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The aim of the study was to evaluate the efficacy of circular cryo-excision in the surgical treatment of skin melanomas.

Materials and Methods. The study involved 126 patients with histologically verified malignant skin melanomas. The treatment efficacy
was assessed by measuring the levels of antibodies to the CD3, CD16, CD4, and CD8 lymphocytes followed by calculating the CD4/CD8
ratio (immune regulation index, IRI) as an index of the immune health. For deep freezing of skin melanoma, a continuously cooled applicator
with a ring-shaped tip attached to a vertical tube was used. Cryosurgical intervention — an excision of tumor tissues — was carried out in

three stages.

Results. The CD4/CD8 ratio (IRI) before the cryosurgery was 0.610.1; after the treatment, the IRl increased 2-fold. In 6 months, the
level of IRI reached 1.5£0.2. The 5-year survival rates after the circular cryo-excision were 80.0£8.9%, even for melanomas with the Clark

index of IV-V.

Conclusion. Cryosurgical treatment of melanoma has a stimulating effect on the immune system and causes therapeutic consolidation
that lasts for about 48 months, depending on the reactivity of the immune system. The results demonstrate the efficacy of this novel

approach and rationalize its further use in oncosurgery.
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Introduction

Melanoma is one of the most malignant and
aggressive skin formations with rapid progression and
poor prognosis; the disease accounts for 1.0 to 4.0%
of all cancers [1, 2]. The number of people suffering
from melanoma is growing rapidly every year. Thus,
in the USA, the incidence of skin melanoma increases
by 4.0% annually, and in Russia this figure reaches
4.95% [3].

Back in the 1990s, it became obvious that thermo-
ablative technologies had a number of advantages over
traditional methods of surgical treatment of tumors:
ablastic manipulations; reduced area of tissue removal;
fewer complications, cost and time effectiveness;
an extended range of indications as compared with
traditional surgery [4]. It is also important that cryogenic
treatment does not require anesthesia and that the
surgical procedure is less complicated than traditional
melanoma surgery [5, 6]. In addition, the use of low and
ultralow temperatures makes it possible to activate the
oncocytolytic mechanism and strengthen the therapeutic

efficacy of such antitumor drugs as mitomycin [7, 8]. The
oncocytolytic effect involves a spread of tumor antigens
as a result of cryo-exposure; those antigens stimulate
the production of cytotoxic T lymphocytes capable of
attacking tumor cells [4, 9, 10].

The specific freeze-thaw cycles allow for directly killing
tumor cells, triggering apoptosis, and also inhibiting
the growth of surviving cells [11]. Another evidence of
the pronounced immunological effect of cryo-exposure
came from a study on treatment of skin metastases of
melanoma using cryotherapy combined with Imiquimod
(cytokine inducer) [12, 13].

Among the known methods of cryosurgery, the best
studied is the one used in the treatment of malignant
lentigo [14-17]. This approach became a method of
choice for the management of elderly patients and
patients with contraindications against traditional surgery
or general anesthesia.

The aim of the study was to evaluate the efficacy
of circular cryo-excision in the surgical treatment of skin
melanomas by using the immunological indices and the
5-year survival data.
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Materials and Methods

The study was conducted at the “Oncolor” Scientific
Clinical Center for Cryo-Medicine (Russia). There were
126 patients with confirmed diagnosis of “malignant skin
melanoma” without clinical manifestations of metastasis,
including 49 men (38.9%) and 77 women (61.1%).
The average age of the patients was 63.6+0.8 years.
By melanoma location, they were grouped as follows:
torso — 31% (39/126); upper and lower limbs — 43.7%
(55/126); head and neck — 25.3% (32/126). According
to the Clark invasion depth index, the number of patients
with grades I-ll were 81, with grade Il — 20, and with
grades V-V degrees — 25 patients.

The study was conducted in accordance with the rules
and regulations of the Helsinki Declaration (2013) and
approved by the Ethics Committee of the Privolzhsky
Research Medical University. Informed consent forms
were signed by all patients.

Instrumentation. Cryo-destruction of skin melanomas
was performed by means of an original cryo-instrument
cooled by the continuous flow of liquid nitrogen through
a circular channel (Figures 1, 2) with replaceable
applicators with the ring-like surface (of different
diameters and different widths of the ring); a hard vertical
tube was mounted over the ring [18].

