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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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/m²) or every two 
to three weeks (175 mg/m²), as well as docetaxel administered 
every three weeks (75 mg/m²). 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.

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 
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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 

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 (Δ 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 (χ² 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% CI 0.095–0.761; 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.
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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.

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 III 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%)

Table 1. Baseline characteristics of the study population.

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.

Outcome Model Effect estimate 95% CI p-value

Final ESAS pain
ANCOVA with HC3 robust standard errors 
(adjusted for baseline pain, age, stage, cycles, 
and taxane regimen)

B = 0.506 −0.023 to 1.036 0.061

ESAS Symptom Distress 
Score (SDS-9)

ANCOVA with HC3 robust standard errors 
(adjusted for baseline SDS-9 and taxane regimen) B = 0.357 −2.114 to 2.828 0.776 

Moderate-to-severe pain 
(ESAS ≥4)

Logistic regression (adjusted for baseline pain 
and taxane regimen) OR = 0.269 0.095–0.761 0.013 

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

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 1 indicate a lower likelihood of the outcome in 
the control group relative to the cryotherapy group.
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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 

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.

Outcome Model Effect estimate 95% CI p-value

Extremity neuropathic pain ANCOVA with HC3 robust standard errors 
(adjusted for taxane regimen) B = -0.707 −1.109 to −0.304 0.001

Functional limitation score ANCOVA with HC3 robust standard errors 
(adjusted for taxane regimen) B = −0.184 −0.418 to 0.050 0.123 

Table 3. Neuropathy-related and functional outcomes.

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.
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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.

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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