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The role of cryosurgery in palliative care for cancer
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Abstract: Cryosurgery as one of the ablation methods is performed intraoperatively, laparoscopically or
percutaneously, is especially adapted for ablation of prostate cancer, liver cancer, lung cancer, kidney cancer,
breast cancer, benign fibroadenomas of breast, uterine tumors and neoplasms of soft tissue. Compared with
other ablation methods (such as radiofrequency and microwave ablation), cryoablation has several advantages

on therapeutic efficacy, imaging guidance and modality.
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Introduction reported to be given cryosurgery (3,4).

Currently, the only curative treatment option for cancer
is surgical resection. However, only a small percentage Respiratory system
of patients with cancer are eligible for surgery because

o . . . % Nonsmall cell lung cancer, small cell lung cancer;
majority of them cannot receive radical operation due to

. . S 1 % Carcinoid tumor of lungs, mesothelioma of pleura;
tumor size and location, and patient’s co-morbidity or poor
performance. Particularly over the last decade, attempts to

increase the number of treatable cancer at the same time

% Metastatic cancer of lungs.

developing less invasive approaches to the destruction of Cardiovascular system
the tissue involved by the tumor, has led to the emergence

. . « Cardiac sarcoma;
of a number of novel ablative methods, which are often * ’

. . . % Metastatic cancer;
specifically for unresectable primary or secondary carcinoma

by inducing in situ coagulative necrosis (1,2). Cryoablation
(cryosurgery) is one of the ablation methods.

"The advent of newer delivery systems and imaging guidance, Digestive system
cryosurgery is performed during operation or via endoscopy
(laparoscopy, bronchoscopy) or percutaneous approach, and
has been used for treatment of malignant and benign tumors at
a variety of sites. Specially, the minimally invasive cryoablation *» Noncolorectal liver metastases;
techniques led to wide application in oncology field (3). « Intrahepatic (peripheral) cholangiocarcinoma;
% Angiosarcoma of liver;

«» Pericardial sarcoma.

% Hepatocellular carcinoma;
¢ Colorectal liver metastases;

«» Neuroendocrine tumor of liver;

Indication . .

% Focal nodular hyperplasia of liver;
Cryosurgery is adaptable for treatment of solid tumor of a + Pancreatic cancer;
variety of sites (Figure I). The following diseases have been % Anorectal carcinoma.
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Urologic and male genital system

¢ Renal cell carcinoma;

+¢ Bladder cancer;

¢ Prostate cancer;

«» Testicular cancer;

% Tumor of adrenal gland.

Gynecologic system

¢ Cervical cancer;

% Uterine myomas;

¢ Uterine cancer;

+¢ Ovarian cancer;

% Cervical intraepithelial neoplasia.

Head-neck region

% Oral cancer;

+ Tongue cancer;

% Thyroid cancer;

% Nasopharyngeal cancer;

¢ Throat cancer;

% Leukoplakia, erythroplasia, lichen ruber planus.

Exterior of body

¢ Breast cancer;

+¢ Breast fibroadenomas;

% Melanoma;

% Skin cancer (squamous cell carcinoma and basal cell
carcinoma);

«+ Bowen disease;

¢ Vulvar cancer;

% Carcinoma of the penis.

Skeleton and soft tissue

+ Simple bone cyst;

% Aneurysmal bone cyst;

¢ Giant cell tumor;

% Eosinophilic granuloma;

¢ Enchondroma and chondrosarcoma;

« Fibrous dysplasia, Fibroma and fibromatosis;
% Lipoma and liposarcoma;

% Angioma and lymphoangioma;

% Rhabdomyosarcoma;

% Leiomyosarcoma;
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% Sarcoma of synovial membrane;

% Malignant nerve sheath tumor and Ewing’s sarcoma.

In the hospital where authors work during the period of
from 2001 to 2010, there were more than 5,000 patients
with cancer underwent a total of more than 6,000 case-

times of cryosurgery (Table 1) (5).

