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Objectives: We aimed to determine the optimal treatment for patients
with locally advanced rectosigmoid cancers, and to determine whether
this can be guided by distance from anal verge (AV) and/or anatomic
landmarks such as the sacral promontory and peritoneal reflection (PR).

Materials and Methods: We retrospectively reviewed patients with
T3-T4 and/or node-positive rectosigmoid cancers who underwent sur-
gery from 2006 to 2018 with available pelvic imaging. We included
tumors at 9 to 20 cm from the AV on either staging imaging, or
colonoscopy. Patients were stratified into those who received neo-
adjuvant therapy, and those who underwent upfront surgery. Compar-
isons of characteristics were performed using χ2 test and Fischer exact
test. Locoregional failure (LRF) and overall survival were compared
using Cox regressions and Kaplan-Meier analysis.

Results: One hundred sixty-one patients were included. Ninety-seven
patients had neoadjuvant therapy, and 64 patients had upfront surgery.
Median follow-up time was 45.1 months. Patients who had neoadjuvant
therapy had tumors that were higher cT stage (P< 0.01) with more
positive/close circumferential resection margins seen on imaging by
radiologists (28.9% vs. 1.6%, P= 0.015). The 2-year rate of LRF,
distant metastases, or overall survival was not significantly different
between the 2 groups. None of 15 patients with tumors below the PR
treated with neoadjuvant therapy had LRF, but 1 (25%) of 4 patients
with tumors below the PR treated with adjuvant therapy experienced
LRF (P= 0.05).

Conclusions: Patients with tumors below the PR may benefit more
from neoadjuvant therapy. The PR on imaging may be a reliable
landmark in addition to the distance from the AV to determine the most
appropriate treatment option.
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C olorectal cancer is the fourth most common type of cancer
in the United States with ~150,000 new cases in 2020.1

Because of the risk of pelvic recurrences, preoperative chemo-
radiation is an established standard of care for patients with
locally advanced rectal cancer and has been shown to downstage
tumors and improve rates of pathologic complete response and
R0 resection, local control, and survival.2–7 In contrast, because
of the lower risk of local recurrence for colon cancer and

potential toxicities with radiation given the close proximity of the
small bowel, radiotherapy is not routinely used as part of curative
treatment, which consists mainly of surgical resection followed
by adjuvant chemotherapy depending on stage.8

Approximately 10% of colorectal cancers are located at the
rectosigmoid junction, and it is unclear whether to treat these
cancers like a rectal cancer, with neoadjuvant radiotherapy, or
like a colon cancer, with upfront surgery and possible adjuvant
therapy. Inappropriately omitting neoadjuvant radiotherapy may
lead to higher rates of local-regional recurrence, but at the same
time, delivering unnecessary neoadjuvant therapy may subject
patients to excess treatment-related toxicities.

Various definitions based on location have been used to try
to guide management of rectosigmoid cancers including distance
from anal verge (AV)2,4–7,9–11 and relationship to anatomic
landmarks such as the sacral promontory and peritoneal reflection
(PR).12–14 We aimed to determine the optimal treatment approach
for locally advanced rectosigmoid cancers and to determine
whether these various anatomic definitions can guide therapy.

MATERIALS AND METHODS

Patient Cohort and Variables
In this institutional review board-approved retrospective

study, we identified patients with rectosigmoid cancers treated at
our single academic center between 2006 and 2018. Patients were
included if they had staging magnetic resonance imaging (MRI)
or computed tomography (CT) of the pelvis and had non-
metastatic, clinical stage T3/T4, and/or N+ disease. The primary
tumor had to be located between 9 and 20 cm from the AV either
on imaging, colonoscopy, or sigmoidoscopy. We included
patients who had definitive surgery (abdominoperineal resection,
total or partial colectomy, or low anterior resection), with neo-
adjuvant or adjuvant therapy, and who underwent chemotherapy.

