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Abstract
Background An interesting clinical phenomenon occures frequently in our work, which indicates that
blood pressure could return to normal in some hypertension patients with cervical & upper thoracic
esophageal cancer undergoing radiotherapy. We speculated that this may be related to thyroid gland
damage by radiotherapy.

Methods We retrospectively analyzed pre- and post-radiotherapy (RT, 1.5months, 4.5months and
7.5months) systolic blood pressure (SBP) and diastolic blood pressure (DBP) for a cohort of esophageal
cancer patients. At 7.5 months post-RT, serum free triiodothyronine (FT3), free tetraiodothyronine (FT4)
and thyroid-stimulating hormone (TSH) concentrations were also measured to evaluate the changes of
thyroid hormones (THs) and its correaltion with changes of blood pressure. To con�rm the in�uence of
radiation on thyroid, patients were divided into cervical & upper thoracic group (C&U, n=55)  and middle &
lower thoracic group (M&L, n=57).

Results In the C&U group, the decreases (±SD) in SBP and DBP, respectively, were 5.51 mmHg (±1.83,
P=0.003) and 3.62 mmHg (±1.38, P=0.002) at 1.5 months post-RT, 6.73 mmHg (±2.24, P=0.001) and 6.15
mmHg (±1.57, P=0.012) at 4.5 months post-RT, and 8.02 mmHg (±2.73, P<0.001) and 7.91 mmHg (±2.33,
P<0.001) at 7.5 months post-RT. The corresponding decreases in the M&L group were not signi�cant at
any time post-RT. At 7.5 months post-RT, serum FT3 and FT4 concentrations in C&U group decreased
signi�cantly (P<0.05) from before RT to 7.5 months after the end of RT, and TSH concentration increased
signi�cantly after RT (P<0.05). In addition, Pearson analysis showed that both FT3 and FT4 was
positively correlated with decrease of systolic BP (r= 0.430, P =0.001; r=0.667, P <0.001, respectively) and
diastolic BP (r = 0.370, P =0.005; r = 0.469, P < 0.001 respectively).

Conclusion The present study suggests that radiotherapy in patients with cervical and upper thoracic
esophageal cancer might result in lowering BP, which might be related to thyroid gland damage by
radiotherapy.

Background
Esophageal cancer is one of the most prevalent cancers in China. The incidence of esophageal cancer 
was 21.17/100 thousand in China reported which ranked the �fth position, and the mortality rate was
15.58/100 thousand, ranked at the fourth position among all malignant tumors in China [1]. Clinical
therapeutic methods of esophageal cancer mainly include surgery, radiotherapy, and chemotherapy. A
majority of patients undergoing radiotherapy were esophageal cancer in our institute. In the practice, we
found that blood pressure could return to normal in some hypertension patients with cervical or upper
thoracic esophageal cancer. We speculate that this phenomenon may be related to the radiation injury of
thyroid gland.

During radiotherapy of esophageal cancer, especially for cervical or upper thoracic tumor segmentation,
the proximity of the patient’s thyroid gland to the radiation �eld leads to radiation injury for the patient's
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thyroid gland, which might cause hypothyroidism and affect the patient’s quality of life [2]. Although
thyroid dysfunction may in�uence blood pressure, the effect of radiotherapy for esophageal cancer on
blood pressure has not been well established. In this study, all patients with esophageal cancer were
treated with conformal intensity-modulated radiotherapy (IMRT) and were divided according to tumor
segmentation into the cervical and upper thoracic (C&U) group or the middle & lower thoracic (M&L)
group. In fact, few radiation �elds of patients with middle & lower thoracic cancer extended to the height
of thyroid gland, radiation injury of thyroid gland happens more easily in C&U group than M&L group.
Thus, the in�uence of radiotherapy on blood pressure and thyroid function were evalueted through
comparing the two groups. In addition, in order to con�rm the role of radiation injury for thyroid gland in
in�uencing blood pressure, we also evaluated the relationship between changes of thyroid hormones
(THs) and changes of blood pressure before and 7.5 months after radiotherapy.   

