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Independent prognostic impact of perineural invasion in breast cancer
patients with residual disease after neoadjuvant chemotherapy
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SUMMARY

OBJECTIVE: Perineural invasion is a well-established adverse prognostic factor in several malignancies, yet its prognostic role in breast cancer
remains controversial.

METHODS: We retrospectively analyzed 400 breast cancer patients treated with neoadjuvant chemotherapy between 2012 and 2025 who
had residual disease (non-pCR) at surgery. Clinicopathological variables, recurrence-free survival, and overall survival were evaluated using Cox
proportional hazards models.

RESULTS: Perineural invasion was identified in 42.5% of the cohort and associated with larger tumor burden, lymphovascular invasion, and nodal
metastasis (p<0.01). Perineural invasion-positive status correlated with significantly inferior median recurrence-free survival (100.5 vs. 120.4
months; HR 1.77, p=0.008) and overall survival (108.5 vs. 133.6 months; HR 3.11, p<0.001). Multivariate analysis confirmed perineural invasion as a
robust independent predictor of shorter recurrence-free survival and overall survival. The adverse impact was evident across all molecular subtypes,
particularly HR+/HER2- and HER2+ groups.

CONCLUSION: Perineural invasion is a strong independent prognostic factor for recurrence-free survival and overall survival in breast cancer
patients with residual disease after neoadjuvant chemotherapy. Reporting perineural invasion status in routine pathology evaluations may aid in risk
stratification for this high-risk population.
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INTRODUCTION

Breast cancer remains the leading cause of cancer incidence and

METHODS

Study population

This retrospective study analyzed breast cancer cases diagnosed
between January 2012 and July 2025 who received NAC and
underwent surgery. The study was approved by the Institutional

mortality globally'. Prognosis is primarily influenced by tumor
stage, grade, receptor status, and sociodemographic factors at
diagnosis®™. Perineural invasion (PNI), defined as cancer cell

infiltration into the perineural space, is a known poor prognos-
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tic indicator in colorectal, prostate, and pancreatic cancers Ethics Committee. Staging was performed using standard

However, its significance in breast cancer remains controversial; imaging modalities. Clinical data were retrieved from hospi-

while some studies report associations with poor outcomes*!!,

tal electronic records.
others find no prognostic value'>.

Given these conflicting data, the utility of PNI specifically in Inclusion/exclusion

the high-risk neoadjuvant setting remains undefined. This study
aims to evaluate the independent prognostic impact of PNI in
a specific cohort of breast cancer patients with residual disease
(non-pCR) following neoadjuvant chemotherapy (NAC), where
pathological response strongly dictates prognosis’?, to deter-
mine if it should be integrated into routine risk stratification.

Included were female patients >18 years who completed
NAC and surgery. Excluded were those with prior malig-
nancies, distant metastasis at diagnosis, incomplete data,
or those achieving pathological complete response (pCR).
Of 559 evaluated patients, 400 met the criteria (non-pCR)
and were included.
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Perineural invasion in breast cancer after neoadjuvant chemotherapy

Treatment

Patients received standard anthracycline—taxane—based NAC
regimens. HER2-positive patients received trastuzumab-based
therapy. Adjuvant hormonal and anti-HER2 therapies were
administered according to guidelines. Surgery consisted of
breast-conserving surgery or mastectomy with axillary eval-
uation. Adjuvant radiotherapy was administered when indi-
cated. To ensure a homogeneous study cohort and eliminate
treatment-related bias, only patients who completed the full
course of standard adjuvant therapy (including 1 year of trastu-
zumab for HER2-positive patients) were included. Patients who
discontinued therapy prematurely or developed recurrence/
metastasis during the adjuvant treatment phase were excluded

from the analysis.

Pathological evaluation

pCR was defined as no residual invasive cancer in the breast
and nodes. Histology was categorized as ductal or non-duc-
tal. ER/PgR positivity was defined as >1% staining'é. HER2
status was determined by IHC/ISH. Our hospital’s pathology
laboratory accepts a Ki-67 cut-off value of 18% for luminal
distinctions, and this value was used in the statistical analy-
sis. Patients were divided into three groups based on hormone
receptor and HER2 status: (1) hormone receptor-positive
(ER and/or PgR positive) and HER2 negative, (2) HER2 pos-
itive (regardless of hormonal status), and (3) triple-negative
(ER, PgR, and HER2 negative). PNI was examined and reported
by our hospital’s pathologist. It was defined as the presence of
carcinoma cells within any of the three layers of the nerve sheath
in the breast parenchyma, identified through H&E (hematox-
ylin—eosin) and IHC analyses. The S100 marker was applied
in equivocal cases. Immunohistochemical staining with S100
was performed in 37 cases (9.3%) to confirm PNI presence in

morphologically equivocal slides.

