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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Chemotherapy-induced peripheral neuropathy
(CIPN) is a common dose-limiting toxicity of taxane-based
chemotherapy in breast cancer. Cryotherapy using cooling
gloves and socks has been investigated as a preventive strategy,
although evidence remains inconsistent. This study evaluated
the effect of preventive cryotherapy on neuropathy-related pain
and symptom burden in patients receiving taxane-containing
chemotherapy.

Methods: This prospective multicenter controlled study
included patients with stage I-IV breast cancer treated with
taxane-based chemotherapy between March 2023 and September
2025. Patients either received cryotherapy during chemotherapy
infusion or standard treatment without cryotherapy. Outcomes
were assessed using the Edmonton Symptom Assessment
System (ESAS) and EORTC QLQ-CIPN20 questionnaire.
The primary outcome was final ESAS pain score. Secondary
outcomes included clinically meaningful pain (ESAS >4),
change in pain from baseline, neuropathy-related extremity
pain, overall symptom burden, and functional impairment.

Results: A total of 190 patients were included (95 cryotherapy;
95 control) in the final analysis. No statistically significant
difference was observed in adjusted final ESAS pain scores
between groups, although a trend toward higher pain scores was
observed in the cryotherapy group. Clinically meaningful pain
(ESAS >4) was more frequent in the cryotherapy group (20.0%
vs 8.4%; p = 0.022). Adjusted analyses demonstrated higher
neuropathy-related extremity pain scores in the cryotherapy
group. No significant differences were observed in overall
symptom burden or functional impairment.

Conclusion: Preventive cryotherapy did not demonstrate
a significant reduction in neuropathy-related pain in patients
receiving taxane-based chemotherapy. Neuropathy-specific
outcomes suggested higher extremity pain in patients undergoing
cryotherapy. Further randomized studies with standardized
protocols are warranted.

Key words. Cryotherapy, chemotherapy-induced peripheral
neuropathy, taxane.

Introduction.

Breast cancer remains the most frequently diagnosed
malignancy among women worldwide and represents a
major global health challenge. Advances in early detection
and systemic therapies have significantly improved survival
outcomes, leading to an increasing number of patients receiving
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systemic treatment. Among available chemotherapeutic agents,
taxanes such as paclitaxel and docetaxel are widely used in the
treatment of breast cancer across different disease stages due to
their proven efficacy in improving oncologic outcomes [1].

Despite their therapeutic benefits, taxane-containing
chemotherapy regimens are frequently associated with
chemotherapy-induced peripheral neuropathy (CIPN), a dose-
limiting toxicity that may significantly impair patients’ quality
of life [2]. CIPN predominantly affects sensory nerves and is
commonly characterized by symptoms such as numbness,
tingling, burning sensations, and neuropathic pain in the
extremities [3]. The incidence of taxane-induced peripheral
neuropathy varies depending on the specific drug and regimen,
with reported rates ranging from approximately 42—-70% for
paclitaxel and 20-58% for docetaxel [4]. In many patients,
these symptoms may persist long after the completion of
chemotherapy and can interfere with daily functioning and
psychological well-being [5]. Importantly, severe neuropathy
may necessitate dose reductions, treatment delays, or
discontinuation of chemotherapy [2].

Among the manifestations of CIPN, neuropathic pain represents
a particularly distressing symptom for patients undergoing
taxane therapy. Painful peripheral neuropathy may present
as burning, electric shock-like sensations, hypersensitivity
to touch, or persistent discomfort in the hands and feet,
substantially worsening patients’ overall symptom burden and
daily functioning [3]. Effective prevention and management
of this complication remain challenging, as the underlying
pathophysiological mechanisms are not fully understood and
currently available pharmacological treatments provide only
limited benefit [6].

Several strategies have been explored for the prevention and
management of CIPN. Current clinical guidelines primarily
recommend symptomatic pharmacological treatment with
antidepressants and anticonvulsants, in particular, Duloxetine;
however, their effectiveness is limited and often restricted to
a subset of patients [6]. Non-pharmacological approaches,
including physiotherapy and physical exercise, have also been
investigated, although evidence supporting their preventive
efficacy remains inconclusive [7].

