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Summary

Purpose: Some previous studies suggested that certain rectal
cancer patients with stage T3NO and favorable features may
be adequately treated with surgery and adjuvant chemother-
apy. However, the optimal management of clinical (c) T3NO
rectal adenocarcinoma based on preoperative imaging is un-
clear. In this study, we aimed to determine the frequency of
lymph node metastases in patients clinically staged as T3NO
rectal adenocarcinoma following preoperative chemoradio-
therapy (CTR).

Methods: The medical records of 105 patients with clini-
co-imaging stage T3NOMO rectal cancer who received preop-
erative CRT between 2004-2011 were retrospectively analyzed.
Chemotherapy used concurrently with preoperative radiother-
apy (RT) was protracted 5-fluorouracil (5SFU) infusion.

Introduction

Locally advanced rectal cancer (LARC) has a
high local recurrence risk due to the absence of
surrounding serosa. Technical difficulties in ob-
taining wide surgical margins of resection also
increase the risk of recurrence. Surgical resection
is the cornerstone of curative treatment for LARC.
For patients with larger or more invasive tumors,
preoperative CRT has been utilized to promote tu-
mor regression in an attempt to convert a planned
abdominoperineal resection (APR) to a sphinc-
ter-sparing surgical procedure. Combined modali-
ty therapy consisting of surgery, radiotherapy and
chemotherapy is recommended for the majority

Results: Twenty-seven percent of the patients clinically
staged as T3NO before preoperative CRT had pathological
(p) lymph node involvement on surgical material. The rate
of pathological lymph node involvement was 0% in pT1,
20% in pT2, 35% in pT3 and 34% in pT4 patients. A sig-
nificant association was demonstrated between pT stages
and pN status (p=0.03).

Conclusion: Our study demonstrated that the accuracy
of preoperative imaging for staging rectal cancer is limited
because at least 27% of the patients may have undetected
lymph node involvement after preoperative CRT in surgical
material.

Key words: clinical T3, NO rectal adenocarcinoma, preop-
erative imaging, understaged

of patients with stage II and III rectal carcinoma.
The German Rectal Cancer Study Group compared
preoperative vs postoperative CRT in the treat-
ment of clinical stage II/III rectal cancer. Results
of this study indicated that preoperative CRT was
associated with significant reduction in local re-
currence and treatment-associated toxicity; how-
ever, there was no overall survival difference [1].
One possible drawback of preoperative CRT is
overtreatment of early lesions which would not
require adjuvant therapy [1,2]. The German study
demonstrated that 18% of the patients staged clin-
ically by endorectal ultrasound (ERUS) as having
¢T3, cT4 or node positive rectal cancers were over-
staged [1]. Although RT has been associated with
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decreased local recurrence rate of rectal cancer,
it has also been associated with increased toxici-
ty such as hematologic toxicity, and radiation-in-
duced injury relative to surgery [3,4]. Some pre-
vious studies suggested that some patients with
disease carrying a lower risk of local recurrence,
such as proximal rectal cancer, clear surgical mar-
gin, stage T3NOMO and favorable features may
be adequately treated with surgery and chemo-
therapy [3,5,6]. However, Guillem et al. demon-
strated that 22% of rectal carcinoma patients
who received preoperative CRT and were staged
as cT3NOMO disease by either ERUS or magnetic
resonance imaging (MRI) had undetected lymph
node metastases [2]. Additionally, Lombardi et al.
demonstrated that pathological analyses showed
lymph node involvement in 28% of patients with
clinical stage T3NOMO, suggesting that many pa-
tients are understaged, and would benefit from
preoperative CRT [7]. However, optimal manage-
ment of clinical T3NOMO rectal adenocarcinoma
based on preoperative imaging (ERUS and MRI)
is unclear. In this study, we aimed to determine
the incidence of lymph node metastases among
patients with clinical stage T3NOMO after preop-
erative CRT from resected pathological specimens
of rectal adenocarcinoma.

