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prognostic factor for disease-free survival (DFS). High histo-
logic grade (p = 0.015), PNI+ (p = 0.043) and ypN+ (p = 0.041) 
were adverse prognostic factors for overall survival (OS). Pos-
itive PNI was significantly associated with a higher risk of dis-
tant failure (odds ratio = 6.09; 95% CI: 1.57–27.05; p = 0.008). 
Moreover, patients with a coexistence of ypN+ and PNI+ had 
the significantly worst DFS (p < 0.001) and OS rates (p < 
0.001) compared with other phenotypes.  Conclusions:  The 
presence of either PNI or ypN was a significant prognostic 
factor for predicting poor survival rates in LARC patients, es-
pecially those with a coexistence of both factors. According-
ly, we recommend an intensive follow-up and therapeutic 
programs for LARC patients with simultaneous PNI+ and 
ypN+.  © 2014 S. Karger AG, Basel 
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 Abstract 

  Objective:  To determine the role of lymph node metastases 
(ypN) and perineural invasion (PNI) in patients with locally 
advanced rectal cancer (LARC).  Subjects and Methods:  
Eighty-eight LARC patients receiving preoperative chemora-
diotherapy from April 2006 to November 2011 were enrolled 
in this study. Univariate and multivariate analyses were con-
ducted to determine the association between clinicopatho-
logic features and clinical outcome.  Results:  The presence of 
ypN (p = 0.011) and PNI (p = 0.032) was a significant adverse 
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 Introduction 

 Preoperative chemoradiotherapy (CRT) has improved 
the locoregional control rate but not the overall survival 
(OS) rate in patients with locally advanced rectal cancer 
(LARC) compared with postoperative CRT  [1, 2] . Distant 
recurrence is at present the leading cause of treatment 
failure in the preoperative CRT era, and distant failure 
rates range from 30 to 40%  [1] . However, the benefit of 
postoperative adjuvant chemotherapy in LARC patients 
undergoing preoperative CRT remains controversial  [3–
6] . Therefore, it is crucial to identify such patients at high 
risk of distant recurrence after multimodality therapy. 
The high-risk patients theoretically benefit from adjuvant 
chemotherapy.

  The most significant prognostic factors in patients 
with LARC are lymph node metastases  [7–9] . Patients 
with lymph node metastases have significantly worse dis-
ease-free (DFS) and OS rates compared with those with-
out lymph node metastases. For rectal cancer, several re-
ports have suggested the presence of perineural invasion 
(PNI) as an independent prognostic factor for predicting 
survival time  [7, 10] .

  No relevant studies have investigated the correlation 
between ypN and PNI status, and the effect of their coex-
istence on the oncologic outcome in LARC patients after 
multimodality therapy. Hence, the purpose of this study 
was to evaluate the impact of the coexistence of ypN+ and 
PNI+ on the clinical outcome in LARC patients undergo-
ing preoperative CRT followed by radical resection and 
adjuvant chemotherapy.

  Subjects and Methods 

 Patients and Evaluation 
 This was a retrospective study that reviewed LARC patients 

treated with preoperative CRT followed by radical resection and 
adjuvant chemotherapy. The inclusion criteria for the study were 
as follows: (1) biopsy-proven rectal adenocarcinoma; (2) locally 
advanced diseases (clinical T3–4 or nodal involvement); (3) tu-
mors located within 10 cm of the anal verge; (4) Eastern Coopera-
tive Oncology Group performance status  ≤ 2, and (5) no evidence 
of distant metastasis. Exclusion criteria included local excision of 
tumor, radiation dose <45 Gy, a positive surgical margin, history 
of earlier pelvic irradiation, and history of malignancies other than 
rectal cancer. The medical records of 103 patients from April 2006 
to November 2011 were reviewed, and the Institutional Review 
Board approved the study.

  Treatment 
 All patients had received preoperative CRT followed by radical 

resection and adjuvant chemotherapy. The details of the treatment 

course were reported previously  [11] . In brief, radiotherapy (RT) 
was administered to the whole pelvis at a dose of 45 Gy in 25 frac-
tions with or without a boost of 5.4 Gy in 3 fractions to the pri-
mary tumor. Of the 88 patients, 42 patients were treated with 
5-fluorouracil (350 mg/m 2  intravenous bolus) and leucovorin 
(20 mg/m 2  intravenous bolus) during RT. Forty-six patients re-
ceived capecitabine (850 mg/m 2 , twice daily, 5 days per week). 

