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Abstract

Background and Objectives: Emerging evidence indicates that hypertension is a potential risk and
prognostic factor for cancer at many sites. Currently, no data are available on optimal blood pressure
target in patients with resectable digestive tract cancer. Here, we did an exploratory analysis in 6865
patients from the FIESTA cohort to identify optimal blood pressure at baseline that can better predict
digestive tract cancer-specific mortality risk postoperatively.

Methods and Results: Patients were enrolled between January 2000 and December 2010, with
follow-up ending in December 2015. All patients received no preoperative and postoperative
chemotherapy or radiotherapy. Data were analyzed using Stata software and R language. Optimal cutting
points were determined using survival tree analysis. After a median follow-up of 44.9 months, there were
2808 non-survivors and 4057 survivors. Per 10 mm Hg increment, baseline systolic blood pressure (SBP),
diastolic blood pressure (DBP), pulse pressure and mean arterial pressure were associated with the
significant risk of digestive tract cancer-specific mortality, even after adjusting for confounding factors
(adjusted hazard ratio: 1.06, 1.08, 1.06 and 1.09, 95% confidence interval: 1.04-1.08, 1.04-1.12, 1.03-1.09
and 1.05-1.12, P<0.001, <0.001, <0.001 and <0.001, respectively). Patients with baseline SBP of 176 mm
Hg or above and DBP of 100 mm Hg or above had poor survival outcomes (median survival time: 39.6 and
37.1 months, respectively).

Conclusions: We provide evidence for the use of elevated blood pressure (SBP/DBP 2176/100 mm Hg)
before surgery as a powerful harbinger to predict the survival outcomes of digestive tract cancer patients
postoperatively.
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Introduction

Hypertension is common and a public health
problem gripping both developed and developing
countries [1,2]. An emerging body of evidence

indicates that hypertension is a potential risk and
prognostic factor for cancer at many sites, such as
kidney, colon and rectum [3-6]. However, discrepan-
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cies exist [7,8], mainly due to population heterogenei-
ty, small sample size, short follow-up interval or
diverse cancer sites. Considering that effective blood
pressure control may lower cancer risk and improve
survival, further evaluation with larger sample size
and longer follow-up is needed.

We recently, in an ongoing Fujian prospective
investigation of cancer (FIESTA) study have
investigated the association of preoperative metabolic
syndrome with disease-specific mortality of common
digestive tract cancer after radical surgery including
esophageal cancer [9], gastric cancer [10] and
colorectal cancer [11]. In particular, hypertension
(systolic/diastolic ~ blood  pressure [SBP/DBP]
>140/90 mm Hg), as an integral component of the
metabolic syndrome was identified as a significant
prognostic factor. The recently released guidelines by
the American College of Cardiology/American Heart
Association indicate that SBP of 130 to 139 mm Hg or
DBP of 80 to 89 mm Hg is defined as stage 1
hypertension [12]. Current evidence, however, is
limited on the optimal blood pressure target in
patients with resectable digestive tract cancer.

To yield more information, we did an
exploratory analysis in 6865 Chinese patients from the
FIESTA cohort to identify optimal blood pressure at
baseline that can better predict digestive tract
cancer-specific mortality risk postoperatively.

Methods

Study patients

A total of 6865 assessable patients were enrolled
from Fujian Provincial Cancer Hospital (the current
Fujian Cancer Hospital & Fujian Medical University
Cancer Hospital) between January 2000 and Decem-
ber 2010, including 2535, 3012 and 1318 patients
receiving radical surgery for esophageal cancer,
gastric cancer and colorectal cancer, respectively, and
all study patients were safely discharged and follow-
ed up until December 2015. Detailed information on
study design, enrollment, eligibility criteria and
follow-up evaluation has been described elsewhere
[9-11,13-16].

The FIESTA study was approved by the Ethics
Committee of the Fujian Provincial Cancer Hospital,
and all study patients who participated in this study
provided written informed consents. All patients
received no preoperative and postoperative chemo-
therapy or radiotherapy.

Tissue samples

Primary cancer and adjacent normal tissue
samples were collected during the surgery and fixed
in 10% neutral-buffered formalin and further
paraffin-embedded using standard procedures. All

pathological assays were done at the Department of
Pathology, Fujian Provincial Cancer Hospital.

Follow-up assessment

The patients were interviewed every six to
twelve months by face-to-face interview, or by phone
calls or postal mails if they missed appointments at
the Out-Patient Department, Fujian Provincial Cancer
Hospital. The follow-up started from initial admission
after surgery since January 2000 to the date of death
attributable to causes other than digestive tract
malignancies or the end of patient follow-up visit in
December 2015, whichever occurred first. Clinico-
pathologic characteristics were obtained from medical
charts and/ or pathological reports.

