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Abstract
Background: Stage T1-2 rectal cancers are unlikely to have lymph node metastases and neoadjuvant therapy is not
routinely administered. Postoperative management is controversial if lymph node metastases are detected in the
resected specimen. We studied the outcomes of patients with pT1-2 node-positive rectal cancer in order to
determine whether adjuvant radiotherapy was beneficial.
Methods: We conducted a retrospective analysis of 284 patients with pathological T1-2 node-positive rectal cancer
from a single institution. Outcomes, including local recurrence (LR), distant metastasis (DM), disease free survival
(DFS) and overall survival (OS), were studied in patients with detailed TN staging and different adjuvant treatment
modalities.
Results: The overall 5-year LR, DM, DFS and OS rates for all patients were 12.5%, 32.9%, 36.4% and 76.8%, respectively.
Local control was inferior among patients who received no adjuvant therapy. Patients could be divided into three
risk subsets: Low-risk, T1N1; Intermediate-risk, T2N1 and T1N2; and High-risk, T2N2. The 5-year LR rates were 5.3%,
9.8% and 26.4%, respectively (p = 0.005). In High-risk patients, addition of radiotherapy achieved a 5-year LR rate of
9.1%, compared 34.8% without radiotherapy.
Conclusions: In our study, we provide the detailed outcomes and preliminary survival analysis in a relatively infrequent
subset of rectal cancer. Three risk subsets could be identified based on local control for pT1-2 node positive rectal
cancer. Postoperative treatment needs to be individualized for patients with pT1-2 node-positive rectal cancer.
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Background
Neoadjuvant chemoradiotherapy (CRT) is recommended
for clinical T3N0 and node-positive rectal cancers based
on studies demonstrating a decrease in local recurrences
and associated morbidity [1-3]. When confined within the
muscularis propria layer (T1-2), rectal cancers are less
likely to have spread to regional lymph nodes and a considerable proportion of patients will receive primary surgery. Adjuvant treatment is appropriate when pathological
lymph nodes are detected in the resected specimen of T12 tumors. Outcomes data for this small subset of patients
with pT1-2 node-positive rectal cancer mainly derives
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from pooled analyses, in which the local control rate was
not adequately addressed [4,5]. Therefore, the optimal adjuvant treatment for patients with T1-2 node-positive rectal cancer is still in question.
Our series, a retrospective study from a single institution, was designed to assess the outcomes of patients with
pT1-2 node-positive rectal cancer who underwent primary
surgery followed by adjuvant chemotherapy, CRT, or no
adjuvant therapy. Our principal objective was to determine the impact of adjuvant radiotherapy in subsets of patients with pT1-2 node-positive rectal cancers.

Materials and methods
Patients and treatment modalities

This study was approved by the Fudan University Shanghai
Cancer Center Institutional Ethics Committee, and written
informed consent was obtained from the patient for the
publication of this report and any accompanying images.
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284 patients with pathological T1-2 (pT1-2) node-positive
rectal cancer were treated and included in an institutional
database at Fudan University Shanghai Cancer Center
between January 1993 and December 2009. The primary
site was considered to be in the rectum if the tumor was
located within 15 cm from the anal verge by digital examination or endoscopy. In this study, the 6th edition of the
American Joint Committee on Cancer’s (AJCC) Cancer
Staging Manual was used; [6] we were unable to define
N1c patients according to the AJCC 7th edition [7]. Based
on an institutional follow-up protocol, patients were evaluated every 6 months for the first three years after surgery,
and each year thereafter. Serum carcinoembryonic antigen
(CEA), chest X-ray/computed tomography scanning, and
abdomen and pelvic ultrasound/CT scanning was typically
performed according to surgeons’ guidance.
Between September and December 2012, all surviving
patients were contacted by telephone or mail in addition
to their scheduled follow up to update records for the
database. Sixty-five cases were excluded: 56 cases (19.7%)
were lost to follow-up; 9 cases (3.2%) had received neoadjuvant chemotherapy. Therefore, a total of 219 patients
(77.1%) with AJCC pT1-2 node-positive rectal cancers
were included in this analysis.
The patterns of care at the Fudan University prior to
2006 did not include pelvic MRI as a preoperative staging
technique or neoadjuvant CRT for middle and low rectal
cancers. Before 2006, patients with cT1-2 disease rarely received preoperative treatment regardless of node status.
All patients in this study underwent primary total mesorectal excision (TME) together with either abdominoperineal resection (APR) or anterior resection (AR) of mid
and low rectal cancers by colorectal surgeons. As a retrospective study, the regimens of adjuvant chemotherapy
varied, including 5-fluorouracil (5-Fu) based monotherapy
(5-Fu/leucovorin or capecitabine) and combined chemotherapy (FOLFOX4, mFOLFOX6 and XELOX regimens).
For patients receiving adjuvant CRT, 5-fluorouracil based
chemotherapy was delivered concurrently with radiation
therapy. According to institutional routine, post-operative
radiotherapy is the North American standard of care [8].
The total dose of radiation in our series was 45-55 Gy.
The standard fractionation is 45 Gy in 25 fractions to the
pelvis in 5 weeks with an optional reduced volume boost
of 5.4–9 Gy in 3–5 fractions to tumor bed. There were
two phases based on radiation technique application. Four
fields with block were used before 2002 and 3D conformal
therapy was applied afterwards.
Statistics

