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Abstract
Aim The intensity and duration of surveillance for rectal can-
cer after surgical resection remain contentious. We evaluated
the pattern of recurrences in a rectal cancer cohort followed up
beyond 10 years.
Methods An analysis was performed on a retrospective data-
base of 326 patients with rectal cancer who underwent cura-
tive surgical resection from 1999 to 2007. The above study
duration was chosen to ensure at least 10 years of follow-up.
Data on patient demographics, peri-operative details, and
follow-up outcomes were extracted from the database. The
pattern of recurrences and investigative modality that detected
recurrences was identified. Patients were followed up until
either year 2016 or the day of their demise.
Results Two hundred seventeen patients (66.6%) were male
and 109 patients (33.3%) female. Median age was 64 years
old. Close to a third of the patients received adjuvant therapy
(34%). Among the 326 patients studied, 29.8% of (97/326)
patients developed recurrence. 7.7% (25/326) had loco-
regional recurrence while 22.1% (72/326) had distant

metastasis. Median time to recurrence was 16 months (4–83)
and 18 months (3–81), respectively. Computed tomography
scan was the best modality to detect both loco-regional and
distant recurrences (48% in loco-regional and 41.7% in distant
metastasis). The most common site of distant metastasis is the
lung (34.7%). The salvage rate for loco-regional and distant
recurrences was 52 and 12.5%, respectively.
Conclusion The predominant pattern of recurrence in rectal
cancer is distant disease. Surveillance regimes may need to be
altered to increase early detection of distant metastases.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide, with a lifetime risk of developing the disease
within the range of 4–5% [1]. It is the second leading cause
of cancer death and in the USA and is expected to account
for about 49,190 deaths in 2016 [1]. There has been a sharp
increase in age-incidence standardized incidence rate of
newly diagnosed CRC between 1975 and 1994, but this
rate has been plateauing and decreasing gradually recently
in years. Survival has also seen an overall increase over the
years [2]. It remains however, a substantial clinical problem in
the country. Among all cases of new diagnosed colorectal
cancers, rectal cancers constitute approximately 30% [3].
Rectal cancer is often regarded as a distinct disease as factors
such as sphincter preservation and sexual dysfunction second-
ary to autonomic neuropathy are issues unique to rectal cancer.
In addition, the anatomical confines of the pelvis further con-
tribute to the technical challenge of rectal resection and hence
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local recurrence rates are significantly higher compared to
colon cancer.

The evolution of rectal cancer treatment has expanded rap-
idly over the years and new surgical options range from min-
imally invasive options to local excision surgery. Furthermore,
the appreciation of new histopathological parameters such as
circumferential radial margins has led to better understanding
of recurrence patterns and survival outcomes. In general, two
thirds of patients newly diagnosed with rectal cancer are treat-
ed by surgery with curative intent [4]. The gold standard for
curative rectal surgery remains a good total mesorectal exci-
sion (TME). The addition of neoadjuvant chemoradiotherapy
in the last decade for locally advanced rectal cancers together
with TME has also led to a major reduction of local recurrence
rates [5–9]. However, despite these advances, overall survival
has not been shown to improve with neoadjuvant chemora-
diotherapy and both local and systemic recurrences after rectal
cancer resection remain a major concern.

About 25 to 40% of patients with resected rectal cancer will
develop recurrence. Common recurrence sites include the
lung, liver, and loco-regional lymph nodes in the peri-
tumoral drainage basin [10]. Current recommendations for
surveillance include a combination of history, physical exam-
ination, tumor marker evaluation, imaging, and endoscopy
with variable intensity depending on guidelines of various
cancer organizations and countries, as well as stage of disease.
Guidelines are created largely for the initial 5 years post cura-
tive resection and the intent largely is to detect curable recur-
rences amenable to salvage surgery. While it is well reported
that most recurrences occur within 5 years, recurrences have
been seen to develop after [5, 11]. Hence, the optimal follow-
up duration for rectal cancer after resection remains unknown
as it has been shown that recurrences can occur even as late as
7–8 years after curative surgery [12]. The optimal duration,
frequency and modality of how the follow-up should be con-
ducted remains unknown. In addition, it remains contentious
whether long-term or intensive follow-up results in improved
disease specific survival [13].

