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Is Cryoablation Effective in Prolonging Survival in Patients with Progressive
Cancer? - Inspired by the Analysis of 25 Cases who Survived more than 10 Years: A
Retrospective Survey of 8,371 Cancer Patients
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Abstract

Translational research and clinical trials on malignant
manifestations utilizing low temperatures in biomedical
science and practice have provided significant momentum to
fundamental studies and clinical research on malignancies.
A retrospective survey of 8,371 cancer patients who
underwent 10,892 cryoablation treatments was conducted.
Among them, 25 patients met the following criteria:
advanced cancer stage (III or IV), a life expectancy of <1
year, exclusive treatment with cryoablation, and survival of
>10 years. The longest survival period recorded was 18
years, with nine patients (36%) surviving >16 years, and 18
patients (72%) still alive at follow-up. Based on treatment
history, four long-term survival patterns post-cryoablation
were identified: i) long-term remission following a single

freezing session; ii) long-term remission after multiple
freezing treatments within the first 1-2 years; iii) long-term
remission for several years post-freezing, followed by
relapse after 8-10 years, requiring repeated freezing, leading
to improvements and further recurrences; and iv) sustained
remission through continuous cryoablation, enabling long-
term "living with cancer." These findings suggest that
cryoablation effectively extends survival in patients with
advanced cancer, potentially due to the abscopal effect of
cryoimmunology.
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1. Introduction

The primary goal of cancer treatment is to prolong
patient survival. Conventional treatments such as
chemotherapy and radiotherapy often fail to achieve
long-term survival in patients with unresectable
advanced cancers. Despite technological
advancements in imaging and minimally invasive
tumor ablation, improving patient survival remains a
significant challenge [1, 2]. Translational research and
clinical trials on malignant manifestations, employing
low temperatures in biomedical science and practice,
have significantly advanced fundamental studies and
clinical research on malignancies. This progress has
benefited
physicians, scientists, and leading brand exhibitors

worldwide [3, 4].

academic and clinical researchers,

Specific cell debris, the cryocell detritus or cryocell
debris (CCD), was discovered and observed in vivo in
early 2000s by Korpan, using a cryosurgical approach
[5, 6]. The vascular capillary changes and circulatory
the
mechanism, which, together with cryoaponecrosis and

stagnation  demonstrate anti-angiogenesis
cryoapoptosis, are some of the main mechanisms of
biological tissue injury following the low temperature
This study retrospectively

analyzes patients with advanced-stage cancer who

exposure. presented
exclusively received cryoablation and survived for
>10 years, aiming to evaluate the effectiveness of this
local treatment in improving long-term survival.

2. Materials and Methods

Between January 2003 and July 26,2023, 8,371 cancer
patients underwent 10,892 cryoablation procedures at
Fuda Cancer Hospital (Guangzhou, China) and the
International Institute of Cryosurgery (Rudolfinerhaus
Clinic, Vienna, Austria) as well as the Department of
General Surgery Nel, Bohomolets National Medical

University (Kyiv, Ukraine). A retrospective survey
identified patients who met the following inclusion
criteria:

i) Advanced tumors (stage III or IV) and a life
expectancy of <1 year.

ii) Tumor recurrence after surgery or presence of
unresectable tumors.

iii) Failure of conventional treatments, including
chemotherapy and radiotherapy.

iv) Exclusive treatment with cryoablation post-
admission.

v) Survival >10 years post-cryotherapy.

Cryoablation was performed using an argon-helium
cryosystem (Endocare or Cryo-Hit, USA) and liquid
Austria),
percutaneously under ultrasound and/or CT guidance

nitrogen (FreezeForcel, either
[7] or via open cryosurgery [5, 8, 9]. Tumor response
was assessed through CT and MRI scans before the
initial cryoablation and 3 months post-treatment.
Tumor size changes were categorized according to the
response evaluation criteria for substantial tumors as
CR, PR, SD, or progressive disease. Survival duration
was calculated from the date of cryoablation to the

date of death or last follow-up.
3. Results

Of the 8,371 patients who underwent cryoablation, 25
met the study criteria (Table 1). These cases included
hepatocellular carcinoma (HCC), hepatic colorectal
metastases (HCRM), non-small cell lung cancer
(NSCLC), breast cancer, and ovarian cancer. Tumor
response was classified as complete response (CR) in
15 patients (60%), partial response (PR) in seven
patients (28%), and stable disease (SD) in three
patients (12%). The longest survival recorded was 18
years, with nine patients (36%) surviving >16 years
and 18 patients (72%) still alive at follow-up.

TABLE 1: Follow-up results after cryoablation in 25 patients with advanced cancer.

