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Summary

Purpose: Morphopathological factors continue to be the
most important prognostic factors in colorectal cancer,
but there is evidence regarding the prognostic value of
some factors that are not yet used in current clinical prac-
tice. The purpose of the present study was to evaluate the
most important clinical, morphopathological and thera-
peutic prognostic factors in rectal cancer.

Methods: This study retrospectively analyzed 317 pa-
tients diagnosed and treated at the Ion Chiricuta Institute
of Oncology between 2000-2008. The prognostic value of
13 variables was analyzed and correlations between them
were established. Nine variables were included in a multi-
variate analysis model.

Results: The 5-year overall survival (OS) was 55.6%, sig-

Introduction

Colorectal cancer (CRC), the most common
malignancy of the gastrointestinal tract, is the
third most frequent cancer in men and the second
in women. In Romania, the incidence of CRC is
continuously increasing and in terms of mortal-
ity, this disorder has become the second leading
cause of death from cancer, after lung cancer [1].
Despite many efforts made to detect the disease
at an early stage, the long-term prognosis of CRC
has not significantly changed over the last decade,
with a 5-year OS of 60% [2].

Personalized treatment for colorectal cancer
is a necessity. In this sense, predicting its prog-
nosis is vital for choosing appropriate therapeutic
interventions. Histopathological factors contin-

nificantly higher for patients with TNM stage I disease
(71.7%), compared to stage II (71.4%), stage III (45.4%)
and stage IV (12.5%; p<0.001). In multivariate analysis,
the independent prognostic factors were tumor stage, age,
lymph node invasion, venous, lymphatic and perineural
invasion.

Conclusions: In addition to the TNM stage and lymph
node invasion, age, venous, lymphatic and perineural in-
vasion were also proved to have prognostic significance
in rectal cancer. Further studies are required for the vali-
dation of prognostic assessment models in patients diag-
nosed with rectal cancer.

Key words: lymphatic invasion, perineural invasion,
prognosis, rectal cancer, TNM stage, venous invasion

ue to be the most important prognostic factors
in CRC according to the staging proposed by the
American Joint Committee on Cancer (AJCC) and
the Union for International Cancer Control (UICC)
[3].

Published studies demonstrate the prognostic
value of some factors that are not yet applied in
current clinical practice [4].

The purpose of this study was the evaluation
of the most important clinical, morphopatholog-
ical and therapeutic prognostic factors in rectal
cancer.

Methods

Of the 563 rectal cancer patients hospitalized at
the Ion Chiricuta Institute of Oncology between 2000-
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2008, after applying the exclusion criteria (lost to fol-
low-up at the first admission, double location, initial
treatment in another service, incomplete information,
histological type other than adenocarcinoma, rectal
metastases), only 317 cases were loft for study. Patient
data were obtained from clinical observation records
and registry of Ion Chiricuta Institute of Oncology,
Cluj-Napoca, with the approval of the Hospital Ethics
Committee. Data on mortality were obtained from the
Cluj-Napoca Civil Registry.

The prognostic factors analyzed were clinical (age,
sex, bowel obstruction at presentation), morphopatho-
logical (radial resection margin, TNM stage, lymph node
invasion, number of resected lymph nodes, venous inva-
sion, lymphatic invasion, perineural invasion, histologic
tumor grade), and therapeutic (response to neoadjuvant
radiotherapy or radiochemotherapy, type of surgery).

TNM staging of patients was reviewed accord-
ing to the 7th edition of the UICC/AJCC Cancer Stag-
ing Manual. Using histologic tumor grading, the cases
were divided into two groups, low tumor grade (well
and moderately well differentiated tumors), and high
tumor grade (poorly differentiated and undifferentiated
tumors).

Response to neoadjuvant radiotherapy or radi-
ochemotherapy was quantified as follows: complete or
almost complete response (when postoperative T stage
was 0 or 1, or N stage was 0), incomplete response (when
postoperative T stage was higher than 1 but lower than
the initial T stage), and no response (when postoperative
T stage was the same as the initial T stage).