Usefulness

The techniques of present-day cryosurgery performed
with multiprobe freezing apparatus and advanced imaging
techniques yield predictable and encouraging results in
the treatment of a variety of benign and malignant tumors,
The procedure by which cryosurgery is performed includes
intraoperative cryosurgery (open cryosurgery), endoscopic
(laparoscopic, gastrointestinal endoscopic, bronchial
endoscopic) cryosurgery, and percutaneous cryosurgery
under imaging guidance (ultrasound, CT or MR imaging).

As a radical option

Cryosurgery may be used as an alternative of surgery, mainly
is adaptable for (I) patients with unresectable cancer due to
anatomic location; (II) patients who can not tolerate operation
due to co-morbidity (poor general performance, cardio-
pulmonary insufficiency); (III) patients who refuse operation
due to psychological factor or cosmetic consideration (2).

Cryoablation for liver tumors

Patients with primary or metastatic liver tumors can be
treated with percutaneous cryoablation (6). Cryoablation is
highly effective in the treatment of liver tumors, the 5-year
survival following rate cryoablation of tumors (<5 cm)
which located far from large vessels is about 60%, which
is similar to that following surgical resection. It is said that
local recurrence rates after cryoablation is the lowest among
all ablative therapies. Ultrasound-assisted intraoperative
cryoablation has been reported to have local recurrence
rates down to approximately 12%, compared with a 10%
local recurrence rate for surgery alone (7). Recurrence
rates are much higher for RF ablation. In one series of 117
patients with colorectal hepatic metastases treated by RF
ablation, a 39% recurrence rate was reported (8).

Cryoablation for renal cancer

Cryoablation is the most evaluative probe ablative method
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Table 1 6,133 case-times of cryosurgery

Tumors Number of %
cryosurgery

Lung cancer 2,302 7 58
Primary liver cancer 1,946 31.73
Colorectal liver metastases 654 10.66
Non-colorectal liver metastases 329 5.36
Tumors of soft tissue 142 2.32
Breast cancer 64 1.04
Ovarian cancer 61 0.99
Uterine myomas 54 0.88
Bone tumors 53 0.86
Pancreatic adenocarcinoma 251 4.09
Pancreatic endocrine tumor 3 0.05
Prostate cancer 35 0.57
Renal cancer 29 0.47
Adrenal tumor 5 0.08
Skin tumors 24 0.39
Anal-rectal cancer 20 0.33
Oral tumors 18 0.29
Cervical intraepithelial neoplasia 16 0.26
Nasopharengeal cancer 14 0.23
Cancer of maxillary sinus 10 0.16
Melanoma 10 0.16
Parotid cancer 10 0.16
Neurofibroma 7 0.11
Bladder cancer 7 0.11
Lymphoma 7 0.11
Teratoma 6 0.10
Tongue cancer 7 0.11
Laryngocarcinoma 4 0.07
Other tumors 45 0.73
Total 6,133 100

for the treatment of small renal masses, is most commonly
performed percutaneously or laparoscopically. Peripheral,
posteriorly situated tumors arising from the inferior pole of
the kidney are ideal candidates for this technique. Central
tumors also can be treated with freezing without injury to
the collecting system. With careful patient selection, the
intermediate-term and long-term oncologic outcomes after
cryoablation for kidney tumors showing 5- and 10-year
cancer-specific survival are 93% and 81%, respectively (9,10).
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Prostate

Figure 1 Tumors which may be given cryosurgery

Cryoablation for lung tumors

The majority of non-small cell lung cancer (NSCLC)
patients with stage I/II disease are not surgical candidates
due to co-morbid cardiopulmonary disease with insufficient
reserve to withstand lobectomy. Systemic chemotherapy
and/or external beam radiation have limited effect with
a high local recurrence rate and poor long-term survival.
Image-guided ablation techniques may be an alternative
for patients with stage I/II disease not amenable to surgery.
Percutaneous cryoablation has been proved to be a feasible
option for unresectable small lung cancer (11). Cryoprobes
can be placed close to the mediastinal and hilar vessels to
intensify freezing because the collagenous architecture of
the vessel wall is preserved, therefore, cryoablation may
be preferable to radiofrequency (RF) ablation for centrally
located lung cancer (3).