Cancer Cases CR PR SD Survival Survival Still alive
Type (n) (n) (n) (10-15 years) (=16 years)

HCC 7 4 3 0 5 2 6

HCRM 4 3 1 0 3 1 3
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NSCLC 9 4 2 3 6 3

Breast 4 3 1 0 3 1

cancer

Ovarian 1 1 0 0 0 1

cancer

Total 25 15 7 3 17 (68%) 7 (28%) 18 (72%)

HCC: Hepatocellular Carcinoma; HCRM: Hepatic Colorectal Metastases; NSCLC: Non-Small Cell Lung Cancer; CR:
Complete Response; PR: Partial Response; SD: Stable Disease.

Based on patient treatment histories, post-cryoablation
survival patterns can be categorized into four distinct
types:

Ayanoe aseasiqg

Type I: Long-term remission after a single
cryoablation session. In these rare cases (n=3), the
patient underwent cryoablation as the sole treatment.
Following ablation, the lesion disappeared, leading to

long-term disease-free survival (Figure 1).

~
S
w

FIGURE 1: PET-CT manifestations of lung cancer.
The right image displays a tumor in the posterior segment of the left lung. The middle image shows tumor expansion
post-freezing with a reduced CT value, indicating successful ablation. The left image confirms no recurrence during
an 18-year follow-up.

Type II: Long-term remission after repeated

(n=13)
experienced short-term remission after cryoablation,

cryoablation. Initially, these patients

followed by relapses. Subsequent re-freezing led to
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multiple remissions, eventually resulting in a
prolonged progression-free state, allowing them to

"live with cancer" for many years (Figure 2).
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Ajianoe aseasiq

FIGURE 2: CT evolution of liver cancer.
From right to left: A) Tumor necrosis following cryoablation of a large tumor in the right hepatic lobe; B & C ) Tumor

shrinkage, persistence, and subsequent re-freezing; D) A follow-up CT scan 17 years later showing tumor

disappearance.
Type III: Multiple relapses after prolonged remission. treatment cycle included cryoablation, remission,
Following an extended remission period post- relapse, and re-freezing (Figure 3). Most patients in

cryoablation, these

patients (n=9) typically this category did not survive the follow-up period.

experienced tumor relapse after 8-10 years. The

Ananoe aseasiqg

FIGURE 3: CT imaging progression in hepatocellular carcinoma.

A) A large tumor in the right hepatic lobe before cryoablation. B) Significant tumor shrinkage two months post-

cryoablation. C) No recurrence of the original intrahepatic tumor after 10 years.
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Type IV: Persistent tumor recurrence with repeated
cryoablation. In this pattern (n=3), patients
experienced several months of remission following
each cryoablation session before new tumor masses

Ayagoe aseasiq

emerged. These recurrent tumors were treated with
additional cryoablation, leading to a sustained "living

with cancer" status (Figure 4).

FIGURE 4: CT imaging changes in hepatocellular carcinoma.

Over the years, new tumors developed in the liver, requiring multiple cryoablation treatments and resulting in long-

term disease management.

4. Discussion

Extending the survival of patients with advanced
cancer remains a significant challenge. Cryoablation,
aminimally invasive technique, has shown promise as
a safe and effective treatment for malignancies [10],
leading to tumor regression and, in some cases,
complete disappearance [11]. Experimental evidence
suggests that cryoablation induces a
cryoimmunological response similar to autoimmune
reactions against altered self-antigens. The immune-
stimulatory effects of freezing can act as an adjuvant
when combined with specific antigens. Cryo-modified
protein components, formed at ultralow temperatures,
play a crucial role in generating immunological
responses [12, 13].
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In this cohort of 25 patients with advanced cancer,
60% exhibited a complete tumor response, while 28%
achieved a partial response. However, the primary goal
of cancer treatment extends beyond tumor response- it
aims to improve long-term survival.

