
Abstract. Background/Aim: The aim of the present study
was to investigate whether perineural invasion (PNI) was a
prognostic index for patients who underwent curative
surgery for Dukes’ grade B and C rectal cancer. Patients and
Methods: A total of 645 patients with rectal cancer between
January 2000 and December 2011; 363 with Dukes’ B or C
stages who did not undergo chemoradiotherapy were
reviewed. Results: Of 363 patients, 83 (22.9%) were PNI-
positive. The 5-year overall survival and disease-specific
survival rates were significantly worse for patients with PNI-
positive Dukes’ B or C disease compared to those with PNI-
negative disease. There was no significant difference in the
recurrence pattern (hematogenous or lymphatic spread), but
patients with PNI-positive disease had a significantly higher
rate of recurrence compared to those with PNI-negative
disease (p<0.001). Conclusion: PNI was a significant
prognostic factor in rectal cancer, and the PNI status in
primary rectal cancer pathology specimens should be
considered for therapy stratification. 

Colorectal cancer (CRC) is the third most common cancer
and is the leading cause of cancer deaths in Japan, with more
than 100,000 new cases and 36,000 deaths annually (1). The
most important prognostic factors for predicting disease-free
and overall survival (OS) rates are local recurrence and
distant metastasis (2). Tumor penetration depth and lymph
node metastasis are also standard prognostic determinants for
CRC; until recently, the survival rates for patients with colon
cancer were generally better than for those with rectal cancer

(3-6). The above indicators are also important for Dukes
staging (5) and tumor node metastasis (TNM) classification
(7). However, some investigators emphasize the need to
develop alternative measures related to tumor growth
characteristics (8, 9).
A complex network of autonomic nerves envelops the

rectum. Following a report by Seefeld and Bargen (10),
various studies have suggested that perineural invasion (PNI)
may be an effective indicator of survival (11-16) and local
recurrence (11, 13, 17, 18). PNI is one of the most widely
studied pathological factors in pw malignant tumors. As
perineural nerve fibers are sheathed, PNI was defined by
Batsakis as tumor cell invasion in, around, and through the
nerve in neurotropic carcinomas (19), although this
definition has been challenged (20). The prognostic
significance of PNI is widely acknowledged in malignancies
of the head and neck and of the prostate (21-23), but remains
unclear in CRC (24-27). 
To date, there has been little work on developing an

objective PNI grading system with which patients can be
recommended for postoperative adjuvant chemotherapy. The
aim of this study was to investigate whether PNI is a useful
prognostic marker for patients who underwent curative
surgery for rectal cancer.

Patients and Methods

Patient and tissue samples. A total of 645 patients with rectal cancer
underwent curative surgery at Kurume University Hospital in
Fukuoka between January 2000 and December 2011, 363 patients
with Dukes’ stages B or C, who received no preoperative
chemoradiation therapy were reviewed. Informed consent was
obtained from each of the patients before performing surgical
resection, and the Institutional Review Committee for Research on
Human Subjects at Kurume University Hospital approved the study
(no. 2323). All 363 patients underwent surgery, their surgical
approach was uniformly mesenteric-based total mesorectal excision
or tumor specific mesorectal excision, and their mean duration of
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postoperative follow-up was 92.0 months. The resected whole tumor
mass was sliced into longitudinal serial sections, each 5 mm thick,
with the adjoining intestinal wall containing extramural fatty tissue
(28). PNI was judged to be present when cancer cells were found
to exist inside the perineurium (13). Histopathological classification
was performed according to the General Rules for Colorectal
Cancer Study (29), and clinicopathological factors were assessed
according to Dukes’ classification (5). 

Follow-up and data recording. The follow-up procedures were
defined according to the Japanese Consensus Conference on Colon
Cancer Management (29). For all surviving patients, follow-up data
were obtained during routine clinical care. 

A tree model was used designating the response variable as PNI
positive or PNI negative, and the explanatory variables as the
criteria derived by univariate analysis. Such a model can deal
automatically with the problem of interaction between the many
explanatory variants, permits easy interpretation of numerical and
factorial variants existing side by side, and helps reveal hidden
pattern structures in the data (30).

