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Introduction
Bowel cancer is the fourth most common cancer in the UK (2013), 
accounting for 13% of all new cases. It is the third most common 
cancer in both males (14% of the male total) and females (11%) 
separately. There are over 14000 new cases of rectal cancer 
and 6000 deaths with the disease within the UK every year [1]. 
Preoperative chemo radiotherapy is now considered standard 
treatment for patients with a locally advanced rectal cancer 
and a threatened circumferential resection margin (CRM) [2]. 
The primary purpose of chemo radiotherapy is to improve local 

control and resectability and the response to preoperative 
therapy has been shown to be linked to long-term outcome in 
several studies [3-5].

Pathological staging of colorectal cancer requires adequate 
resection of the main tumour with the regional lymph nodes by 
total mesorectal excision (TME). An accurate examination of the 
surgical specimens is essential for the correct assessment of the 
lymph node status as inadequate lymph node removal may result 
in understaging of rectal cancer. The National Cancer Institute 
(NCI) recommends that at least 12 lymph nodes to be removed 
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for adequate staging of colorectal cancer [6]. This minimum 
number of retrieved lymph nodes was initially recommended by 
the World Congress of Gastroenterology held in Sydney in 1990 
[7]. Removal of fewer lymph nodes can results in understaging, 
hence, some patients who would benefit from receiving adjuvant 
therapy, therefore, would not be offered any [6]. Nevertheless, 
low number of retrieved lymph nodes is associated with adverse 
overall survival, higher rates of local recurrence and significant 
morbidity [8-10].

Preoperative radiotherapy is thought to decrease the lymph 
node yield after surgical excision [11-13]. This is probably caused 
by the immune response and fibrosis in lymph nodes exposed 
to radiotherapy, which results in diminution in their size, making 
their identification in the pathology specimen difficult. This study 
aims to look at the effect of preoperative chemo radiotherapy 
(CRT) on the pathological criteria of the rectal cancer including the 
number of lymph nodes retrieved in the mesorectal specimen.

Materials and Methods
Patient data
This study was performed on a cohort of 409 cases of consecutive, 
unselected primary operable rectal cancer diagnosed between 
2009 and 2010 at Nottingham University Hospital. Patient’s 
clinical history and tumour characteristics including patients’ age, 
sex, site of tumour, histologic grade, tumour necrosis, or fibrosis, 
depth of tumour invasion beyond the muscularis proprai, high 
tie lymph node involvement, and the total lymph node (LN) 
status, vascular (VI) and perineural invasion were obtained from 
patient’s reports.

Hundred and twenty six patients (29%) were treated with surgery 
only while 282 were treated with long-course preoperative 
chemo-radiotherapy before surgery for rectal cancer as 
described previously [14]. The latter group had locally advanced 
rectal cancer, cT3/4 and/or N+ and were considered inoperable 
or of borderline resectability due to potential circumferential 
resection margin (CRM) involvement. Pre-treatment work-
up consisted of digital rectal examination, sigmoidoscopy and 
biopsy, barium enema, pelvic magnetic resonance imaging (MRI)/
computed tomography and computed tomography of the chest 
and abdomen. All patients were discussed at a multidisciplinary 
team meeting consisting of specialist colorectal surgeons, 
oncologists, radiologists and pathologist before being referred 
for neoadjuvant treatment.

The study was approved by the Nottingham University Hospital 
ethics committee. This group was divided to short and long 
term CRT that included 75 and 208 patients respectively. 
Dissection of the specimen was performed according to the 
departmental standard operating procedure in accordance 
with the recommendation of the Royal collage of pathologist. 
Lymph nodes were identified by direct inspection and manual 
palpation through serial transverse slicing of the mesorectum 
and sigmoid mesentery. All the identifiable lymph nodes present 
in the specimen are dissected for histological examination. If less 
than 12 lymph nodes identified representative sampling from the 

mesenteric fat surrounding the tumour was performed. Neither 
fat clearance, nor sentinel node mapping methods were used in 
this series of patients.

Details of the characterisation of this cohort of the patients 
according to the treatment modality were described in (Table 1). 
Tumours were staged (pT stage) according to the TNM staging 
criteria and Duck’s staging system [15].

The response to radiotherapy was graded using a rectal radiotherapy 
grading system adapted from Mandard et al. grading system [16]. 
This comprised the following:

Table 1 The clinicopathological criteria for each treatment modality 
group.

