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Abstract. Background/Aim: The aim of this single center,
non-randomized, open-label, uncontrolled, interventional
trial was to determine the feasibility of continuous
administration of low-dose human atrial natriuretic peptide
(hANP) perioperatively during curative operation for
colorectal cancer patients without history of acute heart
failure. Patients and Methods: The study included three
males and two females ranging from 27 to 70 years old.
Continuous intravenous injection of hANP solution was
started before surgery. The primary endpoint was safety of
hANP administration, and the secondary endpoints were
perioperative changes in ANP, b-type natriuretic peptide,
electrocardiogram (ECG), and lung function. Results: The
American Society of Anaesthesiologists physical status was
1, 2, and 3 in three, one, and one patient, respectively. Grade
2 hypotension was observed in one case. No marked changes
were observed between pre- and post-operation in all cases.
Conclusion: Perioperative low-dose hANP administration is
feasible and safe in patients with curative colorectal cancer.

Colorectal cancer (CRC) is the third most common malignancy
and the fourth leading cause of cancer-related mortality
worldwide (1-3). Although surgical resection of the colon/rectum
with lymph node dissection is the most effective therapy,
additional therapies have been developed such as adjuvant
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therapy. Postoperative adjuvant fluoropyrimidine chemotherapy
has been shown to prolong overall survival in patients with
stage III CRC (4). The addition of oxaliplatin-containing
chemotherapy to fluoropyrimidine-based chemotherapy has
shown additional benefit for stage III CRC patients (5-7), and
further studies have been performed to find the optimal adjuvant
therapy for cancer recurrence prevention (8). The results of these
studies indicated that postoperative adjuvant therapies benefit
patients with CRC after curative surgery. However, no effective
intraoperative intervention for the prevention of cancer
metastasis is available in daily practice.

Human atrial natriuretic peptide (hANP) was identified in
the human heart in 1984. It consists of 28 amino acids and
exhibits a wide range of cardioprotective effects including anti-
fibrosis, anti-hypertrophy, anti-inflammatory, and inhibition of
sympathetic nerve activity, the renin—angiotensin—aldosterone
system, and endothelin synthesis (9-11). ANP binds specifically
to the guanylyl cyclase-A (GC-A) receptor (12). A previous
study showed that metastasis of GC-A-nonexpressing tumor
cells to the lung increased in vascular endothelium-specific
GC-A knockout mice and decreased in vascular endothelium-
specific GC-A transgenic mice compared with control mice
(12). These results were also supported by a retrospective
clinical analysis of patients with lung cancer (12). ANP may
prevent cancer metastasis by inhibiting the adhesion of tumor
cells to inflamed endothelial cells (12). This may be applicable
in CRC; however, the feasibility of perioperative hANP
administration in patients without severe cardiopulmonary
dysfunction has not been established.

The aim of this interventional trial was to clarify the
feasibility of intravenous administration of low-dose
perioperative hANP in patients with resectable CRC.

Patients and Methods

Eligibility criteria. This study was a single-center, non-randomized,
open-label, uncontrolled study, registered with UMIN-CTR,
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Figure 1. Schedule of enrollment, interventions, and assessment. ECG: Electrocardiogram.
Table 1. Patients enrolled in this study.
Case Age Gender Height (cm) Weight (kg) Past history Smoking ASA-PS Spirogram ECG
1 65 M 170.2 70.2 Never 1 WNL WNL
2 33 F 157 44 Autonomic Ataxia Never 1 WNL WNL
3 27 M 170.6 66.4 Current smoker 1 WNL WNL
4 70 F 1494 62 DM, HT Past smoker 2 Restrictive WNL
5 67 M 180.7 77.8 COPD, Af* Past smoker 3 Obstructive WNL

COPD: Chronic obstructive pulmonary disease; DM: diabetes mellitus; Af: atrial fibrillation; HT: hypertension; ASA-PS: American Society of
Anaesthesiologists physical status; WNL: within normal limits. Note: *treated with catheter ablation.

UMINO000025877. The study protocol was consistent with the
principles of the Declaration of Helsinki, and the Ethics Committees
of the Osaka University Hospital (Suita, Japan) approved the study.
We enrolled five patients with primary CRC between April 1, 2017
and December 31, 2017. Inclusion criteria were: patients with
histologically diagnosed CRC who planned to undergo curative
surgery, Eastern Cooperative Oncology Group performance status
of 0-1, age =20, major organs were functional [white blood cell
count (WBC) >3000/mm3, platelet count >100,000/mm?, serum
creatinine <1.5 mg/dl, total bilirubin <1.5 mg/dl, aspartate
aminotransferase/alanine aminotransferase <100 IU/1], and provided
written informed consent for study participation.