Endpoints. The 5-year OS and the 5-year disease-specific survival
(DSS) rates were analyzed for the overall study population.

Statistical analysis. Statistical analysis was performed using JMP
version 10.0 (SAS Institute Inc., Cary, NC USA). Survival
distributions were estimated using the adjusted Kaplan–Meier
method and compared using a log-rank test. OS was based on the
time between diagnosis and the date of death or most recent follow-
up. DSS was based on the time between diagnosis and the date of
recurrence. Uni- and multivariate analyses were performed using
Cox proportional hazard models. Values of p<0.05 were considered
to indicate statistical significance.

Results

Clinicopathological characteristics. Patient clinical and
pathological characteristics are summarized in Table I. A total
of 363 patients with Dukes B or C rectal cancer underwent
curative surgery. Their mean age at the time of resection was
64.5 years (range=17-89 years). There were 149 (41.0%) tumors
located in the lower rectum, and 182 (50.1%) cases were well -
differentiated. There were 156 (43%) cases presenting with
perirectal lymph node metastasis, and 330 (90.9%) tumors were
determined to be at T3 or T4 depth of invasion. 

Incidence of PNI in patients with rectal cancer and
correlation with other factors. A total of 83 (22.9%) cases
were PNI-positive. Univariate analysis for associations
between PNI and clinicopathological findings was performed.
Considering the location, 27% of cases of cancer of the upper
and middle rectum were PNI-positive, compared to 16.8% of
those with cancer of the lower rectum (p=0.0225).
Histologically, 13.7% of well-differentiated tumors were PNI-
positive, compared to 30.9% of non-well-differentiated
lesions (p<0.0001). No T1 or T2 tumors were found to be
PNI- positive, whereas 7.9% of T3 and 34.3% of T4 were

indicating that PNI significantly positively correlated with
depth of invasion (p<0.0001). Furthermore, 34.8% patients
with positive and 21.8% of those with negative perirectal
lymph node metastasis were PNI-positive (p<0.0277).
Regarding lymphatic invasion, venous invasion, and budding,
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Table I. Relationship between perineural invasion (PNI) and
clinicopathological characteristics using the Chi- square test.

                                            No. of         PNI-           PNI-          p-Value
                                           patients     negative     positive
                                           (n=363)     (n=280)       (n=83)               

Gender
   Male                                   249            187              62             0.1861
   Female                               114              93               21                   
Location
   RS + Ra                             214            156              58            <0.0225
   Rb                                      149            124              25                   
Histological grade
   Well                                   182            157              25            Well vs. 
                                                                                                   non-well,
   Mod                                   154            105              49            <0.0001
   Poor                                    11                5                 6                    
   Muc                                     13              12                1                    
   Other                                    3                 3                 0                    
Depth of invasion
   T1                                         7                 7                 0          T1 + T2 vs. 
                                                                                                    T3 + T4
   T2                                        26              26                0             <0.0001
   T3                                       114            105               9                    
   T4                                      216            142              74                   
Perirectal lymph 
node metastasis
   No                                      101             79               22            <0.0277
   Yes                                     156            102              54                   
   Unknown                           106              −                −                    
Lateral lymph 
node metastasis
   No                                      241            173              68              0.087
   Yes                                      16               8                 8                    
   Unknown                           106              −                −                    
Lymphatic invasion
   No                                      150            137              13            <0.0001
   Yes                                     213            143              70                   
   Unknown                             0                 0                 0                    
Venous invasion
   No                                       43              39                4             <0.0014
   Yes                                     199            133              66                   
   Unknown                           121              −                −                    
Budding
   No                                      106             99                7             <0.0001
   Yes                                     243            169              74                   
   Unknown                            14               −                −                    

PNI: Perineural invasion, RS: upper rectum, Ra: middle rectum, Rb:
lower rectum, Well: well-differentiated adenocarcinoma, Mod:
moderately differentiated adenocarcinoma, Poor: poorly differentiated
adenocarcinoma, Muc: mucinous adenocarcinoma.



there was a significant difference in the incidence rate of PNI-
positive vs. PNI-negative groups. However, there was no such
difference in lateral lymph node metastasis. 

