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A b s t r a c t

Introduction: Persistent pain is a common long-term sequela in breast can-
cer survivors treated with chemotherapy and may involve neuropathic pain 
and central sensitization (CS). However, few studies have examined these 
mechanisms together and their association with specific sensory symptoms. 
Material and methods: A multicenter cross-sectional study was conducted 
in four Spanish hospitals between September 2022 and January 2025. A to-
tal of 254 women with surgically treated breast cancer who had complet-
ed chemotherapy were included. Neuropathic pain was assessed using the 
Spanish version of the Douleur Neuropathique 4 (DN4), CS using the Cen-
tral Sensitization Inventory (CSI), and pain intensity and sensory symptoms 
(paresthesia, tingling, and thermal sensitivity) using visual analog scales. 
Between-group comparisons according to the presence of neuropathic pain 
and central sensitization, as well as analyses of their independent and com-
bined effects on pain intensity and sensory symptoms, were performed. 
Results: Participants reported moderate pain intensity, with clinically rele-
vant neuropathic pain features and CS. Patients with neuropathic pain (DN4 
≥ 4) showed significantly higher pain intensity and greater severity of all 
sensory symptoms (all p < 0.001). Similarly, participants with CS reported 
higher pain intensity and greater severity of tingling and thermal sensitivi-
ty. Neuropathic pain and CS were independently associated with increased 
symptom burden and frequently coexisted. 
Conclusions: Neuropathic pain and CS are common and overlapping compo-
nents of persistent pain in breast cancer survivors treated with chemother-
apy and are associated with greater pain intensity and sensory symptom se-
verity. Concurrent assessment of both mechanisms may improve the clinical 
characterization and management of post-chemotherapy pain.

Key words: neuropathic pain, central sensitization, breast cancer, sensory 
symptoms.

Introduction

Over recent decades, cancer has become one of the leading causes of 
death worldwide, and its global burden is expected to continue increas-
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ing substantially in the coming years [1]. Advanc-
es in early detection and the development of new 
therapeutic strategies have improved the progno-
sis of many cancers, meaning that advanced can-
cer is no longer necessarily considered a terminal 
condition. As a result, clinical care has shifted to-
ward addressing the long-term sequelae associat-
ed with both the disease and its treatments, of 
which pain represents a major concern [2, 3]. 

Breast cancer exemplifies this clinical scenar-
io. It is the most frequently diagnosed cancer 
among women worldwide and is associated with 
5-year survival rates exceeding 90%, leading to 
a  growing population of survivors experiencing 
persistent consequences of the disease and its 
treatment [4, 5]. Among these sequelae, pain is 
one of the most prevalent symptoms, affecting 
more than 40% of women following cancer treat-
ments [6]. Several studies have shown that per-
sistent pain is more common in women who have 
received chemotherapy and/or radiotherapy, and 
that a  substantial proportion of these patients 
experience signs consistent with central nervous 
system hypersensitivity even more than 1 year af-
ter treatment completion [4, 7, 8].

Pain is classified into two types: nociceptive 
and neuropathic pain. Nociceptive pain arises from 
actual or threatened damage to non-neural tissue 
and is mediated by the activation of peripheral 
nociceptors, which usually reflects ongoing tissue 
injury or inflammation [9]. However, this frame-
work does not fully explain persistent pain condi-
tions in which pain severity is disproportinate to 
peripheral nociceptive input or persist after tissue 
healing. In this context, central sensitization (CS) 
has been proposed as a  key mechanism to ex-
plain certain forms of persistent pain that are not 
proportional to peripheral nociceptive inputs. It is 
defined as a sustained increase in the excitability 
and synaptic efficacy of neurons involved in cen-
tral nociceptive pathways [10, 11]. This phenom-
enon is associated with upregulation of the noci-
ceptive system and may involve multiple levels of 
the central nervous system, including the spinal 
cord and supraspinal structures, the brainstem, 
thalamus, limbic system, and the cerebral cortex 
[12]. CS typically manifests as pain hypersensitiv-
ity, characterized by signs and symptoms such as 
tactile allodynia, secondary pressure hyperalgesia, 
increased temporal summation, and persistence 
of pain sensations after stimulus removal [10, 13]. 
These manifestations reflect underlying neuro-
physiological changes, including lower activation 
thresholds, exaggerated responses to harmful 
stimuli, and amplification of central nociceptive 
processing [13].

