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Abstract. The aim of the present study to evaluate the 
application of sentinel lymph node (SLN) pathology in rectal 
cancer using ex vivo mapping and to investigate the incidence 
and prognostic value of occult SLN metastasis in routine 
node-negative specimens. Specimens (n=117) of rectal cancer 
were examined using a combination of routine pathology 
and ex vivo SLN mapping. The inspected SLNs were further 
treated with immunohistochemical staining for occult cancer 
foci. The log-rank test was used to assess survival. SLNs 
were examined in 112 of the included specimens with a total 
number of 212, resulting in an identification rate of 95.7% 
(112/117). The status of SLNs accurately reflected N stage 
in 93.8% (105/112) of cases and the sensitivity was 75.6% 
(31/41) in detecting nodal metastasis. The accuracy of SLN 
pathology decreased in cancers of more advanced TNM 
stages (P=0.001). In 74 cases with routine node-negative (N0) 
disease, SLN micrometastasis (MIC) and isolated tumor cells 
(ITC) were examined in 9 and 4 cases, while the remaining 61 
were regarded as negative (NEG). The log-rank test revealed 
poorer disease-free and overall survival of the MIC group 
compared with the NEG group. However, the findings from the 
ITC group were not significant compared with those from the 
MIC and NEG groups. In conclusion, ex vivo SLN pathology 
is practical and accurate in rectal cancer; however, its utility is 
limited in cases of advanced disease. Immunohistochemically 
detected SLN micrometastasis in node-negative cases is 
therefore a predictor of poorer outcome, and may therefore be 
listed as a marker for adjuvant therapy.

Introduction

Surgery remains the first choice of treatment for patients with 
rectal cancer and prognosis mainly depends on the stage of 
disease at the time of surgery (1). At present, the most valu-
able staging and prognostic indicator is lymph node status, 
i.e., whether the lymph nodes are involved in cancer or not 
(2,3). Therefore, it is widely accepted that examination of a 
sufficient number of lymph nodes is essential for accurate 
staging, thus aiding prescription for adjuvant therapy (4,5).

However, examination of the sentinel lymph node (SLN), 
defined as the node with the highest incidence of metastasis, 
was reported as being capable of reducing the pathological 
workload while maintaining diagnostic accuracy. If the results 
of SLN examination in breast cancer and melanoma could be 
duplicated in rectal cancer the effort and cost of harvesting 
an adequate number of nodes would no longer be necessary 
(6,7). The present study therefore aimed to evaluate the appli-
cation of SLN pathology in rectal cancer by mapping with 
patent blue V dye.

In addition, recurrence has been observed in those 
patients presenting with primarily node-negative disease, 
indicating that routine pathological examination may fail to 
detect certain occult tumor metastases (8,9). Identification of 
these foci may aid the subdivision of node-negative patients 
for subsequent treatment to prevent relapse (10). Moreover, 
although the SLN of colorectal cancer has been discussed 
in several respects by existing studies, examination of the 
incidence and prognosis of occult cancer foci is still lacking 
from the literature. Therefore, we also examined micrometas-
tasis and isolated tumor cells of SLN by investigating their 
prognostic value with the aim of providing substantial data 
for clinical practice.

Materials and methods

Patients. A total of 126 consecutive patients with biopsy‑ 
proven rectal cancer who underwent radical resection at 
the Department of Gastrointestinal Surgery, West China 
Hospital, Sichuan University, China, between September 
2004 and June 2005 were included in this study. Exclusion 
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criteria included invasion of other organs and multi-original 
diseases. Of these 126 patients, 3 were lost during follow-up,  
4 succumbed to diseases other than rectal cancer and 2 patients 
refused routine postoperative testing. After exclusion of these 
patients, the remaining 117 patients were assessed.

The study comprised 69 male and 48 female patients with 
a median age of 58 years (range 24-89). No patient received 
preoperative chemotherapy or radiotherapy.

The study was approved by the institutional review board 
of West China Hospital, Sichuan University. A consent form 
was signed by all included patients at the time of entering the 
study.

Surgical technique. Standard surgical resection with lymph-
adenectomy was performed. The ex vivo SLN mapping was 
carried out within 5 min of specimen removal according to 
published studies (11,12). The rectum was initially incised 
longitudinally along the anterior wall. A subserosal peritu-
moral injection of 0.5-2 ml of patent blue V dye (Ben Venue 
Labs, Bedford, OH, USA) was administered. The specimen 
was massaged as necessary to enhance lymphatic flow. The 
mesorectum was then examined for the first 1‑4 blue-stained 
nodes by transillumination. The inspected blue nodes were 
identified as SLN and dissected for further treatment.