The patients were followed up from the date of
treatment initiation (surgery or neoadjuvant therapy)
to the date of the last information. The study was com-
pleted in August 2011.

Statistics

For statistical analysis, the R environment for sta-
tistical computing and graphics, version 1.15.1, was
used. Data analysis was descriptive and inferential for
each data set, according to its characteristics. Thus, the
Student’s t-test, Mann Whitney U test, Kruskal-Wallis
test and Spearman’s correlation coefficient were used.
Survival data was compared using the Kaplan-Meier
survival curves, the log-rank test, and Cox regression
analysis. For all tests, the bilateral statistical signifi-
cance threshold was p <0.05.

Results

All 317 patients included in the study had rec-
tal adenocarcinoma. Of these, 201 (63.4%) were
male. Most of the patients (63.4%) were aged
between 50 and 70 years, with a mean age of 54
years.

More than half of the patients (58.8%) had
advanced-stage disease (stages III and IV). All

patients underwent surgery and in 74.4% of the
cases, surgery was performed as a first-line treat-
ment. Eighty one patients (25.5%) received ne-
oadjuvant radiotherapy or radiochemotherapy,
and 2306 patients (74.4%) adjuvant radiotherapy,
chemotherapy or both. Descriptive statistics of
the characteristics of the patients is shown in Ta-
ble 1.

The 5-year OS and the progression-free sur-
vival (PFS) were 55.6% (95% CI, 0.50-0.61) and
53.4% (95% CI, 0.479-0.595), respectively. The
5-year OS was statistically significantly higher
in patients with stage I disease (71.7%), compared
to stage II (71.4%), stage III (45.4%) and stage IV
(12.5%; p<0.001).

Regarding the number of resected lymph
nodes, two linear regressions between the loca-
tion from the anus/the number of resected lymph
nodes and age/the number of resected lymph
nodes were determined, without finding a cor-
relation between these (r=0.16, p=0.058; r=0.00,
p=0.297, respectively).

The association between venous, lymphatic
and perineural invasion and other morphopatho-
logical factors known to have a negative impact
on the prognosis of rectal cancer such as tumor
recurrence, histologic tumor grade, TNM stage,
number of positive lymph nodes and distant me-
tastases, presented in Table 2, was studied.

Cox multivariate analysis depending on age,
TNM stage, histologic tumor grade, lymph node
invasion (pN stage), venous, lymphatic and peri-
neural invasion, the type of surgery and neoadju-
vant treatment response was performed and the
data are shown in Table 3.

Discussion

The incidence of CRC is continuously increas-
ing [5] and although improvement in prognosis
has lately been observed [6], only 50-60% of pa-
tients survive at 5 years [2,7,8]. Thus, formulating
an accurate prognosis in CRC is essential to the
choice of individualized treatment options. Al-
though many studies have been published in this
regard, the treatment of CRC has not undergone
significant changes.

Despite the fact that there are differences in
the etiology and epidemiology of colon cancer
and rectal cancer, most of the published studies
choose to investigate cases of combined colon and
rectal cancer.

However, a better understanding of these dis-
eases shows that the differences between them
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Table 1. Descriptive statistics of the clinical, morpho-