Local recurrence (LR) is defined as recurrent tumor at the
anastomosis, pelvic viscera, parietal pelvic structures and/
or presacral or sacral bone invasion, determined by physical
examination, endoscopy or imaging. Distant Metastases
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(DM) is defined as metastases at distant organs or structures (lymph nodes, etc.). The rate of LR or DM is the cumulative actuarial incidence of local recurrence or distant
metastases. Disease-free survival is defined as the time to
local recurrence, or distant metastases, or death (whichever occurs first). For each event (LR, DM and death), the
time to event was calculated from the completion of surgery to the occurrence of that event. The rates of LR, DM,
disease-free survival (DFS) and OS were computed using
the Kaplan–Meier method. Log-rank tests were performed
to compare differences among survival curves in univariate analyses. The distributions of clinicopathological
characteristics among different treatment modalities were
assessed by Pearson chi-square tests in crosstab tables.
The Cox regression model was used in multivariate analyses, and hazard ratios were estimated with corresponding 95% confidence intervals (95% CI). A p-value of < 0.05
was considered statistically significant.

Results
Outcomes and prognostic factors

With a median follow-up of 38 months (range, 6–
204 months), the 5-year LR, DM, DFS and OS rates for all
patients were 12.5%, 32.9%, 63.6% and 76.8%, respectively.
Detailed clinicopathological characteristics and treatment
are listed in Table 1. Patients who received no adjuvant
treatment experienced the highest 5-year LR rate (23.5%);
similar local control was observed following adjuvant CT
or CRT for all the patients as a whole (LR rates of 11.2%
and 7.5%, respectively) (Figure 1). Patients’ clinicopathological characteristics and postoperative treatment were
included in univariate analyses comparing different outcomes at 5 years after surgery. Type of surgery was related
to 5-year LR rate. N stage was the only variable that was
significantly associated with all patients’ outcomes: 5-year
LR, DM, DFS and OS rates (Table 1). Although numerical
differences were observed in the univariate analyses, patients who received adjuvant CRT did not show statistically improved local control compared to patients who
received CT only (5-year LR, 7.5% with CRT vs. 11.2%
with CT, p = 0.234).
Multivariate analyses revealed that N stage (N2 vs. N1)
was the only independent prognostic factor for 5-year DM,
DFS and OS rates, with hazard ratios of 2.12 (95% CI 1.173.83, p = 0.013), 2.37 (95% CI 1.40-4.00, p = 0.001) and 2.89
(95% CI 1.44-5.81, p = 0.003), respectively. N stage (N2 vs.
N1) and type of surgery (APR vs. AR) were independent
prognostic factors for 5-year LR rate, with hazard ratios of
3.59 (95% CI 1.52-8.48, p = 0.004) and 5.05 (95% CI 1.6715.28, p = 0.004), respectively. In addition, patients without
any adjuvant treatment were at significantly higher risk for
local failure, compared with patients with adjuvant CT
(HR, 2.98; p = 0.07) or CRT (HR, 5.88; p = 0.007).
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Table 1 Demographic characteristics and different outcomes of patients with pT1-2 node-positive rectal cancer
Characteristics

No. (%)
n = 219

5 y LR rate
(%)

