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Background: This study aimed to investigate the clinical efficacy of target artery perfusion of verapamil
combined with chemotherapy in treating esophageal cancer (EC).

Methods: A total of 46 patients with EC (stage III and IV) were treated with verapamil combined with
chemotherapy via target artery infusion. Two to four courses per month of the treatment were administrated.
Imaging modalities used in staging EC before and after treatment include gastroscopy/endoscopic
ultrasonography, computed tomography (CT) combined with 64-detector-row gemstone spectral imaging/3.0-T
magnetic resonance imaging (MRI). The clinical beneficial rate and survival time were also evaluated.

Results: Out of 46 patients, 2 cases achieved complete remission (CR) and 39 cases achieved partial
remission (PR). There were 3 cases had no change and 2 cases with progressive disease. The overall effective
rate (CR + PR) was 89.13%. After treatment, dysphagia in 42 patients was significantly improved except
5 cases with narrow type. A total of 11 cases with hoarseness caused by recurrent laryngeal nerve paralysis
before therapy recovered normal voice and another 7 cases were completely relieved. Forty-five patients
were treated with 1 course of radiotherapy, and 1 patient was treated by operation after 2 to 4 courses of
treatment and clinical tumor stage had decreased. A total of 42 patients (91.30%) survived for more than a
year, 24 patients (52.17%) survived for more than 2 years, and 12 patients (26.09%) survived for more than
3 years. Patients also achieved better Karnofsky performance status (KPS) scores, body weight, and positive
clinical benefit of the dosage of analgesics, which were 91.30% (42/46), 52.17% (24/46), and 66.67% (4/6),
respectively. No significant complication was observed before and after verapamil.

Conclusions: Target artery infusion of verapamil combined with chemotherapy drug significantly reduced
the clinical tumor stage of advanced EC (> stages III), improved the quality of life, and prolonged the survival
time. And patients regained the opportunity of radical radiotherapy or surgery when the clinical tumor stages

were decreased.
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Introduction

Esophageal cancer (EC) is a kind of malignant tumor
originating from esophageal epithelial cells. In recent years,
the incidence and mortality of EC have increased, with
about 456,000 new cases and about 400,000 deaths each
year around the world (1,2). Most patients have already
lost their chances of radical surgery when diagnosed with
advanced stage EC (3,4). Besides surgery, radiation and
chemotherapy are the main treatments; however, their
effects are very limited due to the resistance of EC cells to
these treatments (5,6). The 5-year survival of advanced EC
is 10-25% because of the poor prognosis (7,8). Most of the
deaths are within the first year of diagnosis (9,10). Therefore,
an effective treatment for advanced EC is urgently needed.

Target artery infusion chemotherapy can form a high
concentration of the drug in the lesion tissue to improve the
killing effect on tumor cells (11). Tanohata first successfully
used this approach in treating EC in 1977 (12). The target
artery infusion chemotherapy was effective, but the 1-year
survival rate was only 62.6% (13,14), which was mainly
due to the resistance of tumor cells to chemotherapeutic
drugs (15).

Verapamil can reverse the multidrug resistance
(MDR) of tumor cells with a concentration of
6.0-10.0 pmol/L (16). However, verapamil concentration
of more than 1.0-2.0 pmol/L can decrease heart rate and
blood pressure and cause atrioventricular block and other
cardiovascular adverse reactions. Animal experiments
indicated that the concentration of verapamil in the local
tissue was 50-100 times higher than that in the peripheral
blood, which reached the effective concentration of drug
resistance of tumor cells and did not cause significant
adverse cardiovascular effects (17). Our previous studies
have demonstrated that the application of target artery
perfusion of verapamil combined with chemotherapy drugs
significantly improved the clinical benefits in patients
with liver cancer (18), colorectal cancer (19), gastric
cancer (20), lung cancer (21) and malignant ascites (22). No
complication of adverse cardiovascular event was reported.

In this study, we intended to investigate the clinical
efficacy of verapamil combined with chemotherapy drugs in
treating advanced EC using target artery infusion.

Methods
Patient enrollment

This retrospective study enrolled 46 patients with advanced
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EC who attended our hospital from December 31, 2009 to
December 31, 2012. All patients were followed up for up
to 3 years postoperation. Informed consent was obtained
from all patients and the study was approved by the ethics
committee of the hospital.