Cryo-laser excision of skin melanoma [19] was
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performed as follows. The uncooled applicator was
placed on the preliminary moistened skin around the
tumor so that the area was covered by the tube opening.
Then, the coolant began circulating through the supply
pipe, the circular cavity, and the exit pipe; with that in
place the working surface was kept cool during the
procedure. The instrument became firmly attached to
the target skin area due to the adhesion between the
applicator and the underlying skin. After that, liquid
nitrogen was poured into the main tube, irrigating the
tumor and nearby tissues. After 1.5 min of exposure, the
temperature of the skin layers under the tumor reached
—40°C (as measured by a thermocouple). The proposed
cryo-instrument provides for deep cryo-destruction,
flexible cryo-exposure, and reduced traumatization
by avoiding mechanical damage to the tumor tissue.
Together, the applicator and cryo-irrigation reduce the
time needed for complete freezing.

For a radical cryo-destruction of skin melanoma, 3—4
freezing cycles are performed (depending on the size
of the neoplasia) with complete spontaneous thawing;
then, the entire frozen block (tumor + surrounding
tissue) is excised with a cryo-laser. Radiation from the
CO, laser is focused on the frozen tissue adjacent to
the applicator, mainly along the —20°C isotherm. On
the line of the laser cut, an additional cryo-exposure is
carried out by the Ledok cryo-instrument (developed

Figure 1. Schematic representation of the cryosurgical instrument:
(a) front view: 1 — body, 2 — circular cavity, 3 — liquid nitrogen pipe; (b) top view: 2 — circular
cavity, 4 — coolant entry pipe, 5 — coolant exit pipe

Figure 2. Surface-spreading
melanoma T;,NoM, (lIA stage
according to AJCC):

(a) before cryotherapy; (b) after
cryotherapy
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by Dr. V.I. Kochenov, Nizhny Novgorod, Russia). Such
an excision can also be performed with the help of the
EHVC-500 electrosurgical instrument — electro-knife
(EImed, Russia). Control biopsy is taken from the edges
and the bottom of the postoperative wound, as well as
along its circumference at distances of 0.5 to 2.5 cm
from the wound boundaries (depending on the thickness
of the tumor). The postoperative wound is sutured layer
by layer; a temporary drainage catheter is left in the
wound (see Figure 2).

The deep cooling with the adhesion allows the
surgeon to freeze the melanoma and block its
blood supply simultaneously from all sides, without
mechanically touching the tumor itself. The vertical
hard tube accelerates the process of freezing by
simultaneously and directly exposing the exophytic part
of the tumor to liquid nitrogen. The tube opening can
be used for taking cryo-biopsy samples from the tumor
without removing the instrument from the frozen tissue.

Evaluation of the immune status. To determine
the immune-stimulating therapeutic effect, the
immunological status was examined before the
treatment, after it, and every 2 months during the
first year and every 3 months during the years 2 to 5.
The very first test for the cellular immunity is carried
out at the time when the diagnosis of skin melanoma
is suspected. In the case melanoma is ruled out, no
further monitoring of this patient takes place. In patients
with confirmed melanoma, the patient’'s immune status
is determined before and after surgery; the humoral
and cellular immunity is evaluated with the help of
monoclonal antibodies to lymphocyte subpopulations
(including cytotoxic ones) — CD3, CD16, CD4, CDS8,
and CD4/CD8. To evaluate the immune status we
used the immune regulation index (IRI) — the ratio of
T helpers to T cytotoxic cells (CD4/CD8).

Data processing. To assess the normality of the
data distribution, the Shapiro—Wilk criterion was used;
for the comparison, the Student’s t-criterion for related
populations was used. Statistical significance was
accepted at p<0.05.

Results

In 126 patients with diagnosed skin melanoma, the
immune status was examined before the treatment, after
it, and every 2 months during the first year and every
3 months during the years 2 to 5. Humoral and cellular
immunity was assessed using monoclonal antibodies to
CD3, CD6, CD4, CD8, and CD4/CD8, CD72 (Table 1).
Prior to the cryosurgical treatment, the levels of CD4,
CD8, and CD72 were below normal limits.

In Table 2, the CD4/CD8 ratio (IRI) in patients with
different forms of skin melanoma after the treatment is
shown.