P value

5 y DM rate
(%)

P
value

5 y DFS rate
(%)

P
value

5 y OS rate
(%)

P value

Gender
Male

116 (53.0)

16.6

Female

103 (47.0)

8.1

<60

130 (59.4)

13.6

≥60

89 (40.6)

10.7

0.095

38.4
28.5

0.305

57.6
69.1

0.162

72.4
81.0

0.428

Age
0.618

26.7
42.8

0.754

70.4
53.5

0.589

81.9
70.2

0.378

Tumor Location*
Low

155 (70.8)

15.2

High-Medium

64 (29.2)

6.1

<5

147 (67.1)

12.9

≥5

72 (32.9)

12.0

0.072

34.1
31.5

0.495

61.9
66.8

0.976

74.8
80.6

0.919

CEA(ng/ul)
0.964

33.3
34.7

0.784

63.5
61.8

0.828

76.0
74.6

0.384

Tumor Size
<3.5

100 (45.7)

13.0

≥3.5

119 (54.3)

12.1

AR

114 (52.1)

4.8

APR

105 (47.9)

19.9

Adenocarcinoma 200 (91.3)

11.9

0.935

30.3
35.6

0.346

66.8
60.8

0.423

73.7
77.8

0.898

Surgery**
0.002

29.9
34.2

0.423

69.0
59.6

0.621

81.3
73.3

0.782

Histopathology

Mucinous
Cancer

19 (8.7)

17.1

32.6
0.510

33.7

64.2
0.931

59.9

76.9
0.522

75.1

0.681

Tumor Grade
High

30 (13.7)

12.9

Low-Medium

189 (86.3)

12.5

T1

61 (27.9)

6.9

T2

158 (72.1)

14.3

0.978

42.6
31.8

0.684

54.5
64.5

0.856

67.9
77.7

0.912

T Stage
0.202

43.1
29.9

0.145

57.8
64.9

0.746

81.1
76.1

0.832

N Stage
N1

162 (74.0)

8.7

N2

57 (26.0)

23.0

<12

106 (48.4)

9.8

≥12

113 (51.6)

15.5

0.007

27.6
49.9

0.012

70.4
43.9

0.001

81.8
62.5

0.002

Sampled Lymph
Nodes
0.291

35.2
31.0

0.509

61.8
64.9

0.927

77.5
76.3

0.864

PNI/LVI
No

148 (67.6)

9.7

Yes

71 (32.4)

18.7

No

49 (22.4)

23.5

Adjuvant CT

98 (44.7)

11.2

Adjuvant CRT

72 (32.9)

7.5

0.144

28.9
41.6

0.028

68.1
53.7

0.043

78.3
73.2

0.705

Adjuvant Treatment
49.5
0.131

25.8
42.4

48.2
0.384

69.1
56.5

82.1
0.930

80.5

0.685

61.3

*Tumor location: Low, within 6 cm from anal verge; High-Medium, from 6 to 15 cm from anal verge.
**Abbreviations: AR Anterior Resection, APR Abdominoperineal Resection, CT Chemotherapy, CRT Chemoradiotherapy, PNI perineural invasion, LVI lymphovascular
invasion.
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Figure 1 The LR rates in all patients with different adjuvant treatment modalities.

Interaction of treatment modalities and outcomes

Further analyses were performed to assess the importance
of different adjuvant treatments for patients’ outcomes. In
our series, more patients with high-grade tumors, perineural or lymphovascular invasion received adjuvant CRT

(Table 2). The distributions of adjuvant treatments were
comparable among different N stage, T stage and type of
surgery. The interaction of treatment modalities and patients’ outcomes was presented in Table 3. No statistical
significance was found by comparing outcomes in patients

Table 2 The distribution of main clinicopathological characteristics among different treatment modalities
Treatment information

No adjuvant (%) n = 49

Adjuvant CT (%) n = 98

Adjuvant CRT (%) n = 72

P value

Tumor Size
<3.5

22 (10.0)

42 (19.2)

36 (16.4)

≥3.5

27 (12.3)

56 (25.6)

36 (16.4)

AR

29 (13.2)

49 (22.4)

36 (16.4)

APR

20 (9.1)

49 (22.4)

36 (16.4)

0.65

Surgery
0.53

Histopathology
Adenocarcinoma

44 (20.1)

