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ABSTRACT

Background:

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy with high recurrence rates even
after curative-intent surgical resection. Perineural invasion (PNI) is a common histopathological feature
and has been increasingly recognized as a potential prognostic marker.

Objective:

This study aimed to evaluate the role of perineural invasion in predicting recurrence following surgical
resection of pancreatic adenocarcinoma.

Methods:

This retrospective observational study included 52 patients with histopathologically confirmed PDAC
who underwent curative-intent surgical resection at a tertiary care center. Clinicopathological
parameters, including tumor grade, lymph node status, margin status, lymphovascular invasion, and
presence of PNI, were analyzed. Recurrence patterns, disease-free survival (DFS), and overall survival
(OS) were assessed. Statistical analysis was performed using the Chi-square test, Kaplan—Meier
survival analysis, and Cox proportional hazards regression.

Results:

Perineural invasion was present in 69.2% of cases. Recurrence was observed in 65.4% of patients and
was significantly higher in the PNI-positive group (77.8%) compared to the PNI-negative group
(37.5%) (p = 0.006). Early recurrence occurred more frequently in patients with PNI (50.0% vs 25.0%;
p = 0.04). The median disease-free survival was significantly shorter in the PNI-positive group (10.2
months) compared to the PNI-negative group (18.6 months) (p = 0.01). On multivariate analysis, PNI
emerged as an independent predictor of recurrence (HR = 3.3; 95% CI: 1.5-7.2; p = 0.003).
Conclusion:

Perineural invasion is a significant and independent predictor of recurrence in pancreatic ductal
adenocarcinoma. Routine assessment of PNI can improve prognostication and guide postoperative
management, including surveillance and adjuvant therapy decisions.

Keywords: Pancreatic ductal adenocarcinoma, Perineural invasion, Recurrence, Disease-free survival,
Prognosis

1. Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive malignancy and remains one of the leading
causes of cancer-related mortality worldwide. Despite advances in surgical techniques and adjuvant therapies, the
overall 5-year survival rate remains below 10%, reflecting its poor prognosis and late clinical presentation [1,2].
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Surgical resection offers the only potential for cure; however, recurrence rates remain high, with nearly 60—80%
of patients developing local or distant relapse even after curative-intent surgery [3].

Perineural invasion (PNI) is a characteristic histopathological feature of PDAC, defined as the presence of tumor
cells within, surrounding, or infiltrating nerve structures. It represents a unique route of tumor dissemination
distinct from lymphatic and vascular spread. The incidence of PNI in pancreatic cancer is notably high, reported
in approximately 70-90% of resected cases, underscoring its biological significance [4,5]. PNI facilitates tumor
extension along neural pathways, contributing to local progression, early recurrence, and the development of
neuropathic pain commonly observed in these patients [6].

Increasing evidence suggests that PNI is not merely a microscopic finding but a reflection of aggressive tumor
biology. It has been strongly associated with adverse clinicopathological parameters, including higher tumor
grade, lymph node metastasis, and positive resection margins [7]. Several studies have demonstrated that the
presence of PNI correlates with increased recurrence rates and reduced disease-free and overall survival, and it
has been proposed as an independent prognostic factor in PDAC [8,9].

In this context, the present study aimed to evaluate the role of perineural invasion in predicting recurrence
following surgical resection of pancreatic adenocarcinoma.

2. Materials and Methods
Study Design and Setting
This retrospective observational study was conducted at a tertiary care centre over a period of three years. The
study design and reporting were aligned with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [1].

Sample Size

A total of 52 patients were included in the study. The sample size was based on previously published literature
evaluating the prognostic significance of perineural invasion (PNI) in pancreatic ductal adenocarcinoma, where
similar cohort sizes have been utilized to assess recurrence patterns and survival outcomes [2,3].

Study Population
Patients with histopathologically confirmed pancreatic ductal adenocarcinoma (PDAC) who underwent curative-
intent surgical resection (pancreaticoduodenectomy or distal pancreatectomy) were included.

Inclusion Criteria
e Histologically confirmed pancreatic adenocarcinoma
e Patients who underwent curative-intent surgical resection
e Availability of complete clinicopathological and follow-up data

Exclusion Criteria
e Presence of metastatic disease at diagnosis
e Incomplete clinical or histopathological records

Data Collection

Clinical data, including age, sex, tumor location, type of surgery, and administration of adjuvant therapy, were
collected from hospital records.

Histopathological parameters were retrieved from pathology reports and included tumor size, histological grade,
lymph node status, resection margin status, lymphovascular invasion, and presence or absence of perineural
invasion.