Remarkably, all 25 patients survived for more than 10
years following cryoablation, with 64% living
between 10 and 15 years and 36% surviving for >16
years. Currently, 72% of these patients remain alive.
Although this sample represents a small subset of the
8,371 patients who underwent cryoablation, it is
notable that these patients had advanced-stage cancer
with an expected survival of no more than one year.
Importantly, they received cryoablation as their sole
treatment, without any other "anti-cancer" therapies,
yet experienced significantly prolonged survival. This
finding strongly suggests that cryoablation may
substantially extend patient survival.
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Metastasis is the leading cause of cancer-related
mortality. Preventing or eliminating metastases is
crucial for long-term survival. Clinical studies have
reported the disappearance of distant metastases
following cryoablation of the primary tumor [14].
Likewise, experimental research has demonstrated a
significant reduction in metastases in cryoablation-
treated groups compared to controls [15], a
phenomenon known as the abscopal effect.
Cryoablation  also  modulates the  tumor
microenvironment, converting an immunologically
“cold” tumor into a “hot” one (ICIE). Experimental
studies have shown that cryoablation of breast cancer
leads to a >100-fold increase in the ratio of CD8+
cytotoxic T cells to immunosuppressive regulatory T
cells, both within primary tumors and in untreated
distant tumors [16]. This transformation is initiated by
tumor cell necrosis surrounding the cryoprobe, leading
to the release of intracellular organelles, antigens, and
damage-associated molecular patterns (DAMPs), such
as DNA and heat shock proteins. Upon encountering
these antigenic substances, dendritic cells become
activated, phagocytize DAMPs, and initiate an
immune response via nuclear factor kappa-light-chain-
enhancer signaling. This process involves CD80/86
co-stimulation, antigen presentation via major
histocompatibility complex molecules, and T cell
receptor activation, ultimately triggering a systemic
immune response [1].

The therapeutic impact of cryoablation in reducing
cancer metastasis is largely dependent on CD4+ T
cells, which play a crucial role in generating long-
lasting memory anti-tumor immunity [17].
Cryoablation-induced  tumor  microenvironment
remodeling also leads to an expansion of tumor-
specific T cells, as evidenced by increased tumor-
infiltrating lymphocytes (TILs). Studies have reported
elevated TIL levels in multiple cancers, including
lung, colon, ovarian, and breast cancers [18, 19],
particularly at the tumor stroma and invasive margins
[19]. Notably, specific TIL responses have also been
detected in distant untreated metastatic tumors
following primary tumor cryoablation.
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Unlike thermal ablation techniques, which denature
tumor antigens, cryoablation preserves potential
tumor-associated antigens (TAAs) by rapidly freezing
tumor tissues. This preservation enhances the immune
response. For example, Ravindranath et al. [20] found
a significant increase in serum gangliosides
exclusively following cryoablation, but not after
radiofrequency ablation or surgical resection, in
patients with colorectal cancer liver metastases.
Additionally, antiganglioside IgM titers increased only
after freezing. Another key advantage of cryoablation
is the immediate post-thaw rapid reperfusion of blood
flow, which facilitates immune cell infiltration into the
tumor- an effect not observed with thermal ablation,
where blood flow stagnation occurs during heating
[16].

Moreover, cryoablation is associated with lower
recurrence and metastasis rates compared to surgical
resection. Khan et al. [21] demonstrated in an
experimental breast cancer model that no recurrence
or metastasis occurred after cryoablation, whereas
40% of mice in the resection group developed local
recurrence and lung metastases. Clinical observations
further support the survival benefits of cryoablation.
Mou et al. [22] reported that patients with bladder
cancer treated with endoscopic balloon cryoablation
had significantly higher survival rates than those
treated with transurethral resection of bladder tumors.

Although tumor resection can reduce tumor burden
and restore systemic adaptive immunity, it may also
activate wound healing programs that induce
immunosuppression, primarily via myeloid-derived
suppressor cells. This can promote tumorigenic niches
and inhibit T cell activity. In contrast, cryoablation
increases TIL accumulation, especially in the stroma
and invasive margins, while inducing cytotoxic T
lymphocyte (CTL) responses in distant untreated
tumors [23]. These effects warrant further
investigation.

The newly formed cryocoagulated protein components
(cryomodified protein components) are crucial in
cryoimmunology from the perspective of the
formation of immunological substances at ultralow
temperatures. Dendritic cells and cryocell detritus
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(cryocell debris) formed in living biological tissue
after exposure to ultralow temperature in vivo may be
an indication of one of the essential mechanisms
involved in the cryoimmunological response of living
structures to the impact of ultralow temperature
exposure [13, 24, 25].

5. Conclusion

This study analyzed the long-term survival outcomes
of 25 patients with advanced-stage malignancies who
survived for more than 10 years following
cryoablation therapy. The survival patterns of these
patients were categorized into four distinct types:

i) Long-term remission after a single cryoablation
session.

i) Long-term remission following multiple
cryoablation treatments.

iii) Multiple relapses after prolonged remission.

iv) Continuous cryoablation with ongoing remission,
achieving long-term "living with cancer".

These findings suggest that cryoablation significantly
extends survival in patients with advanced
malignancies, likely due to the abscopal effect of
cryoimmunology, which triggers systemic anti-tumor
responses. Further research is needed to clarify the
underlying immunological pathways and optimize
cryoablation strategies for better long-term outcomes.
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