Patients And Methods
Inclusion and exclusion criteria

We included patients in this study based on the following inclusion criteria: 1) patients diagnosed with
squamous cell carcinoma via pathological histology, 2) patients whose tumors were evaluated and given
a TNM stage according to the eighth edition of the American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC) cancer staging manuals [3], 3) patients with a Karnofsky
performance status (KPS) score ≥70 points, and 4) patients undergoing RT due to low possibility of
surgical resection.

We excluded patients from the study based on these exclusion criteria: 1) patients whose cases were
complicated by other connective tissue diseases or metabolic endocrine diseases, 2) patients whose
cases were complicated by severe hepatic or renal dysfunction, 3) patients with a family history of
mental disease or psychosis, or 4) patients with distant metastasis de�nitively con�rmed by imaging
examination. This study was approved by the Ethics Committee of Zhongshan Hospital A�liated to
Fudan University, and the patients and their family members were informed and signed the informed
consent.

In accordance with the eighth edition of the AJCC/UICC cancer staging manuals [3], we classi�ed the
esophageal cancer primary site according to typical endoscopic measurements of each region as
measured from the incisors. Body size and height were also considered. Brie�y, the cervical esophagus
was de�ned as the region from esophagus inlet to sternal notch. The upper thoracic esophagus was
de�ned as the region from the sternal notch to the lower border of the azygos vein, the middle thoracic
esophagus as lower border of the azygos vein to lower border of the inferior pulmonary vein, and the
lower thoracic esophagus as lower border of the inferior pulmonary vein to the stomach, including the
esophagogastric junction. Location of cancer primary site was de�ned by cancer epicenter. Some
patients with middle and lower thoracic esophageal cancer had supraclavicular nodes metastases, which
may expose the thyroid to the target radiotherapy area. These patients were excluded from our study. 
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Treatment methods

Patients were treated as follows: after simulating the radiotherapy treatment �eld using intravenous
enhanced computed tomography (CT), patients were �xed in a supine position, and data obtained by CT
scanning were imported to the 3D planning system (CMS XiO Treatment Planning System and Elekta
Medical Systems). The gross tumor volume (GTV, the volume of lymph nodes ≥1 cm and visible tumor),
clinical target volume (CTV, uniform external expansion of GTV for 5-7 mm, including superior
mediastinal lymphatic drainage region and bilateral supraclavicular region) and planning target volume
(PTV, including the scope and setup error of organ motion and CTV, namely external expansion of x- and
y-axis for 10 mm and z-axis for 15 mm based on CTV with the geometric center of GTV as radiation �eld
center) were delineated. The prescribed dose of PTV was 56-66 Gy (2 Gy/time, 5 times/week, a total of
28-33 times), and the treatment lasted for about 6 weeks. For all patients, platinum (25mg/m² of body-
surface area) and paclitaxel (50 mg/m² of body-surface area) were administered intravenously for �ve
cycles, starting on days 1, 8, 15, 22, and 29. All patients were treated in our department from March 2018
to July 2019.

Baseline BP were collected before the �rst radiotherapy appointment. Other BP data after RT were
collected at three screening visits, at 1.5, 4.5, and 7.5 monts after the end of RT. All BP measurements
were obtained by trained and certi�ed observers who were masked to the intervention assignment. SBP
was de�ned as the appearance of the �rst Korotkoff sound and DBP as the disappearance of the �fth
Korotkoff sound. At each visit, three BP measurements were obtained while the patients rested quietly in
a seated position for at least 5 min. Body weight and height were measured at a screening visit and BMI
was calculated and used to exclude persons with severe obesity.

Serum free triiodothyronine (FT3), free tetraiodothyronine (FT4) and thyroid-stimulating hormone (TSH)
concentrations were measured using standard blood draws; tests before RT were conducted before the
�rst radiotherapy appointment, and those after RT were conducted at month 7.5 after the end of RT. 

Statistical analysis

Statistical Product and Service Solutions (SPSS, IBM Corp.) version 16.0 was used for statistical
analysis. Measurement data were expressed as mean ± standard deviation. Student’s t-test was used for
the comparison of measurement data, paired t-test was used for the intragroup comparison before and
after treatment, and Chi-square test (χ2) was adopted for the comparison of enumeration data. Pearson
correlation analysis was used to analyze the correlation between FT3, FT4, TSH and SBP, DBP. P< 0.05
was considered to indicate a statistically signi�cant difference. 