90 (41.1)

66 (30.1)

Mucinous Cancer

5 (2.3)

8 (3.7)

6 (2.7)

High

6 (2.7)

7 (3.2)

17 (7.8)

Low-Medium

43 (19.6)

91 (41.6)

55 (25.1)

0.91

Tumor Grade
0.008

T Stage
T1

10 (4.6)

28 (12.8)

23 (10.5)

T2

39 (17.8)

70 (32.0)

49 (22.4)

N1

35 (16.0)

78 (35.6)

49 (22.4)

N2

14 (6.4)

20 (9.1)

23 (10.5)

No

33 (15.1)

76 (34.7)

39 (17.8)

Yes

16 (7.3)

22 (10.0)

33 (15.1)

0.37

N Stage
0.21

PNI/LVI
0.006
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Table 3 The outcomes and interaction of patients with different treatment modalities
5 y LR rate

5 y DM rate

5 y DFS rate

5 y OS rate

No adjuvant treatment vs. Any adjuvant Treatment (n = 219)
No Adjuvant Treatment (n = 49)

23.5*

49.5

48.2

82.1

9.5

31

65.6

75.5

No adjuvant CRT (n = 147)

15

29.1

65.9

81.3

Adjuvant CRT (n = 72)

7.5

43.4

56.5

61.3

Any Adjuvant Treatment (n = 170)
No adjuvant CRT vs. Adjuvant CRT (n = 219)

No adjuvant CT vs. Adjvuant CT only (n = 147)
No adjuvant CT (n = 49)

23.5

49.5

48.2

82.1

Adjuvant CT only (n = 98)

11.2

25.8

69.1

80.5

*None of the outcomes in this table had statistical significance.

with no adjuvant treatment vs. any adjuvant treatment,
no adjuvant CRT vs. adjuvant CRT, and no adjuvant treatment vs. adjuvant chemotherapy only.
By re-categorizing patients by more detailed TN stage,
significantly different outcomes (5-year LR, DM, DFS
and OS rates) were observed among patients with T1N1,
T2N1, T1N2 and T2N2 disease (Table 4). Therefore, in our
series, patients with T1-2 node-positive rectal cancer could
be divided into three risk subsets with significantly different LR rates: Low-risk, T1N1; Intermediate-risk, T2N1 and
T1N2; and High-risk, T2N2 (p = 0.005, Figure 2). In Lowrisk patients, the 5-year LR rate was only 5.3%, while the
5-year DM rate was 22.9%. In High-risk patients, both the
5-year LR rate and DM rates were as high at 26.4% and
50.6%, respectively, with a significantly lower 5-year OS
rate (59.3%, vs. 82.5% for Low-risk).
Among the 42 High-risk patients, 14 patients (33.3%) received adjuvant radiotherapy, while the other 28 patients
received no adjuvant treatment or adjuvant chemotherapy
alone. Only one of the 14 radiated patients experienced a
local recurrence for a 5-year LR rate of 9.1%, while 9 of
the 28 non-radiated patients experience local recurrence
for a 5-year LR rate of 34.8% (Figure 3). A trend was observed favoring adjuvant radiation for patients with T2N2
rectal cancer (p = 0.08).

Discussion
The management of rectal cancer requires a multidisciplinary team approach and individualized treatment based on
Table 4 Outcomes of patients with rectal cancer in
detailed TN stage
Detailed TN
stage

T1N1

T2N1

T1N2

T2N2

n = 46

n = 15

n = 116

n = 42

P value

5 y LR rate (%)

5.3

9.7

12.5

26.4

0.014

5 y DM rate (%)

22.9

42.3

38.1

50.6

0.025

5 y DFS rate (%)

73.8

58.8

61.9

41.0

0.004

5 y OS rate (%)