Specimen preparation. After sentinel lymph node biopsy, 
the remaining specimens were sent to routine pathology for 
detailed histologic findings. The lymph nodes harvested, 
including the SLN, were marked and embedded. Serial 
sections sampled randomly from representative levels were 
then subjected to hematoxylin and eosin (H&E)staining. 
Except for this routine H&E procedure, same-level sections 
of the SLN-containing blocks were further analyzed by 
immunohistochemical (IHC) staining with three monoclonal 
antibodies, including anti-CK 20 (Dako, Glostrup, Denmark), 
anti-CK 8 (Thermo, Waltham, MA, USA) and anti-CEA 
(Dako). Substitution of the primary monoclonal antibody with 
phosphate-buffered solution was used as a negative control 
and previously confirmed rectal adenocarcinoma tissue served 
as a positive control.

According to the AJCC guidelines, neoplastic foci of sizes 
0.2-2  mm were defined as micrometastasis (MIC), whereas 
those <0.2 mm were defined as isolated tumor cells (ITCs) 
(13). Slides were reviewed independently by two experienced 
pathologists and reconfirmed by their senior.

Follow-up. Follow-up was performed by a combination of 
outpatient visits, and by letter and telephone. Patients generally 
underwent physical examination (including digital examina-
tion) and blood testing (including measurement of CEA level) 
at 3-month intervals, chest radiography and ultrasonography 
of the liver at 6-month intervals, and annual surveillance 
colonoscopy. CT or magnetic resonance imaging (MRI) was 
performed when tumor relapse was suspected. 

No postoperative mortality was noted. The median time of 
follow-up was 57 months (range 11‑62).

Statistical analysis. Data were analyzed using the SPSS 13.0 
package. The Chi-square test was used to determine statis-
tical significance. The independent sample t-test was used 

to compare the age and tumor size of the studied groups. 
Postoperative survival was calculated using the Kaplan‑Meier 
method with a log‑rank test. P<0.05 was considered to be 
statistically significant.

Results

The surgery was regarded as curative by the surgeons. 
Donuts included in the stapler device were also examined 
microscopically and were histologically free of cancer. The 
characteristics of studied patients are shown in Table I.

Sentinel lymph node examination. A total of 212 (average 1.9, 
range 1-4) SLN were examined from the 112 (112/117, 95.7%) 
included specimens. With regard to the remaining 5  speci-
mens with no SLN sampled, 1, 1 and 3 were in the TNM 
stage I, II and III groups, respectively. Thus, the identification 
rate of SLN was 96.0% (24/25) for TNM stage I disease and 
98.0% (50/51) and 92.7% (38/41) for stages II and III, respec-
tively. Moreover, 7  cases with TNM stage III disease were 
recorded as false-negatives since their SLN examinations 
were negative for cancer. Therefore, the accuracy of SLN 
pathology was 93.8% (105/112) in this study. Since 41 cases 
with nodal metastasis (TNM stage III) were included in this 
study, the sensitivity of SLN mapping was 75.6% (31/41) after 
subtracting the 7 false-negative and 3 unsampled cases.

Concerning the association between variables, the 
accuracy of SLN pathology decreased in cancers of more 
advanced TNM stages (P=0.001). However, no significant 
difference in accuracy was observed in patients of various 
genders (P=0.403), ages (P=0.550), primary tumor locations 
(P=0.699) and differentiations (P=0.457) (Table I).

Micrometastasis and isolated tumor cells. Sentinel lymph 
nodes of 24 TNM stage I and 50 stage II specimens were 
examined in this study, and were termed node-negative (N0) 
cases. Further immunohistochemical analysis revealed that 
9  cases harbored MIC in their SLN, while another 4  cases 
contained ITCs. The remaining 61 cases were regarded as 
negative (NEG).

Follow-up. During the follow-up period, 14 (14/74, 18.9%) cases 
of recurrence were observed in the 74 cases. The majority of 
the recurrence (8/14, 57.1%) occurred within 3 years of surgery 
with a range of 11-51 months. The log-rank test revealed that 
patients with SLN micrometastasis (P=0.016) suffered signifi-
cantly poorer disease-free survival (DFS) compared to those 
without SLN involvement (Fig. 1). For the group with ITC, the 
difference in the DFS rate was not significant compared with 
the MIC and NEG groups.

Mortality. Nine (9/74, 12.2%) deaths were recorded for the 
three groups mentioned above. Of the 9 patients, 6 were from 
the MIC group and 3 were from the NEG group. Although 
the majority (6/9, 66.6%) of the deaths occurred within 
3 years, 3 occurred in the fifth year. The difference in overall 
survival rates between the MIC and NEG groups was signifi-
cant (P=0.026). However, the results obtained from the ITC 
group were not significant when compared with those of the 
remaining 2 groups (Fig. 2).
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Discussion

Lymph node metastasis is the main means by which rectal 
cancer spreads. In their study, Bilimoria et al proposed that  
postoperative pathological examination should involve all 
possible lymph nodes to aid personalized treatment (14). In 
a previous study, we increased the number of lymph nodes 
examined by combining the large tissue slice technique with 
tissue microarray (15). However, this detailed approach is 
not practical for daily pathologic application. Moreover, as 
reported recently, the harvested number of lymph nodes is a 
highly dependent variable correlating to a number of factors, 
including surgery, radiology and pathology (16,17).