When CS is present, the central nervous sys-
tem can modify or amplify the pain experience, 

increasing its intensity, duration, and spatial ex-
tent in a way that no longer directly corresponds 
to the characteristics of the original peripheral 
stimulus [13, 14]. As a result, nociceptive neurons 
may become activated by innocuous low-thresh-
old stimuli, leading to painful perceptions in the 
absence of tissue damage. In this context, pain 
becomes disproportionate to the severity of the 
underlying lesion [15]. Experimental studies in 
humans have shown that the presence of allody-
nia, secondary hyperalgesia, increased temporal 
summation, and persistent sensory side effects 
is indicative of central amplification related to 
increased excitation or reduced inhibitory control 
[10, 12, 13]. Clinically, these changes may lead to 
lowered pain thresholds, exaggerated responses 
to harmful stimuli, pain persisting after stimulus 
cessation, and spread of sensitivity to adjacent or 
distant tissues [11].

Neuropathic pain represents another charac-
teristic component of cancer-related pain and is 
associated with specific clinical classification cri-
teria. According to standards established by the 
Neuropathic Pain Special Interest Group (NeuPSIG) 
of the International Association for the Study of 
Pain, neuropathic pain is defined as pain arising 
as a direct consequence of a lesion or disease af-
fecting the somatosensory system, at either the 
central or peripheral level [7, 11]. Its identification 
requires a  neuroanatomically plausible pain dis-
tribution and consistency between etiology, pain 
distribution, and clinical examination findings 
[16]. Therefore, assessment should not be limited 
to pain localization alone, but should also consid-
er the distribution of hyperalgesia and other sen-
sory abnormalities. 

Clinically, neuropathic pain is characterized by 
the coexistence of positive and negative somato-
sensory phenomena, reflecting both gains and 
losses in sensory function. Positive symptoms in-
clude spontaneous or evoked pain, as well as burn-
ing sensations, tingling, stabbing pain, electric 
sensations, and mechanical or thermal allodynia 
or hyperalgesia. In contrast, negative symptoms 
manifest as hypoesthesia or reduced sensitivity to 
light touch, vibration, or pain [7]. In oncology, neu-
ropathic pain frequently develops as chemothera-
py-induced peripheral neuropathy (CIPIN), due to 
the effects on peripheral nerves [16].

The mechanisms involved in neuropathic pain 
are not exclusive and frequently overlap with sen-
sitization processes. Hyperexcitability may affect 
both central and peripheral pathways, which helps 
explain why cancer survivors may simultaneous-
ly exhibit neuropathic pain features and signs of 
CS, resulting in mixed pain phenotypes [11]. This 
overlap has important clinical implications, as can-
cer-related neuropathic pain has been associated 
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with higher analgesic requirements, poorer func-
tional status, and greater interference with activ-
ities of daily living compared to nociceptive pain 
[16]. Furthermore, symptoms such as numbness, 
tingling, or electric sensations have been linked to 
increased disability, balance disturbances, loss of 
manual dexterity, and limitations in physical and 
occupational functioning [17].

In women living beyond breast cancer, sus-
tained nociceptive input and treatment-related 
physiological stress may drive neuroplastic chang-
es that contribute to development of CS [18]. Con-
sequently, neuropathic sensory features may co-
exist with signs of generalized pain amplification, 
resulting in a more complex pain presentation [14, 
19]. This interaction between peripheral and cen-
tral mechanisms helps explain the observed clin-
ical variability and reinforces the need to jointly 
assess both dimensions to characterize the pain 
phenotype in this population. 