Statistical analysis

Categorical variables were presented as numbers and percent-
ages. Univariate and multivariate analyses for factors affecting
survival were performed using the Cox proportional hazards
model. Recurrence-free survival (RFS) and overall survival
(OS) were calculated from the date of initial diagnosis to the
date of the first event, death, or the last follow-up (for cases
with no observed event). Survival analyses were conducted
using the Kaplan-Meier method; differences between groups
were assessed using the Log-Rank test. All statistical analyses
were performed using SPSS v27.0 (SPSS Inc.). The hazard
ratio (HR) was reported with its corresponding 95%CI, and
a p<0.05 was considered statistically significant.
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RESULTS

Patient and tumor characteristics

The study cohort included 400 female patients with a median age
of 51 years (range: 23—83). The median follow-up time was 54
months (range: 9—153 months). During this follow-up period,
disease recurrence was documented in 104 (26%) patients.
Among these, 22 (21.2%) were identified as locoregional recur-
rences, while the remainder were distant metastases. Cancer-related
mortality occurred in 66 (16.5%) patients. Regarding molecu-
lar subtypes, the majority of the cohort was HR+/HER2- (257
patients, 64.3%), followed by the HER2+ group (103 patients,
25.8%) and the triple-negative group (40 patients, 10%).

PNI positivity was detected in 42.5% of patients. PNI pos-
itivity was found to be significantly higher in LVI-positive cases
(80.1 vs. 16.4%, p<0.001), in patients with axillary lymph node
metastasis (55.3 vs. 14.4%, p<0.001), and in cases with a tumor
size greater than 2 cm (47.8 vs. 31.3%, p=0.002). Although the
difference was not statistically significant (p=0.340), a notable
numerical variation in PNI prevalence was observed between
the HR+/HER2- (45.1%) and HER2+ (36.9%) subgroups.
The detailed clinicopathological characteristics are summa-
rized in Table 1.

Recurrence-free survival

The presence of PNI had a profound negative impact on RFS.
The median RES for the entire cohort was 112.4 months.
However, when stratified by PNI status, the median RES was
significantly shorter in the PNI-positive group (100.5+5.4
months) compared to the PNI-negative group (120.4%+4.4
months) (Log-Rank p<0.001). The unadjusted HR was 2.24
(95%CI 1.51-3.30).

In the univariate Cox regression analysis, PNI, along with
LVI, high tumor grade, Ki67 levels, and axillary lymph node
metastasis, were identified as significant predictors of shorter
RES. Conversely, ER and PgR positivity were associated with
improved RFS. Upon multivariate analysis using the Enter
method, PNI positivity retained its significance as a robust
independent prognostic factor for RES (HR 1.78, 95%CI
1.17-2.70, p=0.007), alongside tumor grade and axillary nodal
metastasis. Notably, due to strong multicollinearity between
PNIand LVI (80.1% overlap), LVI was excluded from the final
multivariate models to prevent statistical artifacts and allow for
the accurate assessment of PNI’s independent effect (Table 2).

Overall survival
Consistent with RES findings, OS was significantly compromised
in patients with PNI. The median OS was 108.5+5.8 months
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in the PNI-positive group, compared to 133.6£3.6 months

in the PNI-negative group (Log-Rank p<0.001) (Figure 1).
Univariate analysis demonstrated that PNI positivity was

associated with a more than three-fold increase in the risk of mor-

tality (HR 3.11, 95%CI 1.87-5.19, p<0.001). Other significant

Table 1. Clinicopathological characteristics and distribution of patients.

Clinicopathological 5 PNI positive _
ne | P
Age

<40 (young adult) 71(17.8) 26 (36.6) 0.269
240 329(82.2) 144 (43.8) '
Menopausal status
Premenopausal 208 (48.0) 83(39.9)
fie 0.274
Peri 192 (52.0) 87 (45.3)
postmenopausal
Histologic type
Ductal 318 (79.5) 131 (41.2)
0.298
Others 82 (20.5) 39 (47.6)
PgR status
Negative 112 (28.0) 42(37.5)
0.207
Positive 288 (72.0) 128 (44.4)
ER status
Negative 78 (19.5) 33 (42.3)
0.969
Positive 322 (80.5) 137 (42.5)
Her?2 status
Negative 298 (74.5) 132 (44.3)
0.214
Positive 102 (25.5) 38 (31.4)
Ki-67
<18 109 (27.2) 49 (44.6)
0.543
>18 291 (72.8) 121 (41.6)
Histologic grade
Grade 1-2 267 (66.8) 112 (41.9)
0.751
Grade 3 133(33.2) 58 (43.6)
T size
<2cm 131(32.8) 41 (31.3)
0.002¢
>2cm 269 (67.2) 129 (47.8)
LVI status
Negative 238 (59.5) 39(16.4)
<0.001°
Positive 162 (40.5) 131 (80.1)
Axillary status
Negative 125(31.2) 18 (14.4)
<0.001¢
Positive 275 (68.8) 152 (55.3)