We collected available data from the medical chart on
patient demographics, tumor characteristics, and treatment
details. We classified the primary tumor location using distance
from the AV as well as relationship to the PR and sacral prom-
ontory. If any part of the tumor was straddling the PR or sacral
promontory, it was characterized as “straddle”. For tumors
characterized as “above” or “below” the anatomic landmarks, the
entire length of the tumor had to be above or below the PR or
sacral promontory. The sacral promontory was defined as a plane
drawn from the promontory to the pubic symphysis.15 The per-
itoneum was identified in the midsagittal plane as a thin, hypo-
intense line along with the superior bladder in men or the uterus
in women that extends inferiorly and posteriorly to approx-
imately the tip of the seminal vesicles in men and the cul-de-sac
in women, after which the posterior extension attaches to the
rectal wall anteriorly.16 Board certified radiologists with an
expertise in gastrointestinal malignancies reviewed the staging
imaging for positive or close circumferential margins. High
specificity of up to 92% for prediction of margins by MRI by
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radiologists with experience in gastrointestinal and MRI have
been previously described in a prospective observational study.17

Margins were described as close or threatened if the tumor
was <2 mm from the mesorectal fascia. We classified treatment
into (1) neoadjuvant therapy followed by surgery± adjuvant ther-
apy, and (2) upfront surgery with adjuvant therapy. The decision
for different treatment approaches was made on a case-by-case
basis and discussed at a multidisciplinary lower gastrointestinal
tumor board.

Outcomes and Statistical Analysis
Time to overall survival (OS), was defined as the time from

the start of any treatment to the date of death; patients who did not
die were censored at the date of last clinical follow-up. Time to OS
was summarized using Kaplan-Meier and groups were compared
using log-rank tests. Time to locoregional failure (LRF), and time
to distant metastasis were defined as the time from the start of any
treatment until date of locoregional or distant failure, respectively,
with death as a competing event. LRF was defined as recurrence in
the region surrounding the tumor bed, anastomosis site, anterior
pelvic organs, perineum, or pelvic nodal stations. These time to
event outcomes were analyzed using competing risk methods and
groups were compared using Gray test. Continuous variables and
categorical variables were compared using Mann-Whitney U test,
and Fisher exact test, respectively. All tests performed were
2-sided with an α level of 0.05. All analyses were performed in
SAS (SAS Institute Inc., Cary, NC).

RESULTS

Patient, Tumor, and Treatment Characteristics
A total of 161 patients were identified and included in the

analyses. Ninety-nine patients had staging MRI, and 62 patients
had staging CT imaging. 149 patients had tumors that were 9 to
20 cm from the AV on imaging, and 148 patients had tumors that
were 9 to 20 cm from the AV on colonoscopy or sigmoidoscopy.
Of the entire cohort, 97 patients had neoadjuvant therapy and 64
patients had upfront surgery. In the neoadjuvant group, 11 (11.3%)
patients received short-course radiation, and 86 (88.7%) patients
received long-course radiation. One patient (1%) did not complete
radiation therapy and stopped after 8 fractions. Six (6.2%) patients
received total neoadjuvant therapy (2 with short-course radiation
and 4 with long-course radiation). In the upfront surgery group, 4
(6.3%) patients received adjuvant radiation therapy.

Patients who had neoadjuvant therapy were significantly
younger (53 vs. 58.3 y, P= 0.03), had primary tumors that were
closer to the AV on colonoscopy (10.0 vs. 15.0 cm, P< 0.01),
closer to the AV on imaging (10.5 vs. 13.5 cm, P< 0.01), and
more likely below the PR (74.2% vs. 60.9%, P< 0.01). Patients
in the neoadjuvant group also had higher clinical T stage tumors
(Table 2) and more tumors that had a positive or close cir-
cumferential resection margin seen on imaging (28.9% vs.
1.6%, P= 0.015). Patients in the adjuvant group had more
cycles of adjuvant chemotherapy (median 6 vs. 8 cycles,
P< 0.01, Table 1) and higher pathologic T stage and N stage,
likely due to the lack of downstaging effect from neoadjuvant
therapy (Table 2). A combination of capecitabine and oxali-
platin was the most used chemotherapy regimen, followed by a
combination of leucovorin, 5-FU, and oxaliplatin.