Although current evidence highlights the rele-
vance of both neuropathic pain and CS in oncolo-
gy, important gaps remain in understanding how 
these mechanisms interact and contribute to the 
clinical pain profile in breast cancer patients. Few 
studies have simultaneously examined neuropath-
ic pain features and symptoms related to CS, as 
well as their relationship with pain intensity and 
specific sensory manifestations [6]. Therefore, the 
aim of this study was to describe the clinical profile 
of neuropathic pain and CS in breast cancer sur-
vivors treated with chemotherapy and to analyze 
differences in pain intensity and the severity of 
specific sensory symptoms (paresthesia, tingling, 
and thermal sensitivity) according to the presence 
or absence of neuropathic pain and CS. It was hy-
pothesized that patients with neuropathic pain 
and/or CS would report higher pain intensity and 
more severe sensory symptoms compared with 
patients without neuropathic pain and without CS.

Material and methods

Study design

A  multicenter cross-sectional observational 
study was conducted following the Strengthen-
ing the Reporting of Observational Studies in Ep-
idemiology (STROBE) guidelines for observational 
studies [20]. 

Participants

The study population consisted of women di-
agnosed with breast cancer who had undergone 
surgical treatment and subsequently received 
chemotherapy. Only patients who had completed 
chemotherapy within the first year after treatment 
completion were considered eligible for inclusion. 
Patient recruitment was performed between Sep-

tember 2022 and January 2025 in four Spanish 
hospitals. Chemotherapy regimens were varied 
and reflected routine oncology practice. Treat-
ments included taxane-based, platinum-based, 
anthracycline-based, and combination regimens, 
with or without targeted or hormonal therapies. 
All eligible patients attending routine follow-up 
visits after completion of chemotherapy were in-
vited to participate, regardless of the presence or 
absence of pain or sensory symptoms.

Participants were eligible for inclusion if they 
met the following criteria: female sex, age ≥ 18 
years, history of breast cancer treated surgically, 
chemotherapy treatment, and completion of che-
motherapy treatment prior to study participation. 
Patients were excluded if they had not undergone 
prior surgical treatment for breast cancer or if they 
had received pharmacological treatments other 
than chemotherapy (e.g., excluding hormonal or 
targeted therapies) as part of their cancer treat-
ment. Patients who did not receive chemotherapy 
were excluded from the sample. 

Outcomes assessment

CS was assessed using the Spanish version of 
Central Sensitization Inventory (CSI), a screening 
tool that evaluates 25 health-related symptoms 
and is scored using a five-point Likert scale rang-
ing from 0 (“never”) to 4 (“always”), yielding a to-
tal score between 0 and 100 [21]. Higher scores 
indicate a  greater degree of self-reported symp-
tomatology related to CS and can be classified 
into different severity levels [10, 22]. The CSI has 
demonstrated solid clinicmetric properties, includ-
ing high test–retest reliability and adequate inter-
nal consistency, and has been validated in mul-
tiple clinical populations, including breast cancer 
patients [5, 23]. 

Neuropathic pain was evaluated using the 
Spanish version of the Douleur Neuropathique 
4 (DN4) questionnaire, a  clinical instrument de-
signed to identify clinicmetric and psychometric 
neuropathic pain features [24]. The DN4 consists 
of ten items, seven of which correspond to symp-
tom descriptors assessed through patient inter-
view, including cold or burning pain, electric sen-
sations, tingling, pins and needles, numbness, and 
itching. The remaining three items are based on 
clinical examination and include the assessment 
of hypoesthesia to light touch, hypoesthesia to 
pinprick, and the presence of brush-evoked allo-
dynia [25]. The total score ranges from 0 to 10, 
with a score of 4 or higher considered indicative of 
neuropathic pain [26]. This instrument has shown 
adequate discriminative performance for differ-
entiating neuropathic from non-neuropathic pain 
and high sensitivity for identifying neuropathic 
pain in oncological populations [4]. 
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Pain intensity was measured using the Visual 
Analog Scale (VAS), a tool consisting of a continu-
ous 10-cm line anchored by two verbal descriptors 
at each end. For pain assessment, the anchors 
were defined as “no pain” and “the worst pain 
imaginable”. Participants marked the point on the 
scale that best represented their pain intensity 
at the time of assessment. The VAS allows con-
tinuous quantification of pain intensity and has 
demonstrated good test–retest reliability, support-
ing its use in clinical research settings [27].