Role of PNI as a prognostic factor for outcome in patients
with rectal cancer. Using univariate and multivariate logistic

analyses, PNI was investigated as a prognostic factor, as
were other clinical and pathological findings. Patients with
PNI-negative tumors had a 1.5-fold increase in 5-year OS
compared to patients with PNI-positive ones (80.7% vs.
51.4%, respectively; p<0.00001) (Figure 1a). The 5-year OS
was longer for patients with PNI-negative Dukes’ B than for
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Figure 1. Kaplan–Meier survival curves of overall (a-c) and disease-specific (d-f) survival according to perineural invasion (PNI) for all patients
with Dukes’ B or C (a, d), patients with Dukes’ B (b, e), and Dukes’ C (c, f) disease.  



those with PNI-positive tumors (85.4% vs. 59.1%,
respectively; p<0.00001) (Figure 1b); the same trend was
observed in patients with Dukes’ C disease (75.6% vs.
48.1%, respectively; p<0.00001) (Figure 1c). Moreover, the
5-year DSS was longer for patients with PNI-negative
tumors than for those with PNI-positive tumors (90.4% vs.
60.4%, respectively; p<0.00001) (Figure 1d). In patients
with Dukes’ B disease, the 5-year DSS was longer for
patients with PNI-negative tumors than for those with PNI-
positive tumors (95.4% vs. 74.4%, respectively; p<0.00001)
(Figure 1e), as was the case for those with Dukes’ C disease
(84.8% vs. 53.5%, respectively; p<0.00001) (Figure 1f). 

Association between PNI positivity and DSS. Recurrence was
found in 79 (21.7%) out of the 363 patients in this study. Table
II shows the correlation between PNI and organs of recurrence.
The PNI status had no significant effect on individual organ
recurrence patterns, irrespective of hematogenous or lymphatic
spread and systemic or local recurrence. Among those with 83
PNI-positive tumors, recurrence occurred in 47 (56.6%) cases,
whereas in the 280 PNI-negative cases, recurrence occurred in
32 (11.4%; p<0.001).
We analyzed postoperative DSS using a Cox proportional

hazard model (Table III). In the univariate analysis, tumor
depth (p=0.084), histological grade (p<0.001), perirectal
lymph node metastasis (p=0.0017), lateral lymph node
metastasis (p=0.0002), lymphatic invasion (p=0.0036),
venous invasion (p=0.0072), budding (p=0.0012) and PNI
(p<0.001) were significant prognostic factors for poorer
DSS. In the multivariate analysis, lateral lymph node
metastasis (p=0.039) and PNI (p=0.0005) were independent
prognostic factors for poorer DSS. 
In order to investigate PNI for its potential clinical use in

rectal cancer therapy and prognosis, a probing analysis of the
data using the tree model was performed for recurrence. The
363 patients were divided into the following three groups:
group I, patients with PNI-negative well-differentiated
adenocarcinoma (n=157, 44.3%); group II, patients with
PNI-negative non-well-differentiated adenocarcinoma
(n=123, 33.9%); and group III, patients with PNI-positive
disease (n=83, 22.9%) (Figure 2). The 5-year DSS was
92.2%, 88.0%, and 60.5%, for groups I, II, and III,
respectively (I vs. III; p<0.000001; Figure 3a). The 5-year
DSS was 95.4%, 96.0%, and 74.4%, respectively, in those
with Dukes’ B (I vs. III; p<0.000001), and 87.2%, 83.2%,
and 53.5%, respectively, those with in Dukes’ C (I vs. III;
p<0.000001; Figure 3b and 3c). 