Thus, we aim to appraise the rectal cancer long-term fol-
low-up outcomes of our institution and evaluate the patterns of
recurrence in a bid to improve our surveillance protocols.

Methods

An analysis of a prospectively maintained database of all pa-
tients who underwent curative resection for rectal cancers
from 1999 to 2007 in the Department of Colorectal Surgery
at Singapore General Hospital was performed. Patients with
clear resection margins (R0 resection) and microscopic resid-
ual disease (R1 resection) were included in the study. The
above study duration was chosen as it ensured that all patients
included in the study had at least 10 years’ duration of follow-

up. While there were no standardizations of duration of fol-
low-up, patientswere routinely followed up for at least 5 years,
and were followed up beyond as long as they were keen to
remain in the institution. Patients were allowed to transfer care
to another institution or discharged to primary health physi-
cians if they requested, usually after 5 years of initial surveil-
lance. Exclusion criteria of this study included patients with
hereditary cancers or polyposis, stage 4 tumors, or patients
who declined curative surgery on diagnosis even in stage I–
III disease. We also excluded cases which had endoscopic
removal of malignant rectal polyps or local/transanal excision
of low rectal cancers to remove the uncertainty of under-
staged tumors in our analysis. Furthermore, patients were con-
sidered to have non-curative resections if they had persistent
gross local disease (R2) after initial surgical management and
were also not included in analysis. The study protocol was
approved by the Institutional Review Board of Singapore
General Hospital.

Data on patient demographics, peri-operative details and
follow-up outcomes were extracted from the database. The
pattern of recurrences and investigative modality that detected
recurrences was identified. Patients were followed up till end
of 2016 or to the day of their demise. All the cases were
performed by consultant surgeons in the department.

Staging and Pathologic Analysis

Stage of distant disease was evaluated by plain chest radio-
graphs, ultrasound, and/or computed tomography (CT) of the
chest, abdomen, and pelvis. Magnetic resonance imaging
(MRI) of the pelvis or endo-rectal ultrasound was performed
for all lower rectum tumors if possible. Upper rectum is de-
fined as 11–15 cm, middle rectum as 6–10 cm, and lower
rectum as 0–5 cm from the anal verge. These measurements
were recorded by the consultant surgeon after digital rectal
examination and endoscopy. In our institution, a selective neo-
adjuvant chemoradiation policy is adopted and this may be
offered for locally advanced cancers such as ultrasound or
MRI T3 or T4 staged tumors; the presence of positive nodes
(N1/N2) on imaging or if circumferential radial margin
(CRM) is positive (<2 mm). The majority of the cases in the
study era did not undergo neoadjuvant treatment. Adjuvant
therapy is offered to all medically fit patients with disease
staged stage III and above. Pathologic staging of disease was
performed according to American Joint Committee on Cancer
(AJCC) Staging Manual, 7th edition after surgical resection
with review of the resected specimen and investigations of
distant metastases [14]. Distal margin (DM) was defined as
the gross distance between the distal edge of the tumor to the
distal mucosal resection margin. This is performed usually by
pinning the surgical specimen and measuring the gross mar-
gins after formalin fixation.
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Follow-up Details

The follow-up regime in our department is three monthly inter-
vals for the first 2 years, six monthly for the next 3 years, and
then yearly thereafter. At each consultation, CEA levels were
measured and full history and physical examination (including
digital rectal examination) were performed. Colonoscopy was
performed within 6 months of surgery if initial complete eval-
uation was not possible pre-operatively due to tumor obstruc-
tion or stenosis. Those who had an initial complete colonic
evaluation would undergo colonoscopy at the first year fol-
low-up, and again at 3-yearly intervals post-operatively.
Patients with suspicious symptoms and signs of rising CEA
trend on follow-up will be evaluated earlier with colonoscopy
and/or radiological imaging (including computerized tomogra-
phy of the chest, abdomen and pelvis, bone scan and positron
emission tomography scans if applicable).

