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ABSTRACT

Cryotherapy, often called cryoablation or cryosurgery, is a minimally invasive treatment that uses extremely low temperatures to eliminate cancer
cells. Using agents such as liquid nitrogen or argon gas, it achieves temperatures as low as -196°C, resulting in the development of intracellular
ice crystals that destroy cellular structures and induce death. Its uses are many, ranging from dermatology to gynecology to oncology, with a rising
interest in its ability to treat localized solid tumors, such as prostate, breast, and liver cancer. Cryotherapy has several advantages, including being less
intrusive, protecting surrounding healthy tissues, and activating immunological responses. The hurdles include standardizing techniques, enhancing
effectiveness in metastatic malignancies, and overcoming economic limitations. This study investigates cryotherapy’s mechanics, therapeutic uses,

and its interaction with immunotherapy.
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INTRODUCTION

Often called cryosurgery or cryoablation, cryotherapy is a minimally
invasive technique that destroys cancer cells and other damaged or
abnormal tissue using extremely low temperatures. This method
uses liquid nitrogen or argon gas to achieve temperatures as low as
-196°C [1,2]. This causes intracellular ice crystals to grow, disturb
cellular architecture, and eventually cause cell death [3-5]. In
dermatology, ophthalmology, and gynecology, cryotherapy is often used
to treat both benign and malignant lesions [6-8]. Lately, there has
been a lot of interest in the possible uses of cryotherapy as a cancer
treatment [9]. Cryotherapy historical origins may be traced to
ancient Egypt, when cold treatment was used to cure inflammation
and injuries [10-13]. However, the development of contemporary
cryotherapy procedures did not start until the middle of the
1800s [14-17]. British physician James Arnott was the first to treat
uterine and breast tumors using a solution of crushed ice and salt
in 1851 [18,19]. This was the initial stage of cancer cryotherapy.
The advent of liquid nitrogen in the 1960s significantly improved
cryosurgery, enabling more precise and effective treatment of a
variety of illnesses, including cancers of the skin, prostate, liver, and
kidneys [1,20,21]. Because of its exceptional capacity to eliminate
cancer cells with little harm to the surrounding healthy tissues,
cryotherapy is being investigated as a potential cancer treatment
approach [15,22]. It may also be performed as an outpatient procedure.
Precise freezing has shown significant potential in the management of
localized solid tumors because it can identify and eradicate malignant
cells while maintaining organ functionality [23-26]. Furthermore, the
intriguing possibility of combining cryotherapy and immunotherapy
to improve cancer treatment results stems from its capacity to elicit
immune responses against cancer cells [1,26-28]. There is more
and more evidence that cryotherapy can help treat different types
of tumors [1,27,28]. This, along with the need to understand the
challenges and possible future directions in its use, makes this review
of the technology’s current state in cancer treatment necessary [1,29].
This paper will thoroughly examine the mechanics of cryotherapy, its
therapeutic uses, and its potential as a major component of modern
cancer treatment regimens [24]. This study aims to shed light on
how cryosurgery, a rapidly developing technique, could be optimized

for therapeutic application in cancer in the future by examining its
advances and limitations [17,26].

MECHANISM OF ACTION OF CRYOTHERAPY IN CANCER
TREATMENT

Direct effects

Using extremely cold temperatures to target and kill cancer cells is
called cryotherapy or cryoablation [30]. The primary mechanism is the
formation of ice crystals within the cancer cells, which leads to:

Cellular death

The freezing process causes intracellular ice formation, which damages
cell membranes, organelles, and structures essential for cellular
function. This damage ultimately results in cell death. The temperature
typically used in cryotherapy is between -40°C and -196°C, depending
on the type of cancer and the treatment protocol [31-35].

Vascular damage

In addition, cryotherapy causes the tumor’s blood arteries to be
destroyed. The malignant tissue receives less blood as a result of this
vascular damage, which exacerbates cellular death from a shortage of
oxygen and nutrients [36-38].

Indirect effects
Cryotherapy’s ability to destroy cancer cells has a number of unintended
consequences that increase the treatment’s overall efficacy.

Immune response

The death of cancer cells releases tumor antigens, which can stimulate
the immune system. This immune response can help recognize and
destroy remaining cancer cells that were not directly affected by the
cryotherapy [39-41].

Inflammatory response

The process induces a local inflammatory response that can further
promote immune activation and assist in the elimination of residual
tumor cells [42-44].
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Cryoablation versus cryosurgery
Cryoablation

Cryoablation involves inserting a cryoprobe directly into the tumor,
where it freezes the tissue. This method is minimally invasive and is
often used for tumors that are not amenable to traditional surgical
methods [26,44-46].

Cryosurgery

This is a more extensive surgical approach that involves freezing
cancerous tissues either as a primary treatment or in conjunction with
other treatments [1,17,30,47,48]. It is particularly useful for superficial
tumors and can be employed to treat a variety of cancers, including
skin cancer and precancerous lesions [6,31,49-51]. Cryosurgery often
involves the use of cryoprobes or cryo-sprays to administer the freezing
agent [52].