Cryoablation for the adrenal tumors

Adrenal tumors comprise a broad spectrum of benign
and malignant neoplasms and include functional adrenal
adenomas, pheochromocytomas, primary adrenocortical
carcinoma, and adrenal metastases. Open and laparoscopic
cryoablative approaches have been used in the treatment of
adrenal tumors (12).

Ann Palliat Med 2013;2(1):26-34



Annals of Palliative Medicine, Vol 2, No 1 January 2013

Cryoablation for prostate cancer

Prostate cryotherapy for localized prostate cancer is
evolving. Using the American Society for Therapeutic
Radiation and Oncology and the Phoenix (nadir plus 2)
criteria for biochemical recurrence, Intermediate-term data
show that primary cryotherapy appears to be comparable for
low-risk prostate cancer as other treatment modalities (13).
In addition, health-related quality-of-life measures have
improved with the most recent third-generation systems
demonstrating low rates of incontinence and urethrorectal
fistula. Erectile dysfunction is high with whole gland
ablation, but focal therapy may reduce these rates while still
ablating unilateral cancerous tissue (14).

Cryoablation has emerged as an alternative minimally
invasive salvage procedure after failure of primary radiation
therapy. The negative biopsy for prostate cancer after
cryotherapy is 80-90% at a median follow-up of 18 months.
The factors that would predict an unfavorable outcome
with salvage cryoablation, include a PSA level higher than
10 ng/mL before cryoablation, a Gleason score of 8 or
more before radiation, stage T3/T4 disease, and probably
those patients with increasing PSA levels despite hormonal

therapy (15).

Cryoablation for breast cancer

Minimally invasive breast surgery is a broad concept
encompassing new developments in the field of breast
surgery that work on this minimally invasive principle.
In this regard, breast-conserving surgery and sentinel
lymph node biopsy are good illustrations of this concept.
Percutaneous excisional devices are now available that
can replace the surgical excision of breast mass lesions.
Cryoablative treatments are capable of destroying breast
cancers in situ instead of surgical excision. CT/US-guided
multiprobe breast cryoablation safely achieved 1 c¢m visible
ice beyond tumor margins with minimal discomfort, good
cosmesis, and no short-term local tumor recurrences (16,17).

Cryoablation for fibroadenoma of the breast

Recent studies have demonstrated that, as a primary
therapy for breast fibroadenoma, cryoablation is safe and
effective with durable results and good cosmesis, that can be
reproduced in community practices. US produced excellent
ice visualization beyond tumor margins. Either removal or
biopsy of a residual mass revealed a shrunken hyaline matrix
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with preserved collagenous architecture. Mammograms
showed comparable resolution of mass effects with mild
surrounding parenchymal reaction (18).

Cryoablation for bone tumors

The cryoablation suitable for bone tumor are divided
into open and closed models. The following orthopedic
bone diseases are suitable for cryosurgery: simple bone
cyst, aneurysmal bone cyst, giant cell tumor, eosinophilic
granuloma, enchondroma and chondrosarcoma grade 1,
and fibrous dysplasia with commonly cured result (19).
For malignant lesions of bone, cryosurgery can be used for
marginal resection of the tumor which can not be resected
due to its location or induces unacceptable morbidity, such
as in vertebral (chordoma) and pelvic lesions (20,21).

As a complementary to surgery

The combination of cryoablation with a resective procedure
expands the use of potentially curative procedures to bilobar
liver cancer that is not readily amenable to standard surgical
resection. For example, a patient with multiple lesions in
the right lobe and a solitary lesion in the left lobe would
not be a good candidate for either cryoablation alone
or a standard resection, but the combination of a right
hepatic lobectomy and cryoablation of the lesion in the
left lobe could potentially result in better outcome. The
patients with liver cancer associated with liver cirrhosis and
decreased functional reserve of the liver can not survive
an extensive hepatic resection, but may tolerate a lesser
resection plus cryoablation, thus maximizing the remaining
viable liver tissue and decreasing the overall morbidity and
mortality of the procedure (22,23).

At the time of thoracotomy, the lung tumor was found
to be more advanced than expected, or the patient who has
poor respiratory function not fit for pneumonectomy or
bilobectomy, the use of direct cryosurgery presents another
option (24). The one or multiple cryoprobes are used for
freezing all macroscopically visible tumors and a 5 mm
margin of normal lung tissue.