Cryotherapy, involving the application of cooling devices
such as frozen gloves and socks during chemotherapy infusion,
has been investigated as a potential preventive strategy. The
proposed mechanism is based on localized vasoconstriction,
which may reduce blood flow to distal extremities and
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consequently limit the exposure of peripheral nerves to
circulating chemotherapeutic agents [8]. Several clinical studies
have suggested a potential protective effect of cryotherapy in
reducing chemotherapy-induced peripheral neuropathy [8,9].
However, the overall body of evidence remains heterogeneous,
with systematic reviews and clinical guidelines reporting
inconsistent findings regarding its effectiveness in preventing
both the incidence and severity of CIPN [6,10-12]. Differences
in study design, patient populations, intervention protocols, and
outcome measures contribute to this variability and limit the
generalizability of existing data.

Therefore, this prospective controlled study aimed to evaluate
the effect of preventive cryotherapy using cooling gloves and
socks on neuropathy-related pain and overall symptom burden
in patients with breast cancer receiving taxane-containing
chemotherapy, using patient-reported outcome measures.

Materials and Methods.

Study design and setting:

This prospective, multicenter controlled study was conducted
to evaluate the effect of preventive cryotherapy on neuropathy-
related pain in patients with breast cancer receiving taxane-
containing chemotherapy. The study was carried out across
seven oncology centers in Tbilisi, Georgia.

Patient enrollment and data collection were performed between
March 2023 and September 2025. All participants provided
written informed consent prior to inclusion. The study was
conducted in accordance with the principles of the Declaration of
Helsinki and received approval from the Bioethical Committee
at Ivane Javakhishvili Tbilisi State University (27.04.2022).

Participants:

Eligible participants were female patients aged 18—70 years
with histologically confirmed stage I-IV breast cancer who were
scheduled to receive taxane-containing chemotherapy. Patients
were excluded if they had pre-existing peripheral neuropathy,
diabetes mellitus, or Raynaud syndrome, as these conditions
could independently affect peripheral nerve function or interfere
with cryotherapy procedures.

Treatment regimens:

Patients received taxane-containing chemotherapy according
to standard clinical practice. Treatment regimens included
paclitaxel administered either weekly (80 mg/m?) or every two
to three weeks (175 mg/m?), as well as docetaxel administered
every three weeks (75 mg/m?). Taxanes were administered either
as monotherapy or in combination with other chemotherapeutic
or targeted agents, depending on individual treatment protocols.

Group allocation:

Participants were allocated into two groups based on their
decision to undergo cryotherapy during chemotherapy infusion.
The cryotherapy group (Group A) consisted of patients who
received cooling gloves and socks during taxane administration,
while the control group (Group B) included patients who
received standard chemotherapy without cryotherapy.

Given the non-randomized nature of group allocation, potential
baseline differences and confounding factors were addressed in
the statistical analysis through adjusted regression models.
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Cryotherapy intervention:

In the cryotherapy group, cooling gloves and socks were
applied 15 minutes prior to the start of taxane infusion, worn
throughout the infusion, and maintained for 15 minutes after
completion of chemotherapy administration.

The cooling devices were pre-cooled to approximately -18 °C
(device temperature) before application. To maintain a sustained
cooling effect, gloves and socks were replaced periodically
when their temperature approached approximately 0°C. This
replacement strategy was used to preserve continuous cooling
of the distal extremities during treatment.

The rationale for this intervention is based on the hypothesis
that local cooling induces vasoconstriction, thereby reducing
blood flow to peripheral tissues and potentially limiting the
delivery of neurotoxic chemotherapeutic agents to peripheral
nerves [8,9].

However, the actual temperature at the skin level and the
degree of achieved vasoconstriction were not directly measured
in this study.

Outcome measures.

Primary outcome:

The primary outcome was the severity of patient-reported pain
at the final assessment, measured using the Edmonton Symptom
Assessment System (ESAS). Pain intensity was rated on a
numeric scale from 0 (no pain) to 10 (worst possible pain). The
ESAS pain score was selected as the primary outcome to capture
the global, multidimensional burden of pain in a real-world
clinical setting, as it encapsulates overall patient discomfort that
may arise not only from neurotoxicity but also from concurrent
systemic therapy-related musculoskeletal symptoms.

Secondary outcomes:

Secondary outcomes included:

1. Change in pain from baseline, calculated as the
difference between final and baseline ESAS pain scores.

2. Clinically meaningful pain, defined as an ESAS pain
score >4 at the final assessment.

3. Overall symptom burden, assessed using the ESAS
Symptom Distress Score (SDS-9), calculated as the sum of nine
symptom items.