82.5

82.2

77.1

59.3

0.011

assessment of tumor stage, location and surgical resectability. Although preoperative locoregional staging is standard
for all patients with rectal cancer, the currently accepted
methods, pelvic MRI and EUS, are imperfect, particularly
for lymph node staging [9-13]. Retrospective studies have
demonstrated a relatively lower risk of lymph node metastasis in T1-2 rectal cancers, compared with T3 tumors
[14-18]. Therefore, most patients with clinically staged T12 node-negative rectal cancer will undergo primary resection, and adjuvant treatment will be determined according
to the pathological stage. For the small subset of patients
with pT1-2 node-positive rectal cancer, the optimal combination of surgery, chemotherapy and radiotherapy is still
controversial. Based on outcomes data, adjuvant chemotherapy is recommended for all patients with node-positive
rectal cancer [19,20]. Consistent with this recommendation, in our series, the 5-year DM rate for patients with
pT1-2 node-positive rectal cancers who received adjuvant
chemotherapy was 25.8%, which was obviously lower than
patients without any adjuvant therapy (5-year DM rate,
49.5%).
We sought to determine whether or not adjuvant
radiotherapy improves local control following an optimal
surgery. An optimal TME for T1-2 tumors can successfully resect the primary tumor, dissect the perirectal
fascia and clear any involved lymph nodes [21-23]. In
our series, local control was similar between patients
who did or did not receive adjuvant radiotherapy. By
analyzing the patients within more detailed TN stage
subsets, we found that the 5-year LR rate was 26.4% for
patients with pT2N2 rectal cancer, which was almost five
times that with pT1N1 tumors (5.3%). Of all the 46 patients with pT1N1 tumors, there were only 2 cases of
local recurrence. Although it is difficult to provide a persuasive conclusion, the optimal local control suggested
obviating radiotherapy may be reasonable in pT1N1 patients. However, for 42 patients with pT2N2 tumors, although in a small number of cases, local recurrence rate
was greatly reduced by adjuvant CRT, which suggested
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Figure 2 The LR rates for patients within different risk groups.

the benefit of adjuvant CRT in these patients. Therefore,
our data indicate that adjuvant CRT is warranted for patients with pT2N2 rectal cancer.
Unlike with colon cancer, prevention of local recurrence
is a major concern in treatment decision making for rectal
cancer. It is difficult to define the risk of local recurrence
according to the TNM stage. In a pooled analysis of three
North American randomized phase III rectal adjuvant trials, patients were categorized into three groups with distinct DFS and OS [4,24-26]. Because all patients received

postoperative radiotherapy, it was impossible to compare
local control with or without radiotherapy. Only a 2% difference in local control was observed for patients with
pT1-2 N1 tumors vs. pT1-2 N2 tumors. Data from an additional two randomized phase III North American rectal
cancer adjuvant studies [26,27] was added to allow for a
comparison of outcomes following multiple treatment modalities (surgery alone, surgery + radiotherapy, surgery +
CRT and surgery + CT) [28]. In this analysis, patients with
pT1-2 N1 and pT1-2 N2 tumors experienced similar
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Figure 3 The LR rates for high-risk patients with or without postoperative radiation.
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improvements in local control with any adjuvant treatment. Patients with pT1 and pT2 tumors were combined
when comparing outcomes. By contrast, our study showed
that distinct LR and DM rates exist among patients with
pT1 and pT2 node-positive rectal cancers. To improve
local control and minimize potential harm from overtreatment, adjuvant therapy should be individualized for these
subsets of patients.
We were unable to determine whether adjuvant CRT
is warranted in patients with Intermediate-risk (pT1N2
and pT2N1) rectal cancer. Although it might be possible
to improve the 5-year LR rate to less than 10%, we believe that over 35% 5-year DM rate should prioritize
combination chemotherapy in this patient subgroup. It
is important for physicians to assess the tolerability of
adjuvant CT only or CRT in advance. For patients of
intermediate risk, it may be beneficial to consider adding
radiotherapy to adjuvant treatment if combined chemotherapy was well tolerated.
T1-2 rectal cancer is generally considered to be a local
disease that is unlikely to result in regional or distant
metastasis. The intrinsic cause of metastasis in T1-2 rectal cancer is unknown. The tumor invasion depth (T2
vs. T1), or submucosal invasion in T1 patients (sm1-3)
may not correlate with lymph node metastasis [15,29].
Of note, 53% of patients in our study had T1N2 disease.
Some studies have found that markers of aggressiveness,
vascular invasion or tumor grade, associate with early
lymph node metastasis [5,30,31]. Further study of the
biological features of these cases may improve our understanding of invasion by rectal cancer cells.