Registration. Eligible patients were registered preoperatively by
calling the registration office after confirmation of the
inclusion/exclusion criteria. An eligibility report form was sent to
the Data Center at the Clinical Trial Coordinating Office at the
Department of Gastroenterology, Osaka University Graduate School
of Medicine. In this study, five patients received investigational
treatment, and were analyzed according to the protocol. A total of
seven cases were registered, but two patients withdrew their
informed consent after registration.
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Study design and treatment. This study was designed to determine the
feasibility of continuous administration of low-dose hANP
perioperatively during curative operation for CRC patients without a
history of acute heart failure, which is the original indication for hANP.
To prevent hypovolemia, extracellular fluid infusion was started at a
speed of 80-100 ml/h at least 2 h before surgery. Carperitide (2000 pg,
HANP FOR INJECTION®; Daiichi Sankyo Co., Ltd., Tokyo, Japan)
was dissolved in 5 ml water for injection (Japanese Pharmacopoeia)
and diluted in 45 ml saline, for a total volume of 50 ml hANP solution.
Continuous intravenous injection of the hANP solution was started at
a speed of 0.025 pg/kg/min at the start of extracellular fluid infusion.
Continuous administration of hANP was continued for 72 h from the
start of administration. If the attending physician determined that it was
necessary, the dose was reduced by half. Administration of hANP was
discontinued if hypotension persisted even with hANP reduction, if the
attending physician determined that it was not desirable to continue
hANP administration due to unexpected adverse events (AEs), or if the
scheduled operation itself could not be performed.

Assessments. The primary endpoint of the study was the safety of
hANP administration, and the secondary endpoints were
perioperative plasma ANP (cut off line 0-43 pg/ml) and plasma B-
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Figure 2. Vital signs after surgery for CRC resection. Systolic blood pressure (a), and resting heart rate (b) were drawn using a line for each case.

Table II. Tumor characteristics and type of operation performed.

Case Tumor location Clinical stage CEA CA19-9 Procedure Operation Blood loss
(ng/ml) (U/ml) time (min) (2)
1 Rectosigmoid T3NOMO Stage 11 5 172 Anterior resection 217 40
2 Lower rectum T3N2MO Stage III 24 34 Abdominoperineal resection 949 450
with pelvic and inguinal
lymphadenectomy
3 Ascending colon T3N2NO Stage 11T 2 11 Right hemicolectomy 257 15
4 Sigmoid colon TINOMO Stagel 2 8 Sigmoidectomy 165 10
5 Upper rectum T2NOMO Stagel 192 2 Low anterior resection 238 0

Clinical stage: according to the TNM classification 7th edition (12); Procedure: all cases received laparoscopic surgery; Blood loss: estimated blood
loss.

type natriuretic acid (BNP, cutoff level 0-40 pg/ml) levels, Results
electrocardiogram (ECG) changes, and lung function. The incidence
of postoperative complications and whether or not catecholamines
and diuretics were administered were evaluated. AEs were graded
according to the National Cancer Institute Common Terminology . . .
Criteria for Adverse Events (NCI-CTCAE) v4.0 (13). The schedule  this study are summarized in Table I. The study enrolled
of the study’s assessment and evaluation including spirometry and ~ three males and two females ranging in age from 27 to 70
ECG is described in Figure 1. years old (median, 65 years). The American Society of

Characteristics of patients enrolled in this study.
Characteristics of the five patients prospectively enrolled in

5303



ANTICANCER RESEARCH 40: 5301-5307 (2020)

a
— -Case1l
1
el ——Case?
900 | @ Case3 0
- i‘\
00 m- Case4 ; \
—A -Caseb FA

o O
o O

Plasma ANP Concentration (pg/ml)
N w B (o) (o)) ~ o]
o o - o
o o o o

—
o
o

90 , —*-Casef
——-Case?2
--@-Case3d
-B- Case4
-A -Caseb

Plasma BNP Concentration (pg/ml)
N W E (6)] (o] ~ (o]
o o o o o o o

—_
o

Figure 3. Plasma ANP and BNP after surgery for CRC resection. Plasma ANP levels (a, cutoff line 0-43 pg/ml) and plasma BNP levels (b, cutoff

line 0-40 pg/ml) were drawn using a line for each case.

Anaesthesiologists physical status was 1 in three patients, 2
in one patient, and 3 in one patient. There were two never
smokers, two past smokers, and one current smoker. Case 4
had restrictive pulmonary disease, and Case 5 had chronic
obstructive pulmonary disease.

Operation findings. Operation findings including tumor
location and clinical stage according to the tumor-node-
metastasis classification (14) are summarized in Table II.
Median operation time was 238 min (range=165-949 min),
and median estimated blood loss was 15 g (range=0-450 g).

Trend of systolic blood pressure and resting heart rate. To
understand perioperative vital signs, systolic blood pressure
and heart rate were monitored. The trend of systolic blood
pressure and heart rate were plotted in each case (Figure 2).
In Case 1, Grade 2 hypotension was observed (Figure 2a),
so the dose of hANP was reduced by half. In Case 4, systolic
blood pressure was higher than in other cases, most likely
due to the past history of hypertension. Resting heart rate in
all cases was controlled between 60 to 100/min in the
perioperation period (Figure 2b).