According to studies conducted on breast cancer and 
melanoma, SLN bears the highest incidence of metastasis 
(18,19). Thus, its status potentially indicates the actual stage 
of disease. If this theory remains valid in rectal cancer, the 
associated cost and labor used in maximizing the harvested 
number of lymph nodes may no longer be required. Potential 
advantages of the ex vivo mapping technique over an in vivo 
procedure include exemption from tumor cell shedding and 
avoidance of adverse dye reactions (20).

Results of this study have shown an ex vivo sentinel lymph 
node mapping in rectal cancer with an identification rate 
of 95.7%, an accuracy of 92.9% and a sensitivity of 75.6%, 
which were in accordance with other studies (20,21). Thus, 
an ex vivo SLN pathology may be considered a practical and 

reliable technique in rectal cancer. In addition, we have also 
identified an association between the decreased accuracy of 
SLN pathology and the advanced stages of disease, a phenom-
enon seldom mentioned by contemporaries. The results may 
be explained by the anatomic theory that clusters of cancer 
occlude the principal lymphatic drainage in infiltrating and 
spreading disease. Thus, a limitation of the SLN technique 
may be its inability to detect the small number of cases with 
aberrant lymphatic flow.

Although the majority of patients with node-negative rectal 
cancer are potentially curable by surgery alone, 20-30% of 
the patients succumb to local recurrence or distant metastasis 
(8-10). This occurrence may be explained by the dissemina-
tion of tumors into the lymphatic system, which cannot  
be detected by routine pathology. To investigate this possi-

Figure 1. Disease-free survival curves of conventional N0 patients with  
different SLN status: NEG vs. MIC, P=0.016; NEG vs. ITC, P=0.606; 
ITC vs. MIC, P=0.429 (log-rank test).

Table I. The accuracy of SLN pathology and its correlation 
with clinicopathological characteristics of the studied patients.

	 Total	 Correcta	 Incorrectb	 P-value

	 117	 105	   12	
Gender				  
  Male	   69	   61	     8	 0.403
  Female	   48	   44	     4	
Age (years)				  
  Median	   58	   58	   56	 0.550
  Range	 24-89	 24-89	 33-79	
Tumor distance to
anal verge (cm)			 
  Median	     7	     7	      6	 0.699
  Range	 1-16	 1-16	 3-13	
Tumor				  
differentiation
  Well	     9	     9	     0	 0.457
  Moderate	   72	   65	     7	
  Poor	   36	   31	     5	
TNM stage				  
  I	   25	   24	     1	 0.001
  II	   51	   50	     1	
  III	   41	   31	   10	

aCorrect diagnosis of N stage by SLN pathology; bincorrect diagnosis 
of N stage by SLN pathology or no SLN identified by ex vivo mapping.

Figure 2. Overall survival curves of conventional N0 patients with different 
SLN status. NEG vs. MIC, P=0.025; NEG vs. ITC, P=0.526; ITC vs. MIC, 
P=0.219 (log-rank test). NEG, patients with no tumor involvement of their 
sentinel lymph node (n=61); ITC, patients with isolated tumor cells in their 
sentinel lymph node (n=4); MIC, patients with micrometastasis in their sen-
tinel lymph node (n=9).
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bility, we examined the micrometastasis and isolated tumor 
cells in SLNs in routine node-negative specimens. Although 
radical surgery of rectal cancer is performed using peri-fascial 
resection of the rectum and mesorectum that would not be 
guided by SLN mapping, detailed information regarding SLN 
may facilitate nodal stage subdivision and patient selection for 
further adjuvant therapy.

However, despite a focus on micrometastasis in numerous 
studies, the prognostic value of its occurrence remains to be 
determined. In this study, we performed an immunohisto
chemical analysis with three monoclonal antibodies for more 
accurate judgment of morphological correctness and preclu-
sion of false-positive reactions. Therefore, unlike studies using 
reverse transcription-polymerase chain reaction (RT-PCR), 
the micrometastasis and isolated tumor cells observed in this 
study may accurately reflect the actual presence of tumor 
spread (22,23).

Compared with patients without SLN involvement, we 
observed significantly poorer disease-free (55.6 vs. 85.2%, 
P=0.016) and overall (66.7 vs. 90.2%, P=0.025) survival rates 
for patients with SLN micrometastasis. This result indicates 
that adjuvant therapy should be recommended for these 
patients to prevent relapse. However, a comparison of recur-
rence and survival rates between the ITC and NEG groups 
was not significant. A larger cohort and longer follow-up may 
therefore be required to clarify the prognostic value of the 
isolated tumor cells observed.

In conclusion, ex  vivo SLN mapping is a practical and 
accurate technique in the pathological examination of rectal 
cancer. However, its benefits are limited in cases of advanced 
disease with aberrant lymphatic flow. Immunohistochemically 
detected SNL micrometastasis in node-negative rectal cancer 
indicates poorer disease-free and overall survival and may 
therefore be regarded as a marker in patient selection for 
adjuvant therapy.
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