For the large tumors, such as soft tissue tumor (fibroma
and fibromatosis, liposarcoma, rhabdomyosarcoma and
leiomyosarcoma), especially ones with rich vascularity,
freezing the targeted tissue which is planned to be removed
by operation, may decrease intraoperative bleeding (3).

It is suggested that combining cryosurgery with excision
can be advantageous since freezing the tumor before
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excision minimizes the risk of spreading the cancerous cells
during excision (25).

As one of comprehensive treatment for
advanced cancer

Most local solid tumors can be treated with percutaneous
cryoablation. These tumors include limited retroperitoneal
lymphadenopathy from completely treated primaries such
as renal cell carcinoma, focal intraperitoneal soft tissue
metastases of ovarian carcinoma with no disease elsewhere,
and recurrent rectal adenocarcinoma limited to the
presacral region. For the metastatic cancer, percutaneous
cryoablation may be used aiming to debulk tumor or largest
tumor mass, and easier for chemotherapy or radiotherapy. It
is important that cryosurgical procedures can be repeated as
necessary in order to destroy all cancerous tissue (3).

Pancreatic cancer is a rapidly growing tumor that is
nearly always fatal. The majority of pancreatic cancers
are detected at a late stage of illness, and only a minority
of patients is candidates for curative surgical resection.
Opverall, the 1- and 5-year survival rates are only 20% and
5%, respectively (26-29). Early 1980s, there were reports
of using cryosurgery for locally advanced pancreatic cancer.
Korpan (4) summarized the experience of cryosurgery
for pancreatic cancer, and concluded that most patients
obtained good results with this therapeutic modality.
According to our data, patients with locally advanced
pancreatic cancer underwent combination treatment in
which percutaneous cryoablation was the main option
had median survival of 16.2 mo, with 26 patients (53.1%)
surviving for 12 mo or more. Overall, the 6-, 12-, 24- and
36-mo survival rates were 94.9%, 63.1%, 22.8% and 9.5%,
respectively (30).

As a palliation modality

Cryoablation causes mild or insignificant pain compared
with other ablation techniques, and provides long-
lasting pain relief, hence it can be used effectively for
pain palliation, and specially is adaptable for patients with
metastatic soft tissue and bone tumors adjacent to important
critical structures such as the spinal cord, sciatic nerve, and
gastrointestinal and urinary organs (31,32).

Advantages relative to other ablation modalities

Interstitial tumor ablation aims to create a toxic local
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environment that completely ablates the targeted lesion
with an appropriate margin of healthy tissue and to avoid
damage to the remaining surrounding healthy tissue,
as a subset of interventional oncology, has got rapid
development. Now, 4 specific technologies [percutaneous
ethanol injection (PEI), radiofrequency (RF) ablation,
microwave ablation and cryoablation], are focused on.

Percutaneous ethanol ablation is the first ablative strategy
to be widely deployed for liver tumors (33). However, PEI
is generally only effective for hepatocellular carcinoma
(HCCQ), not for other liver metastases. The reason is that
HCC often is associated with liver cirrhosis, the hard,
cirrhotic liver and the commonly present tumor capsule
hold the ethanol within the soft liver tumor. Conversely,
in most liver metastases the tumor is generally hard and
surrounded by soft liver; in this setting, the injected ethanol
usually takes the path of least resistance, following a fissure
out of the lesion into the healthy surrounding liver, rather
than being contained within and diffusing throughout the
lesion. The primary disadvantages to PEI for HCC are that
complete tumor necrosis can be obtained in about 75% of
cases only, and decreases with increasing, and that many
sessions required per patient with larger tumor (2). Now PEI
for HCC is gradually being supplanted by RF ablation (34).