4. Neuropathy-related extremity pain, assessed using
items derived from the EORTC QLQ-CIPN20 questionnaire,
with a composite score calculated as the mean of pain scores in
the upper and lower extremities.

5. Functional impairment, assessed based on patient-
reported limitations in daily activities.

The EORTC QLQ-CIPN20 is a validated instrument designed
to assess chemotherapy-induced peripheral neuropathy and its
impact on patients’ daily functioning [13].

All patient-reported outcomes were collected at baseline prior
to initiation of chemotherapy and at the completion of treatment.

Statistical analysis:

Statistical analyses were performed using SPSS software
(IBM Corp., Armonk, NY).

Continuous variables were summarized as mean + standard
deviation (SD) or median values where appropriate, while



categorical variables were presented as frequencies and
percentages.

Baseline comparability between groups was assessed using
the Mann—Whitney U test for continuous variables and the chi-
square test for categorical variables.

To evaluate the effect of cryotherapy on final pain scores,
an adjusted linear regression model (analysis of covariance,
ANCOVA) was used. The model included treatment group as
the main predictor and was adjusted for baseline pain score,
age, disease stage, number of chemotherapy cycles, and taxane
regimen.

Given the skewed distribution of pain scores with a high
proportion of zero values, HC3 robust standard errors were
additionally applied to account for potential heteroscedasticity
and non-normality of residuals. ESAS pain scores were analyzed
as continuous symptom severity measures, and nonparametric
analyses were additionally performed where appropriate.
Change-from-baseline pain scores were compared between
groups using the Mann—Whitney U test.

Clinically meaningful pain (ESAS >4) was analyzed using
logistic regression, adjusting for baseline pain score and taxane
regimen. Results were reported as odds ratios (OR) with 95%
confidence intervals.

The effects of cryotherapy on overall symptom burden
(SDS-9), neuropathy-related extremity pain, and functional
impairment were evaluated using adjusted linear regression
models incorporating baseline values where appropriate and
taxane regimen as covariates.

All statistical tests were two-sided, and a p-value <0.05 was
considered statistically significant.

Results.

Study population:

A total of 243 patients were screened for participation in the
study, of whom 190 patients were included in the final analysis.
Fifty-three patients were excluded, including 10 patients who
did not complete the planned chemotherapy cycles (three
discontinued due to systemic chemotherapy toxicity, while
no patients discontinued cryotherapy due to cold intolerance.,
two died before cycle 3, and five withdrew consent) and 43
patients with incomplete or inconsistent questionnaire data that
precluded reliable analysis of patient-reported outcomes.

The final study population consisted of 95 patients in the
cryotherapy group and 95 patients in the control group.

Baseline characteristics:

Baseline characteristics of the study population are presented
in Table 1. The cryotherapy and control groups were comparable
with respect to age, disease stage distribution, and baseline
ESAS pain scores.

The mean age was 53.5 + 9.7 years in the cryotherapy group
and 54.0 £ 9.5 years in the control group (p = 0.65). Baseline
ESAS pain scores were low in both groups (0.57 + 1.64 vs 0.55
+ 1.15; p = 0.16), indicating that most patients did not report
pain prior to initiation of chemotherapy.

The distribution of taxane regimens (including paclitaxel and
docetaxel, as well as weekly versus three-weekly schedules)
differed between groups at baseline. Because paclitaxel and
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docetaxel are associated with different neurotoxicity profiles,
taxane regimen was additionally incorporated as a covariate in
adjusted analyses.

Primary outcome: final ESAS pain:

The primary outcome was the ESAS pain score at the final
assessment.

In an adjusted linear regression model controlling for baseline
pain, age, disease stage, number of chemotherapy cycles, and
taxane regimen, patients in the cryotherapy group demonstrated
higher final ESAS pain scores, although the association did not
reach statistical significance (B = 0.506). Because ESAS pain
scores showed substantial skewness with a high proportion
of zero values, HC3 robust standard errors were additionally
applied. In the robust model, the association approached but
did not reach statistical significance (robust 95% CI —0.023 to
1.036; p = 0.061). Baseline pain remained a strong predictor of
final pain outcomes. Each one-point increase in baseline ESAS
pain score was associated with an increase of approximately
0.65 points in the final pain score (p < 0.001).