Conclusions
In our study, we provide the detailed outcomes and preliminary survival analysis in a relatively infrequent subset
of rectal cancer. Patients with T1-2 node-positive rectal
cancer can be classified into three risk subsets based on
local control rates. Great treatment disparities exist in
pT1-2 node positive rectal cancer. Postoperative treatment needs to be individualized for these patients. This
retrospective analysis suggests adjuvant CRT may be
warranted in patients with pT2N2 rectal cancer, while
the benefit in patients with pT1N1 rectal cancer was still
undetermined.
Competing interests
There are no financial competing interests to declare in relation to this manuscript.
Authors’ contributions
Study conception and design: JP, XL, SC. Acquisition of data: DS, XL, HW.
Analysis and interpretation of data: YD, JP. Writing manuscript: JP, YD, HW.
All authors read and approved the final manuscript.
Acknowledgements
This work was supported by the grants from the Science and Technology
Commission of Shanghai Municipality program 11DZ1971000 and
134119a8602.

Page 7 of 8

Author details
1
Department of Colorectal Surgery, Fudan University Shanghai Cancer
Center, Shanghai, China. 2Department of Oncology, Shanghai Medical
College, Fudan University, Shanghai, China. 3Department of Biostatistics,
University of Pittsburgh, Pittsburgh, PA, USA.
Received: 25 July 2013 Accepted: 15 December 2013
Published: 19 December 2013
References
1. Sauer R, Becker H, Hohenberger W, et al: Preoperative versus
postoperative chemoradiotherapy for rectal cancer. New Engl J Med 2004,
351:1731–1740.
2. Bosset JF, Collette L, Calais G, et al: Chemotherapy with preoperative
radiotherapy in rectal cancer. New Engl J Med 2006, 355:1114–1123.
3. Roh MS, Colangelo LH, O’Connell MJ, et al: Preoperative multimodality
therapy improves disease-free survival in patients with carcinoma of the
rectum: NSABP R-03. J Clin Oncol: Off J Am Soc Clin Oncol 2009, 27:5124–5130.
4. Gunderson LL, Sargent DJ, Tepper JE, et al: Impact of T and N substage on
survival and disease relapse in adjuvant rectal cancer: a pooled analysis.
Int J Radiat Oncol, Biol, Phys 2002, 54:386–396.
5. Chok KS, Law WL: Prognostic factors affecting survival and recurrence of
patients with pT1 and pT2 colorectal cancer. World J Surg 2007, 31:1485–1490.
6. Greene FL, Page DL, Fleming ID, Fritz A, Balch CM, Haller DG (Eds): MM.
AJCC Cancer Staging Manual. 6th edition. New York: Springer-Verlag; 2002.
7. Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A (Eds): AJCC
Cancer Staging Manual. 7th edition. New York: Springer; 2010.
8. NIH consensus conference: Adjuvant therapy for patients with colon and
rectal cancer. JAMA: J Am Med Assoc 1990, 264:1444–1450.
9. Akasu T, Kondo H, Moriya Y, et al: Endorectal ultrasonography and
treatment of early stage rectal cancer. World J Surg 2000, 24:1061–1068.
10. Brown G, Davies S, Williams GT, et al: Effectiveness of preoperative staging
in rectal cancer: digital rectal examination, endoluminal ultrasound or
magnetic resonance imaging? Br J Cancer 2004, 91:23–29.
11. Panzironi G, De Vargas MM, Manganaro L, et al: Preoperative locoregional
staging of rectal carcinoma: comparison of MR, TRUS and multislice CT.
Personal experience. La Radiol Med 2004, 107:344–355.
12. Al-Sukhni E, Milot L, Fruitman M, et al: Diagnostic accuracy of MRI for
assessment of T category, lymph node metastases, and circumferential
resection margin involvement in patients with rectal cancer: A
systematic review and meta-analysis. Ann Surg Oncol 2012, 19:2212–2223.
13. Gagliardi G, Bayar S, Smith R, Salem RR: Preoperative staging of rectal
cancer using magnetic resonance imaging with external phase-arrayed
coils. Arch Surg 2002, 137:447–451.
14. Bentrem DJ, Okabe S, Wong WD, et al: T1 adenocarcinoma of the rectum:
transanal excision or radical surgery? Ann Surg 2005, 242:472–477.
discussion 477–479.
15. Peng J, Chen W, Venook AP, et al: Long-term outcome of early-stage
rectal cancer undergoing standard resection and local excision.
Clin Colorectal Cancer 2011, 10:37–41.
16. Peng J, Chen W, Sheng W, et al: Oncological outcome of T1 rectal cancer
undergoing standard resection and local excision. Colorectal Dis: Off J
Assoc Coloproctology G B Irel 2011, 13:e14–e19.
17. Brodsky JT, Richard GK, Cohen AM, Minsky BD: Variables correlated with
the risk of lymph node metastasis in early rectal cancer. Cancer 1992,
69:322–326.
18. Nascimbeni R, Burgart LJ, Nivatvongs S, Larson DR: Risk of lymph node
metastasis in T1 carcinoma of the colon and rectum. Diseases of the colon
and rectum, Volume 45. 2002:200–206.
19. Andre T, Boni C, Navarro M, et al: Improved overall survival with
oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment in stage II
or III colon cancer in the MOSAIC trial. J Clin Oncol: Off J Am Soc Clin
Oncol 2009, 27:3109–3116.
20. Twelves C, Wong A, Nowacki MP, et al: Capecitabine as adjuvant
treatment for stage III colon cancer. New Engl J Med 2005, 352:2696–2704.
21. Law WL, Chu KW: Anterior resection for rectal cancer with mesorectal
excision: A prospective evaluation of 622 patients. Ann Surg 2004,
240:260–268.
22. Law WL, Chu KW: Local recurrence following total mesorectal excision
with double-stapling anastomosis for rectal cancers: Analysis of risk
factors. World J Surg 2002, 26:1272–1276.