  Patients underwent total mesorectal excision 6–10 weeks after 
the completion of CRT. Four to 6 weeks after radical surgery, all 
patients received the same adjuvant chemotherapy regimens as be-
fore surgery.

 Table 1.  Clinicopathologic characteristics of 88 patients

Median age (range), years
Gender

Males
Females

Pre-CRT CEA, ng/ml
<5
≥5

Clinical tumor stage
cT1 – 2
cT3
cT4

Clinical nodal stage
cN0
cN1
cN2

Distance of tumor from anal verge, cm
<5

5 – 10
Pathologic T category

ypT0
ypT1
ypT2
ypT3
ypT4

Pathologic N category
ypN0
ypN1
ypN2

Tumor gradea

Low
High

PNI
Negative
Positive

Lymphovascular invasion
Negative
Positive

64.5 (34 – 85)

50 (56.8)
38 (43.2)

55 (62.5)
33 (37.5)

8 (9.1)
72 (81.8)

8 (9.1)

19 (21.6)
41 (46.6)
28 (31.8)

47 (53.4)
41 (46.6)

15 (17.1)
3 (3.5)

27 (30.6)
38 (43.2)

5 (5.6)

65 (73.8)
19 (21.6)

4 (4.6)

82 (93.2)
6 (6.8)

64 (72.7)
24 (27.3)

80 (90.9)
8 (9.1)

 Unless otherwise indicated values represent number with the 
percentage in parentheses. CEA = Carcinoembryonic antigen. 
a Low grade represents well or moderately differentiated histology 
and high grade represents poorly differentiated histology or muci-
nous carcinoma.
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  Pathology Review 
 Two experienced pathologists (C.-H.L. and C.-Y.C.) analyzed 

all resected specimens using the standard method. Cases experi-
encing pathologic complete response were categorized as lympho-
vascular invasion and PNI–. PNI was defined as tumor cells with-
in any layer of the nerve sheath or tumor in the perineural space 
that involved at least one third of the nerve circumference  [13] . 
Patients with positive PNI were further subclassified into intramu-
ral PNI (neural invasion was seen only in the proper muscle layer) 
and extramural PNI (neural invasion was seen beyond the proper 
muscle layer)  [12] . For the prognostic evaluation of PNI+ and 
ypN+, 12 patients were categorized as the PNI+/ypN+ group and 
another 76 as having other phenotypes. 

  Statistical Analysis 
 χ 2  and logistic regression model were performed to identify as-

sociations between potential variables and PNI. DFS was defined 
as the time from starting RT to any type of recurrence of disease. 
OS was defined as the time from the start of RT to death from any 
cause. Survival analyses were estimated by the Kaplan-Meier 
method and compared by the log-rank test. A Cox proportional 
hazards model with forward stepwise variable selection was per-
formed for survival analysis. Data analyses were performed with 
the JMP software (version 9.0, SAS Institute Inc., Cary, N.C., USA). 
Results were considered significant at p < 0.05.

  Results 

 Patient Demographics 
 Of the 15 patients who were excluded, 4 had received 

local excision, 9 had evidence of distant metastases, and 
2 had double cancer. The clinicopathologic characteris-
tics of the 88 patients analyzed are listed in  table 1 . The 

mean follow-up was 31 months, and the median was 27 
months.

  Parameters Affect OS and DFS  
 Of the 88 patients, 22 (25%) had a relapse and 14 (15.9%) 

died. The overall 5-year DFS rate was 57.6%, and the 5-year 
OS rate was 66.9%. On univariate analysis, the ypT catego-
ry, the ypN category, the pCR status, the histologic grade, 
and PNI were significantly associated with DFS. Using a 
multivariate model, ypN+ (p = 0.011) and PNI+ (p = 
0.032) were significantly adverse factors that affected DFS. 
On univariate analysis, the ypN category, the histologic 
grade, lymphovascular invasion, and PNI significantly af-
fected the OS. On multivariate analysis, ypN+ (p = 0.041), 
high-grade histology (p = 0.015), and PNI+ (p = 0.043) 
were significantly adverse factors for the OS. 