Methods

Patients

The medical records of 105 patients with clinical
stage T3NOMO rectal cancer who had received preop-
erative CRT between 2004-2011 were retrospectively
analyzed. Patients with histological diagnosis of rectal
adenocarcinoma were enrolled in the study, provided
that the tumor was located 15 cm distal to the anal
verge. Preoperative staging was performed either with
thoracic and abdominal computed tomography (CT) or
abdominal and pelvic MRI and ERUS. The distance of
the inferior aspect of the tumor from the anal verge
was determined by rigid proctoscopy and colonoscopy.
The clinical stage was determined from the findings
on MRI, CT and ERUS. MRI and ERUS were performed
to assess the depth of local tumor invasion. Patients
were not included in the study if they had metastatic
disease, positive surgical margins or incomplete CRT.
Patients who had not undergone surgery for various
reasons were excluded. Written informed consent of
the patients or their next of kin was obtained prior to
the study.

Imaging techniques
Thoracic and abdominal computed tomography

Diagnostic CT of the chest and abdomen/pelvis was
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performed. Images with 40x0.72 mm collimation were
obtained. Axial, coronal and sagittal reformations with
different slice thicknesses were acquired using maxi-
mum intensity projection (MIP)+ multiplanar reforma-
tion (MPR) before and after administration of iomeprol
contrast medium 1 ml/kg (60-100 ml) from the xiphoid
process to the pubic symphysis within venous, early ar-
terial and portal phases for the abdomen and pelvis. For
the thorax, axial images with 40x0.72 mm collimation
and coronal and sagittal reformations using MIP+M-
PR before and after administration of 1 ml/kg (60-100
ml) iomeprol contrast medium were obtained from the
thoracic inlet to the inferior of the suprarenal glands.
Lymph node metastases were considered to be present
if at least one node with a diameter of 1 cm was found,
or two or more nodes were demonstrated, irrespective
of their size.

ERUS

Ultrasound T stage was determined according to
the 5-layer model proposed by Hildebrandt and Feif-
el [8]. Circular hypoechoic structures of at least 3mm
in diameter were classified as malignant lymph nodes.
Nodes with a diameter<3mm or nodes with central hy-
perechogenicity were considered benign.

MRI

Imaging was performed by a 1.5 Tesla MR device
using endorectal and pelvic phased-array coil and spi-
nal coil was activated at the same time. MRI diagnosis
of T3 lesions was based on the presence of tumor signal
intensity extending through the muscle layers into the
perirectal fat. Lymph nodes with either heterogeneous
signal intensity or irregular borders were considered to
be suggestive of metastatic disease, regardless of node
size [9].

Treatment

Chemotherapy used concurrently with preopera-
tive RT consisted of protracted 5-fluorouracil (5FU) in-
fusion (225 mg/m?/day). Four cycles of postoperative
adjuvant bolus 5FU (425 mg/m?day) and leucovorin
(20 mg/m?/day) (Mayo regimen) on days 1-5 every 28
days were administered to the patients in all cases.
Eighty-two percent of the patients received 50.4 Gy RT
and 18% received 45 Gy in 5 weeks. Surgical resection
was considered 6-8 weeks after completion of preoper-
ative CRT. APR or sphincter-sparing surgery was per-
formed according to the surgeon’s preference. Surgical
resection included total mesorectal excision. Tumors
in the upper and middle rectum were managed with
low anterior resection (LAR), coloanal anastomosis and
preservation of the anal sphincter. Tumors in the distal
rectum were usually managed with APR, which obli-
gates permanent colostomy with high rate of surgical
complications.
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Pathological examination

All examinations were performed by a pathologist
specialized in colorectal cancers.

The 6th edition of the American Joint Committee
on Cancer TNM system was used for staging [10]. If vi-
able tumor cells were absent in the resected specimen,
pathologic complete response was confirmed.