pathological and therapeutic prognostic factors

f;zﬁl prognostic Pat}\c}nts, % g—sy?(;or) » value
Sex
Male 201 634 57.80 0.381
Female 116 36.6 51.30
Age (years)
<50 48 15.1 63.90 0.032
50-70 201 634 57.30
>70 68 215 43.70
Bowel obstruction
at presentation
Yes 26 8.2 52.80 0.254
No 291 91.8 55.80
Morphopathological prognostic factors
Radial resection
margin (cm)
> 2 56 17.7 66.40 0.038
<2 261 82.3 52.80
TNM stage
I 56 17.6 71.70 <0.001
II 75 23.6 71.40
II 178 56.3 4540
v 8 2.5 12.50
Lymph node inva-
sion (pN)
pNO 165 52 70 <0.001
pNla 34 10.7 48
pN1b 48 151 36.80
pN2a 39 12.3 34.10
pN2b 31 9.9 20.50
No. of examined
lymph nodes
<12 212 67 54.30 0.955
=12 105 33 56.40
Venous inva-
sion
No 251 79.2 60.40 0.01
Yes 66 20.8 37.40
Lymphatic inva-
sion
No 174 55.9 64.60 <0.001
Yes 143 451 45
Perineural inva-
sion
No 257 81 59.15 0.014
Yes 60 19 39.19
Histologic tumor
grade
Low 286 90,2 56.90 0.019
High 31 9.8 41.10
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Therapeutic prognostic factors

Neoadjuvant

treatment re-

sponse
Complete/al- 48 59.2 68.70 0.041
most complete
Incomplete 14 17.3 39.10
No response 19 23.5 47.60

Type of surgery
Dixon anterior 161 50.7 57.20 0.018
resection
Miles resection 142 44.8 56.10
Hartmann 144 4.5 28.50
resection

have an important influence on the approach of
the two neoplastic processes.

All patients underwent surgery. Curative
resection (RO) was performed in 250 patients
(78.8%), 39 patients (12.3%) had microscopic
residual tumor (R1), and 28 patients (8.9%) had
macroscopic residual tumor tissue (R2).

Data published in the literature show a 5-year
OS rate of 66% in patients with rectal cancer [9].
In our study, the 5-year OS was 55.6%.

Although CRC is generally not considered a
hormone-dependent malignancy, epidemiological
studies in women have shown that the increase of
female hormones due to pregnancy or use of exog-
enous steroid hormones is associated with a lower
risk of developing CRC[10,11], while some studies
have shown an improved survival rate in wom-
en who develop the disease [12,13]. The present
study demonstrated an almost double incidence of
rectal cancer in men compared to women (201 vs
116), which is consistent with the literature data.
Regarding the prognosis of patients after therapy,
we did not find a significant difference in OS be-
tween the two sexes. This can be explained by the
fact that in this study, 84% of women were aged
over 50 years, with an increased chance of being
postmenopausal, consequently lacking the sup-
posed protective role of female steroid hormones.
Similar results have recently been reported, which
describe similar gender-related differences for all
stages of CRC, with a better survival rate in young
female patients compared to male patients, differ-
ences that are reversed in postmenopausal female
patients compared to male patients of the same
age [14,15].

Rectal cancer is a disease of middle-aged and
elderly people, the risk increasing with age. Al-
though the overall incidence of this type of can-
cer is low in people under 40 years old (3-10%),



Prognostic factors in rectal cancer 95

Table 2. Association between venous invasion, lymphatic invasion, perineural invasion and other morpho-