Variables Modalities of treatment Total

Surgery Short term 
RT Long term RT

Sex
Male 69(26.5%) 55(21.2%) 136(52.3%) 260
Female 57(38.3%) 20(13.4%) 72(48.3%) 149
Tumour Site
Upper rectum 93(60.4%) 33(21.4%) 28(18.2%) 145
Middle rectum 21(16.5%) 35(27.6%) 71(55.9%) 127
Lower rectum 12(9.4%) 7(5.5%) 109(85.2% 128
Tumour perforation
Present 7(21.2%) 1(3%) 25(75.8%) 33
Absent 119(31.6%) 74(19.7%) 138(48.7%) 376
Anterior quadrant 
involvment
Yes 81(34.5%) 44(18.7%) 111(46.8%) 236
No 44(25.6%) 31(18%) 97(56.4%) 172
Tumour grade
Well differentiated 19(44.4%) 11(23.4%) 17(36.2%) 47
Moderetlydifferntiated 103(34.6%) 60(20.1%) 135(45.3%) 298
Poorly differentiated 4(16.7%) 3(12.5%) 17(70.8%) 24
pT stage
pT0 0 0 46(100%) 46?
pT1 7(26.9%) 3(11.5%) 16(61.5%) 26
pT2 32(42.1%) 12(15.8%) 32(42.1%) 76
pT3 70(30.8%) 54(23.8%) 103(45.4%) 227
pT4 17(50.0%) 5(14.7%) 12(35.3%) 34
Vascular invasion
Absent 63(25.5%) 39(15.8%) 145(58.7%) 247
Present 63(38.5%) 36(22.4%) 63(39.1%) 161
Perineural Invasion
Absent 102(30.4%) 59(17.6%) 175(52.1%) 336
Present 24(32.9%) 16(21.9%) 33(45.2%) 73
High tie lymph node
Negative 120(30.6%) 72(18.4%) 200(51.0%) 392
Positive 6(40%) 3(13.3%) 7(46.7%) 16
Mandard Grading
1 0 (0.0%) 0 4342(10097.7%) 43
2 0(0.0%) 01 67(100%) 67
3 0(1.4%) 0(1.4%) 72(100%) 72
4 0(0.0%) 0(0.0%) 27(100%) 27
Dukes Staging
A 33(39.8%) 12(14.5%) 38(45.8%) 83
B 29(26.6%) 22(20.2%) 58(53.2%) 109
C1 59(37.6%) 38(24.2%) 60(38.2%) 157
C2 5(31.3%) 2(12.5%) 9(56.3%) 16

RT: Radiotherapy
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TRG 1: complete response with absence of residual cancer and 
fibrosis extending through the wall.

TRG 2: presence of residual tumour cells scattered through the 
fibrosis.

TRG 3: increase in the number of residual cancer cells, with 
fibrosis predominant.

TRG 4: residual cancer outgrowing fibrosis.

TRG 5: absence of regressive changes.

Statistical analysis
Statistical analysis was performed using SPSS 21 statistical 
software. Chi-square test was used to compare clinic-pathological 
parameters among different treatment modalities. One way 
ANOVA was used to access the relation between the number 
of retrieved nodes and categorical variable while spearman 
correlation test was used to compare the former with numerical 
variables. Multivariate regression model was used to determine 
the most significant factors affecting the lymph node yield. All 
p-values were two-sided, and p<0.05 was considered significant.

Results
This is a retrospective study of a cohort of 409 consecutive cases. 
The age of the patients was between 20 and 89 years (mean 
65.4), which included 260 male and 149 female. The management 
included surgical excision alone 126 (29%), or a preoperative short 
or long term chemo-radiotherapy 75 (17.2%), and 260 (59.8%) 
respectively prior to surgery. Most of the rectal tumours included 
in the study were moderately differentiated adenocarcinoma 
(68.5%), with a predominant upper rectal location (35.4%). Forty 
six patients (10.6%) with a known pT stage were found to have 
stage pT0 after radiotherapy, with the pT3 stage represent the 
most predominate stage regard less of the treatment modality 
(55.5%). It was found that some adverse prognostic parameters 
as vascular invasion and perineural infiltration and high tie lymph 
node involvement were more frequent in the patient received 
long course CRT in comparison with those who went for the 
surgery or the preoperative short term CRT.

Considering a minimum of 12 lymph node as a measurement of 
adequacy of lymph node sampling, it was found that from the 
409 cases, 202 cases were adequately sampled (49.4%). When 
cases were categorized according to the modality of treatment, 
the adequacy was 68.9%, 58.7%, 33.7% in surgery, short term 
CRT and long term CRT respectively.

Total lymph node (TLN) count ranged from (2-50, mean 12.38). 
Patient treated with surgery only have a significant high total LN 
yield (mean is 15.53, 12.99, and 10.25 in surgery, short chemo 
radiotherapy and long course chemo radiotherapy respectively, 
P value<0.005). High lymph node retrieval was found to be 
significantly associated with adverse prognostic factor in rectal 
cancer as vascular invasion, perineural infiltration, high tie lymph 
node involvement, high tumour stage and high Duke’s staging 
(p value are <0.005, 0.002, 0.026, 0.006, and 0.003 respectively) 
(Table 2).