5304

Trend of serum ANP and BNP levels. Plasma ANP and BNP
levels were measured at pre-operation and post-operative day
(POD) 1, POD 3, and POD 7, and plotted in each case
(Figure 3a, b). Although, the dose of intravenous hANP
administration was regulated at a speed of 0.025 pg/kg/min,
plasma ANP levels were case-dependent. Peak plasma ANP
levels were observed at POD 1 in two cases, and at POD 3
in three cases. Peak concentration of plasma ANP levels
ranged from 199 to 884 pg/ml (median, 379 pg/ml). Plasma
BNP levels in all cases changed within the normal range,
except for Case 4 at POD 7 (79.4 pg/ml).

Change in cardiopulmonary tests. No marked changes were
observed in spirometry and ECG findings between pre- and
post-operation in all cases (data are not shown).

Trend of inflammatory response. To estimate AEs other than
cardiopulmonary function, perioperative trend of WBC and
plasma C-reactive protein (CRP) levels were monitored at pre-
operation, POD 1, POD 3, POD 7, and 1 month after operation
(Figure 4a, b). Peak WBC was observed on POD 1 in all cases.
Prolonged CRP was observed in Case 2 compared to other
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Figure 4. Trend of inflammatory indicators after surgery for CRC resection. WBC count (a), and plasma CRP levels (b) were drawn using a line

for each case.

cases, probably due to the higher surgical invasion. There were
no unexpected AEs that were attributed to hANP administration.

Discussion

There have been several reports about the scattering of cancer
cells by surgical manipulation. As an approach to reduce cancer
recurrence during surgery, Turnbull (15) proposed the “no
touch” isolation technique for Dukes C CRC (15). A
comparison of this technique with the conventional outer
approach method for right hemicolectomy with D3 dissection
revealed the superiority of the no touch isolation method for
long-term survival (15-17). Evidence that cancer cells are being
scattered during surgery have been proven by measurement of
blood circulating tumor cells (18), cancer cells in ascites (19),
and cell-free nucleic acid (20-22). Although the scattering of
cancer cells has been detected intraoperatively, there are no
available interventions to prevent intraoperative tumor
scattering or engraftment of tumor cells, except for the careful
manipulation of the organs to be resected.

Because hANP has beneficial effects on hemodynamics,
neurohormonal balance, and inflammatory changes, it is

reasonable to expect that hANP would protect against post-
operative cardiopulmonary complications, and was approved
by the Pharmaceuticals and Medical Devices Agency in
Japan. In a retrospective analysis, lung cancer recurrence
after curative surgery was significantly lower in ANP-treated
(hANP administration) patients than in control patients
(surgery alone) (12). In mouse models, metastasis of GC-A-
nonexpressing tumor cells was increased in vascular
endothelium-specific GC-A knockout mice and decreased in
vascular endothelium-specific GC-A transgenic mice
compared with control mice (12). These facts suggest that
hANP might prevent cancer metastasis by inhibiting the
adhesion of tumor cells to inflamed endothelial cells, even
in CRC. However, evidence on the feasibility of intravenous
hANP administration in patients who do not need it has not
been previously reported, with the exception of one report
on a 2 h administration in a healthy male (23). Therefore,
this is the first report on the feasibility of continuous
administration of hANP in CRC patients.

As shown in Tables I and II, hANP treatment was
successfully performed in a wide variety of cases in this
study. Except for Grade 2 hypotension, there were no other
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AEs regardless of hANP involvement. In one of five patients
(Case 1), blood pressure decreased on the day of surgery and
the dose of hANP was decreased by half. One of the reasons
for this hypotension might have been that the pre-operative
BNP level in Case 1 was lower than that in the other cases
(Figure 3b), but it is impossible to draw further conclusions
from this study. Peak WBC counts were observed at POD 1,
and peak CRP was mainly observed at POD 3 (Figure 4).
These changes in inflammatory indicators were compatible
with cases without inflammatory complications (24, 25).
These findings also supported the feasibility of this trial
treatment.

At present, no intervention is available as an adjuvant to
prevent recurrence during curative surgery for CRC. The results
of this study show that perioperative low-dose hANP
administration is feasible and safe. As a limitation, carperitide
has not been approved by the U.S. Food & Drug Administration
or European Medicines Agency; however, the cost of hANP is
about 1,800 Japanese yen per 1,000 ug, which is relatively
inexpensive. Using this remedy currently used for acute heart
failure to prevent cancer recurrence intraoperatively might be
ideal in terms of drug repositioning (26).

Based on these results, we are currently completing a
phase II trial to define the safety profile and evaluate the
usefulness of perioperative low-dose hANP administration in
preventing CRC recurrence.
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