  Association between PNI and Pathologic Stage and 
Recurrence 
 Of the 88 patients, 24 (27.3%) had a positive PNI. The 

association between PNI and ypT, ypN and recurrence is 
shown in  table 2 . Multivariate analysis confirmed that the 
ypT category (p = 0.038), the ypN category (p = 0.028), 
and distant recurrence (p = 0.008) were significant factors 
associated with the PNI status in the LARC patients. The 
5-year DFS rate was significantly higher in the PNI– 
group than the PNI+ group (61.1 vs. 50.7%, p = 0.025). 
Patients with PNI– tumors had a higher 5-year OS rate 
compared with patients with PNI+ tumors (80.1 vs. 
37.4%, p = 0.001). Of 24 patients with PNI+ tumors, 10 

 Table 2.  Univariate and multivariate analyses for pathologic factors/recurrence associated with PNI

Parameters PNI 
(n = 24), n (%)

Non-PNI 
(n = 64), n (%)

Univariate 
analysis
p value

Multivariate 
analysis
p value

Adjusted odds ratio 
(95% CI)

Pathologic T category
ypT0–2
ypT3–4

Pathologic N category
Negative
Positive

Locoregional recurrence
Negative
Positive

Distant recurrence
Negative
Positive

8 (17.4)
16 (38.1)

12 (18.2)
12 (54.5)

22 (28.6)
2 (18.2)

13 (19.1)
11 (55)

38 (82.6)
26 (61.9)

54 (81.8)
10 (45.5)

55 (71.4)
9 (81.8)

55 (80.9)
9 (45)

0.028

0.001

0.469

<0.001

0.038

0.028

0.278

0.008

3.91 (1.15 – 13.74)

8.01 (1.23 – 81.84)

1.84 (0.61 – 5.74)

6.09 (1.57 – 27.05)

 yp: the ‘y’ prefix added to the pathologic (p) stage designates a TNM stage that is assigned after multimodality therapy. CI = Confi-
dence interval. 
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(41.67%) had extramural PNI and 14 had intramural PNI. 
The 5-year DFS for patients with PNI– tumors, intramu-
ral PNI, and extramural PNI were 61.1, 70.2, and 0%, re-
spectively (p < 0.001). The 5-year OS rates for patients 
with negative PNI, intramural PNI, and extramural PNI 
were 80.1, 75.6, and 0%, respectively (p < 0.001).

  Correlation between PNI+/ypN+ and Clinical 
Outcome 
 The DFS in LARC patients with PNI+/ypN+ was sig-

nificantly lower than that in LARC patients with other phe-
notypes ( fig. 1 a). Furthermore, LARC patients with PNI+/
ypN+ had a significantly shorter OS time than that in 

LARC patients with other phenotypes ( fig. 1 b). The results 
of combining ypN and PNI as predictors of decreased sur-
vival time are shown in  table 3 . Notably, the coexistence of 
ypN and PNI in the resected tumors exhibited a 5-fold in-
crease in the likelihood of developing LARC recurrence 
and a 7-fold increase of dying in LARC in our patients.

  Discussion 

 In this study, we found that ypN and PNI were indepen-
dent factors for predicting survival in LARC patients un-
dergoing preoperative CRT followed by radical resection 

 Table 3.  Combination of PNI and lymph node metastases as predictors of a decreased survival for patients with LARC

Patients, 
n (%)

DFS OS
univariate 
p value

HR (95% CI) multivariate 
p value

univ ariate 
p value

HR (95% CI) multivariate 
p value

Any predictor
Positive
Negative

Both predictors
Positive
Negative

35 (40)
53 (60)

12 (14)
76 (86)

0.009

<0.001

2.72 (1.06 – 7.23)

5.19 (1.88 – 13.78)

0.065

0.006

0.002

<0.001

3.96 (1.12 – 15.12)

7.02 (2.26 – 21.63)

0.008

<0.001

 HR = Hazard ratio; CI = confidence interval.
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  Fig. 1.  Cumulative survival rates of the 88 patients with LARC un-
dergoing preoperative CRT and radical resection.  a  The DFS in 
LARC patients with a coexistence of ypN and PNI was significant-
ly lower than that in LARC patients with other phenotypes (p < 

0.001).  b  The OS in LARC patients with a coexistence of ypN and 
PNI was lower than that in LARC patients with other phenotypes 
(p < 0.001). 
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and adjuvant chemotherapy. We also demonstrated that 
LARC patients with positive PNI tended to develop distant 
recurrence. Moreover, patients with a coexistence of ypN+ 
and PNI+ had the significantly worst DFS and OS rates. 