RF ablation utilizes high frequency, alternating current
with a wavelength of 460-500 kHz. Flowing electrons
induce frictional heating in cells near the site of energy
emission. When living human tissues are heated above 49 °C
cell death occurs within minutes (2). Temperatures in
excess of 60 °C cause instantaneous cell death. RF ablation
is relatively safe and simple to perform. An ideal tumor is
one that is less than 3 cm in size, completely surrounded
by liver parenchyma, away from the capsule and adjacent
bowel, away from the large blood vessels, the gallbladder,
and the central large bile duct. The disadvantages include
the difficulty of monitoring the extent of the ablated zone
during therapy by ultrasound or CT, a high local recurrence
rate when applied percutaneously, and the heat and pain
caused by RF ablation, which require general anesthesia in
many cases (2,35,36).

Microwave ablation is a technique which inducing
tumor destruction with higher frequency electromagnetic
energy in the range of 900-2,450 MHz. Within this
electromagnetic field, polar molecules (mainly water), try to
align themselves in the direction of the current and as the
direction changes constantly this continuous realignment
causes a heating effect. Electromagnetic energy heats tissue
by targeting the water molecules and induces cell death
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Figure 2 Pathological specimens of ablation in healthy porcine liver. A. in the cryoablation lesion, the extremely sharp margin between the

healthy and the ablated tissues (arrows); B. in the RF ablation lesion, the central white (W) area of complete necrosis surrounded by the

more ill-defined red zone of less-thorough heating (arrows); C. in microwave ablation, ablation lesion appearance essentially identical to RF

ablation (42)

by coagulative necrosis (37,38). This ablation modality
theoretically has many advantages over RF ablation, but is a
relatively unproven technology with sparse clinical data for
modern microwave devices.

Compared with heat-based modalities, including RF
and microwave ablation, cryoablation has the following
advantages:

% The biological effects of low-temperature cryoablation
differ significantly from those of high-temperature thermal
ablation. Cell death following cryoablation is mechanical
and immediate, whereas cell death following RF ablation
(possibly microwave) may be delayed. It is showed that
heat-based therapies add heat energy to the tissue, and cells
experience a continuous elevated temperature gradient.
The cell’s response to heating follows a strength-duration
relationship: higher temperatures yield greater cell kill
over longer periods of time. The combination of heat
transfer and the cellular response profile creates a certain
level of imprecision. The outward flow of heat is not
visualized intraoperatively. Even with accurate intraoperative
approximation of the volume of tissue treated, the continued
flow of heat towards the periphery (and beyond) following
the cessation of the therapeutic heat ‘dose’ will result in
continued postoperative expansion of the zone of destruction.
Transfer of heat energy through the vascular network
contributes to imprecision of the cell-ablated zone (2,39).

% Several authors have shown that the sharply
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demarcated margin of the ice ball seen with intraoperative or
percutaneous ultrasound corresponds to the margin within
a few millimeters of the actual zone of cell kill. In contrast,
the echogenic bubbles created by RF ablation only roughly
delineate the ablated region (40,41). Histology study
showed that the interface between the cryoablation lesion
and the untreated tissue is sharply demarcated with only
a few millimeters of inflammation and partially necrotic
tissue. While in RF and other heat-based modalities, there
are concentric zones of cellular damage, with a central
volume of completely necrotic tissue surrounded by a
wider, ill-defined area of tissue that were heated to sublethal
temperatures (Figure 2), This outer zone consists of partially
necrotic tissue and inflammation, is often the origin of most
local recurrences after RF ablation (2).

% Cryoablation can be considered a “stronger” ablative
technology than heat-based ablation because of the more
extreme temperatures delivered to tissue. Most modern
cryoablation systems run at temperatures of approximately
-150 °C. Lethal freezing temperatures are at approximately
-20 to -40 °C; therefore, a -10 to -30 °C safety margin is
intrinsic to cryoablation. Contrast this to RF devices where
tissue heating is limited to 100 °C because of concerns
regarding tissue dehydration and charring. Inasmuch as
temperatures of 60 °C are necessary for instantaneous tissue
coagulation, a safety margin of only approximately 40 °C
exists for RF ablation (2).
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% Cryoablation can be performed with multiple cryoprobes,
allowing the operator to sculpt a cryolesion for maximum
tumor coverage with minimum collateral damage. Until
recently, cryoablation was associated with large-diameter
cryoprobes (3 to 8 mm), but small-gauge devices (down to
17-gauge) are now available for percutaneous use (43).