Clinical outcomes

The primary outcome was death from
esophageal, gastric or colorectal cancer. We defined
cancer-specific survival time as the time from the date
of radical surgery to the date of the death from
specific types of digestive tract cancer or the date of
the latest follow-up (prior to December 2015),
whichever happened first.

Data collection

Each patient was requested to complete a
self-designed questionnaire to collect data on age,
gender, body weight and height, smoking, drinking
and family history of cancer (except non-melanoma
skin cancer). Body weight and height were measured
when patients were in light clothing and with bare
feet. Body mass index (BMI) was calculated as weight
divided by height in meters-squared (kg/m?). Blood
pressure was measured with mercury sphygmoma-
nometer on three occasions of at least 5-min intervals
and the mean of these three readings was recorded at
the time of enrollment when receiving radical surgery
for digestive tract cancer for the first time. On the
basis of SBP and DBP, we produced pulse pressure
(PP) and mean arterial pressure (MAP).

Statistical analysis

The optimal blood pressure level was
determined by survival tree analysis (STREE, availa-
ble at the website http://c2s2.yale.edu/software/
stree/). Survival tree-based method has been
applicable to more general situations based on
scientific judgement [17]. The Kaplan-Meier curve
and Log-rank test were used to quantify the difference
in cumulative survival rates. Proportional hazards
assumption was checked by the Weighted Schoenfeld
residuals. Association of baseline blood pressure with
digestive tract cancer-specific mortality risk was
expressed as hazard ratio (HR) and 95% confidence
interval (95% CI) before and after adjusting for

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

1796

confounding factors, including age, gender, BMI,
smoking, drinking and family cancer history.
Three-dimension interactive surface was plotted
using the “rgl.surface” order in the “rgl” package,
which is a library of functions that offers three-
dimensional, real-time visualization functionality to
the R programming environment. The core of “rgl”
package is a shared library that acts as an interface
between R and OpenGL. Data were analyzed using
the Stata/SE software version 14.1 (StataCorp, TX,
USA), unless otherwise indicated. Study power was
estimated by the Power and Sample Size Calculations
(PS) software version 3.0.7 [18].

Results

The baseline characteristics of cohort patients by
the primary endpoint are provided in Table 1. The
median follow-up time was 44.9 months (range: 1.0 to
188.9 months). There were 2808 non-survivors and
4057 survivors as of December 2015. SBP, DBP, PP and
MAP were significantly higher in non-survivors than
in survivors (P<0.001).

Per 10 mm Hg increment, baseline SBP (adjusted
HR: 1.06, 95% CI: 1.04-1.08, P<0.001), DBP (adjusted
HR:1.08,95% CI:1.04-1.12, P<0.001), PP (adjusted HR:
1.06, 95% CI: 1.03-1.09, P<0.001) and MAP (adjusted
HR: 1.09, 95% CI: 1.05-1.12, P<0.001) were associated
with the significant risk of digestive tract cancer-
specific mortality, even after adjusting for
confounding factors (Table 2). The power to detect the
significant prediction of SBP, DBP, PP and MAP was
estimated to be 97.5%, 99.9%, 99.4% and 100.0%,
respectively. In addition, analysis was conducted after

stratifying study patients by age, gender and BMI,
respectively, and the effect estimates are presented in
Table 2. The risk prediction for digestive tract cancer-
specific mortality was more obvious in patients aged
< 55 years, with male gender and with BMI > 25
kg/m?2

The mortality risk prediction based on the
interaction of SBP and DBP is shown in
Supplementary Figure 1.

Using the optimal cutoff points derived by
survival tree analysis, the Kaplan-Meier curve of each
blood pressure index is shown in Figure 1, and Log-
rank test indicate significant difference in cumulative
survival rates (P<0.001).

Table 1. The baseline characteristics of cohort patients.