The inclusion criteria were as follows: (I) Karnofsky
performance score (KPS) was greater than or equal to 80;
(II) patients aged between 18 and 80 years; (III) expected
survival time was more than 3 months; (IV) heart rate was
more than 60 times/min; (V) patients voluntarily enrolled
this study for treatment and signed an informed consent;
(VI) esophageal barium X-ray, esophageal endoscopy,
computed tomography (CT) examination, and pathological
examination were carried out to confirm the diagnosis of
EC; (VII) patients had no contraindication for verapamil,
and the catheter could be used to support the artery in the
malignant tumor and assess the efficacy of the application.

The exclusion criteria were as follows: (I) pregnant
and lactating women; (II) patients with psychosis and
mental agenesis; (III) patients with acute infection; (IV)
allergic constitutions; (V) white blood cell (WBC) count
less than 4.0x10°/L, blood progenitor cells less than
10.0x10”/L, and hemoglobin less than 60 g/L; (VI) patients
with abnormal blood coagulation; (VII) lesions found by
lateral radiography in cervical and upper thoracic regions
of the esophagus; (VIII) patients did not strictly comply
the treatment program; (IX) patients did not complete the
course, or patients with incomplete data; and (X) patients
with contraindication against cisplatin, lobaplatin, and
S-fluorouracil.

Combinational treatment of target artery perfusion of
verapamil and chemotherapy

Two to four courses of the interventional therapy were given
to each patient once a month. The efficacy was assessed at
the fourth week after the end of the interventional therapy.
The intervention was conducted by Seldinger’s technique
with femoral artery catheterization. The target blood supply
artery of the corresponding segment was selected according
to the location of the EC (23): (I) intubation of the bilateral
thyrocervical trunk artery was carried out in the cervical
segment; (II) intubation of the bronchial artery and intrinsic
artery of the esophagus was performed in the thoracic
region; (III) intubation of the subclavian artery-inferior
thyroid artery was carried out in the tumor lesions of the
aortic arch of the upper thoracic region; and (IV) intubation
of the left inferior phrenic artery and left gastric artery was
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performed in the tumor lesions of the lower thoracic region
near the septum.

The combinational treatment applied was verapamil
(25 mg) + chemotherapeutics (cisplatin/lobaplatin +
S-fluorouracil). Patients were administered intravenously
with 100 mL of 0.9% normal saline (NS) + 0.25 mg
Neothylline + 5 mg dexamethasone and 100 mL of
0.9% NS + 8-16 mg ondansetron. The total dose of
chemotherapeutics (cisplatin/lobaplatin + 5-fluorouracil)
was calculated based on the body weight and surface area
of the patients, and the dosage of interventional therapy
was allocated according to the general condition and the
heart, liver, and kidney function of patients. The order of
application of drugs was as follows: 50 mL of 0.9% NS +
verapamil 15 mg; 50 mL of 0.9% NS + cisplatin 70-90 mg/
lobaplatin 40-50 mg; 100 mL of 0.9% NS + 5-fluorouracil
1.50-1.75 g; 50 mL of 0.9% NS + verapamil 10-15 mg.
Also, routine supportive and symptomatic treatments were
provided. After 24 courses of therapy, the clinical tumor
stages were evaluated by endoscopy, CT, or 64-detector-
row gemstone spectral imaging/3.0-T magnetic resonance
imaging (MRI). The patients who achieved CR received 1
course of radiotherapy or surgery voluntarily; otherwise,
two additional courses of treatment. Median total dose of
radiotherapy of upper segment lesions was 60 Gy, median
total dose of radiotherapy of middle and lower segment
lesions was 55 Gy.

Clinical efficacy and adverse reactions evaluation

Blood routine test, liver and kidney function tests, and
electrocardiographic examination were routinely performed
before and after therapy. Esophageal barium swallow test,
esophageal endoscopy, endoscopic ultrasonography, and
MRI were used to evaluate the clinical stage and short-term
curative effect at 1 month before treatment, and at 1 month
after treatment and 2 months during the treatment (24).
Adverse drug reactions, dosages of analgesic drugs, changes
in symptoms, KPS, and changes in body weight were
recorded. The survival time of patients was followed up.
"Toxic and adverse reactions were evaluated according to
the National Cancer Institute- Common Toxicity Criteria
(NCI-CTC) anticancer drug toxicity classification (0-IV)
standard (25). Cardiac function was evaluated according to
the New York Institute of Cardiology (IV-I) standard (26).
Heart rate and blood pressure changes were monitored before
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and after perfusion, and heart function was periodically
observed.