% Cryoablation has true multiple-applicator
functionality, with up to 30 cryoprobes able to be powered
simultaneously at a 100% duty cycle. Consequently,
cryoablation is less affected by the warming effects of blood
flow, with a decreased risk of perivascular tumor recurrence.
Moreover, it is relatively simple to create thermal lesions of
large size for large tumor or to concurrently treat multiple
separate tumors (44).

% The cryoablation process can be much more
accurately monitored with ultrasound (US), computed
tomography, and MR imaging (MRI). Because the ice ball is
well seen on CT, US, and MRI, this allows precise control
of and identification of the zone of ablation-an important
advantage of cryoablation over the heat-based ablation
modalities (45).

% The indication of cryoablation is wider than that
of RF. Virtually any local solid tumors can be treated by
cryoablation (3).

% Secondary vascular thrombosis is much rarer with
cryoablation than with RF ablation; Collagen and elastic
fibers can tolerance freezing, hence, blood vessels tend to
be relatively resistant to cold-mediated damage. The facts
suggest that cryosurgery is adaptable to treat tumors close
to large vessels (2,45).

% Patients complain of near-painless with cryoablation
than with RF ablation. The painless nature of cryoablation
permits to perform the procedure under local anesthesia
with very light moderate sedation (39).

% It was postulated that the rupture of cell membranes
from freezing would release sufficient antigen to induce
antibody formation. There are many studies showing
enhanced tumor-specific immunity to experimental tumor
produced by cryosurgery. Most of the immunization that
follows tumor necrosis produced by freezing occurs in the
initial 24 h. Resistance to tumor rechallenge induced by
cryosurgery gradually increased after 6 weeks, suggesting
anti-tumor immunity. Clinical experience has shown
benefit in tumors in humans from cryosurgery that could be
attributed to an immunologic response (46-48).

One theoretical disadvantage of cryoablation relates to
the risks of tumor seeding. Heat-based modalities, such as
radiofrequency and microwave ablation, over cryoablation
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is the ability to cauterize the applicator track, so decrease
tumor seeding, that is not possible with cryoablation (2).
However, neither has been experimentally proven nor
demonstrated in a clinical trial (49).

Another potential disadvantage to cryoablation is
bleeding and rupture of ice ball. Bleeding has been
considered an unusual complication in RF ablation, due
to heat-based ablation modalities cause profound vascular
thrombosis. In contrast, cryoablation has no intrinsic
hemostatic properties and has rarely been associated
with substantial hemorrhage during large-volume freezes
performed at open laparotomy. But with use of new smaller
probes sizes (1.7 mm) for cryoablation, this is not a clinically
significant problem, except when freezing results in
cracking of the liver capsule during thawing (50). Moreover,
percutaneous cryoablation does not appear to a high
bleeding rate, perhaps because percutaneous ablation does
not have the iceball-air interface, is not performed in a low
pressure environment, and has the benefit of surrounding
tissues for tamponade (51-53).

Particularly the complication has been paid attention
in HCC, because most of these patients have some level
of bleeding diathesis and there is inherent cauterization
associated with the heat-based therapies, but not with
cryotherapy, that is why RF is advocated by some centers.
But, the complications are mainly seen when use of
cryoprobes as large as 10 mm. With improvements in
technology, percutaneous cryoprobes as small as 17 gauge
are now available for clinical use, the incidence of these
complications has been decreased (3).

It is said that during the cryoablation, the systemic
inflammatory marker concentrations (such as tumor
necrosis factor-a and interleukin-18) were significantly
lower than those in the RE. The combination of rapid cell
death with access to the systemic circulation may account
for the cryoshock and multisystem failure (54,55). But these
fateful complications were reported in the past when larger
cryoablations (in treated volume, sometimes exceeding 35%
of the liver) were performed with large size diameter of

cryoprobe (54).

Conclusions

Cryoablation is adaptable for the treatment of nearly all
solid tumors. According to current experience, percutaneous
cryoablation, as a feasible and mini-invasive technique
offers an effective and safe therapy for patients with tumors,
and is especially suitable for the treatment of unresectable
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advanced tumors. The role of this technique is growing,
with large-scale prospective randomized trials, continued
advances can be expected.
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