Histopathological Evaluation

Perineural invasion was defined as the presence of tumor cells within any layer of the nerve sheath or surrounding
at least one-third of the nerve circumference, in accordance with established histopathological criteria [4]. All
hematoxylin and eosin—stained slides were reviewed to confirm the presence or absence of PNI.

Outcome Measures

Patients were followed for the development of recurrence (local or distant), disease-free survival (DFS), and
overall survival (OS). Early recurrence was defined as recurrence occurring within 12 months following surgery,
consistent with previously reported studies [5].

DOI: 10.8612/41.2.2026.1 Volume 41 Issue 2 [ 2026



http://drugs-clinic.com/index.php/dc/article/view/1

Drugs & Clinic | ISSN:1674-5515

Statistical Analysis

Statistical analysis was performed using standard statistical software. Categorical variables were analyzed using
the Chi-square test or Fisher’s exact test, as appropriate. Survival analysis was carried out using the Kaplan—Meier
method, and differences between groups were compared using the log-rank test. Multivariate analysis was
performed using the Cox proportional hazards regression model to identify independent predictors of recurrence.
A p-value of <0.05 was considered statistically significant [6].

3. Results
Clinicopathological Characteristics
The study included a total of 52 patients with pancreatic ductal adenocarcinoma. The mean age of the cohort was
58.6 £ 10.4 years, with a male predominance (57.7%).

Histopathological evaluation revealed that the majority of tumors were moderately differentiated (53.8%),
followed by poorly differentiated and well-differentiated tumors. Lymph node metastasis was present in 57.7% of
patients at the time of surgical resection.

Perineural invasion (PNI) was identified in 36 patients (69.2%), while lymphovascular invasion (LVI) was
observed in 53.8% of cases. Detailed clinicopathological characteristics are summarised in Table 1.

Association of PNI with Disease Recurrence

A statistically significant association was observed between perineural invasion and disease recurrence. Among
patients with PNI, 28 of 36 (77.8%) developed recurrence, compared to 6 of 16 patients (37.5%) in the PNI-
negative group (p = 0.006; Table 2).

Furthermore, PNI was significantly associated with early recurrence. Early recurrence occurred in 18 of 36
patients (50.0%) in the PNI-positive group, compared to 4 of 16 patients (25.0%) in the PNI-negative group (p =
0.04; Table 3).

Survival Outcomes

Perineural invasion had a significant impact on survival outcomes. The median disease-free survival (DFS) was
significantly shorter in patients with PNI (10.2 months) compared to those without PNI (18.6 months; p = 0.01).
Although overall survival was higher in the PNI-negative group, the difference did not reach statistical
significance in this cohort (Table 4).

Multivariate Analysis

Multivariate Cox proportional hazards regression analysis was performed to identify independent predictors of
recurrence. Perineural invasion remained a statistically significant independent prognostic factor, with a hazard
ratio (HR) of 3.3 (95% CI: 1.5-7.2; p = 0.003).

Other variables, including lymph node status (p = 0.08) and tumor grade (p = 0.12), did not demonstrate statistical
significance in the multivariate model (Table 5).

Table 1. Clinicopathological Characteristics

Variable Category n %
Age Mean = SD 58.6+10.4 -
Gender Male 30 57.7
Gender Female 22 423
Tumor Grade Well 8 154
differentiated
Tumor Grade Moderately 28 53.8
differentiated
Tumor Grade Poorly 16 30.8
differentiated
Lymph Node Positive 30 57.7
Lymph Node Negative 22 42.3
LVI Present 28 53.8
LVI Absent 24 46.2
Margin Positive 10 19.2
Margin Negative 42 80.8
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PNI Present 36 69.2
PNI Absent 16 30.8
Table 2. Association of PNI with Recurrence
PNI Status Recurrence No Recurrence | Total p-value
Present 28 8 36
Absent 6 10 16
Total 34 18 52 0.006
Table 3. Early Recurrence
PNI Status Early No  Early | Total p-value
Recurrence | Recurrence
Present 18 18 36
Absent 4 12 16
Total 22 30 52 0.04
Table 4. Survival Outcomes
Parameter PNI Present PNI Absent p-value
Median DFS | 10.2 18.6 0.01
(months)
Recurrence (%) 77.8 37.5 0.006
Early Recurrence | 50.0 25.0 0.04
(%)
Overall Survival Lower Higher NS
Table 5. Multivariate Cox Regression Analysis
Variable Hazard Ratio (HR) | 95% CI p-value
Perineural Invasion | 3.3 1.5-7.2 0.003
Lymph Node Status | 1.8 0.9-3.6 0.08
Tumor Grade 1.5 0.8-2.9 0.12

4. Discussion
The present study evaluated the prognostic significance of perineural invasion (PNI) in patients with pancreatic
ductal adenocarcinoma (PDAC) undergoing curative-intent surgical resection. The findings demonstrated that
PNI was highly prevalent (69.2%) and was significantly associated with increased risk of recurrence, early relapse,
and reduced disease-free survival. Furthermore, PNI emerged as an independent predictor of recurrence on
multivariate analysis.