The severity of specific sensory symptoms was 
assessed using independent visual analog scales, 
following the same format as the pain VAS. Sep-
arate scales were used to evaluate paresthesia, 
tingling, and thermal sensitivity, allowing a symp-
tom-specific assessment. Each scale consisted of 
a continuous 10-cm line, with anchors defined as 
absence of the symptom and the maximum imag-
inable intensity of that symptom. Participants rat-
ed the perceived intensity of each symptom inde-
pendently, enabling differentiated quantification 
of the magnitude of the various sensory manifes-
tations associated with pain [28, 29].

Procedure

Data collection was performed in person at 
the participating centers. Questionnaires were 
completed under the supervision of a member of 
the research team to ensure data collection. De-
pending on patient preference and logistical con-
siderations, questionnaires were completed either 
in paper format or electronically using a  secure 
online form (Google Forms). All variables were as-
sessed at a single time point after completion of 
chemotherapy. 

Statistical analysis

Descriptive analyses were performed to sum-
marize participant characteristics and study vari-
ables, and results are presented as mean and 

standard deviation (SD) or median and interquar-
tile range, as appropriate. Normality of continuous 
variables was assessed using the Shapiro–Wilk 
test; variables were considered normally distribut-
ed when p ≥ 0.05; all continuous variables depart-
ed from normality (all p < 0.001). Between-group 
comparisons were performed according to the 
presence of neuropathic pain, CS independent 
samples t-tests were used to compare continuous 
variables between groups, and effect sizes were 
reported as Cohen’s d. Categorical variables were 
compared using c2 tests or Fisher’s exact test 
where appropriate; log odds ratios with 95% con-
fidence intervals were reported. Additionally, two-
way analysis of variance (ANOVA) was conducted 
to examine the main and interaction effects of 
neuropathic pain (yes/no) and CS (yes/no) on pain 
intensity and sensory symptom severity. Effect siz-
es were expressed as partial eta squared. Statis-
tical significance was set at p < 0.05. Effect sizes 
were interpreted according to Cohen’s conven-
tional thresholds, with values of 0.2, 0.5, and 0.8 
representing small, moderate, and large effects, 
respectively [30]. All analyses were performed us-
ing JASP (version 0.95.4).

Results

Sociodemographic and clinical characteristics 
of the study sample (n = 254) are summarized in 
Table I. Overall, participants reported moderate 
pain intensity together with clinically relevant 
neuropathic pain features and symptoms consis-
tent with central sensitization. Based on DN4 and 
CSI scores, a substantial proportion of the sample 
met criteria for neuropathic pain and CS, while the 
inclusion of participants without these conditions 
allowed estimation of their incidence in this pop-
ulation. As illustrated in Figures 1 A–D, patients 
with neuropathic pain reported significantly high-
er pain intensity and greater severity of sensory 
symptoms, including paresthesia, tingling, and 

Table I. Sociodemographic and descriptive data

Variable Mean ± SD Median [IQR] Min–max

Age [years] 52.2 ±10.0 50.0 [13.0] 36.0–83.0

Height [cm] 162.6 ±6.9 161.0 [9.0] 148.0–189.0

Weight [kg] 66.5 ±14.6 64.0 [17.5] 44.0–128.0

BMI [kg/m²] 25.13 ±5.7 24.00 [6.0] 17.9–53.3

Neuropathic pain (DN4) 4.55 ±2.5 4.00 [3.0] 0.0–10.0

Central sensitization (CSI) 40.23 ±19.2 40.0 [26.00] 4.0–91.0

VAS pain 4.11 ±3.2 5.00 [7.0] 0.0–10.0

VAS paresthesia 5.16 ±3.1 6.00 [5.0] 0.0–10.0

VAS tingling 4.4 ±3.3 5.0 [6.7] 0.0–10.0

VAS thermal sensitivity 4.4 ±3.7 4.5 [8.0] 0.0–10.0
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Figure 1. Pain intensity and sensory symptoms according to the presence of neuropathic pain (NP). Participants 
with neuropathic pain (DN4 ≥ 4) showed significantly higher scores in pain intensity (A) and sensory symptoms, in-
cluding paresthesia (B), tingling (C), and thermal sensitivity (D), compared with those without neuropathic pain (all  
p < 0.001). Bars represent mean values