Discussion

Although a single-center study, our findings suggested that
PNI may be a useful prognostic marker in rectal cancer, and
that patients with PNI-positive disease should be consider a

high-risk group after curative surgery for patients with
Dukes’ B or C. There was no PNI-specific recurrence pattern
but the overall recurrence rate was significantly higher in
those with PNI-positive than in PNI-negative disease. PNI-
positive Dukes’ B rectal cancer should be classified in a
higher risk group and considered for treatment using
currently available effective adjuvant therapies.
PNI refers to cancer involving the space surrounding a

nerve, and was first described in primary head and neck
tumors in 1862 by Neumann (31). PNI has been studied in
many malignancies, including prostate, head and neck, and
gastrointestinal tract cancer, yet, there is still no agreement
on the definition of PNI positivity (22, 32-34). While PNI is
increasingly appreciated, it is still an understudied feature of
rectal tumor biology although it continues to be investigated
in head and neck tumors and in prostate cancer (35-38). In
CRC, the incidence of PNI positivity ranges from <10% to
33% (27, 39-41). Liebig et al. described PNI in stages I-IV
CRC (27), with a detection rate of 0.5-22%, further
suggesting that PNI positivity may easily be missed or
ignored by clinical pathologists. Therefore, guidelines that
incorporate PNI evaluation would be beneficial. There is a
lack of standardized criteria for a PNI-positive finding,
although it is seen as a pathological feature not only of CRC
but also of other malignant tumors (42, 43). PNI is observed
both intramurally and extramurally, and there is no site-
specific assessment rule for PNI in the large bowel. In our
series, approximately 20% of tumors were discovered to be
PNI-positive (83 of 363 cases) on pathological analysis at
the time of resection. 
The mechanisms of PNI remain poorly understood. The

clear association between PNI and metastasis in several cancer
types strongly suggests a role for PNI in tumor dissemination.
The most common sites of rectal cancer metastasis are the
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Table II. Association between perineural invasion (PNI) and
recurrence/metastasis after curative surgery for rectal cancer using the
Chi-square test.

Site of recurrence/                No. of         PNI-           PNI-         p-Value
metastasis                             patients      negative      positive

Liver                                         12                4                 8               0.75
Lungs                                       14                5                 9               0.77
Liver and lungs                         8                 3                 5                 1
Liver/lungs and local                8                 5                 3              0.258
Bone                                          1                 0                 1                 1
Local                                        19                9                10             0.591
Local and peritoneal                 2                 1                 1                 1
Peritoneal dissemination          5                 2                 3                 1
Lymph nodes                            9                 3                 6              0.732
Brain                                          1                 0                 1                 1
Total                                         79               32               47                 



liver, lungs, and retroperitoneum, all richly innervated by
autonomic nerve fibers. The sympathetic fibers innervating the
liver share a preganglionic origin with the sympathetic nerves
that innervate the colon and rectum (44). Although this
hypothetical route for rectal cancer metastasis has not yet been
investigated, a histological study by Pour et al. involving
analysis of serial nerve sections from three pancreatic cancer
specimens revealed that cancer cells within the nerves from a
tumor, along the superior mesenteric artery to the celiac
ganglia, without invasion into surrounding tissues (45). 
Another potential explanation is that metastatic rectal

cancer cells exhibit neurotropism, and upon hematogenous
or lymphatic spread to the nerve-rich retroperitoneum or the
liver, they establish a paracrine interaction with nerve fibers
that facilitates metastatic growth. 
While PNI positivity was associated with poor prognosis

and a high risk of recurrence, the new key finding in the
present study is that prognosis is better in patients with PNI-
negative rectal cancer than in those with PNI-positive tumors.

Another new finding in this study is that prognosis became
progressively worse going from PNI-negative patients with
well-differentiated adenocarcinoma to PNI-negative patients
with non-well-differentiated adenocarcinoma to PNI-positive
patients, using our tree model. Using the tree model to reveal
important independent factors associated with recurrence, PNI
was found to be a significant risk factor for recurrence in this
study. This result was similar to and confirmed the outcome
of analysis using the Cox proportional hazards model. 
There may also be a potential role for PNI in therapy

stratification in order to select those node-negative patients with
rectal cancer who may benefit from existing regimens currently
limited to patients with node-positive disease. In Japan, the
present 5-year rate for metastasis or recurrence after curative
surgery of Dukes’ B disease is 13.3% (29). For oncologists, the
decision to administer adjuvant chemotherapy to patients with
Dukes’ B disease is based on clinical and pathological risk
markers (46). High-risk Dukes’ B colon cancer has been defined
as that having T4 tumor stage, poor histological grade, lymph
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Table III. Uni-and multivariate analyses using the Cox proportional hazard model for disease specific survival.