Sex, smoking status, Eastern Cooperative Oncology Group
score, and ethnicity were not significantly different between the 2
groups (Table 1). There were no significant differences between
the 2 groups in the primary tumor’s relationship to the sacral
promontory, and the number of tumors with a positive circum-
ferential resection margin on the surgical specimen (Table 2).

LRF, Distant Metastases, and Survival
The median follow-up time was 45.1 months. The 2-year

cumulative incidence ofLRF was 5.2% in the neoadjuvant group
versus 5.6% in the upfront surgery group (P= 0.91, Fig. 1).

Of the 9 patients who experienced LRF, 8 (89%) occurred
in patients with tumors above or straddling the PR and 1 (11%)
occurred in patients with tumors below the PR. None of the 15
patients with tumors below the peritoneal reflection treated with
neoadjuvant therapy had LRF, but 1 (25%) of the 4 patients
with tumors below the peritoneal reflection treated with adju-
vant therapy experienced a LRF (P= 0.05; Table 3). In contrast,
for patients with tumors above and straddling the PR, 8 of the
80 (10.0%) patients treated with neoadjuvant therapy had LRF
whereas 2 of 54 (3.7%) patients who underwent adjuvant
therapy experienced LRF.

There were no significant differences in LRF between
those who received neoadjuvant versus adjuvant therapy based
on whether tumor was ≤ 10 cm from the AV on imaging or
colonoscopy, or where the tumor was in relationship to the
sacral promontory (Table 3).

Among those who received neoadjuvant therapy, neither
distance from AV on colonoscopy (hazard ratio [HR] 1.065, 95%
confidence interval [CI] 0.746-1.520) or on imaging (HR 1.205,
95% CI 0.816-1.78) was associated with LRF. However, among
those who received adjuvant therapy, larger distance from AV
was associated with lower risk of LRF (colonoscopy: HR 0.866,
95% CI 0.735-1.020; imaging: HR 0.487, 95% CI 0.243-0.977).

The 2-year OS was 97.5% in the neoadjuvant therapy group
versus 93.7% for the upfront surgery group (P= 0.33). The
2-year cumulative incidence of distant metastasis was 9.2% in the

TABLE 1. Patient and Treatment Characteristics

Neoadjuvant
Treatment

(n= 97) n (%)

Adjuvant
Treatment

(n= 64) n (%) P

Age (years, median) 53.0 58.5 0.03
Sex 0.73
Female 54 (55.7) 38 (59.4)
Male 43 (44.3) 26 (40.6)

Smoking status 0.55
Current 5 (5.2) 2 (3.1)
Former 26 (26.8) 22 (34.4)
Never 66 (68) 40 (62.5)

ECOG 0.12
0 36 (37.1) 24 (37.5)
1 50 (51.5) 17 (26.6)
2 2 (2.1) 2 (3.1)

Unknown 9 (9.3) 21 (32.8)
Ethnicity 0.19
White 52 (53.6) 25 (39.1)
Hispanic 14 (14.4) 11 (17.1)
Other 31 (32) 28 (43.8)

Adjuvant
chemotherapy
(number of cycles,
median)

6 8 < 0.01

Neoadjuvant short-
course radiation

11 (11.3) —

Neoadjuvant long-
course radiation

86 (88.7) —

TNT 6 (6.2) —

Postoperative
radiation

0 (0) 4 (6.3)

ECOG indicates Eastern Cooperative Oncology Group; TNT total neo-
adjuvant therapy.
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neoadjuvant group versus 10.4% in the upfront surgery group
(P= 0.54). The primary tumor’s relationship to the PR and sacral
promontory, and distance from the AV on colonoscopy or
imaging, were not associated with OS or distant metastases.

DISCUSSION
We report the outcomes of our single-institution experi-

ence with treating patients with locally advanced rectosigmoid
adenocarcinoma and found that patients who were treated with
neoadjuvant radiotherapy had similar cancer control outcomes
as those patients treated with upfront surgery, despite having
cancers with more adverse prognostic features. In addition, we
found that tumors below the PR may derive more benefit in
terms of locoregional control from neoadjuvant therapy.