CLINICAL APPLICATIONS OF CRYOTHERAPY IN CANCER
TREATMENT

Cryotherapy in solid tumors
Prostate cancer

Role and application

Cryotherapy is increasingly used for prostate cancer, especially in
cases where patients are seeking alternatives to radiation or surgical
removal [30,53-55]. Cryosurgery for prostate cancer involves the use
of cryoprobes inserted into the prostate gland to freeze and destroy
cancerous tissues [56,57]. It is particularly useful for localized prostate
cancer and can be an option for patients who have failed other
treatments or wish to avoid more invasive procedures.

Advantages

It offers a minimally invasive alternative to traditional surgery with
reduced risk of incontinence and sexual dysfunction compared to
radical prostatectomy. It also provides a viable option for patients who
are not candidates for radiation therapy.

Breast cancer

Clinical trials and efficacy

As a primary therapy or as a supplement to surgery, cryoablation
is being investigated as a potential therapeutic option for breast
cancer [1,58,59]. Its efficacy in shrinking tumor size has been assessed
in clinical trials, offering a viable substitute for women looking for less
intrusive treatments.

Studies

Research indicates that cryoablation can be effective in treating early-
stage breast cancer, showing promising results in terms of local control
and cosmetic outcomes [60-62]. Studies also investigate its potential
role in combination with other treatments to enhance overall efficacy.

Liver cancer

Application

Cryoablation is used in the treatment of liver cancer, especially for
tumors that are small and localized [47,63-65]. It is particularly
advantageous for patients with hepatocellular carcinoma or liver
metastases who are not candidates for surgical resection [48,65-67].

Advantages

This method can be employed percutaneously or laparoscopically,
allowing for precise targeting of tumors with minimal impact on
surrounding healthy tissue [48,66].

Lung cancer

Application

Cryoablation is used for small, early-stage lung cancers and as a
palliative treatment for inoperable cases [65,67,68]. It can also be
applied to metastatic lung cancer [69,70].
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Advantages

It offers a less invasive approach compared to surgery and can
be an effective option for patients with comorbid conditions that
contraindicate traditional surgical intervention [71,72].

Kidney cancer

Application

Cryoablation is used for renal cell carcinoma, particularly for
patients with small tumors or those who are not candidates for
nephrectomy [69,72-75]. It is typically performed percutaneously or
laparoscopically [76-79].

Advantages

The procedure is minimally invasive and offers a good alternative
for patients with localized tumors, with a lower risk of postoperative
complications compared to traditional surgery [80].

Combination therapies

Cryotherapy and immunotherapy

Combining cryotherapy with immunotherapy can enhance the immune
response against cancer [30,81,82]. The destruction of cancer cells by
cryotherapy can release antigens and stimulate an immune response,
which can be amplified by immunotherapy agents [83-85]. Cryotherapy
and Chemotherapy: Cryotherapy can be used alongside chemotherapy to
target residual cancer cells that are resistant to chemotherapy [86,87].

The localized destruction of cancer tissue can improve the effectiveness
of chemotherapy by reducing tumor burden and potentially enhancing
drug delivery [45,88,89]. Combining radiation therapy and cryotherapy
may increase the overall effectiveness of cancer treatment [90-92].
Treatment results may be improved by cryotherapy since it can shrink
the tumor and increase the radiation exposure to the cancer cells that
are still there [84,93,94].

ADVANTAGES AND LIMITATIONS OF CRYOTHERAPY IN CANCER
TREATMENT

Advantages

Minimally invasive

Cryotherapy is a minimally invasive procedure compared to traditional
surgical methods [26,68]. It involves the application of extreme cold to
target cancer cells, usually through small incisions or percutaneously,
which limits the impact on surrounding healthy tissues [22,95].

Less painful than traditional surgery

Patients generally experience less pain with cryotherapy compared to
conventional surgery [96,97]. The procedure is less invasive, which results
in reduced discomfort and a more tolerable recovery process [98,99].

Shorter recovery time

Cryotherapy typically requires a shorter recovery period compared to
traditional surgery. The minimal invasiveness of the procedure often
translates to quicker postoperative recovery and less downtime.

imitations
May not be effective for all types of cancers or in all patients
Cryotherapy may not be suitable for all types of cancers or for all patients.

Its effectiveness can vary based on the type, stage, and location of the tumor;
and it may not be appropriate for large or deeply located tumors [99,100].

Requires precision to avoid damaging surrounding healthy
tissues

The success of cryotherapy relies heavily on the precision of the
procedure. Inaccurate placement or application can lead to damage

to surrounding healthy tissues, which may result in complications or
reduced efficacy [95,101].
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Research is still in early stages for some types of cancer

Although cryotherapy is established for some cancers, research is still
ongoing for others. The clinical application and efficacy of cryotherapy
are not fully understood for all types of cancer, and more studies are
needed to confirm its benefits and limitations [102-104].

CLINICAL TRIALS AND RESEARCH ON CRYOTHERAPY FOR CANCER
TREATMENT

Key clinical trials
Prostate cancer cryotherapy trial

This trial assessed the efficacy of cryotherapy in patients with localized
prostate cancer. Results demonstrated that cryotherapy provided
comparable outcomes to other local treatments with a good safety
profile [26,94,95,105].