Results
Baseline characteristics
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The baseline characteristics of the 112 patients are presented in Table 1, according to segmentation of
esophageal tumor. There were no statistically signi�cant differences in clinical baseline data, such as
sex, age, height, weight, smoking history, obesity, SBP, DBP, and hypertension between C&U group and
M&L group (P>0.05) (Table1).

C&U and M&L group changes in SBP, DBP after RT

In the C&U group, the decreases (±SD) in SBP and DBP, respectively, were 5.51 mmHg (±1.83, P=0.003)
and 3.62 mmHg (±1.38, P=0.002) at 1.5 months post-RT, 6.73 mmHg (±2.24, P=0.001) and 6.15 mmHg
(±1.57, P=0.012) at 4.5 months post-RT, and 8.02 mmHg (±2.73, P<0.001) and 7.91 mmHg (±2.33,
P<0.001) at 7.5 months post-RT. The corresponding decreases in M&L group for SBP and DBP were,
respectively, 2.03 mmHg (±1.32, P=0.223) and 2.25 mmHg (±1.07, P=0.218) at 1.5 months post-RT, 2.41
mmHg (±0.97, P=0.081) and 2.53 mmHg (±0.82, P=0.236) at 4.5months post-RT, and 1.93 mmHg (±1.11,
P=0.067) and 2.64 mmHg (±0.93, P=0.123) at 7.5months post-RT. Details are shown in Table 2.

C&U and M&L group changes in serum FT3, FT4 and TSH concentrations before and 7.5 months after RT

In the C&U group, serum FT3 levels dropped signi�cantly from 4.19±1.15 pmol/l before RT to 1.92±1.45
pmol/l after RT (t=11.742, P<0.001). Similarly, serum FT4 concentrations decreased signi�cantly from
14.79±3.23 pmol/l before RT to 8.11±4.01 pmol/l after RT (t=19.041, P<0.001). Meanwhile, serum TSH
concentrations increased signi�cantly from 2.71±1.23mIU/l before RT to 8.38±3.78 mIU/l after RT
(t=-11.195, P< 0.001). In contrast for the M&L group, the serum FT3, FT4 and TSH concentrations stayed
relatively stable, at 4.09±1.31 pmol/l, 14.58±3.14 pmol/l and 2.76±1.14 mIU/l before RT, and 4.13±1.32
pmol/l, 14.43±3.03 pmol/l and 2.71±1.09 mIU/l after RT, respectively. There were no signi�cant
differences in serum FT3, FT4 and TSH concentrations in the M&L group comparing before RT and after
RT concentrations (P>0.05). Details are shown in Figure 1.

Correlation between between changes of FT3, FT4 and changes of systolic, diastolic BP in C&U group at
7.5 months post-RT

Pearson analysis showed that both FT3 and FT4 was positively correlated with decrease of systolic BP
(r= 0.430, P =0.001; r=0.667, P <0.001, respectively). Further analysis indicated a positive correlation
between FT3 FT4 and diastolic BP (r = 0.370, P =0.005; r = 0.469, P < 0.001 respectively). Figures 2 show
the dispersion between changes of FT3, FT4 and changes of systolic, diastolic BP.

However, no correlation was found between changes of TSH and changes of systolic, diastolic BP(r
= -0.212, P =0.12; r = -0.279, P = 0.059, respectively). Figures 3 show the dispersion between changes of
TSH and changes of systolic, diastolic BP.

Discussion
To our knowledge, few studies have explored the relationship between RT and blood pressure in patients
with various locations of esophageal cancer. The present study was conducted to determine the effect of
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radiotherapy on BP and thyroid function in a cohort of patients with esophageal cancer. In this study,
both SBP and DBP were signi�cantly reduced in the study participants with cervical & upper thoracic
esophageal cancer. In contrast, BP was not signi�cant reduced in those patients whose tumors lied in the
middle & lower thoracic segmentation. The possible reason for the difference between groups is that the
thyroid gland is in the radiation �eld for C&U group patients, leading to radiation injury in the thyroid
gland, causing hypothyroidism, which decreases blood pressure.