The role of neoadjuvant therapy in the management of
locally advanced rectosigmoid adenocarcinoma is controversial.
Our institutional practice for the management of tumors in this
location includes a multidisciplinary discussion with medical
oncologists, radiation oncologists, radiologists, and surgical
oncologists, taking into consideration clinical prognostic features
and relationship to anatomic landmarks, and shared decision-
making between the providers and the patient. The patterns of
recurrence after resection for rectal cancer is significantly dif-
ferent from that after resection for colon cancer18–21; thus colon
cancers are treated with upfront surgery whereas locally
advanced rectal cancers are treated with neoadjuvant therapy to
reduce risk of locoregional recurrence. Classifying colorectal
cancers as rectal versus colon cancers has in large part been
guided by trials that have included tumors within 15 to 16 cm
from the AV and/or below the sacral promontory as rectal
cancers.2,4–7,9 However, higher rectal tumors have a lower risk of

TABLE 2. Tumor Characteristics

Neoadjuvant
Treatment

(n= 97) n (%)

Adjuvant
Treatment

(n= 64) n (%) P

Distance from anal
verge on
colonoscopy
(cm, median)

10.0 cm 15.0 cm < 0.01

9-10 cm 38 (39.2) 34 (53.1) < 0.01
≥ 10 cm 56 (57.7) 14 (21.9)
Unknown 3 (3.1) 16 (25)

Distance from anal
verge on imaging
(cm, median)

10.5 cm 13.8 cm < 0.01

9-10 cm 51 (52.6) 52 (81.3) < 0.01
≥ 10 cm 43 (44.3) 6 (9.4)
Unknown 3 (3.1) 6 (9.4)

Clinical T stage < 0.01
cT1 0 (0) 6 (9.4)
cT2 9 (9.3) 13 (20.3)
cT3 77 (79.4) 25 (39)
cT4 11 (11.3) 4 (6.3)

Unknown 0 (0) 16 (25)
Clinical N stage 0.089
cN0 21 (21.6) 17 (26.6)
cN1 40 (41.2) 26 (40.6)
cN2 33 (34) 10 (15.6)
Unknown 3 (3.1) 11 (17.1)

Primary tumor’s
relationship to
peritoneal reflection

< 0.01

Above 20 (20.6) 35 (54.7)
Below 15 (15.5) 4 (6.3)
Straddle 60 (61.9) 19 (29.7)
Unknown 2 (2.1) 6 (9.4)

Primary tumor’s
relationship to sacral
promontory

0.21

Above 1 (1) 3 (4.7)
Below 72 (74.2) 39 (60.9)
Straddle 22 (22.7) 16 (25)
Unknown 2 (2.1) 6 (9.4)

Pathologic T stage 0.01
pT1 28 (28.9) 7 (10.9)
pT2 18 (18.6) 10 (15.6)
pT3 46 (47.4) 38 (59.4)
pT4 5 (5.2) 9 (14.1)

Pathologic N stage < 0.01
pN0 65 (67) 13 (20.3)
pN1 20 (20.6) 35 (54.7)
pN2 12 (12.4) 16 (25)

Pretreatment
circumferential
resection margin on
imaging

0.015

Positive 22 (22.7) 1 (1.6)
Close (≤ 2 mm) 6 (6.2) 0 (0)
Negative (> 2 mm) 40 (41.2) 17 (26.6)
Unknown 29 (29.9) 46 (71.9)

Circumferential
resection margin on
specimen

0.65

Positive 4 (4.1) 1 (1.6)
Negative 93 (95.9) 63 (98.4)

FIGURE 1. Locoregional failure (LRF). This figure shows the
cumulative incidence of LRF in the neoadjuvant treatment group
versus the upfront surgery treatment group. RT indicates
radiation therapy.