Statistics

Statistical analyses were performed using SPSS
for Windows version 15.0 (standard version) software
package. Quantitative (numerical) data were expressed
as mean + standard deviation (SD). For two-group com-
parisons, paired Student’s t-test or when necessary
Mann-Whitney U test were used. For non-numerical
data, Yates’ corrected chi-square test and Fisher’s exact
test were used when they were suitable for 2x2 contin-
gency tables, Analysis of correlations between numer-
ical parameters was made using Spearman’s (rho) cor-
relation test. For the comparison of groups, Student’s
t-test or one-way or multi-factor analysis of variance
(ANOVA) was used.

Results

Patients

A total of 105 patients (44 females, 61 males)
were studied. Median age at diagnosis was 58
years (range 26-706). Median distance of the tu-
mor from the anal verge was 6 cm (range 0-15).
Staging of cases was performed by MR plus CT in
57 patients (54%), MR plus ERUS in 23 patients
(22%) and ERUS plus CT in 25 patients (24%).
As for the surgical procedures, 35 patients (33%)
underwent APR and 70 patients (67%) LAR. The
interval between CRT and surgery ranged from 4
to 12 weeks, with a median of 7 weeks. Patient
characteristics are summarized in Table 1.

Pathological analysis

The median number of lymph nodes harvest-
ed was 11 (range 3-35). After preoperative CRT, of
all 105 patients, 20 (19%) of them achieved pCR
of the primary tumor site (pTO) and the regional
lymph nodes. Overall, pathologic analysis showed
presence of lymph node involvement in 28 of
105 patients (27%). The rate of lymph node in-
volvement was 20% (2/ 10) in pT2 patients, 35%
(25/70) in pT3 patients and 34% (1/3) in pT4 pa-
tients. A significant association was demonstrated
between pathologic stages and lymph node status
(pN) (p=0.03). There were no statistical significant
associations between lymph node involvement
and patient age, gender, number of lymph node

Table 1. Clinical characteristics of the 105 study
patients

Characteristics N (%)
Age (years), median (range) 58 (26-75)
Sex

Males 61 (58)

Females 44 (42)
Distance from anal verge (cm), median (range) 6 (0-15)
Imaging used for staging

MRI+CT 57 (54)

MRI+ERUS 23 (22)

CT+ERUS 25 (24)
Type of surgery

LAR 70 (67)

APR 35 (33)
Time to surgery (weeks), median (range) 7 (4-12)
Pathologic T stage

pTO 20 (19)

pT1 2(2)

pT2 10 (10)

pT3 70 (66)

pT4 3(3)
Lymph node harvested, median (range) 11 (3-35)

LAR: low anterior resection, APR: abdominoperineal resection,
MRI: magnetic resonance imaging, CT: computerized tomograp-
hy, ERUS: endorectal ultrasound

harvested, distance from the anal verge and im-
aging modality of preoperative CRT. Tumor char-
acteristics in relation to the lymph node- positive
and lymph node-negative groups are shown in
Table 2.

Discussion

Following the 1990 National Institutes of
Health Consensus Conference, adjuvant chemora-
diation for all pT3 and/or pN* rectal adenocarci-
nomas has become the standard of care [11]. How-
ever, several previous studies demonstrated that
patients undergoing sharp mesorectal resection
for pT3NOMO stage rectal cancer with favorable
pathologic features experience a low recurrence
rate after surgery alone and it was suggested that
these patients may not benefit significantly from
postoperative CRT [12-15].

In the study by Gunderson et al., patients with
pT3NOMO stage rectal cancer had been identified
as a prognostic subgroup at intermediate risk, fur-
ther suggesting that postoperative CRT may be
excessive for some patients with T3ANOMO disease
[5]. Park et al. in their retrospective study demon-
strated that adjuvant RT did not seem to provide
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Table 2. Association of positive/negative lymph nodes and tumor characteristics /clinical variables

Lymph node- positive

Lymph node- negative

Characteristics N=28 (27%) N=77 (73%) p-value
N (%) N (%)
Age (years), median (range) 57 (32-706) 58.5 (26-75) 0.2
Sex 0.1
Males 14 (52) 47 (60)
Females 13 (48) 31 (40)
Imaging used for clinical staging
MRI+CT 15 (53.5) 42 (54.5) 0.6
MRI+ERUS 6 (22) 17 (22)
CT+ERUS 7 (25) 18 (23)
Type of surgery 0.28
LAR 19 (68) 51 (66)
APR 9 (32) 26 (34)

