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The aim of the study was to evaluate the clinical efficacy of isolated hyperthermic hepatic chemoperfusion (IHHC) in patients with
colorectal cancer and isolated non-resectable liver metastasis (M) resistant to systemic polychemotherapy (PCT).

Materials and Methods. The study included 6 patients with colorectal cancer with isolated non-resectable liver metastatic lesions
resistant to systemic PCT. The average age of patients was 59.3+3.4 years. Before the IHHC, all patients received 2 cycles or more of
PCT that failed to prevent an increase in metastatic foci in the liver. The IHHC was performed using an artificial circulation device; the
chemotherapeutic agents (melphalan in combination with TNF-a) were administered through the gastroduodenal artery. Blood from the
retro-hepatic segment of the inferior vena cava was collected after the liver vessels were completely isolated and a parallel circulation shunt

was established for returning the blood into the superior vena cava from the inferior vena cava and the portal vein.

Results. In 3 patients with follow-up examinations at 3 and 6 months, a complete response (according to the mRECIST scores) was
noted; in the other 3 patients, there was a partial response to the treatment. In patients with a complete response, the use of IHHC resulted
in complete tumor pathomorphism confirmed by histology and spiral CT at 3 and 6 months after the procedure.

Conclusion. I[HHC with melphalan and TNF-a can be used for regional chemotherapy in patients with isolated non-resectable

metastases resistant to systemic chemotherapy.
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melphalan; tumor necrosis factor.

Introduction

Despite the achievements of modern surgery and
oncology, treatment of isolated metastatic liver lesions in
colorectal cancer presents a significant clinical challenge
[1, 2]. This issue needs to be urgently addressed
because in 80% of patients (at the moment liver
metastasis is confirmed), the lesion is already bilobar,
which rules out performing any radical resection [3].
Biological characteristics of colorectal cancer suggest
that the available adjuvant chemotherapy is of limited
efficacy in such patients: the response rate to second-
line chemotherapy is less than 25%, and the survival
period on the second-line chemotherapy is less than 12
months [4-6].

The  successful  experience  with  regional
chemotherapy in patients with isolated metastatic
liver disease is mainly due to the use of intra-arterial
chemoembolization of liver metastases via the hepatic
artery [7]. However, this route is not suitable for

chemotherapy with melphalan and TNF-a because of
their high systemic toxicity [8, 9]. In addition, during intra-
arterial chemoembolization, it is not possible to maintain
the level of hyperthermia required for the efficient
antitumor therapy [10]. The isolated hyperthermic
hepatic chemoperfusion (IHHC) can produce local
hyperthermia and bring a chemotherapeutic agent to
the target, preventing it from entering the systemic
circulation [6, 10, 11]. IHHC was reported to cause a
significant clinical improvement and even a complete
tumor regression [4, 8, 9].

For the first time, the technique of IHHC was
presented Ausman [12], who conducted a series of
experimental studies on dogs with the subsequent
introduction of the technique into clinical practice. Then,
over 40 years, an interest in the technique resumed
for a while and then dropped again, mainly due to the
complexity of the procedure and high perioperative
mortality [5, 10]. By now, around 500 IHHC procedures
have been completed worldwide; most of them
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performed by Dr. Alexander in the US [4] and Dr. van
lersel in Europe [2]. Unfortunately, to date, there is
no published data on completed IHHC procedures in
Russia.

The aim of the study was to test the feasibility
and clinical efficacy of isolated hyperthermic hepatic
chemoperfusion with melphalan and TNF-a for the
treatment of isolated bilobar metastatic lesions in
patients with colorectal cancer failed to respond to
systemic chemotherapy.

Material and Methods

The study was carried out in accordance with the
requirements of the Helsinki Declaration (2013). The
authors received a written consent for IHHC from all
patients.

Six patients (4 males, 2 females) participated in the
study. The average age of the patients was 59.3+3.4
years (45-70 years). lIsolated bilobar metastatic
liver lesions (My;) were confirmed in all patients; in
three patients, the liver metastases were diagnosed
simultaneously with the primary diagnosis, and in three
others — during the post-treatment follow-up. At the time
of the detection, the liver metastases were diagnosed as
unresectable in all patients; the lesions were localized in
both the right and left lobes; therefore, it was impossible
to perform a radical resection and leave sufficient tissue
for proper liver function. The location of the primary
tumor in 3 patients was the rectum, and in other 3 — the
colon. The histological type of the tumor in all cases was
adenocarcinoma; in 2 cases — moderately differentiated
(G2) and in 4 cases — poorly differentiated (G3).

The large intestine tumors were removed using the
standard resection procedures (in the rectum — total
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mesorectal excision with rectum resection, in the colon-
total mesorectal excision with partial colon resection).
Before the IHHC, all patients underwent two or more
cycles of polychemotherapy; despite that, an increase in
the size of secondary foci in the liver was found. Given
the poor efficacy of systemic polychemotherapy, the
patients were scheduled for IHHC.

Isolated hyperthermic liver perfusion was performed
according to our original modification (priority certificate
No0.2017118306 dated May 25, 2017). It included a step
of vascular isolation of the liver followed by creation of
two closed loops of artificial circulation:

in the 13, the main one (blood circulation through the
liver), a solution was pumped into the liver through a
cannula installed in the gastroduodenal artery, and the
blood coming from the liver entered a cannula installed
in the retro-hepatic segment of the inferior vena cava;

in the 2" shunt (provides blood return from the lower
extremities, kidneys, and the intestines to the heart),
the blood was withdrawn through a cannula installed in
the sub-hepatic segment of the inferior vena cava (from
the kidneys and lower limbs), and through a cannula
installed in the portal vein; within this route, the blood
returned into the internal jugular vein via a puncture-
mounted introducer with a diameter of 3/16.