Change from baseline in pain:

Change in pain from baseline (A pain) was analyzed as a
secondary outcome.

The cryotherapy group showed a greater increase in pain
compared with the control group (mean rank 102.05 vs 88.95),
although this difference did not reach statistical significance (p
=0.057).

Clinically meaningful pain (ESAS >4):

Clinically meaningful pain, defined as an ESAS score >4 at
the final assessment, was reported in 19 patients (20.0%) in the
cryotherapy group and 8 patients (8.4%) in the control group.

This difference was statistically significant in unadjusted
analysis (y? test, p = 0.022), indicating a higher proportion of
moderate-to-severe pain in the cryotherapy group.

In adjusted logistic regression analysis controlling for baseline
pain and taxane regimen, the association between treatment
group and clinically meaningful pain remained statistically
significant (OR = 0.269; 95% C10.095-0.761; p=0.013). Given
the coding of the treatment variable, this result is consistent with
a lower likelihood of moderate-to-severe pain in the control
group compared with the cryotherapy group. Baseline pain was
also a strong predictor of moderate-to-severe pain.

Overall symptom burden (SDS-9):

Overall symptom burden, assessed using the ESAS Symptom
Distress Score (SDS-9), increased during chemotherapy in both
groups.

In an adjusted analysis controlling for baseline SDS-9 and
taxane regimen, no statistically significant difference was
observed between the cryotherapy and control groups in final
symptom burden (B = 0.357; robust 95% CI —2.114 to 2.828;
p=0.776).

Baseline symptom burden remained a significant predictor of
final SDS-9 scores (B = 0.658; p < 0.001).

Neuropathy-related extremity pain:

Neuropathy-related extremity pain was assessed using a
composite score derived from the EORTC QLQ-CIPN20
questionnaire.



Figure 1. Proportion of patients with no/mild pain (ESAS <4) and moderate-to-severe pain (ESAS >4) at the final assessment by treatment group.
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Table 1. Baseline characteristics of the study population.

Control

Characteristic Cryotherapy (n=95) Control (n=95) p-value
Age (years), mean = SD 53.5+£9.7 54.0£9.5 0.65
Baseline ESAS pain, mean + SD (median) 0.57 = 1.64 (0) 0.55+1.15(0) 0.16
Disease stage, n (%) 0.37
— Stage I 10 (10.5%) 10 (10.5%)

— Stage II 39 (41.1%) 32 (33.7%)

— Stage IIT 37 (38.9%) 36 (37.9%)

— Stage IV 9 (9.5%) 17 (17.9%)

Taxane regimen 0.006
- Weekly paclitaxel 55 (57.9%) 33 (34.7%)

- Every 2-3-weeks paclitaxel 18 (18.9%) 28 (29.5%)

- Docetaxel

22 (23.2%)

34 (35.8%)

Continuous variables are presented as mean * standard deviation (SD), with median values where appropriate. Categorical variables are presented
as number (percentage). Group comparisons were performed using the Mann—Whitney U test for continuous variables and the chi-square test for

categorical variables.

Table 2. Primary and secondary outcomes (adjusted analyses).

Outcome Model Effect estimate 95% CI p-value
ANCOVA with HC3 robust standard errors

Final ESAS pain (adjusted for baseline pain, age, stage, cycles, B=0.506 —0.023 to 1.036 0.061
and taxane regimen)

ESAS Symptom Distress ANCOVA with HC3 robust standard errors B _

Score (SDS-9) (adjusted for baseline SDS-9 and taxane regimen) B=0357 2114102828 0.776

Moderate-to-severe pain Logistic regression (adjusted for baseline pain _ g

(ESAS >4) and taxane regimen) OR =0.269 0.095-0.761 0.013

Effect estimates for continuous outcomes are presented as regression coefficients (B), representing adjusted mean differences between groups. The
direction of the coefficient depends on model coding. For binary outcomes, odds ratios (OR) below I indicate a lower likelihood of the outcome in

the control group relative to the cryotherapy group.
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Table 3. Neuropathy-related and functional outcomes.