Distance from anal verge, cm (range) 6 (0-15) 7 (3-15) 0.15
Lymph node harvested 12 (6-28) 11 (3-35) 0.4
Depth of tumor invasion 0.03

pTO 0 20 (100)
pT1 0 2 (100)
pT2 2 (20) 8 (80)
pT3 25 (35) 45 (65)
pT4 1(34) 2 (606)

For abbreviations see footnote of Table 1

additional benefit in reducing the recurrence rate
of T3NO (stage IIA) rectal cancer and suggested
that the role of RT needs to be carefully evaluated
in selected patients with stage II A rectal cancer
[16].

The German Rectal Cancer Study Group com-
pared preoperative CRT with postoperative CRT
for the treatment of clinical stage T3T4 and/or
N-positive rectal cancer. The results of this study
indicated that preoperative CRT was associated
with a significant reduction in local recurrence
and treatment-associated toxicity compared to
patients who received postoperative CRT [1]. On
the other hand, a European Organization for Re-
search and Treatment of Cancer (EORTC) trial
demonstrated that patients who received preop-
erative RT and either concurrent or postoperative
chemotherapy had significantly lower rates of lo-
cal recurrence compared to patients who received
preoperative RT alone [17]. Based on these trials,
preoperative CRT is recommended as a standard
treatment modality for locally advanced rectal
cancer [1,17]. However, for preoperative CRT the
findings are not clear because the study popula-
tions in preoperative CRT trials consisted of pa-
tients with different clinical stages including cT3-
cT4 and/or cN positive tumors. Thus, it was not
possible to demonstrate whether there was any
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benefit from preoperative CRT in each subgroup.
In this study, we aimed to demonstrate the
incidence of pathological lymph node metastasis
after surgical resection among patients clinically
staged as T3NOMO rectal cancer who had under-
gone preoperative CRT. We showed that 27% of
the patients with rectal cancer staged as cT3NO
before preoperative CRT were shown to have
lymph node involvement at the surgical material.
We also demonstrated a significant association be-
tween pT stages and lymph node involvement. On
the other hand, there were no statistically signif-
icant associations between lymph node involve-
ment and patient age, gender, number of lymph
node harvested, distance from the anal verge and
imaging modality of preoperative CRT. These re-
sults are consistent with those reported in recent
studies by Guillem et al. and Lombardi et al. [2,7].
Guillem et al. demonstrated in their large retro-
spective multicenter study that 22% of 188 pa-
tients staged before preoperative CRT as having
cT3NO rectal cancer by either REUS or MRI had
pathological lymph node metastases. Lombardi et
al. demonstrated that 28% of 32 patients staged
before preoperative CRT as having cT3NO rectal
cancer had pathological positive lymph node in-
volvement and their multivariate analyses indi-
cated that the node-positive group had a statisti-
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cally significantly higher number of pT3 tumors.

Bipat et al. reported that results from a me-
ta-analysis of 90 studies demonstrated that ERUS
and MRI had similar high sensitivities for assess-
ing the depth of tumor penetration into the mus-
cularis propria (94%). However, ERUS was found
be more specific than MRI for the evaluation of
local tumor invasion [18].

The sensitivities and specificities of the
three imaging modalities for accurately evaluat-
ing lymph node metastases were comparable: CT
(55% and 74%), ERUS (67% and 78%), and MRI
(66% and 76%) [18]. A disadvantage of ERUS was
that it was highly dependent on the operator and
an advantage of MRI was its ability to provide ac-
curate imaging of soft tissue structures and me-
sorectal fascia [18].

The current study and two previous studies
[2,7] demonstrated that at least 22-28% of patients
with rectal cancer clinically staged as cT3NO be-
fore preoperative CRT were identified to have
pathologically lymph node metastases. Therefore,
it seems that preoperative CRT imaging is likely
to result in underestimation and thus undertreat-
ment of a significant number of cT3NO rectal can-
cer patients.