TABLE 3. Local-regional Failures Based on Primary Tumor’s
Location

Neoadjuvant
n (%)

Adjuvant
n (%) P

Above/straddle PR 6/80 (7.5) 2/54 (3.7) 0.41
Below PR 0/15 (0) 1/4 (25) 0.05
≤ 10 cm from AV on
colonoscopy

1/38 (2.6) 2/34 (5.9) 0.52

> 10 cm from AV on
colonoscopy

4/56 (7.1) 1/14 (7.1) 0.85

≤ 10 cm from AV on imaging 2/51 (3.9) 1/52 (1.9) 0.54
> 10 cm from AV on imaging 4/43 (9.3) 2/6 (33) 0.07
Above/straddle SP 0/3 (0) 1/9 (11.1) 0.26
Below SP 5/72 (6.9) 3/34 (8.8) 0.76

AV indicates anal verge; PR, peritoneal reflection; SP, sacral promontory.
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locoregional recurrence, calling into question the relative benefit
of neoadjuvant radiotherapy and its associated side effects.
Furthermore, in the Dutch rectal cancer study, a subgroup anal-
ysis showed that patients with upper tumors, defined as 10.1 to
15 cm from the AV, did not benefit in terms of local control with
the addition of neoadjuvant radiotherapy.9

Our study found that cancer control outcomes were similar
for rectosigmoid cancers managed with upfront surgery versus
neoadjuvant therapy. This was despite the neoadjuvant group
having tumors that were higher stage and more often with a close
or positive circumferential margin on imaging, suggesting that
neoadjuvant therapy overcame these known negative prognostic
factors. Similar to our findings, the medical research council-07
(MRC-07) study showed a reduction in local recurrence rates
with neoadjuvant as opposed to postoperative therapy for upper
rectal tumors, defined as > 10 to 15 cm from the AV measured
by rigid sigmoidoscopy.7 A National Cancer Database study that
included 9313 patients reported that in patients with clinical stage
2 or 3 rectosigmoid cancer, the use of neoadjuvant chemo-
radiation resulted in significantly fewer positive circumferential
resection margins. In their propensity score-matched analysis, the
use of neoadjuvant therapy was associated with an improved OS
compared with upfront surgery with a 5-year estimated OS of
77% versus 72%, respectively.4 Table 4 summarizes the above
studies describing outcomes in rectosigmoid cancers.

Interestingly, there were no LRF among 15 patients with
primary tumors below the PR treated with neoadjuvant therapy
compared with 1 of 4 patients with tumors below the PR having
had a LRF treated with adjuvant therapy. In contrast, we found
that outcomes with neoadjuvant therapy did not differ based the
primary tumor’s distance from the AV seen on colonoscopy or
imaging. This may in part be due to inconsistencies and inac-
curacies in measuring distance from AV. A retrospective study
by Alasari et al compared the rectal tumor distance from AV on
MRI and sigmoidoscopy and found that there was a difference
of 2 cm or greater in this measurement for 20% of patients.
Anatomic landmarks on MRI, like the PR, may be more a more
reproducible and accurate way to localize rectal tumors. This
study then used anatomic landmarks seen on MRI, such as the
PR, to define tumor location and found almost perfect
concordance between MRI landmarks and intraoperative
location.14 Another study that compared the surgical and

radiologic findings of 54 patients found that the accuracy of
predicting tumor location relative to the PR by rectal MRI using
surgical findings was 90.7%.22 Thus, the PR may be a better
landmark than distance from AV to guide treatment selection.
Furthermore, studies have found that the PR is easily depictable
on MRI in 82% to 90% of patients.16,22 Although soft tissue
resolution is lower quality on CT, the rectal cancer location
with regard to the PR may still be identified by using the
location of the bladder in men or the uterus in women.16

Arguably, a limitation of all the large rectal cancer trials
discussed above is reliance of colonoscopy or sigmoidoscopy
only for defining rectal tumors to guide treatment management.
For example, in the Dutch rectal cancer study that showed that
upper rectal tumors did not benefit from neoadjuvant
radiotherapy,9 patients were not required to have staging imaging
and the definition of rectal tumors was based on the use of flexible
endoscopy. With the advances in imaging, MRI is now widely
adopted as part of initial staging for locally advanced rectal
cancer. There has been an increasing body of literature describing
the successful utilization of MRI in identifying patients at higher
risk for recurrences, such as those with a close CRM, less depth of
invasion, and extramural venous invasion.23–25 However, the
specific use of various anatomic landmarks such as the PR to help
to optimize the treatment of rectosigmoid cancers has not been
widely described and may also aid in limiting unnecessary
treatment toxicities for those who may not benefit from neo-
adjuvant therapy, while simultaneously improving outcomes for
patients who may derive the most benefit from neoadjuvant
therapy. Although we did not find a benefit with neoadjuvant
therapy in tumors above and straddling the PR, this result should
be interpreted with caution given small numbers and confounding
by indication. Those higher rectal tumors may have received
neoadjuvant therapy because of more adverse features.