Outcome Model

ANCOVA with HC3 robust standard errors

Extremi hic pai . .
Xtremity neuropathic pain (adjusted for taxane regimen)

ANCOVA with HC3 robust standard errors

Functional limitation score . .
(adjusted for taxane regimen)

Effect estimate 95% CI p-value
B=-0.707 —1.109 to —0.304 0.001
B=-0.184 —0.418 to 0.050 0.123

Extremity neuropathic pain was assessed using a composite score derived from the EORTC QLQ-CIPN20 questionnaire. Because baseline
extremity pain scores were zero for all patients, the model reflects differences in final pain scores between groups. Negative regression coefficients
indicate lower values in the control group relative to the cryotherapy group.

At baseline, extremity pain scores were zero in both groups.
During treatment, neuropathic pain symptoms developed in both
groups; however, final extremity pain scores were significantly
higher in the cryotherapy group compared with the control
group (mean 1.06 + 1.68 vs 0.45 + 1.07; p=0.001).

In adjusted analysis controlling for taxane regimen, extremity
pain scores were significantly lower in the control group
compared with the cryotherapy group (B = -0.707; robust 95%
CI—-1.109 to —0.304; p = 0.001).

Functional outcomes:

Functional impairment in daily activities was generally low in
both groups.

At the final assessment, some patients reported limitations in
daily activities; however, there was no statistically significant
difference between the cryotherapy and control groups in either
unadjusted or adjusted analyses controlling for taxane regimen
(B = —0.184; robust 95% CI —0.418 to 0.050; p = 0.123). No
cryotherapy-related frostbite or severe skin toxicities were
observed.

Discussion.

Principal findings:

In this prospective multicenter controlled study, preventive
cryotherapy using cooling gloves and socks did not demonstrate
a significant reduction in patient-reported pain associated with
taxane-induced peripheral neuropathy.

Importantly, neuropathy-specific outcomes derived from the
CIPN20 questionnaire revealed significantly higher extremity
pain scores in patients receiving cryotherapy. In addition, a higher
proportion of patients in the cryotherapy group experienced
clinically meaningful pain (ESAS >4). Taken together, these
findings do not demonstrate a clinically meaningful protective
effect of cryotherapy on neuropathy-related pain in this cohort
and suggest a divergence between general pain measures and
neuropathy-specific symptom assessment. This discrepancy
underscores that ESAS may lack sensitivity for neuropathy-
specific symptom detection, reinforcing the importance of
disease-specific instruments such as CIPN20 in CIPN research.

Comparison with previous studies:

Cryotherapy has been proposed as a preventive strategy for
chemotherapy-induced peripheral neuropathy based on its
presumed ability to reduce drug delivery to peripheral nerves
through localized vasoconstriction [8,9]. Several clinical studies
have reported a reduction in neuropathy symptoms with the use
of cooling interventions [8,9].

However, the overall body of evidence remains inconsistent.
Systematic reviews and meta-analyses have highlighted
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substantial heterogeneity across studies, with variable effects
depending on study design, patient population, and outcome
measures [10-12]. Moreover, current clinical guidelines do not
recommend cryotherapy as a standard preventive intervention
due to insufficient and inconclusive evidence [6].

The findings of the present study are aligned with this broader
body of literature, reinforcing the notion that cryotherapy does
not consistently reduce neuropathy-related symptoms and may
not provide clinically meaningful benefit in routine practice
settings.

Interpretation of divergent outcomes:

A notable finding of this study is the discrepancy between
general pain outcomes and neuropathy-specific measures. While
the adjusted ESAS pain score showed no statistically significant
difference between groups, analyses based on change-from-
baseline and CIPN20-derived extremity pain indicated either
no benefit or higher symptom burden in the cryotherapy group.

This divergence may be explained by differences in
measurement constructs. The ESAS instrument captures
overall pain as part of a broader symptom profile, whereas
the CIPN20 questionnaire specifically assesses neuropathy-
related sensory symptoms and their functional impact [13]. As
a result, neuropathy-specific instruments may be more sensitive
to detecting clinically relevant changes in peripheral nerve
function.

These findings highlight the importance of selecting
outcome measures that are closely aligned with the underlying
pathophysiology of the condition being studied.

Potential explanations for lack of effect:

Several factors may explain the absence of a protective effect
of cryotherapy in this study.

First, the effectiveness of cryotherapy depends on the degree
of cooling achieved at the level of peripheral tissues. Although
cooling devices were applied at approximately -18°C and
replaced when their temperature approached 0°C, the actual
temperature at the skin level and the extent of vasoconstriction
were not measured. Variability in tissue cooling may therefore
have influenced the effectiveness of the intervention.