However, the German study [1] demonstrated
that among patients who were randomly assigned
to undergo their first operation in the postoper-
ative CRT arm, 18% with clinically staged cT3
and cT4 rectal adenocarcinoma or lymph node in-
volvement by ERUS were overstaged (pathologic
stage I). Therefore, the detection of lymph node
involvement and tumor depth are major consider-
ations for the radiologist during the preoperative
evaluation of patients with rectal cancer. Newer
modalities have improved the ability for assessing
tumor depth and nodal involvement, including
three-dimensional ERUS, a new-generation multi-
detector row spiral CT and MRI with use of super-
paramagnetic iron oxide as contrast agent [19-21].

References

1. Sauer R, Becker H, Hohenberger W. Preoperative
versus Postoperative CRT for Rectal Cancer. The
German Rectal Cancer Study Group. N Engl J Med
2004;351:1731-1740.

2. Guillem ]G, Diaz-Gonzalez JA, Minskyc BD. T3NO
rectal cancer: potential overtreatment with preoper-
ative CRT is warranted. J Clin Oncol 2008;26.368-373.

3. Lai LL, Fuller CD, Kachnic LA, Thomas CR Jr. Can pel-

The current preoperative CRT imaging pre-
sents certain limitations and clinicopathologic
features of a primary rectal cancer may help de-
termine those tumors which are more likely to be
associated with lymph node involvement. Sev-
eral previous studies have shown an association
between clinicopathological features of patients
and prognosis in cT3NO disease, including well
to moderately differentiated histology, extention
of 2 mm or less into the perirectal fat, without
lymphatic or vascular invasion, upper rectal loca-
tion, and adequate node dissection [6,12,14,22,23].
Preoperative biopsy has some limitations and
provides less accurate information about all
pathological aspects. However, analyses of tumor
specimens with selected molecular markers such
as epidermal growth factor receptor, TP53 and Ki-
67, thymidylate synthase level showed success in
helping select patients who may best respond to
preoperative CRT [24].

The main limitation of this study was the bias
arising from its retrospective design. Despite all
these limitations the present study is one of few
done in this area. Our study demonstrated that
available imaging tools had limited accuracy for
detecting lymph node involvement and they are
not tailored for the management of patients with
clinically staged T3NO rectal adenocarcinoma.

In conclusion, our study demonstrated that
the accuracy of preoperative imaging for staging
rectal cancers is limited because at least 27% of
the patients will have undetected lymph node in-
volvement after preoperative CRT, as proven in
surgical specimens. On the other hand, preoper-
ative CRT may possibly represent overtreatment
in subgroups of cT3NO tumors with favorable fea-
tures, leading to overstaging and overtreatment
of some patients. Our study also clearly detected
the need for improving preoperative staging mo-
dalities in patients with clinically staged T3NO
tumors.

vic radiotherapy be omitted in selected patients with
rectal cancer? Semin Oncol 2006;33:70-74.

4. Peeters KC, van de Velde CJ, Leer JW, Martijn H, Jun-
ggeburt JM, Kranenbarg EK. Late side effects of short-
course preoperative radiotherapy combined with total
mesorectal excision for rectal cancer: increased bowel
dysfunction in irradiated patients -a Dutch colorectal
cancer group study. J Clin Oncol 2005;23:6199-6206.

5. Gunderson LL, Sargent DJ, Tepper JE, Wolmark N,
O’Connell MJ, Begovic M. Impact of T and N stage and

JBUON 2014; 19(1): 101



102

Treatment of T3ANOMO rectal cancer

10.

11.

12.

13.

14.

15.

treatment on survival and relapse in adjuvant rectal
cancer: a pooled analysis. J Clin Oncol 2004;22:1785-
1796.

Tepper JE, O'Connell M, Niedzwiecki D, Hollis DR,
Benson AB 3rd, Cummings B. Adjuvant therapy in
rectal cancer: analysis of stage, sex, and local con-
trol--final report of intergroup 0114. J Clin Oncol
2002;20:1744-1750.