Clinical outcome evaluation and follow-up

Clinical outcomes were determined based on the dosage
of pain medication, KPS, and body weight (27). Positive
clinical outcome was defined as the amount of pain
medication decreased more than 50% and maintained
for 4 weeks or longer; KPS increased more than 20 and
was maintained for 4 weeks or longer; weight increased
more than 7% and was maintained for 4 weeks or longer.
Negative clinical outcome was defined as the increase in the
dosage of analgesics; KPS reduction; weight loss. Any other
outcome was defined as stable clinical outcome. Patients
were considered to have clinical benefit when at least one
parameter was positive and no negative outcomes. All
patients were followed up until December 31, 2015.

Based on the criteria of the Chinese Health Ministry
regulations for the therapeutic efficacy of drugs for EC and
new guidelines to evaluate the response to treatment in the
solid tumors (28), the clinical efficacy of EC was determined
in accordance with complete remission (CR), partial remission
(PR), no change (NC), and progression disease(PD). CR:
X-line disappeared in the barium X-ray, lesions disappeared
in the esophageal endoscopic examination, the esophagus
became normal, distant metastatic lesions disappeared, and
metastasis in lymph nodes completely disappeared; no signs
of tumor were observed in the examination, and the efficacy
continued for more than a month. PR: tumor shrank more
than 50% in the barium X-ray and esophageal endoscopic
examination, no new lesions appeared, and distant metastases
and metastases in lymph nodes reduced by more than 50%
for more than a month (3). NC: tumor shrank less than 50%
in the barium X-ray and esophageal endoscopic examination,
and the tumor enlarged less than 25% for more than a
month (4); PD: tumor enlarged more than 25% or new
lesions appeared. CR + PR was determined as the overall
objective response rate.

Statistical analysis

All data was analyzed using the SPSS 16.0 software.
Quantitative data were compared using independent two-
sample #-test and presented as mean + standard deviation
(v = s). i’ test was used to analyze the difference between
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Table 1 Characteristics of patients’ data

Categories Number of cases
Total number of patients 46
Gender
Male 29
Female 17
Age (year) 42-78, median: 60.94
LNM
LNM in neck and homolateral 2
supraclavicular region
LNM in the mediastinal region 38
LNM in the perigastric region 8
Histologic grade
Well differentiated 1
Moderately differentiated 14
Moderately or poorly differentiated 6
Poorly differentiated 6
SCC differentiation uncertain 19
IlIA, B, and C stage 44:16, 18,15
IV stage 2

LNM, lymph node metastasis; SCC, squamous cell carcinoma.

Table 2 Clinical stage before and after treatment with verapamil
combined with chemotherapy

Stages Before treatment After treatment
| 0 0

1A 0 10

1B 0 13

A, B, and C 44:16,13, 15 22:7,7,8
\Y 2 1

the composition ratio and the rate. The #-test was used to
analyze the group comparisons. A P value less than 0.05 was

considered statistically significant.

Results
General characteristics of patients

There were 29 males and 17 females with an average age
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of 60.94 years old (range, 42-78 years) enrolled in this
study. Histological types of all 46 cases were squamous cell
carcinoma (SCC). Among them, 2 cases had neck and clavicle
lymph node metastasis (LNM), 38 cases with mediastinal
LNM and 8 cases with gastric drainage LNM. A total of
15 patients had upper segment lesions, 23 middle segment
lesions, and 8 lower segment lesions. According to the criteria
of American Joint Committee on Cancer (AJCC) (29), clinical
stages of all patients before treatment were as follows:
IITA stage (16 cases), IIIB stage (13 cases), IIIC stage (15
cases), and IV stage (2 cases) (Table 1). Eighteen patients
had hoarseness caused by the mediastinal lymph node
compression of recurrent laryngeal nerve before treatment.

Evaluation of clinical stages after combinational treatment

A total of 44 cases with EC III stages (A, B, and C:16, 13,
and 15 cases) and 2 cases with IV stages were detected
before treatment. After the treatment with verapamil
combined with chemotherapeutic drugs via target artery
infusion, there were 10 cases with EC IIA stages, 13 cases
with IIB stages, 22 cases with III stages (A, B, and C: 7, 7,
and 8 cases), and 1 case with IV stage. As summarized in
Table 2, the clinical stages were significantly decreased after
treatment and 45 patients received one course of radical
radiotherapy and 1 patient was treated by operation.