Peng et al. Radiation Oncology 2013, 8:290
http://www.ro-journal.com/content/8/1/290

Page 8 of 8

23. Moore E, Heald RJ, Cecil TD, Sharpe GD, Sexton R, Moran BJ: Almost all five
year disease free survivors are cured following rectal cancer surgery, but
longer term follow-up detects some late local and systemic recurrences.
Colorectal Dis: Off J Assoc Coloproctology G B Irel 2005, 7:403–405.
24. Krook JE, Moertel CG, Gunderson LL, et al: Effective surgical adjuvant
therapy for high-risk rectal carcinoma. New Engl J Med 1991, 324:709–715.
25. O’Connell MJ, Martenson JA, Wieand HS, et al: Improving adjuvant therapy for
rectal cancer by combining protracted-infusion fluorouracil with radiation
therapy after curative surgery. New Engl J Med 1994, 331:502–507.
26. Tepper JE, O’Connell MJ, Petroni GR, et al: Adjuvant postoperative
fluorouracil-modulated chemotherapy combined with pelvic radiation
therapy for rectal cancer: initial results of intergroup 0114. J Clin Oncol:
Off J Am Soc Clin Oncol 1997, 15:2030–2039.
27. Wolmark N, Wieand HS, Hyams DM, et al: Randomized trial of
postoperative adjuvant chemotherapy with or without radiotherapy for
carcinoma of the rectum: National surgical adjuvant breast and bowel
project protocol R-02. J Natl Cancer Inst 2000, 92:388–396.
28. Gunderson LL, Sargent DJ, Tepper JE, et al: Impact of T and N stage and
treatment on survival and relapse in adjuvant rectal cancer: A pooled
analysis. J Clin Oncol: Off J Am Soc Clin Oncol 2004, 22:1785–1796.
29. Rasheed S, Bowley DM, Aziz O, et al: Can depth of tumour invasion
predict lymph node positivity in patients undergoing resection for early
rectal cancer? A comparative study between T1 and T2 cancers.
Colorectal Dis: Off J Assoc Coloproctology G B Irel 2008, 10:231–238.
30. Bayar S, Saxena R, Emir B, Salem RR: Venous invasion may predict lymph
node metastasis in early rectal cancer. Eur J Surg Oncol: J Eur Soc Surg
Oncol Br Assoc Surg Oncol 2002, 28:413–417.
31. Fang WL, Chang SC, Lin JK, et al: Metastatic potential in T1 and T2
colorectal cancer. Hepato-gastroenterol 2005, 52:1688–1691.
doi:10.1186/1748-717X-8-290
Cite this article as: Peng et al.: Is adjuvant radiotherapy warranted in
resected pT1-2 node-positive rectal cancer? Radiation Oncology
2013 8:290.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