*Significantvalues areindicated in bold. Her2:human epidermal growth
factor receptor 2; ER: estrogen receptor; PgR: progesterone receptor; LVI:
Lymphovascular invasion; PNI: perineural invasion.

factors included ER/PgR status, tumor grade, and nodal involve-
ment. In the full multivariate Cox regression model, PNI con-
firmed its role as a robust independent prognostic factor for
OS (HR 2.60, 95%CI 1.49-4.54, p<0.001), together with
tumor grade. Interestingly, when evaluated in this comprehen-
sive model, axillary lymph node metastasis was attenuated and
lost its independent predictive value for OS (HR 1.87, 95%CI
0.97-3.61, p=0.062), as did Ki-67 (Table 2).

Survival relationship of perineural invasion
according to breast cancer subtypes

We further investigated the impact of PNI across different
breast cancer subtypes. PNI prevalence was statistically simi-
lar across groups: 45.1% in HR+/HER2-, 36.9% in HER2+,
and 40% in triple-negative cases (p=0.340). Survival analysis
revealed that PNI positivity was associated with significantly
worse RFS and OS in both the HR+/HER2- (p=0.013 for RES,
p=0.001 for OS) and HER2+ (p<0.001 for RES, p=0.002 for
OS) subgroups. In the triple-negative subgroup, while a trend
toward worse survival was observed in PNI-positive patients,
it reached statistical significance only for OS (p=0.046), likely
due to the smaller sample size in this subgroup.

DISCUSSION

This study provides compelling evidence that PNI serves as a
robust, independent adverse prognostic factor for both RES
and OS in breast cancer. Uniquely, this analysis distinguishes
itself by focusing exclusively on a high-risk cohort: patients with
residual disease following neoadjuvant chemotherapy. Our mul-
tivariate analysis revealed that the presence of PNI is associated
with an approximately two-fold increased risk of recurrence
and a three-fold increased risk of mortality. Importantly, this
prognostic value persisted independently of established risk
factors such as axillary lymph node metastasis, tumor grade,
and hormone receptor status. The finding that PNI remained
significant while VI did not in the multivariate model sug-
gests that PNI may represent a distinct biological mechanism
of tumor spread, potentially serving as a low-resistance route
for cancer cell dissemination beyond the lymphatic system.
In the specific context of breast cancer, however, the prog-
nostic value of PNI has historically been controversial, and
the available findings are contradictory™'¢. Early studies
have reported that PNI lacks prognostic value; for example,
Duraker et al. and Karak et al. reported low PNI prevalence
(1.14-25.7%) and failed to demonstrate an independent

12,17

prognostic role!>. Similarly, an exploratory study pre-

sented at AACR 2022 reported no significance for survival'®.
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These discrepancies may be attributed to methodological het-
erogeneity, such as evaluating unselected patient populations
and relying solely on H&E staining. Conversely, recent liter-
ature supports its adverse effect. Narayan et al. reported that
PNI significantly increased the locoregional recurrence risk’,
while Hosoya et al. and Cavdar et al. demonstrated that PNI
was an independent poor prognostic factor for survival'®!!.

The frequency of PNI in breast cancer is reported to
vary in the literature, typically ranging from 14 to 25.7% in
unselected cohorts’!2. The prevalence in our study (42.5%)
was notably higher. This is likely attributable to the spe-
cific selection of a high-risk population with residual disease
after neoadjuvant chemotherapy, representing a biologically
more aggressive tumor subset. Furthermore, a study involv-
ing oral cavity carcinomas found that the PNI-positive rate
increased from 30 to 82% upon re-evaluation with immu-
nohistochemical staining". In our study, the supplementary
use of S-100 staining in morphologically equivocal cases
may have minimized the underdetection commonly asso-
ciated with standard H&E evaluation, contributing to the
observed prevalence.