Characteristics Non-survivors Survivors P
(n=2808) (n=4057)

Age (years) 58.07 (11.07) 56.94 (10.69)  <0.001
Males 74.25% 70.27% <0.001
Current/former smoking 28.59% 24.93% 0.001
Current/former drinking 12.07% 9.63% 0.002
Family cancer history 10.63% 10.63% 0.996
Body mass index (kg/m?) 22.74 (3.16) 22.61 (3.00) 0.097
Systolic blood pressure (mm Hg) 126.63 (20.26)  123.19 (17.99) <0.001
Diastolic blood pressure (mm Hg) 78.25 (11.48) 76.90 (10.60)  <0.001
Pulse pressure (mm Hg) 48.38 (14.56) 46.30 (13.16)  <0.001

Mean arterial pressure (mm Hg)  94.38 (13.33) 92.33 (12.01)  <0.001
Tumor-Node-Metastasis stage <0.001
I 1.93% 18.41%

I 14.50% 33.39%

11 65.38% 47.02%

v 18.19% 1.17%

Data are expressed as either mean (standard deviation) or percentage. P was
calculated using the Mann-Whitney test for continuous variables and the
Chi-squared test for categorical variables.
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Figure 1. The Kaplan-Meier curves of categorized systolic blood pressure (panel A: SBP), diastolic blood pressure (panel B: DBP), pulse pressure (panel C: PP) and
mean arterial pressure (panel D: MAP). Abbreviations: MST, median survival time. The vertical coordinate is cumulative survival rate, and the horizontal coordinate

is follow-up time in months.
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Table 2. Risk prediction of baseline blood pressure for digestive tract cancer-specific mortality risk overall and upon stratification by age,

gender and obesity.

Baseline blood pressure

Crude HR, 95% CI, P

Adjusted HR, 95% CI, P*

Overall analysis

SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Subgroup analysis

Patients aged < 55 years

SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Patients aged > 55 years

SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Males patients

SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Female patients

SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Patients with BMI 2 25 kg/m?
SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)
Patients with BMI < 25 kg/m?
SBP (per 10 mm Hg increment)
DBP (per 10 mm Hg increment)
PP (per 10 mm Hg increment)
MAP (per 10 mm Hg increment)

1.07,1.05-1.09, <0.001
1.09, 1.05-1.13, <0.001
1.08, 1.05-1.11, <0.001
1.10, 1.07-1.13, <0.001

1.08.1.05-1.12, <0.001
1.10, 1.04-1.17, 0.001
1.08, 1.03-1.14, 0.002
1.11,1.06-1.17, <0.001

1.05, 1.03-1.08, <0.001
1.07,1.02-1.11, 0.003
1.05,1.02-1.09, 0.002
1.07,1.03-1.11, <0.001

1.07,1.05-1.10, <0.001
1.08,1.04-1.12, <0.001
1.09, 1.06-1.12, <0.001
1.10, 1.06-1.14, <0.001

1.06, 1.02-1.10, 0.002
1.11, 1.04-1.19, 0.002
1.05, 0.99-1.10, 0.085
1.10, 1.04-1.17, 0.001

1.09, 1.04-1.13, <0.001
1.07,1.00-1.15, 0.063
1.11,1.05-1.17, <0.001
1.11,1.04-1.18, 0.002

1.06, 1.04-1.08, <0.001
1.09, 1.04-1.13, <0.001
1.06, 1.03-1.10, <0.001
1.09, 1.05-1.13, <0.001

1.06, 1.04-1.08, <0.001
1.08,1.04-1.12, <0.001
1.06, 1.03-1.09, <0.001
1.09, 1.05-1.12, <0.001

1.09, 1.05-1.13, <0.001
1.11, 1.05-1.18, 0.001
1.09, 1.03-1.14, 0.002
1.12,1.06-1.18, <0.001

1.04,1.02-1.07, 0.001
1.06,1.01-1.11, 0.010
1.04,1.01-1.08, 0.016
1.06, 1.02-1.11, 0.002

1.06, 1.04-1.09, <0.001
1.07,1.02-1.11, 0.002

1.08,1.04-1.11, <0.001
1.08,1.04-1.12, <0.001

1.05,1.00-1.09, 0.033
1.10, 1.03-1.18, 0.007
1.02,0.96-1.08, 0.473
1.09, 1.02-1.16, 0.008

1.07,1.02-1.12, 0.003
1.06, 0.98-1.14, 0.152
1.08, 1.02-1.15, 0.006
1.09,1.01-1.16, 0.019

1.05, 1.03-1.08, <0.001
1.07,1.03-1.12, 0.001
1.05,1.02-1.09, 0.004
1.08,1.04-1.12, <0.001

Abbreviations: SBP, systolic blood pressure, DBP, diastolic blood pressure, PP, pulse pressure; MAP, mean arterial pressure; BMI, body mass index; HR, hazard ratio; 95%
CI, 95% confidence interval. *P was calculated after adjusting for age, gender, body mass index, smoking, drinking and family cancer history.