  According to our data, positive PNI was an adverse 
prognostic factor in patients with rectal cancer after pre-
operative CRT and correlated with poor OS and DFS. 
Moreover, patients with positive PNI were more likely to 
have distant recurrence than those without PNI. The 
prognostic significance of PNI positivity in LARC pa-
tients after multimodality therapy has been debated. Cey-
han et al.  [10]    reported that the severity of neural invasion 
was significantly associated with poor survival and an in-
creased local recurrence rate in rectal cancer patients after 
preoperative CRT. Guillem et al.  [9]  demonstrated that 
the presence of PNI was associated with decreased OS and 
DFS at 10 years. In contrast, several reports have shown 
that PNI was not significantly associated with the onco-
logic outcome in LARC patients undergoing multimodal-
ity therapy  [8, 15] . One of the possible explanations of this 
controversy might be the depth of neural invasion. In this 
study, the LARC patients with intramural PNI had a sim-
ilar survival rate to those with negative PNI, but the sur-
vival rate of patients with extramural PNI was inferior. 
Our findings were comparable to what Ueno el al.  [12] 
 reported. Since the depth of neural invasion may influ-
ence clinical outcomes, this may be of importance when 
discussing conflicting data on the prognostic impact.

  In our series, patients with PNI+ or ypN+ tumors had 
dismal survival and disease control rates despite adjuvant 
chemotherapy after radical resection. All patients re-
ceived adjuvant chemotherapy and 22 (25%) of 88 expe-
rienced recurrence. In addition, the pattern of recurrence 
was mostly distant failure. However, patients without ad-
verse pathologic features also received adjuvant chemo-
therapy, and they had superior survival. The benefit and 
necessity of adjuvant chemotherapy for LARC patients 
after preoperative CRT have been under debate, although 
according to the NCCN Guidelines adjuvant chemother-
apy should be given to LARC patients even if there is tu-
mor response to CRT  [16] . Several studies have reported 
superior survival for LARC patients receiving fluoropy-
rimidine-based adjuvant chemotherapy  [6, 8] , but some 
have shown no survival benefit  [3, 4] . Collette et al.  [17]  
showed that patients with ypT0–2 after CRT benefited 
from adjuvant chemotherapy in terms of better DFS and 
OS than those with ypT3–4. However, overtreatment is a 
big concern when administering chemotherapy postop-
eratively to relatively low-risk patients (ypT0–2 vs. ypT3–
4). Pathologic parameters are good indicators to stratify 

patients’ prognosis and to guide adjuvant chemotherapy 
 [18, 19] . In this study, we demonstrated that the PNI and 
ypN status could stratify the prognosis of LARC patients 
after multimodality treatment. The PNI– and the ypN– 
group, which was shown to be associated with a better 
prognosis after preoperative CRT, might be better treated 
without additional adjuvant therapy. Conversely, pa-
tients with PNI+ and ypN+ may be preferable candidates 
for more potent chemotherapy agents because these 
groups have the worst survival anticipated by currently 
used adjuvant 5-fluorouracil. Additional future studies 
are needed to verify these findings.

  Two definitions of PNI were generally used in the lit-
erature: tumor cells invading the perineural space that in-
volved at least one third of the nerve (surround-sheath 
PNI) or tumor within any of the three layers (epineurium, 
perineurium, or endoneurium) of the nerve sheath 
(through-sheath PNI)  [13] . Peng et al.  [14]  evaluated the 
effect of PNI on 173 patients with pT3N0 rectal cancer, 
and both the surround-sheath PNI and through-sheath 
PNI groups had a similar 5-year local recurrence rate, 
which was significantly higher than that of the PNI– 
group. As a result, we viewed both as definitions of posi-
tive PNI in this study. The incidence of PNI in rectal can-
cer patients ranges between 14 and 30%  [13, 14] . In our 
study, 27.3% (24 of 88 patients) had PNI, and this is con-
sistent with other reports.

  This retrospective study had certain limitations re-
gardless of the significant correlation between PNI status 
and survival. First, the sample size was relatively small, 
and this may minimize the detection of small but clini-
cally important parameters. Second, interobserver or in-
traobserver variability of PNI status may exist. As de-
scribed above, the dispute about the definition of PNI will 
lead to a variable PNI status among pathologists. Further-
more, inflammation or large mucinous pools may make 
it difficult to detect the presence of tumor around nerves.

  Conclusions 

 In addition to the ypN status, PNI was another inde-
pendent prognostic factor for predicting survival rates in 
LARC patients after preoperative CRT radical resection 
and adjuvant chemotherapy. Moreover, LARC patients 
with a coexistence of ypN and PNI had the worst out-
come. These patients would benefit from intensive fol-
low-up and therapeutic programs. However, a large-
scale, prospective randomized study is needed to confirm 
our findings.
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