Radiotherapy can often lead to thyroid dysfunction, including hypothyroidism. Some studies have
demonstrated that treatment of other cancers by RT can expose thyroid gland to high doses of radiation
and increase TSH after radiotherapy [4-6]. Actually, in the treatment of radiotherapy for esophageal
cancer, thyroid gland was usually not contoured on CT images taken for planning radiation therapy and
the therapy was planned without treating the thyroid gland as an organ at risk [7]. Thus, all or part of the
thyroid gland was included in the initial radiation �eld. 

Nishiyama et al [8] demonstrated that in the early stage of radiotherapy, the permeability of cell
membranes within the thyroid gland begins to increase, which leads to an increase in the level of thyroid
hormone (FT3,FT4) released into the blood, and the pituitary gland is inhibited via negative feedback,
thus reducing the level of TSH. After radiotherapy, changes in follicular cells in the thyroid gland, such as
irreversible �brosis and degeneration, gradually occur and the permeability of cell membrane also
decreased so that FT3 and FT4 levels begin to drop and the level of TSH increases via negative feedback.
For most patients in our study, athough concentration of FT3 and FT4 were still within normal limits at
7.5 montsh after post-RT, the decrease of FT3, FT4 and increase of TSH were be obviosly observed. This
is in accordance with one previous study and known as subclinical hypothyroidism [7].

Thyroid hormones (THs) FT3 and FT4 have profound effects on cardiovascular functions, suggesting
that THs may contribute to the development of elevated blood pressure. In fact, one previous study [9]
have demonstrated that FT3 and FT4 are positively related to BP in euthyroid adults, but no signi�cant
relationship was found between TSH and elevated BP. This is in accordance with our �ndings. Multiple
putative mechanisms could explain the relationship between THs and BP values. Firstly, a previous study
showed that hyperthyroidism increases SBP by decreasing systemic vascular resistance, increasing heart
contractility and heart rate, and raising cardiac output [10]. Secondly, FT4 may alter BP salt sensitivity
[11] in euthyroid individuals, a factor considered physiologically relevant to the onset of hypertension.
However, Itterman et al suggested that the effect of THs level variation on BP is only a direct, short-term
effect, since only associations with current and not incidental hypertension were found in their study [12].
Thirdly, Konukoglu et al suggested that both subclinical and overt hyperthyroidism are related to
endothelial dysfunction, which plays an important role in the pathogenesis of hypertension [13].
Furthermore, a previous study also showed that thyroid function, as measured by serum free FT4 and
TSH levels, was intrinsically linked to variables of endothelial function, insulin sensitivity and
vasodilation, in healthy euthyroid subjects [14]. Fourthly, a previous review suggested that
hyperthyroidism and states of adrenergic hyperactivity have many common clinical features; several
components of the cardiomyocyte β-adrenergic system are regulated by THs, such as the β1-adrenergic
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receptor, guanine nucleotide regulatory proteins, and adenylate cyclase [15]. The adrenergic system is the
major regulator of cardiac and vascular function, and this is also accomplished through the activation of
VEGF receptors located on the endothelial surface by local and systemic release of catecholamines [16].

In this study, patients were strictly screened according to inclusion and exclusion criteria, and there were
no statistically signi�cant differences between C&U and M&L groups in clinical baseline data, such as
sex, age, height, weight, smoking history, thus ensuring the preciseness precision and reliability of the
study. However, the present study has several imitations. Firstly, the organ-at-risk dose, especially for
heart and thyroid, were not observed. Radiation-induced heart injury maybe an important factor affecting
patient BP. In theory, the heart dose-volume measures in the M&L group would be considerably higher
than that in C&U group, which can offset the in�uence of thyroid injury on BP. Thus, it is essential to
distinguish the varying degrees of BP between heart function damage and thyroid injury. Secondly, this
study is retrospective and lacks long-term follow-up data, such as the changes of BP and thyroid
hormones over 1 or 2 years. Thus, the research follow-up time should be extended to 1-2 years to observe
the changes in BP and thyroid hormones for esophageal cancer patients who underwent RT.