Schoenfeld residuals analysis did not show
major departures from the proportional hazards
assumption. In particular, patients with baseline SBP
of 176 mm Hg or above and DBP of 100 mm Hg or
above had poor survival outcomes (median survival
time: 39.6 and 37.1 months, respectively).

Additionally, we compared the cumulative
survival rates of different blood pressure cutoffs
(panel A: SBP/DBP >130/80 mm Hg, panel B: 140/90
mm Hg and panel C: 176/100 mm Hg), and found
that survival difference was the best for SBP/DBP
>176/100 mm Hg (Figure 2).

Discussion

The key finding of this study was the
identification of baseline optimal blood pressure
cutoff (SBP/DBP: 176/100 mm Hg) in patients with
resectable digestive tract cancer that can be used as a
powerful harbinger of a poor prognosis. Moreover,
the superiority of this optimal blood pressure cutoff

over the traditionally accepted (140/90 mm Hg) and
recently released (130/80 mm Hg) cutoffs was also
demonstrated. This study represents a first step in
enriching our understanding that digestive tract
cancer patients with SBP/DBP over 176/100 mm Hg
presumably need closer monitoring after radical
surgery.

Hypertension is increasingly recognized as a risk
factor for cancer, and they might share a common
pathogenic mechanism [19-21]. A pooled collabora-
tive analysis of 12 Australian and New Zealand
cohorts with long-term follow-up suggests that
hypertension, both treated and untreated, is
associated with a modest increased risk for cancer
incidence and mortality [22]. Currently, a majority of
studies assessing cancer survival used hypertension
as a binary trait, rather than a quantitative trait such
as blood pressure. In addition, the blood pressure
cutoff (SBP/DBP: 140/90 or 130/80 mm Hg) used to
define hypertension might not be suitable to stratify
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cancer patients. So, seeking an optimal blood pressure
cutoff point that can help identify high-risk
subgroups of cancer patients is of clinical importance.
A literature search has, however, failed to reveal any
evidence concerning this aspect. To fill this gap in
knowledge, we revisited the FIESTA database and
explored in detail the association of quantitative blood
pressure with mortality risk of three types of digestive
tract cancer. Importantly under the rationales of
survival tree analysis, we in a large Chinese cohort of
patients with long follow-up, pinpointed an optimal
cutoff for SBP at 176 mm Hg and DBP at 100 mm Hg
that can divide digestive tract cancer patients into
groups with maximal difference in survival intervals.
The underlying mechanisms are still speculative but it
appears that further investigations are warranted to
explore whether elevated blood pressure is an
independent predictive factor for cancer survival or
an indirect marker of different genetic, demographic
or clinicopathologic factors. In support of this claim,
Deckers and colleagues in a large population found
the interplay between hypertension and genetic
defects in the renin-angiotensin-aldosterone system in
determining renal cell cancer risk [23]. Irrespective of
the mechanism, preoperative high blood pressure can
clearly identify digestive tract cancer patients with
poorer postoperative survival who could benefit from
closer monitoring.

There are several limitations for this study.
Firstly, this study was performed in a single hospital,
which restricted the generalizability, although it can
facilitate consistency of evaluation. Additionally,
external validation is necessary. Secondly, due to the
difficulty in identifying an external group, we are
unable to validate our findings in an independent
population. Thirdly, we only had blood pressure
recordings at the time of enrollment for the radical
surgery, and other recordings at perioperative and
postoperative time points, which are not available for
us, are of additional interest for comparison.
Additionally, we only had smoking status, and other
smoking indexes such as smoking pack-year are not
available. Fourthly, patients were exclusively enrolled
from a southern city in China, which restricted the
racial or ethnical extrapolation.

Despite the above limitations, we provide
evidence for the use of elevated blood pressure
(SBP/DBP 2176/100 mm Hg) before surgery as a
powerful harbinger to predict the survival outcomes
of digestive tract cancer patients postoperatively. This
study highlights the importance of measuring blood
pressure for patients receiving surgery for digestive
tract cancer to inform risk assessment, formulate
cancer control strategies and prioritize rational
planning of health-care resources.
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Figure 2. The Kaplan-Meier curves of high blood pressure defined by different
blood pressure cutoffs (panel A: the cut-off points of systolic/diastolic blood
pressure are 130 and 80 mm Hg; panel B: the cut-off points of systolic/diastolic
blood pressure are 140 and 90 mm Hg; panel C: the cut-off points of
systolic/diastolic blood pressure are 176 and 100 mm Hg). Abbreviations: MST,
median survival time; w/o, without; w/t, with. The vertical coordinate is
cumulative survival rate, and the horizontal coordinate is follow-up time in
months.
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