Parameters Lymph nodes 
(mean) SD P value

Treatment modality

<0.005
Surgery 15.5 6.6
SCRT 12.9 5.8
LCRT 10.2 6.2
Sex

0.12Male 11.99 6.826
Female 13.07 6.485
Tumour Site

<0.005

Upper rectum 14.32 6.530
Middle rectum 12.26 6.361
Lower rectum 10.16 6.622
Tumour perforation

0.29Present 12.48 6.489
Absent 11.21 8.954
Anterior quadrent involvment

<0.005No 10.80 5.301
Yes 13.55 7.390
Tumour grade 0.76
Well differentiated 12.64 6.219
Moderetly differntiated 12.83 6.498
Poorly differentiated 13.83 10.627
Vascular invasion <0.005
Absent 11.19 6.089
Present 14.19 7.225
Perineural Invasion
Absent 11.91 6.321 0.002
Present 14.53 8.000
High Tie LN 0.026
Negative 12.25 6.476
Positive 16.06 10.680
Mandard Grading 0.01
1 7.95 3.697
2 9.34 4.433
3 11.38 6.628
4 11.54 6.895
5 13.00 3.697
Tumour pT stage
pT1 9.00 4.630 0.003
pT2 12.00 6.427
pT3 13.43 6.830
pT4 14.71 7.837
Dukes Staging
A 10.98 6.208 0.006
B 13.02 7.324
C1 13.41 5.869
C2 16.56 11.431
Circumferenrial margin 
Involvement
Negative 15.13 12.404 0.079
Positive 12.62 6.165

Table 2 Factors affecting lymph node retrieval in rectal cancer.
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A significant positive correlation was also found between high 
lymph node yield and upper rectal tumour with anterior quadrant 
involvement (p value<0.005).

For the group of patient who received neo-adjuvant CRT it was 
found that the highest number of lymph node dissection was 
found in those with a poor response to treatment as defined by 
Mandard grading system (p value is 0.01).

The number of lymph node yield was compared with the number 
of blocks used for the microscopic assessment of each case. It 
was found that the using large number of small blocks was 
associated with high total lymph node (p=0.1). Surprisingly, a 
reverse relation was identified between using large blocks and 
the total lymph node yields (p=0.04). However the sum of both 
the large and the small block used wasn’t seems to affect the 
total lymph nodes (Table 3).

Multivariate analysis of the factors that have a significant 
correlation with the number of lymph node showed that only 
perineural invasion, high tie lymph node involvement, Dukes 
stage, and tumour load are the factors that can predict the 
number of lymph node retrieved from an excision specimen 
(Table 4).

The lymph nodes were categorized according to their size into 
five groups. The relation between the size of the node and the 
number of lymph node yield in different treatment modalities 
was assessed (surgery only versus neoadjuvant). It was found 
that in two groups (>0-2 mm and >10-15 mm), the number of 
lymph node in patient treated with surgery alone is significantly 
higher than those treated with preoperative CRT (Table 5).

Discussion
Previous studies and guidelines recommended examination 
of greater number of nodes to provide an adequate staging of 
tumour [6,17-19]. False negative classification of the lymph 
node stage will affect patients who might benefit from adjuvant 
treatment [19].

The number of lymph nodes dissected from rectal specimens was 
found to be directly proportional to the probability of detecting 
disease in them [20]. Nevertheless, adequate sampling of lymph 
nodes decreases the incidence of local recurrences [21,22] and 
improves the patient overall survival [23,24].

The adequacy of lymph node sampling was defined as a minimum 
of 12 lymph nodes according to the recommendation of the 
World Congress of Gastroenterology in Sydney [6] and the NCI 
guidelines [7].

The number of lymph nodes that should be examined in order 
to be considered adequate is not universally agreed upon. 
Various studies have suggested numbers ranging from 7 to 20, 
based on their individual series [9,20,25,26]. The last edition of 
TNM classification of the American Joint Committee on Cancer 
recommended at least 10 to 14 lymph nodes in radical colon and 
rectum resections without neoadjuvant treatment [27].

In this series the lymph node sampling was adequate in 69.8% 
of patient treated with surgery alone, and was decreasing from 
58.7% to 33.7% with the increase of the course of the neoadjuvent 
CRT from short term to long term.

In the current study the mean number of lymph nodes excised 
from the rectal specimen ranged between 2 and 50, mean 12.38, 
which is in agreement with previous studies and international 
and national guidelines mentioned above. The wide range 
of variation may be related to the low number of lymph node 
retrieval associated with the neoadjuvant CRT. Other factors 
related to the ability of both the surgeon and the pathologist in 
excision and assessing the rectal cancer respectively are found to 
influence the number of lymph node retrieval [28,29].