Conclusions
In conclusion, the present study suggests that radiotherapy in patients with cervical and upper thoracic
esophageal cancer might have a moderate effect in lowering BP. This phenomenon might be related to
radiotherapy-induced damage of the thyroid gland. Clinical trials with a prospective design would provide
a better opportunity to document any BP lowering effect. In addition, the treatment effect of radiotherapy
in patients with hypertension and esophageal cancer should be evaluated.
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Tables
Table 1.Baseline characteristics of the patients according to segmentation of esophageal cancer

 

 

Factors  Cervical & Upper Thoracic (n=55) Middle & Lower Thoracic(n=57)     P value
 

ge (years) 54.37±7.62 56.37±6.28 0.125
 

ex
 

  Male 49 46 0.294
 

  Female 6 11
 

eight (cm)  164.47±7.63 165.22±6.75 0.562
 

eight (kg) 52.61±9.53 54.27±8.56 0.230
 

moking history 
 

  Yes 36 33 0.442
 

  No 19 24
 

besity (%) 34.2 40.1 0.212
 

BP (mmHg) 125.8±10.2 123.6±6.9 0.125
 

BP (mmHg) 82.3±5.8 81.6±6.3 0.091
 

ypertension 
%)

19.6 12.8 0.454
 

besity, body mass index>30 kg/m2; Hypertension, systolic blood pressure (SBP)>140 mmHg and/or diastolic
ood pressure (DBP)>90 mmHg  
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Table 2. Mean changes (±SD) from baseline in SBP and DBP and body weight, according to
segmentation of esophageal cancer

 

Cervical & Upper
Thoracic 

 Middle & Lower
Thoracic

  

Effect (±SD) P 
value

 Effect (±SD) P
 value

   

ges in SBP (mmHg)         

    1.5 month  -5.51 (±1.83)  0.003  -2.03 (±1.32) 0.223    

    4.5 months  -6.73 (±2.24)  0.001  -2.41 (±0.97) 0.081    

    7.5 months  -8.02 (±2.73) <0.001  -1.93 (±1.11) 0.067    

ges in DBP (mmHg)         

    1.5 month   -3.62 (±1.38)  0.002  -2.25 (±1.07) 0.218    

    4.5 months -6.15
(±1.57)

 0.012  -2.53 (±0.82) 0.236    

    7.5 months   -7.91 (±2.33) <0.001  -2.64 (±0.93) 0.123    

ges in body weight         

   1.5 month  -1.33 (±1.12)  0.294  -1.51 (±0.98) 0.098    

   4.5 months  -1.15 (±0.84)  0.161  -1.54 (±1.06) 0.167    

   7.5 months  +1.31 (±0.77)  0.312  +1.63 (±1.21) 0.215    

SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation.  

           

 

Figures
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Figure 1

Comparison of serum free triiodothyronine (FT3), free tetraiodothyronine (FT4) and thyroid-stimulating
hormone (TSH) concentrations between cervical & upper thoracic (C&U) group and middle & lower
thoracic (M&L) group before and 7.5 months after radiotherapy (RT). (A) Serum FT3 and (B) FT4
concentrations in C&U group before RT were signi�cantly higher than those after RT (t=4.096, P<0.001;
t=4.336, P<0.001), and (C) TSH concentration was signi�cantly lower after RT (t=2.918, P=0.01). The
M&L group had no signi�cant differences in serum (A) FT3, (B) FT4 and (C) TSH concentrations before
RT compared to after RT (P>0.05).

Figure 2

Correlation analysis of changes of FT3, FT4 and changes of systolic, diastolic BP in C&U group. A:
Pearson analysis demonstrated that changes of FT3 and systolic BP were positivelyly correlated (r =
0.430, P=0.001); B: Pearson analysis revealed a positive correlation between changes of FT4 and systolic
BP (r = 0.667, P <0.001); C: Pearson analysis indicated a positive correlation between changes of FT3 and
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diastolic BP (r = 0.370, P =0.005). D: Pearson analysis indicated a positive correlation between changes
of FT4 and diastolic BP (r = 0.469, P < 0.001)

Figure 3

Correlation analysis of changes of TSH and changes of systolic, diastolic BP in C&U group at 7.5 months
after radioterapy. A: Neither positive nor negative correlation exists between changes of TSH and systolic
BP (r = -0.212, P =0.120); B: No correlation exists between changes of TSH and diastolic BP (r =- 0.279, P
=0.059).


