�cation, to
achieve more homogeneous patient groups. The other limitation was that we only focused on pretreatment hypertension. Hypertension that
may occur during the follow-up interval was not included because we could not judge the reliability of the information accurately through
outpatient or telephone follow-up. Third, we did not have information about the type or dose of antihypertensive medications that participants
were taking and therefore could not explore the role of speci�c antihypertensive treatments on prognosis.

Conclusion
In the current study, hypertension was found to be an independent poor prognostic factor for non-metastatic NPC patients receiving IMRT. The
NPC patients with untreated hypertension had similar survival as those with treated hypertension. The severity of hypertension did not
in�uence the prognosis.

Abbreviations
NPC: Nasopharyngeal carcinoma; IMRT: Intensity-modulated radiation therapy; MRI: Magnetic resonance imaging; SPECT: Single-photon
emission computed tomography; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; PTVs: Planning target volumes; PRVs: Planning
organ at risk volumes; CTV: Clinical target volume; OS: Overall survival; LRRFS: Loco-regional relapse-free survival; DMFS: Distant metastasis-
free survival; HR: Hazard ratio; CI: Con�dence interval; BMI: Body mass index; VEGF: Vascular endothelial growth factor.
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Figures

Figure 1

Kaplan-Meier survival curves are shown for (A) overall survival, (B) locoregional recurrence-free survival, and (C) distance metastasis-free
survival in nasopharyngal carcinoma patients with or without hypertension.
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Figure 2

Subgroup analysis of overall survival by patients’ characteristics in terms of with or without hypertension. Abbreviations: HBP, high blood
pressure; HR, hazard ratio; CI, con�dence interval.