Skin cancer cryotherapy trial

This study focused on the effectiveness of cryotherapy for basal cell
carcinoma and squamous cell carcinoma. The trial found high success
rates with cryotherapy, particularly for superficial lesions [57,106-109].

Cryotherapy for breast cancer

This trial explored the role of cryoablation in early-stage breast cancer. It
evaluated tumor response and patient outcomes, finding that cryotherapy
was effective in shrinking tumors before surgery [110-113].

META-ANALYSES AND SYSTEMATIC REVIEWS

Meta-analysis of cryotherapy for prostate cancer

This meta-analysis examined several studies on cryotherapy for
prostate cancer, emphasizing how safe and effective it is in comparison
to other forms of treatment. Cryotherapy was validated as a treatment
option by the analysis [107,114-116].

Systematic review of cryotherapy for skin cancers

This review summarized data from multiple trials to investigate the
efficacy of cryotherapy for different types of skin malignancies. It
validated the high success rates of cryotherapy in treating squamous
and basal cell carcinomas [117-119].

ONGOING STUDIES AND ADVANCED TECHNIQUES

MRI-guided cryotherapy for prostate cancer

This ongoing study investigates the use of MRI guidance to enhance
cryotherapy precision for prostate cancer, aiming to improve targeting
accuracy and treatment outcomes [120-124].

Combination of cryotherapy and immunotherapy

This study explores the potential benefits of combining cryotherapy
with immunotherapy to enhance systemic immune responses against
cancer [41,125-128].

Advanced imaging techniques for cryotherapy

Research is focusing on developing advanced imaging technologies,
such as real-time ultrasound and advanced MR], to improve cryotherapy
monitoring and control [82,129].

Cryotherapy for liver tumors

With an emphasis on long-term survival and quality of life, this ongoing
clinical trial evaluates the efficacy of cryotherapy for the treatment of
primary and metastatic liver cancers [130-132].

Cryotherapy in combination with targeted therapies

This research evaluates the synergy between cryotherapy and targeted
molecular therapies, aiming to improve treatment outcomes for various
cancer types [133,134].
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CHALLENGES AND FUTURE DIRECTIONS IN CRYOTHERAPY FOR
CANCER TREATMENT

Challenges
Standardizing treatment protocols

One major obstacle is the absence of well recognized cryotherapy
protocols. Different cryotherapy approaches, including those
involving temperature settings, duration, and application procedures,
might produce varying results [68,135]. In order to guarantee
consistent and repeatable outcomes in many therapeutic contexts,
standardizing these procedures is essential. To create thorough
instructions for the application of cryotherapy in an efficient manner,
research is required [136,137].

Overcoming limitations in cryotherapy for metastatic cancers

For localized tumors, cryotherapy works best; however, it is not very
successful for treating metastatic cancers [136,137]. Addressing the spread
of cancer cells that cryotherapy might not be able to reach is the difficult
part [41]. It is required to conduct research on improving cryotherapy’s
efficacy for metastatic patients, potentially through combination therapies.

Cost and availability of the technology

Cryotherapy techniques and equipment can be prohibitively expensive,
particularly in places with limited resources [138,139]. This prevents
cryotherapy from being widely used as a therapeutic alternative.
For wider adoption, these financial obstacles must be removed and
cryotherapy technology must become more widely available [140,141].

Future directions

Potential of combining cryotherapy with emerging treatments
(e.g., immunotherapy)

The therapeutic efficacy may be increased by combining cryotherapy
with cutting-edge therapies like immunotherapy [142,143].
Immunotherapy may strengthen the local immunological response
that cryotherapy may elicit, improving overall results [144]. In order to
optimize the advantages of these combined treatments, future research
should investigate synergistic techniques.

Advances in precision technologies to improve outcomes

Technological developments in precision medicine and imaging could
greatly enhance cryotherapy results. More precise tumor targeting is made
possible by methods like MRI-guided cryotherapy, which may improve
outcomes and reduce side effects. The integration of these technologies
into clinical practice should be the main focus of future study [145].

Expanding its use for more cancer types

Nowadays, some diseases, such skin and prostate cancer, are the main
targets of cryotherapy [41,146]. Its application to additional cancer
types, such lung and breast malignancies, may open up new therapeutic
avenues. To increase cryotherapy’s therapeutic applicability, more
research is required to determine how well it works for various
malignancies and tumor types [56,147].

CONCLUSION

Because it is minimally invasive and can be used with other treatments
like immunotherapy, cryotherapy is a good alternative for treating
cancer. Although it has benefits over traditional surgery and is effective
in treating localized tumors, issues like procedure standardization
and its limited applicability in metastatic cases persist. Its use may be
expanded by future developments in integrated therapeutic approaches
and accurate imaging, which would make cryotherapy a more
worthwhile cancer treatment option. To maximize its use and improve
outcomes in general cancer practice, more research and clinical trials
are essential.
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