There are several limitations to this study, including the
aforementioned biases inherent to its retrospective design. We
tried to limit the impact of these biases by controlling for
observable confounders that may have impacted therapeutic
decision-making and outcomes in multivariable analyses. In
addition, any tumors were found to straddle the PR, and we did
not further classify these tumors in terms of extent of tumor
below the PR. Although we recognize that a tumor’s relationship
to the PR perhaps represents more of a continuum rather than a

TABLE 4. Select Studies of Radiation for Rectosigmoid Cancers

Study NCDB Dutch Rectal Cancer Trial MRC-07

Eligibility Stage 2 or 3 rectosigmoid cancer Rectal cancer ≤ 15 cm from the AV
based on flexible endoscopy and
below the level of S1-2

Rectal cancer <15 cm from the AV
measured by rigid sigmoidoscopy

Subgroup analysis of tumors 10.1-
15 cm from the AV

Subgroup analysis of tumors >
10-15 cm from the AV

Treatment Neoadjuvant CRT (A) or upfront
surgery± adjuvant therapy (B)

Preoperative RT followed by TME
(A) or TME
alone (B)

Preoperative RT (A) or upfront
surgery with postoperative CRT

RT Any fractionation scheme 25 Gy in 5 fractions 25 Gy in 5 fractions (A) or 45 Gy in
25 fractions (B)

Overall
survival

77.0% (A) vs. 72.0% (B); P< 0.01 NA NA

Local control Data not available in NCDB 2-year LR: 1.3% (A) vs. 3.8%
(B; P= 0.17)

3-year LR: 1.2% (A) vs. 6.2%
(B; P= 0.19)

Other key
Findings

Positive CRM: 8% (A) vs. 11% (B) NA NA

pCR was 18.7% (A)

AV indicates anal verge; CRM, circumferential resection margin; CRT, chemoradiation; LR, local recurrence; MRC-07, medical research council-07; NA, not
applicable; NCDB, national cancer database; pCR, pathologic complete response; RT, radiation therapy; TME, total mesorectal excision.
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specific cut point, we did find that no patients with tumors
completely below the PR who underwent neoadjuvant therapy
experienced a local recurrence. Jung et al22 also similarly found
that as the tumor size increased, it became more difficult to
determine the exact tumor location in relationship to the PR.
Furthermore, some patients in our study had only a staging CT
pelvis scan, rather than MRI pelvis, due to these patients treated
in previous years when the standard of care did not include a
staging MRI pelvis. In patients who underwent a CT scan, we
were unable to assess certain characteristics such as the cir-
cumferential resection margin.26 Other techniques including
positron emission tomography/CT (PET/CT) that may aid in
clinical decision-making were not explored. In addition, we
assessed only the primary tumor’s relationship to the various
anatomic landmarks and did not consider location of involved
pelvic lymph nodes. This method is consistent with other pub-
lished studies detailing the significance of rectal cancers to the
fixed parameters seen on MRI12–14,22,27–29; however, nodal
location may also influence treatment selection and outcomes.
Finally, the subset analysis on outcomes based on the primary
tumor’s relationship to PR and sacral promontory may be
underpowered to detect differences between the 2 treatments due
to the small number of patients within each group.

In conclusion, patients with locally advanced rectosigmoid
tumors with adverse prognostic features such as more advanced
stage and threatened circumferential resection margin and those
below the PR may derive more benefit from neoadjuvant therapy.
The PR on imaging may be a reliable landmark used in addition to
the tumor distance from the AV to facilitate determination of the
most appropriate treatment option. Overall, patient preferences and
quality of life concerns may ultimately influence decisions regarding
the management of their disease—including consideration of omis-
sion of radiation therapy to avoid bowel and sexual dysfunction.30
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