PNI is a well-recognized pathological hallmark of pancreatic cancer and has been reported in a substantial
proportion of resected cases. Previous studies have documented its incidence ranging from 70% to 90%, reflecting
its strong association with aggressive tumor biology [1,2]. The prevalence observed in the present study is
consistent with these reports, reinforcing the concept that neural invasion is a common pathway for tumor
dissemination in PDAC.

A key finding of this study is the significant association between PNI and disease recurrence. Patients with PNI
showed markedly higher recurrence rates compared to those without PNI (77.8% vs 37.5%). This observation is
in agreement with earlier studies that identified PNI as a predictor of early recurrence following pancreatic
resection [3,4]. The mechanism underlying this association is likely related to tumor spread along neural pathways,
which facilitates local extension beyond surgical margins and contributes to residual microscopic disease.

In addition to overall recurrence, the present study demonstrated a strong association between PNI and early
recurrence. Half of the PNI-positive patients developed recurrence within 12 months, compared to only one-
quarter of patients without PNI. Similar findings have been reported in previous studies, suggesting that PNI is
particularly relevant in predicting early disease relapse, which is often associated with poor prognosis [5].

The impact of PNI on survival outcomes was also evident in this study. Patients with PNI had significantly shorter
disease-free survival compared to those without PNI. Although overall survival was lower in the PNI-positive
group, the difference did not reach statistical significance, which may be attributed to the relatively small sample
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size. These findings are consistent with prior literature demonstrating that PNI adversely affects both disease-free
and overall survival in PDAC [6,7].

Importantly, multivariate analysis confirmed that PNI is an independent prognostic factor for recurrence, with a
hazard ratio of 3.3. This suggests that PNI provides prognostic information beyond traditional clinicopathological
parameters such as lymph node status and tumor grade. Similar conclusions have been reported in previous
studies, where PNI retained its significance even after adjusting for other established risk factors [3,8].

From a biological perspective, the interaction between tumor cells and the neural microenvironment plays a crucial
role in cancer progression. Neural invasion is not merely a passive process but involves complex signaling
pathways that promote tumor growth, invasion, and resistance to therapy [9-12]. This has led to increasing interest
in targeting tumor—nerve interactions as a potential therapeutic strategy[13-15].

The findings of the present study have important clinical implications. Routine assessment and reporting of PNI
in histopathological examination can aid in risk stratification and may help identify patients who could benefit
from more aggressive adjuvant therapy and closer postoperative surveillance. Furthermore, incorporation of PNI
into prognostic models may improve individualised patient management.

However, certain limitations should be acknowledged. The study was conducted at a single centre with a relatively
small sample size, which may limit the generalizability of the findings. Additionally, the retrospective nature of
data collection may introduce selection bias. Future multicentric studies with larger cohorts and integration of
molecular markers are warranted to validate these findings and further elucidate the role of PNI in PDAC.

5. Conclusion
The present study demonstrates that perineural invasion is a common and clinically significant histopathological
feature in pancreatic ductal adenocarcinoma. Its presence is strongly associated with increased recurrence rates,
early disease relapse, and reduced disease-free survival. Moreover, perineural invasion emerged as an independent
predictor of recurrence, underscoring its value as a robust prognostic marker beyond conventional
clinicopathological parameters.

Routine assessment and standardised reporting of perineural invasion should be incorporated into pathological
evaluation to improve risk stratification and guide postoperative management. Patients with PNI-positive tumors
may benefit from more intensive surveillance and tailored adjuvant therapeutic strategies.

Future research should focus on the development of standardised scoring systems for quantifying perineural
invasion, as well as the integration of advanced imaging techniques and radiomics for its preoperative prediction.
In addition, further exploration of tumour—nerve interactions at the molecular level may provide insights into
novel therapeutic targets. Large-scale, multicentric studies are warranted to validate these findings and to facilitate
their translation into clinical practice.

6. Limitations
This study has certain limitations. It was conducted at a single centre with a relatively small sample size, which
may limit the generalizability of the findings. The retrospective component may introduce selection bias. In
addition, molecular and genetic correlations were not evaluated, which could have provided further insights into
tumor behavior.

7. Future Scope
Future research should focus on the integration of radiomics and artificial intelligence for the preoperative
prediction of perineural invasion. The development of standardized grading or scoring systems for PNI may
improve its clinical applicability. Furthermore, large-scale multicentric studies are required to validate these
findings and to strengthen their role in prognostic assessment and treatment planning.
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