Evaluation of clinical outcomes on EC

A total of 46 patients with EC were treated with verapamil
combined with two to four courses of interventional
therapy. There were a total of 2 cases of CR, 39 cases of
PR, 3 cases of NC, and 2 cases of PD. The overall objective
response rate (CR + PR) was 89.13%.

Clinical outcomes and survival time

EC patients treated with verapamil combined with
chemotherapeutic drugs achieved better KPS, weight, and
positive clinical benefit of the dosage of analgesics, which
were 91.30% (42/46), 52.17% (24/46), and 66.67% (4/6),
respectively. After treatment, dysphagia in 42 patients
was significantly improved; among them, 5 cases with
narrow type had no significant improvement. Of 18 cases
with voice hoarseness caused by recurrent laryngeal nerve
paralysis before therapy, 11 cases recovered normal voice
pronunciation and 7 cases were completely relieved. A total
of 42 patients (91.30%) survived for more than a year, 24
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Table 3 Adverse effects in patients with interventional therapy (n=46)

Liu et al. Combined verapamil and chemotherapy for EC

ltems 0 | Il n \Y
WBC decrease 29 13 3 1 0
Hemoglobin decrease 43 2 1 0 0
Platelet decrease 40 3 2 1 0
Nausea and vomiting 23 12 10 1 0
Diarrhea 43 2 1 0 0
ALT/AST increase 43 2 1 0 0
Fever 45 1 0 0 0
Alopecia 28 14 2 2 0

WBC, white blood cell; ALT, alanine transaminase; AST, aspartate transaminase.

Table 4 Changes in respiration, pulse, and blood pressure

Observation time

Respiration (times/min)

Pressure (mmHg) Pulse (times/min)

5 min before chemotherapy 19+2
30 min after chemotherapy *19+3
60 min after chemotherapy *19+2

121+16/72+10 75+14
117+11/70£14 7617
*115+12/71+13 *75+15

¢, P>0.05.

patients (52.17%) survived for more than 2 years, and 12
patients (26.09%) survived for more than 3 years.

Adverse effects of verapamil with chemotherapy

All patients were treated with verapamil combined with
chemotherapy drugs via arterial infusion. I-1I degree of
adverse reactions occurred, all of which were relieved in
a short period of time (7able 3). Common adverse effects
including WBC count decrease, nausea and vomiting,
diarrhea, alopecia, fever and liver failure were observed
in 17 cases (36.96%), 23 cases (50.00%), 3 cases (6.50%),
18 cases (39.13%), 1 case (2.17%) and 3 cases (6.52%)
respectively. Before and after using verapamil, the vital signs
(respiration, pulse, and blood pressure) of the patients were
not significantly changed and electrocardiogram did not
show significant differences (Table 4).

Typical case 1: the patient with EC in the middle and
lower segments of the esophagus combined with mediastinal
LNM had obvious obstruction and was evaluated as EC
ITTA stage by CT combined with MRI and endoscopic
ultrasonography (Figure 1A). The patient was treated with
two courses of 25 mg verapamil combined with 1.75 g
5-fluorouracil and 50 mg lobaplatin, followed by a 2-week
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interventional chemotherapy. EC was evaluated as IIB
stages, and the sense of obstruction disappeared (Figure 1B).
The patient was successfully treated with radical surgery.
Pathological examination revealed that the carcinoma tissues
invaded the middle of the muscular layer after surgery, no
metastasis was found in 20 dissected lymph nodes, and the
pathologic stage was pT2NOMO after operation.

Typical case 2: for the patient with EC combined
with left supraclavicular LNM in the middle segment of
the esophagus, endoscopy, CT, and esophageal barium
X-ray were used for detection before therapy (Figure 2A).
Three courses of interventional therapy comprising
25 mg verapamil combined with 80 mg cisplatin (DDP) and
1.75 g 5-fluorouracil were given to the patient. 5-Fluorouracil
(1.0 g x3 d) was administered for intravenous chemotherapy
on the second day after the interventional chemotherapy.
The esophageal lesions significantly reduced after the therapy
(reached CR criteria) (Figure 2B). The patient refused surgical
treatment, and were treated with radical radiotherapy.