pathological factors

Venous invasion

Lymphatic invasion Perineural invasion

Factors Yes (%) No (%) p value Yes (%) No (%) p value Yes (%) No (%) p value
Tumor recurrence
Local/distant 18 (29.5) 43(70.5) 0057 45(73.7) 16(26.3) <0.001 25(27.8) 65(72.2) 0.03
Tumor grade
Undifferentiated 0(0) 1 (100) 0.011 0(0) 1(100) <0.001 0 (0) 1(100)  <0.001
Poorly diff. 15 (50) 15 (50) 25 (83.3) 5(16.7) 12 (40) 18 (60)
Moderately diff. 44 (20.3) 173 (79.7) 106 (48.8) 111 (51.2) 44 (20) 173 (80)
Well diff. 7 (10.1) 62 (89.9) 12 (174) 57 (82.6) 4 (5.8) 65 (94.2)
TNM stage
I 5(8.9) 51 (91.1) <0.001 7 (12.5) 49 (87.5) <0.001 6(10.7) 50(89.3) <0.001
II 6 (8) 69 (92) 11 (14.6) 064 (854) 9 (12) 66 (88)
111 53(29.7) 125(70.3) 118 (66.3) 60 (33.7) 41 (18.7) 137 (81.3)
vV 2 (25 6 (75) 7 (87.5) 1(12.5) 4 (50) 4 (50)
Number of pos-
itive 3 (1-5)* 0 <0.001 25(0-5* 0(0-2.5* <0.001
lymph nodes
Distant metas-
tases
MO 64 (20.7)  245(79.3) 136 (44) 173 (50) 56 (18.1) 253 (81.9)
M1 2 (25) 6 (75) <0001 7 (87.5) 1(12.5) <0001 4 (50) 4 (50) 0.003
*range
Table 3. Cox multivariate analysis
Hazard ratio p value 95% confidence interval
Age 1.03 0.0007 1.01-1.04
TNM stage 044 0.0142 022-0.84
Histologic tumor grade 1.32 0.1159 0.93-1.86
Lymph node invasion (pN stage) 1.67 0.0135 1.11-2.50
Venous invasion 0.56 0.0174 0.34 - 0.90
Lymphatic invasion 12 0.0001 1.09-131
Perineural invasion 0.6 0.0082 041 -0.87
Type of surgery 2.009 0.065 0.95-4.21
Neoadjuvant treatment response 1.285 0.490 0.64 - 2.57

recent data suggest an increase in incidence by
up to 75% [16]. We found a 3% incidence of rectal
cancer in young patients (under 40 years of age),
at the lower limit of the reported data. By divid-
ing the patients by age groups (under 50 years,
between 50 and 70 years, and over 70 years), we
obtained a significantly better OS in younger pa-
tients, which decreased with age.

A possible complication of rectal cancer is
bowel obstruction, which in some studies is con-
sidered an independent negative clinical prognos-
tic factor [17,18]. Of the 317 patients included in
our study, only 26 (8.2%) had bowel obstruction
at presentation, of which 10 received neoadjuvant
treatment and 16 underwent primary surgical

resection. Although the 5-year OS was slight-
ly higher in patients without bowel obstruction
(55.8% vs 52.8%), our results were not statistical-
ly significant (p=0.254).

Radial resection margin has a significant im-
pact on the prognosis of local recurrence rates,
distant metastases and survival in CRC, and is also
important in the selection of patients for adjuvant
therapy. We identified 67 patients (21.13%) with
positive resection margins who received postop-
erative adjuvant therapy.

The most important prognostic indicators are
expressed by the TNM stage. The majority of the
patients in this study were diagnosed with stag-
es III and IV disease (58.8%), which emphasizes
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the need to implement a more efficient screening
program. Similar 5-year overall survival rates for
stages I and II disease might be due to the exist-
ence of a subgroup of stage I patients with a poor-
er prognosis (because of tumor histopathological
and molecular characteristics associated with a
more aggressive phenotype) or to a better prog-
nosis of stage II patients as a result of adjuvant
treatment.

Lymph node invasion as well as the number
of positive lymph nodes are predominant predic-
tive indicators in CRC and the leading indication
for adjuvant therapy. The number of surgically
resected and histopathologically evaluated lymph
nodes influences the accuracy of staging and on-
cologic outcomes, both in patients with positive
and negative lymph nodes. Although the recom-
mendation of the 7th edition of the AJCC Cancer
Staging Manual is to resect a minimum of 10 to 14
lymph nodes (with an average of 12 lymph nodes),
this aspect is still controversial [19]. Those who
are against the establishment of a lymph node
resection limit argue that the number of lymph
nodes that can be resected is strongly influenced
by other factors (particularly patient age, race/
ethnicity, tumor location and its biological char-
acteristics like TNM stage, presence of microsat-
ellite instability, TGFb and interleukin-10). Some
published studies show a decrease in the number
of the resected lymph nodes with age [20,21] or
with the progression of tumor location from the
right colon to the left colon and rectum [22,23].
The present study did not find an association be-
tween the number of resected lymph nodes and
the distance of the tumor from the anus or patient
age. We believe that the aim should be to resect as
many lymph nodes as possible, although the ex-
cision of a very large number of lymph nodes can
sometimes be unjustified. The average number of
lymph nodes resected in our study was 27 (range
1 to 53); in 67% of the cases, at least 12 lymph
nodes were resected. Published evidence sug-
gests that the number of resected lymph nodes is
a prognostic factor in CRC [24]. We investigated
the prognostic value of a minimum of 12 resected
lymph nodes in terms of survival, without finding
a statistically significant difference.