Variable                                                 n                              Univariate analysis                                                     Multivariate analysis

                                                                                  HR                 (95%CI)                  p-Value                 HR                  (95%CI)                  p-Value

Gender                                                                                                                                                                                                                           
    Male                                                  249              1.05               (0.88-1.24)                  0.542                                                                                 
    Female                                              114                 1                                                                                                                                                
Location                                                                                                                                                                                                                        
    RS+Ra                                              214                 1                                                      0.787                                                                                 
    Rb                                                     149              1.02               (0.87-1.19)                                                                                                             
Histologic grade                                                                                                                                                                                                            
    Well                                                   182                 1                                                   <0.0001*                 1                                                      0.062
    Non-well                                           181              1.39               (1.18-1.64)                                             1.29               (0.98-1.70)                       
Depth of invasion                                                                                                                                                                                                         
    T1+T2                                                33                  1                                                    0.0084*                   1                                                       0.58
    T3+T4                                               230              1.24               (1.05-1.47)                                             1.11               (0.76-1.57)                       
Perirectal lymph node metastasis                                                                                                                                                 
    Negative                                           101                 1                                                    0.0017*                   1                                                       1.04
    Positive                                             156              1.39               (1.13-1.71)                                             1.04               (0.98-1.70)                       
Lateral lymph node metastasis                                                                                                                                                     
    Negative                                           241                 1                                                    0.0002*                   1                                                     0.039*
    Positive                                              16               2.93               (1.74-4.62)                                             1.76               (1.02-2.85)                       
Lymphatic invasion                                                                                                                                                                                                      
    Negative                                           150                 1                                                    0.0036*                   1                                                       0.89
    Positive                                             213              1.26               (1.08-1.49)                                             1.04               (0.48-1.92)                       
Venous invasion                                                                                                                                                                                                            
    Negative                                            43                  1                                                    0.0072*                   1                                                       0.43
    Positive                                             199              1.31               (1.07-1.60)                                             1.21               (0.75-2.06)                       
Perineural invasion                                                                                                                                                                                                       
    Negative                                           280                 1                                                   <0.0001*                 1                                                    0.0005*
    Positive                                              83               2.01               (1.62-2.45)                                             1.68               (1.25-2.24)                       
Budding                                                                                                                                                                                                                         
    Negative                                           106                 1                                                    0.0012*                 NS                                                         
  Positive                                             243              1.32               (1.11-1.56)                       



node invasion or vascular invasion, PNI, bowel obstruction, and
fewer than 12 positive lymph nodes (47, 48). Recently, there are
some reports of prognosis analysis of patients with rectal cancer
based on the histopathological findings. Lateral lymph node
metastasis has been reported to be related to prognosis in
patients with rectal cancer (30, 49). Although the relationship
between PNI-positive and lateral lymph node metastasis was
recognized in this study, its clinical significance is unclear. It is
necessary to analyze this relationship in the future. 
According to the National Comprehensive Cancer Network

guidelines, patients with high-risk Dukes’ B colon cancer
should be considered for adjuvant chemotherapy. However, a
recent retrospective study did not show a survival advantage
from adjuvant chemotherapy in such patients (50). According
to our findings, for all patients with Dukes’ B or C rectal
cancer who undergo curative surgery, adjuvant chemotherapy
should be offered based on pathological findings, especially
PNI positivity, in order to improve prognosis. 
The present study was an initial exploratory study. One

limitation was its retrospective nature, while another was that
oncological data were not available for any control group
without adjuvant chemotherapy in patients with Dukes’ C
disease. Further investigations into the molecular basis of
PNI could help develop therapeutic strategies targeted
towards this aggressive tumor phenotype. 

We conclude that PNI is an underreported phenomenon
in rectal cancer. Our data strongly suggest that PNI is a
significant prognostic factor in rectal cancer, and support
using the PNI status in therapy stratification. The PNI status
be incorporated into pathological findings and be deemed
indicative of a high risk of recurrence. In particular, patients
with PNI-positive Dukes’ B disease should be considered
candidates for adjuvant chemotherapy in order to avoid
recurrence and metastasis. 
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