The Dutch Colorectal Cancer study, which randomly subdivides 
the patients to receive preoperative short radiotherapy course 

Parameters Correlation Coefficient P-value
Age -0.059 0.23

Percentage of Tumour necrosis 0.174 0.012
Percentage of Tumour fibrosis -0.238 0.001

Tumour load 0.255 <0.005
Small blocks 0.117 0.01
Large blocks -0.100 0.04
Total blocks 0.72 0.14

Table 3 Factors affecting lymph node retrieval.

Parameters B- Coefficient P-value
Treatment 0.063 0.270

Site tumour 0.052 0.377
Anterior quadrent -0.053 0.367
Vascular invasion 0.056 0.499

Perineural invasion 0.205 0.006
High tie lymph node involvment 0.351 0.000

Duke's staging 0.350 0.000
Percentage of necrosis 0.284 0.067
Percentage of fibrosis 0.864 0.006

Tumour load 0.731 0.005
Number of small blocks 0.082 0.184
Number of large blocks -0.016 0.799

Table 4 Factors influence lymph node yield on Multivariate analysis.

Lymph 
nodes size 

groups

Treatment 
modalities

Number of 
patients Mean Std. 

Deviation Significance

0>-2mm
S® 126 6.0397 3.59

0.015RT* 283 4.9258 2.97

>2-5 mm
S 126 5.8333 3.18

0.321
RT 283 4.0283 3.03

>5-10 mm
S 126 2.9683 2.58

0.226RT 283 1.8516 2.34

>10-15 mm
S 126 0.7460 1.52

<0.005RT 283 0.2650 0.831

>15 mm
S 126 0.0556 0.317

0.74RT 283 0.0283 0.264

®Surgery; *Radoitherapy

Table 5 The relation between treatment modalities and lymph node size.
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followed by TME surgery or TME surgery only, found out that 
there was a significant difference in the number of retrieved 
lymph nodes [9]. In agreement with previous studies, in the 
current study the number of lymph node yield after surgery alone 
overweighed the number retrieved with upfront CRT (mean 
is 15.53). Interestingly, the effect of the CRT on the number of 
lymph nodes was time dependent where patient received short 
term CRT had more lymph nodes than those who revived long 
term CRT (12.99, and 10.25 in short term CRT and long term 
CRT respectively, P value <0.005). This contradicts Marijnen et 
al. who found no down staging after short-term preoperative 
radiotherapy in rectal cancer patients [11].

Our findings are compatible with Sermier et al. [30] and other 
studies, that prove the adverse effect of the long term in 
comparison to the short term CRT on the lymph node retrieval 
and hence the adequate staging of rectal [31-33].

Other clinic-pathological parameters that found to have a 
significant positive impact on the lymph node yield included 
upper rectal location which is compatible Marcos et al. finding 
[20]. Thorn found a higher number of lymph nodes in the mid 
rectal tumours [34]. Other significant positive association was 
found with involvement of the anterior quadrant, intravascular 
and perineural invasion, positive high tie lymph node, high 
Duke’s and pT stages and poor response to neoadjuvent CRT as 
defined by Mandar, these finding are in agreement with some 
studies [12,20] but not with others [34,35]. Other histological 

features as the percentage of tumour load and tumour necrosis 
had a positive effect of the lymph node number while tumour 
fibrosis has a significant negative impact.

In this series, the age of the patient did not have any effect on the 
number of lymph node which come in agreement with previous 
studies [20,26] but in contrast with others that found higher 
lymph node yield in younger patients [12,36]. The sex of the 
patient did not have any association with the number of lymph 
nodes, however the effect of sex on lymph node number is not 
consistent in the literature [26,36].

On multivariate only perineural invasion, high tie lymph node 
involvement, Dukes stage, and tumour load were found to be the 
main predictors of the number of lymph node yield.

In conclusion, our result provides further evidence to the effect of 
the widely used neoadjuvant CRT on the number of lymph node 
retrieved in rectal cancer which was found to be time dependent. 
Furthermore, the current TNM classification of rectal cancers 
needs to be improved and take in consideration the effect of 
neoadjuvent CRT on the number of lymph node retrieved [37]. 
Despite tumour down staging, pathological postoperative 
staging remained a very strong prognostic factor for both T 
and N stages and remains pivotal for selection of patients who 
may benefit from additional chemotherapy [38]. Nevertheless, 
the pathological N staging of irradiated specimen should be 
interpreted with caution.

http://www.scopus.com/authid/detail.url?authorId=6701659262&amp;eid=2-s2.0-0035300761
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