Figure 2. Pain intensity and sensory symptoms according to the presence of central sensitization (CS). Participants 
with central sensitization reported higher pain intensity and more severe sensory symptoms than those without 
central sensitization. Differences were significant for pain (A), tingling (C), and thermal sensitivity (D) (p < 0.001), 
while paresthesia (B) showed a smaller effect size. Bars represent mean values
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thermal sensitivity, compared with those without 
neuropathic pain (all p < 0.001), with large effect 
sizes (Table II). Similarly, higher pain intensity and 
more severe sensory symptoms were observed in 
participants with central sensitization, as shown 
in Figures 2 A–D, with small-to-moderate ef-
fect sizes (Table III). Categorical analyses further 
demonstrated that neuropathic pain was strong-
ly associated with a higher proportion of senso-
ry symptoms, particularly paresthesias, tingling, 
and thermal sensitivity (Table IV), whereas central 
sensitization showed more modest but significant 
associations with pain intensity and selected sen-
sory manifestations, notably tingling and thermal 
sensitivity (Table V).

Discussion

The aim of the present study was to charac-
terize neuropathic pain and CS in women with 
breast cancer treated with chemotherapy and to 
examine their relationship with pain intensity and 

specific sensory symptoms. The findings suggest 
that both neuropathic pain and CS are associated 
with a greater symptom burden [30].

In our sample, participants showed mean DN4 
and CSI scores consistent with the presence of 
neuropathic pain and central sensitization, with 
values comparable to those previously reported 
in breast cancer populations assessed using the 
same instruments. This finding suggests that, in 
a  substantial proportion of women with breast 
cancer, persistent pain cannot be explained solely 
by peripheral nociceptive mechanisms. The coex-
istence of neuropathic pain and CS points to the 
involvement of nociceptive signal amplification 
and altered sensory processing [14, 18].

When differences were analyzed according to 
the presence of neuropathic pain, patients exhib-
ited significantly higher scores for pain intensity 
as well as for all evaluated sensory symptoms 
(paresthesia, tingling, and thermal sensitivity), 
with effect sizes ranging from moderate to large 
(d = 0.73–0.94). These results are consistent with 

Table II. Clinical features according to the presence of neuropathic pain

Variable No neuropathic pain 
(mean ± SD)

Neuropathic pain 
(mean ± SD)

P-value Effect size (Cohen’s d)

VAS pain 2.62 ±2.72 4.87 ±3.26 < 0.001 –0.726

VAS paresthesia 3.68 ±3.46 5.91 ±2.61 < 0.001 –0.760

VAS tingling 2.52 ±3.19 5.37 ±2.96 < 0.001 –0.936

VAS thermal sensitivity 2.66 ±3.69 5.23 ±3.41 < 0.001 –0.734

Table III. Clinical features according to the presence of central sensitization

Variable No central sensitization 
(mean ± SD)

Central sensitization 
(mean ± SD)

P-value Effect size (Cohen’s d)

VAS pain 2.741 ±2.796 5.197 ±3.214 < 0.001 –0.809

VAS paresthesia 4.384 ±3.053 5.768 ±3.022 < 0.001 –0.456

VAS tingling 3.420 ±3.118 5.190 ±3.290 < 0.001 –0.551

VAS thermal sensitivity 3.179 ±3.404 5.303 ±3.684 < 0.001 –0.596

Table IV. Neuropathic pain associations

Predictor NP No
N (No)

NP No
N (Yes)

NP Yes
N (No)

NP Yes
N (Yes)

χ² p; log(OR) [95% CI]

Pain 38 40 48 128 < 0.001; 0.930 [0.375, 1.484]

Paresthesia 31 10 55 158 < 0.001; 2.187 [1.411, 2.963]

Tingling 47 17 39 151 < 0.001; 2.371 [1.714, 3.028]

Thermal sensitivity 52 35 34 133 < 0.001; 1.760 [1.189, 2.330]

Table V. Central sensitization associations

Predictor CS No
N (No)

CS No
N (Yes)

CS Yes
N (No)

CS Yes
N (Yes)

χ² p; log(OR) [95% CI]

Pain 49 29 63 113 < .001; 1.109 [0.556, 1.662]

Paresthesia 22 19 90 123 0.178; 0.459 [–0.212, 1.130]