Most melanomas in this group of patients were of
the epithelioid type: 68 of 126 patients (53.9%). In
these patients with either early superficial neoplasia
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Table 1

Immunological profile of patients with skin melanoma
before and after cryosurgical treatment (M+m)

. Normal Patients (n=126)
Parameter  Units
values  Before treatment After treatment
o5 % 60-76 67.1£2.7 67.2+2.6
x10°g/L  1100-1700 1251228 1079479
CD4 % 38-46 37.1+2.4 42.5+2.2
x105g/L  700-1100 1646145 75950
o5 % 31-40 27.0£1.3 29.643.8
x108g/L  500-1000 1424430 537+40*
CD4/CD8  arb. units 1.2-2.0 0.6+0.1 1.5£0.2**
% 10-19 10.9+1.8 14.2+2.1
CD16
x108g/L  200-400 180432 30360
% 11-16 18.541.1 10.740.8
CD72
x105g/L  200-400 166114 207423

N ote. Significance of the differences when compared with
the “before treatment” values: * p<0.05; ** p<0.01.

Table 2

Immune regulatory index in patients with different forms
of skin melanoma after treatment

Number of patients

Type of melanoma (n=126) CD4/CD8
Superficial 54 0.85+0.25
Nodular 42 0.5:0.2
Ulcerated invasive
with inflammation (hyperemia) 24 2.510.3
Achromatic (red, pink) 6 2.810.1
None — 1.2-2.0

or ulcerated nodal forms, the CD4/CD8 ratio before
treatment was 0.6+0.1. The cryosurgical treatment of
skin melanoma resulted in a 2-fold increase in the CD4/
CD8; after 6 months, this value increased even further to
1.5£0.2. These data indicate that cryosurgical treatment
had a stimulating effect on the immune system. The
therapeutic consolidation lasted for 48 months (average)
and depended on the reactivity of the immune system.

In 93 out of 96 patients who were followed up for a
long time after this cryogenic treatment, the normal
values of CD4/CD8 persisted for about 48 months. In
1 patient (82 years old), the CD4/CD8 value after circular
cryo-excision did not change and was at the level of
0.6 arb. units. In the follow-up examination 4 years later,
there were no signs of disease progression, and the
CD4/CD8 ratio remained ~0.5 arb. units.

In the group of patients with melanoma of grade I-llI
(by Clark), who were followed up for a period from 12
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to 69 months, the only case of disease recurrence in
the operation zone was in a 71-year-old woman with
a disintegrating ear tumor of 5.0x4.0x3.0 cm in size.
The local relapse and metastases to lymph cervical
nodes were detected 8 months after the surgery.
Death occurred 2 months later following the disease
progression.

The five-year survival rate in patients after circular
cryo-excision of melanoma with the Clark grade of V-V
was 80.0+£8.9%.

Discussion

The present study implies that the proposed circular
cryo-excision of skin melanoma does not require
a preceding radiation exposure, thus easing the
management of the elderly and severely ill patients. For
the first time, a significant immune stimulation by a cryo-
exposure was demonstrated in human subjects, with a
therapeutic consolidation lasting for about 48 months.
The use of cryosurgical treatment in patients with skin
melanoma (including both cryo-fixation and cry-excision
of the tumor) makes it possible to reduce 2-3-fold
the volume of surrounding tissues to be removed, as
compared with the traditional surgery.

The obtained results show that the circular cryo-
excision of melanoma can be successfully applied to
almost any tumor, especially in limited access locations.
Reducing the volume of surgery did not cause any
negative impact on the immediate and long-term
results of the treatment; moreover, the immunological
indices demonstrated an increase in the humoral and
cellular immune response. In most cases, we found
no contraindications against using this procedure;
no preoperative procedures or general anesthesia is
needed; the volume of removed tissues is reduced and
thus, the cosmetic outcome improved. No postoperative
complications were found in this study, which might be
due to the ablastic reactions developing immediately
after freezing (and during thawing): e.g. a local edema
with increased interstitial pressure, lymphostasis, and
thrombosis.

Cryogenic exposure (cryo-destruction and cryo-
extirpation) in patients with skin melanomas is usually
well tolerated even by the elderly and by those having
concomitant diseases. The obtained data support the
use of this method in the treatment of primary foci of skin
melanoma.

Conclusion

The proposed treatment of skin melanoma with
the help of circular cryo-excision results in immuno-
stimulation and consolidation (the latter lasts for ~48
months). The present study further rationalizes the use
of this modality in surgical treatment of melanoma.
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