Lombardi R, Cuicchi D, Pinto C, Di Fabio F, Iacopino
B, Neri S. Clinically-staged T3NO rectal cancer: is pre-
operative chemoradiotherapy the optimal treatment?
Ann Surg Oncol 2010;17:838-845.

Hildebrandt U, Feifel G. Preoperative staging of rectal
cancer by intrarectal ultrasound. Dis Colon Rectum
1985;28:42-46.

Brown G, Richards CJ, Newcombe RG et al. Rectal car-
cinoma: Thin-section MR imaging for staging in 28
patients. Radiology1999;211:215-222.

Greene FL, Page DL, Fleming ID et al. American Joint
Committee on Cancer staging manual (6th Edn). Phil-
adelphia: Springer;2002.

National Institutes of Health Consensus Conference.
JAMA 1990; 264:1444-1450.

Merchant NB, Guillem ]G, Paty PB et al. T3NO rec-
tal cancer: results following sharp mesorectal ex-
cision and no adjuvant therapy. J Gastrointest Surg
1999;3:642-647.

Picon AI, Moore HG, Sternberg SS, Minsky BD, Paty
PB, Blumberg D. Prognostic significance of depth of
gross or microscopic perirectal fat invasion in T3 NO
MO rectal cancers following sharp mesorectal ex-
cision and no adjuvant therapy. Int J Colorectal Dis
2003;18:487-492.

Willett CG, Badizadegan K, Ancukiewicz M, Shellito
PC. Prognostic factors in stage T3NO rectal cancer: do
all patients require postoperative pelvic irradiation
and chemotherapy? Dis Colon Rectum 1999;42:167-
173.

Steel MC, Woods R, Mackay JM, Chen F. Extent of me-

JBUON 2014; 19(1): 102

16.

17.

18.

19.

20.

21.

22.

23.

24.

sorectal invasion is a prognostic indicator in T3 rectal
carcinoma. ANZ ] Surg 2002; 72:483-487.

Park IJ, Kim HC, Yu CS, Kim TW, Jang SJ, Kim JC. Ef-
fect of adjuvant radiotherapy on local recurrence in
stage II rectal cancer. Ann Surg Oncol 2008;15:519-
525.

Bosset JF, Collette L, Calais G, Mineur L, Maingon P,
Radosevic-Jelic L. Chemotherapy with preoperative
radiotherapy in rectal cancer. EORTC Radiotherapy
Group Trial 22921. N Engl ] Med 2006;355:1114-1123.

Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt
PM, Stoker J. Rectal cancer: local staging and assess-
ment of lymph node involvement with endoluminal
US, CT, and MR imaging--a meta-analysis. Radiology
2004;232:773-783.

Koh DM, Brown G, Temple L et al. Rectal cancer: me-
sorectal lymph nodes at MRI with USPIO versus his-
topathologic findings—initial observations. Radiolo-
gy 2004;231:91-99.

Kim JC, Kim HC, Yu CS et al. Efficacy of 3-dimension-
al endorectal ultrasonography compared with con-
ventional ultrasonography and computed tomogra-
phy in preoperative rectal cancer staging. Am J Surg
2006;192:89-97.

Filippone A, Ambrosini R, Fuschi M et al. Preopera-
tive T and N staging of colorectal cancer: accuracy
of contrast-enhanced multi-detector row colonogra-
phy-initial experience. Radiology 2004;231:83-90.

Lopez-Kostner F, Lavery IC, Hool GR et al. Total me-
sorectal excision is not necessary for cancers of the
upper rectum. Surgery 1998 ;124:612-617.

Faerden AE, Naimy N, Wilk P et al. Total mesorectal
excision for rectal cancer: Differences in outcome for
low and high rectal cancer. Dis Colon Rectum 2005;
48:2224-2231.

Roedel C, Valentini V, Minsky BD. Rectal cancer. In:
Gunderson LL, Tepper JE (Eds): Clinical Radiation
Oncology (2nd Edn). New York, NY, Elsevier, 2007,
ppl113-1143.