The strong prognostic signal observed is biologically plausi-
ble. The persistence of PNI in post-treatment specimens implies

a chemo-resistant phenotype, where perineural spaces may act
as “sanctuary sites” protecting tumor cells from systemic therapy
and apoptosis®. Thus, post-treatment PNI represents a more
aggressive biological marker than in treatment-naive settings.
Furthermore, consistent with the literature, while ER and PgR
positivity emerged as protective factors, the presence of PNI
significantly counterbalanced this favorable effect. From a
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Figure 1. Kaplan-Meier survival curves showing the association
between perineural invasion and overall survival.

Table 2. Univariate and multivariate analyses of factors for recurrence-free survival and overall survival.

Variable Univariate RFS Univariate 0S Multivariate RFS Multivariate 0S
HR (95%Cl) HR (95%Cl) HR (95%ClI) HR (95%ClI)

Age (<40/240) 0.80 (0.50-1.29) | 0.360 | 0.90(0.50-1.65) | 0.732

Menopause status 1.26(0.85-1.86) | 0.247 | 1.00(0.62-1.62) | 0.997 - - - -
(pre/peri—post)

Histologictype (ductal/ | o5 (58 150) | 0761 | 1.27 (073-2.21) | 0.394 - - - -
others)

Ei;;g“smeg“'ve/ 0.62(0.42-0.93) | 0.019 | 0.53(0.33-0.87) | 0.011 | 0.65(0.32-1.32) | 0.235 | 0.87 (0.31-2.45) | 0793
ER status (negative/

Sositive) 0.55(0.39-0.84) | 0.005 | 0.39(0.23-0.64) | <0.001 | 0.88(0.41-1.88) | 0.742 | 0.49(0.29-0.84)| 0.009
Ki67 (<18/218) 1.65 (1.03-2.65) | 0.039 | 2.45(1.27-4.73) | 0.007 | 1.36(0.83-2.23) | 0.224 | 1.91(0.97-3.78) | 0.062
HERZ status (negative/ | 416 (071.170) | 0.667 | 113 (0.66-1.95) | 0.655 - - - -
positive)

Grade (2/3) 213 (1.44-314) | <0.001 | 2.96 (1.80-4.85) | <0.001 | 1.89 (1.24-2.88) | 0.003 |2.25(1.32-3.82) | 0.003
cTsize (<2cm/>2cm) | 1.23(0.81-1.87) | 0.338 | 1.53(0.88-2.65) | 0.134 = = = =
LVI (negative/positive) | 2.14(1.45-316) | <0.001 | 1.82(1.12-2.97) | 0.016 Excluded* = Excluded* =
PNI (negative/positive) | 2.24 (1.51-3.30) | <0.001 | 3.05(1.83-5.07) | <0.001 | 1.78 (117-2.70) | 0.007 | 2.60 (1.49-4.54) | <0.001
Axillary status 2.36 (1.45-3.85) | <0.001 | 2.16(1.20-3.91) | 0.011 | 2.33 (1.37-3.98) | 0.002 | 1.87 (0.97-3.62) | 0.062
(negative/positive)

Significant p-values are indicated in bold. ER: estrogen receptor; PgR: progesterone receptor; HER2: human epidermal growth factor receptor 2; LVI:
lymphovascular invasion; PNI: perineural invasion; RFS: recurrence-free survival; HR: hazard ratio; Cl: confidence interval; OS: overall survival. *LVI
was intentionally excluded from the final multivariate models due to strong multicollinearity with PNI (80.1% overlap), which inflated standard errors
and artificially masked the independent prognostic value of PNI.
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clinical perspective, these findings suggest that the presence
of PNI should be routinely reported in pathology reports and
considered in risk stratification. Particularly in the determi-
nation of adjuvant treatment strategies, PNI positivity can be

considered a high-risk feature.

Limitations

Our study is limited by its retrospective design and sin-
gle-center nature. Furthermore, excluding patients who dis-
continued adjuvant therapy or experienced early recurrence
introduces a potential survivorship bias. While this strict
selection was essential to maintain a homogeneous cohort
and eliminate treatment-related confounders, it implies that
the true adverse prognostic effect of PNI might be even more
pronounced than observed. Additionally, our reliance on
an institutional Ki-67 cut-off of 18% for luminal distinc-
tions lacks universal standardization, which may limit the
broader generalizability of our findings. Finally, although
we utilized S-100 immunohistochemistry to successfully
confirm PNI in morphologically equivocal cases, rely-
ing primarily on standard H&E staining for the majority
of the cohort may still underestimate the true prevalence
of PNI due to potential false negatives, thereby possibly
influencing our hazard estimates. Nevertheless, a signifi-
cant strength of our study is the comprehensive, simulta-
neous analysis of numerous clinicopathological variables

in a well-defined, large cohort of high-risk patients with
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