Before the cannulation, heparin was administered to
provide for the activated clotting time (ACT) of 400 s.
The main artificial circuit was filled with a mixture
containing: 300 ml of erythrocyte mass, 700 ml of saline
and chemotherapeutic agents — melphalan (1.5 mg/kg
body mass) together with 1 mg TNF-a. This mixture was
pumped through an oxygenator and a heat exchanger
before entering the gastroduodenal artery.

The scheme of the main perfusion circuit and the
vein-venous shunt is shown in Figure 1.

Figure 1. Scheme of the main perfusion
circuit and the vein-venous shunt:

(a) the reservoir for pooling the blood from the
retro-hepatic segment of the inferior vena cava
and then pushing it to the gastroduodenal artery
(the main perfusion circuit); (b) the reservoir for
pooling the blood from the inferior vena cava
and the portal vein and then pushing it to the
superior vena cava (vein-venous shunt); the
arrows indicate the blood flow directions
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The major parameters of this artificial circulation were
as follows: the volume velocity of perfusion along the
main circuit — 800-1100 ml/min; the pressure in the
arterial cannula — 120-180 mm Hg; under hyperoxia,
partial oxygen tension in the feeding mixture was
>150 mm Hg; in hyperthermia, temperature of 40°C
was maintained; the volume velocity of the shunt flow —
800—-1200 ml/min; duration of isolated liver perfusion —
60 min. After the end of the IHHC session, the perfusate
was washed out from the liver using 1500 ml saline and
500 ml gelofusine. Then, the cannulas were removed
and the vascular defects were sutured; heparin was
neutralized with a solution of protamine sulfate (10 U of
protamine per 1000 units of heparin); cholecystectomy
was performed, and the laparotomy wound was sutured
layer-by-layer.

The response to the treatment was determined
by spiral CT (the mRECIST score), as well as by the
level of tumor markers CA 19-9 and CEA (cancer-
embryonic antigen). For the morphological study of liver
metastases, an incisional biopsy of the tumor tissue
was performed immediately after the laparotomy and
one hour after the IHHC. The tissue samples were sent
for histological and immunohistochemical examination
[4]. Immunohistochemical studies were performed to
measure the level of Ki-67.

Given a small number of clinical observations, the
data was processed using nonparametric methods (the
Wilcoxon test and the Mann-Whitney test).

Results and Discussion

The duration of surgical intervention averaged
at 267143 min, the intraoperative blood loss was
475195 ml. During the operation, no blood transfusions
were performed. There were no lethal outcomes during
the patients’ hospital stay. In the postoperative period,
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all patients showed a transient increase in the levels
of transaminases: the ALT and AST elevated up to
270 mmol/L within 24 h after the operation and then
returned to a normal range by day 7 in all patients. The
total bilirubin did not exceed 15 mmol/L. During the
postoperative period, one patient developed acute renal
failure; after three sessions of ultra-hemodiafiltration, a
normal pace of diuresis restored and the parameters
of nitrogen metabolism normalized. The duration of the
patients’ stay in the ICU was 411 days, the total period of
hospitalization — 13+3 days.

The above data on the operation time and the
intraoperative blood loss were comparable with
the results of others [4]. The development of renal
insufficiency in the postoperative period in one patient
could be explained by rhabdomyolysis (the level of
myoglobin in the blood reached 1000 pg/L) as a result of
hypoperfusion of skeletal muscles caused by vasospasm
and the vasopressor support. Such a complication of the
perfusion procedure was earlier reported by others [12],
but the authors attributed it to rhabdomyolysis caused by
a leakage of the chemotherapeutic drug. In the present
study, there were no indications of melphalan or TNF-a
leakage, since there were no manifestations of systemic
toxicity (primarily suppression of hematopoiesis).

The immediate results of IHHC assessed by
morphological data showed tumor necrosis and fibrosis
in 3 patients (Figure 2).

The long-term results of IHHC assessed after 3 and
6 months indicated a complete response in 3 patients
(Figure 3) and a partial response in three others.

In patients with a complete response to IHHC, the
oncomarkers (CA 19-9 and CEA) decreased to normal
values; in patients with a partial response, the levels of
oncomarkers were lower than those before IHHC but still
above normal. In our study, the number of patients with
complete tumor responses is higher (in the percentage

Figure 2. Histological examination of liver metastases:

(a) before

isolated hyperthermic hepatic chemoperfusion, adenocarcinoma G3; (b) after isolated hyperthermic hepatic

chemoperfusion, necrosis and fibrosis; staining with hematoxylin and eosin; x10
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Figure 3. Complete tumor response to the isolated hyperthermic hepatic chemoperfusion evaluated
with the mRECIST scale:
the arrows indicate metastases of colorectal cancer (a) and fibrosis in the area of metastases localization after
isolated hyperthermic hepatic chemoperfusion (b)

terms) than that in the reports of other authors [1,
4]. This, of course, can be due to a small number of
patients, which necessitates a continuation of the study
on a larger group of patients.

Otherwise, our results are consistent with the data of
others [4, 8, 9].

Conclusion

Isolated hyperthermic liver chemoperfusion with
melphalan and TNF-a can serve as an effective method
of regional chemotherapy indicated in patients with
isolated non-resectable metastatic liver lesions resistant
to systemic chemotherapy.
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