Lymph node invasion was an independent
negative prognostic factor in rectal cancer in the
present study. The results of this study, in accord-
ance with known evidence in the latest edition of
the AJCC Cancer Staging Manual, divided the N
classification into several subgroups depending
on the number of positive lymph nodes, in order
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to meet the current need to define subgroups of
patients with different prognoses, for an individu-
alized management of patients with CRC.

Venous invasion in our study was seen in 66
patients (20.8%) and was demonstrated to be, in
accordance with current data, a negative prognos-
tic factor [25]. However, the presence of venous
invasion might be underdiagnosed here, because
no specific staining for elastin was used to facil-
itate its identification. In the absence of distant
metastases, the presence of venous invasion can
be a useful means of selecting patients who might
benefit from adjuvant chemotherapy.

Lymphatic invasion is another recognized neg-
ative prognostic factor in CRC [26]. We identified
143 patients (45.1%) with rectal cancer who pre-
sented with this histopathological characteristic.
The presence of lymphatic invasion could be tak-
en into account for the selection of patients at high
risk who might benefit from a more aggressive
therapy. However, recent studies suggest that in pa-
tients with rectal cancer and positive lymph nodes,
lymphatic invasion does not affect prognosis [27].

Perineural invasion is a distinct neoplastic
process, which can be seen in the absence of vas-
cular or lymphatic invasion. Its role as a prognos-
tic factor in rectal cancer is still controversial in
the literature, although there is evidence that it
influences both OS and PFS [28]. Perineural in-
vasion has a variable incidence in CRC, different
studies reporting values between 10-33%. We
found an incidence of 19% (60 patients), which
is consistent with these values. Our results could
be slightly underreported due to technical dif-
ficulties encountered by the pathologist in the
identification of perineural invasion, such as the
presence of inflammatory cells or large mucinous
areas that hide the presence of tumor cells around
the nerves [29]. In our study, rectal cancer patients
with perineural invasion had advanced disease
stages (111, IV) (p<0.001), high-grade tumor differ-
entiation (p<0.001), distant metastases (p=0.003),
positive lymph nodes (p<0.001), local recurrences
(p<0.01), and distant recurrences (p<0.03) more
frequently. Although the risk of distant metastasis
is higher in patients with perineural invasion, in
accordance with other studies, our study includ-
ed only 8 patients with distant metastases at the
time of diagnosis. The impact of perineural inva-
sion on OS is also significant, with an average of
42 months vs 93 months in patients without per-
ineural invasion (p=0.014). In multivariate analy-
sis, the presence of perineural invasion proved to
be an independent prognostic factor for OS. Pa-
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tients with perineural invasion could be a distinct
subgroup that might benefit from a more aggres-
sive therapeutic approach.

A particular situation is that of patients with
negative lymph nodes but with perineural inva-
sion. Lymph node invasion is an established in-
dication for adjuvant treatment in CRC, while
patients without positive lymph nodes do not
currently benefit from such treatment. However,
there is a subset of patients without lymph node
metastases who have poorer results, with early
locoregional recurrence and a lower OS. Liebig
et al. [30] suggested that the poorer prognosis of
this subgroup of patients could be explained by
the presence of perineural invasion. In our study,
we did not find a significant difference in this re-
gard (the 5-year OS for patients with negative
lymph nodes and positive or negative perineural
invasion was 6842% and 69.92%, respectively,
p=0.82).