Typical case 3: this patient was diagnosed with EC
combined with the left supraclavicular LNM, and the
left mediastinal LNM combined with voice hoarseness
caused by recurrent laryngeal nerve paralysis. Before the
interventional therapy, the size of the left supraclavicular

Transl Cancer Res 2017;6(6):1226-1235
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Figure 1 Imaging of typical case 1 before and after treatment. (A) Patients with endoscopy, endoscopic ultrasonography, and esophageal
barium X-ray before treatment; (B) patients with endoscopy, endoscopic ultrasonography, and esophageal barium examination-ray after
treatment.

Figure 2 Imaging typical case 2 before and after treatment. (A) Patients with endoscopy and esophagus barium X-ray before treatment; (B)

patients with endoscopy and esophagus barium X-ray before treatment.
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Figure 3 Imaging of typical case 3 before and after treatment. (A) MRI images of left supraclavicular lymph nodes before treatment (February

2012); (B) MRI images of left supraclavicular lymph nodes after treatment (July 2012); (C) MRI images of left supraclavicular lymph nodes

after treatment (February 2015).

lymph nodes was about 4x3 cm’, as detected by MRI
(Figure 3A). First, half of the doses of verapamil, cisplatin,
and 5-fluorouracil were administered into the superficial
cervical artery, the branches of the subclavian artery, and
the branch of the left external carotid artery. Then, the
remaining half of the doses of verapamil, cisplatin, and
S-fluorouracil were administered into the branch of the
left external carotid artery and branches of the bronchial
artery. Each target artery perfusion was repeated two times
(Figure 3B). The total amount of drugs administered every
time was 25 mg verapamil with 90 mg cisplatin and 1.75 g
S-fluorouracil. After four courses of the interventional
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therapy, the left clavicle lymph nodes disappeared, as
revealed by MRI (Figure 3C). After four courses of
chemotherapy followed by radiotherapy (the total radiation
dose was 6,000 cGy), the disease-free survival at follow-up
was 60 months.

Discussion

In this study, 46 patients with advanced EC were treated
with verapamil combined with chemotherapeutic drugs via
target artery infusion. Our results suggested that the clinical
stages of patients with EC were significantly reduced with

Transl Cancer Res 2017;6(6):1226-1235
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improved short-term curative effects and alleviated clinical
symptoms. Patients’ survival time was prolonged which
granted opportunity for radical radiotherapy and operation.
Compared to Tai et al.’s study, our study achieved better 1-,
2-, and 3-year survival rates (30).

MDR is one of the main reasons that restrict the
curative effect on malignant tumors in a clinical scenario
(31,32). It has been shown that P-glycoprotein (P-gp)
hydrolyzes adenosine triphosphate (ATP) to generate
adenosine diphosphate (ADP), and energy. P-gp binds to
intracellular chemotherapy drugs with the involvement of
calcium ions that pump the drugs out of the cell, decreases
the intracellular drug concentration and reduces the toxic
effects on tumor cells. This process leads to the development
of MDR (33,34). Verapamil is a calcium channel antagonist
that inhibits the expression of zdrl gene and the synthesis
of P-gp to increase the concentration of chemotherapeutic
drugs in cancer cells and hence overcome the drug
resistance of tumor cells (35). It has been demonstrated that
6-10 pmoL/L verapamil completely inhibits P-gp to reverse
MDR of malignant tumor cells and increases the sensitivity
of tumor cells to chemotherapeutic drugs. However, adverse
reactions such as decrease of the heart rate and blood pressure,
atrioventricular block etc. occurred when the verapamil
concentration reached 1-2 pmol/L in the serum, which limited
the intravenous application of verapamil in cancer therapy.

Results of verapamil perfusion through canine hepatic
artery showed that the drug concentration in the local
tissue was 5-10 times higher than that in the blood, and
adverse cardiovascular effects such as decrease of heart
rate, blood pressure and atrioventricular block did not
occur (17). The application of target artery perfusion
with verapamil combined with chemotherapeutic drugs
has yielded good clinical results in treating primary liver
cancer, advanced colorectal cancer, advanced gastric cancer,
advanced lung cancer, and malignant ascites (18-22).
Hence, the same interventional therapy was used in treating
patients with advanced EC. Although simple arterial
infusion chemotherapy has the advantages of less side
effects and good tolerance, which can effectively improve
the quality of life of patients, it cannot effectively improve
the overall survival time (31,32). This is a pilot study to
demonstrate the effectiveness of combination verapamil and
chemotherapy drugs in the treatment of EC. Further study
with larger sample and control group would be conducted
to further confirm our findings.
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