Tingling 38 26 74 116 0.004; 0.829 [0.251, 1.407]

Thermal sensitivity 50 37 62 105 0.002; 0.828 [0.300, 1.356]
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the clinical definition of neuropathic pain, which is 
characterized by the presence of both positive and 
negative sensory symptoms [7]. Moreover, previ-
ous evidence indicates that cancer-related neuro-
pathic pain is associated with greater functional 
interference and a worse clinical course compared 
with other types of cancer-related pain [17]. In 
a  cross-sectional study conducted in breast can-
cer, the prevalence of neuropathic pain exceeded 
40% and was associated with greater limitations 
in activities of daily living compared with patients 
without neuropathic features [31]. Additionally, 
a multicenter cross-sectional observational study 
reported a  prevalence of cancer-related neuro-
pathic pain of 36%, with a higher frequency of this 
type of pain among patients with higher VAS pain 
scores [32]. 

Our results also show that CS was associated 
with greater pain intensity and increased severity 
of sensory symptoms. Pain, tingling, and thermal 
sensitivity were significantly associated with the 
presence of CS; however, paresthesia did not show 
a statistically significant association. This finding 
suggests that certain sensory symptoms, such 
as tingling and alterations in thermal sensitivity, 
may more accurately reflect processes of central 
pain amplification and dysregulation of sensory 
processing. These results are consistent with pre-
vious studies demonstrating that CS contributes 
to the prevalence of chronic pain following breast 
cancer treatment, with patients exhibiting mod-
erate to high levels of CS reporting greater pain 
intensity and a more complex sensory experience 
[5]. Similarily, a cohort study in breast cancer pa-
tients with pain lasting more than one year found 
that approximately 38% of patients showed signs 
of central nervous system hypersensitivity, sug-
gesting that CS may persist even after the com-
pletion of cancer treatment [33]. Furthermore, 
chemotherapy treatments have been associated 
with a higher likelihood of developing persistent 
pain, potentially leading to central mechanisms 
involved in pain maintenance [4].

A  relevant finding of this study is that neuro-
pathic pain and CS can coexist, providing com-
plementary information on how symptoms man-
ifest in patients. These results highlight that an 
assessment based solely on pain intensity may 
be insufficient and reinforce the need for more 
multidimensional evaluation approaches. From 
a clinical perspective, the use of tools that identify 
both neuropathic features and symptoms related 
to CS may facilitate more personalized treatment 
strategies [15].

This study has several limitations. First, its 
cross-sectional design precludes establishing 
causal relationships between neuropathic pain, 
CS, and the sensory symptoms evaluated. Sec-
ond, CS and neuropathic pain were assessed 

using self-reported instruments, which do not al-
low for objective confirmation of the underlying 
neurophysiological mechanisms. In addition, the 
assessment of sensory symptoms using VAS may 
be influenced by psychological or contextual fac-
tors. Third, detailed chemotherapy regimens were 
heterogeneous and not controlled for drug-spe-
cific effects. However, participants were included 
based on exposure to potentially neurotoxic che-
motherapy, reflecting real-world oncology practice 
rather than a drug-comparison design. Finally, the 
exclusive inclusion of women with breast cancer 
treated with chemotherapy limits the generaliz-
ability of the findings to other oncological popu-
lations. Another limitation is the lack of imaging, 
nerve conduction studies, and electromyography 
data, as well as the absence of analysis regard-
ing cancer stage and clinico-pathologic type in re-
lation to neuropathic pain. These factors will be 
considered in future research to further strength-
en the findings. Further longitudinal research is 
needed to confirm the observed associations and 
to explore their temporal evolution.

In conclusion, neuropathic pain and CS in 
breast cancer patients treated with chemothera-
py are associated with greater pain intensity and 
more severe sensory symptoms, suggesting that 
peripheral neuropathic features and central pain 
processing alterations represent complementary 
components of the post-chemotherapy pain phe-
notype. The co-occurrence of neuropathic pain 
and central sensitization was associated with 
greater pain severity and sensory symptom bur-
den, supporting the need for their concurrent as-
sessment to improve the clinical characterization 
and management of pain in this population.
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