High histologic tumor grade proved to be a
negative prognostic factor for rectal cancer, as
shown also by other authors [26], associated with
reduced OS (p=0.019), but not an independent fac-
tor in Cox multivariate analysis (p=0.1159), being
limited in our study by the relatively small num-
ber of patients with high tumor grade.

Treatment of rectal cancer is - in the first
place - surgical, with curative potential. The cho-
sen type of surgical intervention depends on the
stage and location of the tumor. All patients in-
cluded in our study were operated (81 cases af-
ter neoadjuvant therapy). In 50.7% of the cases,
Dixon anterior resection was performed, 44.8% of
the cases underwent Miles abdominoperineal re-
section, and in 4.5% of the cases Hartmann resec-
tion was carried out. The 5-year OS was similar
for Dixon and Miles resection (57.2% vs 56.1%),
while, as expected, in patients with Hartmann re-
section, the OS was lower (28.5%, p=0.018). The
type of surgical intervention was not independent
factor in multivariate analysis.

Neoadjuvant chemoradiotherapy in rectal
cancer is associated with improved local control
and can lead to complete tumor regression. A re-
cent study showed that neoadjuvant chemoradi-
otherapy improves local PFS in locally advanced
rectal cancer [31]. Another study suggests that
response to neoadjuvant chemoradiotherapy has
a predictive value in CRC [32]. Modern neoadju-
vant chemoradiotherapy schemes were associat-
ed with a complete response rate of 20% [33,34].

Concerning the neoadjuvant treatment, 26 pa-
tients (8.2%) underwent radiotherapy, 2 patients
(0.6%) received chemotherapy, and 53 patients
(16.7%) received chemoradiotherapy. Complete
response was achieved in 2 cases (0.6%) of the 81
patients who underwent neoadjuvant chemora-
diotherapy. Thus, in order to study the impact of
neoadjuvant chemoradiotherapy on the prognosis
of rectal cancer, we defined three groups: group
1 - with complete or almost complete response
(59.2%), group 2 - with incomplete response
(17.3%), and group 3 - with no response (23.5%).
In groups 1, 2 and 3 5-year OS after surgery was
68.7%, 39.1% and 47.62%, respectively, which is
lower compared to relevant OS reported in the lit-
erature [35]. Response to neoadjuvant therapy was
demonstrated to be a prognostic factor in rectal
cancer in univariate analysis, but was not found
to be independent predictor in multivariate analy-
sis (p=0.490). However, there is a limitation of the
present study with regard to neoadjuvant treat-
ment. Although 186 (58.8%) of the patients in the
study had advanced disease stages (stages III and
IV), only 81 (25.5%) of them received neoadjuvant
treatment. This can be explained by a possible un-
derestimation of the T stage by the diagnostic im-
aging methods used.

Following univariate analysis, age, tumor
stage, histologic tumor grade, lymph node inva-
sion, the number of positive nodes, venous inva-
sion, lymphatic and perineural invasion, the type
of surgery and the response to neoadjuvant treat-
ment significantly influenced the prognosis of
rectal cancer. After including the variables in the
multivariate analysis model, we found that only
tumor stage, age, lymph node invasion, venous,
lymphatic and perineural invasion significantly
and independently influenced the long-term prog-
nosis of patients with rectal cancer.

In addition to the TNM stage and lymph node
invasion (already known in the literature as prog-
nostic factors for rectal cancer), age, venous inva-
sion, lymphatic invasion and perineural invasion
were also demonstrated to have a prognostic val-
ue in rectal cancer. Being associated with a poorer
prognosis, these factors should be taken into ac-
count to identify subgroups of patients who might
benefit from more aggressive treatment. Further
studies on the prognostic factors identified in this
study are required for the creation and validation
of prognostic assessment models in patients with
rectal cancer.
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