Second, adherence to the cryotherapy protocol and patient
tolerance to cold exposure were not systematically assessed.
Differences in compliance, device positioning, and duration of
effective cooling may have introduced variability in treatment
exposure.

Third, the non-randomized design of the study introduces the
possibility of selection bias. Patients who chose to undergo
cryotherapy may have differed in unmeasured ways from
those in the control group, including differences in symptom
perception or reporting behavior.



Possible explanations for increased neuropathy-related pain:

The observation of higher neuropathy-related extremity pain
in the cryotherapy group warrants careful interpretation.

One possible explanation is related to increased symptom
awareness. Patients undergoing cryotherapy may have been
more attentive to sensory changes during treatment, leading
to higher reporting of symptoms in patient-reported outcome
measures.

Furthermore, confounding by indication cannot be entirely
ruled out; patients with a lower baseline pain threshold or higher
anticipatory anxiety regarding chemotherapy-induced side
effects might have been more motivated to select the cryotherapy
arm. This self-selection bias could artificially inflate the post-
treatment pain scores in the intervention group, masking any
potential protective effect of the cooling devices.

Alternatively, uneven or insufficient cooling may have
resulted in inconsistent vasoconstriction, potentially leading to
heterogeneous drug exposure at the level of peripheral nerves.
It is also conceivable that repeated exposure to cold stimuli may
have contributed to transient discomfort or altered symptom
perception in certain patients, although this mechanism remains
speculative.

Given the observational design of the study, these findings
should not be interpreted as evidence of a causal harmful effect
but rather as a signal that warrants further investigation in
controlled settings.

Strengths and limitations.

This study has several strengths. It was conducted as a
prospective multicenter study and included a relatively large
cohort of patients treated in real-world clinical settings. The
use of validated patient-reported outcome measures allowed
for comprehensive assessment of both general symptom burden
and neuropathy-specific symptoms.

However, several limitations should be acknowledged.
The non-randomized design and allocation based on patient
preference limit causal inference and introduce potential
selection bias. The reliance on patient-reported outcomes
introduces subjectivity and potential reporting bias. In addition,
the actual degree of cooling and adherence to the cryotherapy
protocol were not objectively measured. Finally, the absence of
objective neurological assessments limits the ability to correlate
reported symptoms with physiological measures of neuropathy.

In addition, imbalance in taxane regimens between groups may
have influenced neuropathy outcomes, as different agents and
schedules are associated with varying risks of neurotoxicity. To
address this potential confounding factor, taxane regimen was
incorporated as a covariate in adjusted regression analyses. The
principal findings remained largely consistent after adjustment.

Clinical implications.

The findings of this study suggest that preventive cryotherapy
should be used with caution as a strategy for reducing
neuropathy-related pain in patients receiving taxane-based
chemotherapy. In the absence of consistent evidence of benefit,
and given the observed variability in outcomes, cryotherapy
could not be demonstrated to be a reliably effective strategy in
routine clinical practice.
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Future directions.

Further research is needed to clarify the role of cryotherapy in
the prevention of chemotherapy-induced peripheral neuropathy.
Future studies should incorporate randomized designs,
standardized cryotherapy protocols with controlled temperature
monitoring, and combined use of objective neurological
assessments and patient-reported outcomes.

In addition, stratification of patients based on baseline
symptom burden and treatment characteristics may help
identify subgroups that could potentially benefit from targeted
preventive strategies.

Conclusion.

Preventive cryotherapy using cooling gloves and socks did not
demonstrate a significant reduction in neuropathy-related pain
in patients receiving taxane-based chemotherapy. Although
adjusted analyses of overall pain showed no statistically
significant difference between groups, neuropathy-specific
outcomes revealed higher extremity pain in patients undergoing
cryotherapy.

These findings highlight the complexity of assessing
chemotherapy-induced peripheral neuropathy using patient-
reported outcomes and underscore the importance of selecting
outcome measures that accurately reflect neuropathic
symptomatology.

Given the absence of consistent evidence of benefit and
the observed variability in outcomes, cryotherapy could not
be reliably demonstrated to be an effective strategy for the
prevention of neuropathy-related pain in this setting. Further
randomized studies with standardized intervention protocols
and integrated objective and patient-reported assessments are
required to better define its role. These findings highlight the
need for careful validation of supportive care interventions
before widespread clinical implementation.
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