Recurrence Pattern

Loco-regional recurrence was defined as the first clinical, radio-
logic, and/or pathologic evident tumor of the same histological
type, within the true pelvis, at the anastomosis or the region of
the anastomosis, or in themesentery up to the root of the inferior
mesenteric artery stump. Distant recurrence was defined as sim-
ilar evidence of tumor detected outside the primary sites, such as
the liver, lungs, bone, brain, and para-aortic region. Patients who
were first diagnosed with loco-regional recurrence but later
found to have more advanced disease upon completion of stag-
ing (i.e., distant recurrences) were classified under the more
advanced metastatic category. Each recurrence subgroup was
further analyzed based on the modality that first detected recur-
rence, median time to recurrence, and whether the recurrence
eventually underwent salvage surgery.

Data Processing

Recurrence-free survival was calculated by subtracting the
date of recurrence detection from the date of operation. For
patients who had died due to disease progression, overall sur-
vival was computed by subtracting the date of death from the
date of operation, while those who had died of other causes
were censored at the date of death. For patients who were still
alive, overall survival was calculated by subtracting the date
of last review from the date of operation and censored at the
date of last review.

Statistical Analysis

The survival functions for overall and recurrence-free survival
were estimated using the Kaplan-Meier estimator. All statisti-
cal analyses were performed using Stata/MP Version 13.1
(College Station, TX, USA).

Results

A total of 326 patients were included in this study and all
underwent curative resection for rectal cancer during the study
duration. Demographic characteristics of the study cohort are
illustrated in Table 1. Two hundred seventeen patients (66.6%)
were male and median age of the patients was 64 years old.
Two hundred ninety-six patients (90.8%) underwent open sur-
gery while 30 patients (9.2%) had laparoscopic surgery. There
were few neoadjuvant chemoradiotherapy cases in this study
period as this was just being introduced in the institution.
However, approximately 34% of patients received adjuvant
chemotherapy or radiotherapy. The oncologic and peri-
operative outcomes of the entire study cohort are presented
in Table 2. Seventy-one patients (21.8%) were stage I, 106
patients (32.5%) were stage II, and 149 patients (45.7%) were
stage III. Median length of hospitalization was 7 days. Median
duration of follow-up was 45 months (0–134 months) and 97
patients (29.8%) of the study cohort had disease recurrence.

The Kaplan-Meier curve for overall survival disease-free
survival of the study cohort is illustrated in Fig. 1.

Pattern of Recurrences

Loco-regional recurrence rate was 7.7% (25 out of 326) while
distant recurrence rate was 22.1% (72 out of 326). Among the
97 patients who had recurrence, the majority were distant in
nature (72 out of 97, 74.3%) while 25.8% (25 out of 97) were

Table 1 Demographic characteristics of study cohort

Variables n = 326

Gender Male
Female

217 (66.6%)
109 (33.4%)

Median age
in year (range)

64
(23–88)

Race Chinese
Malay
Indian
Others

286 (87.7%)
15 (4.6)
12 (3.7)
13 (4.0)

Type of surgery Open
Lap assisted
Lap

296 (90.8%)
9 (2.8%)
21 (6.4%)

Types of surgery High anterior resection
Low anterior resection
Ultra-low anterior resection
Abdomino-perineal resection

6 (1.8%)
19 (5.8%)
298 (91.5%)
3 (0.9%)

Location of tumor Upper rectum
Mid rectum
Low rectum
Missing data

9 (2.8%)
58 (17.8%)
243 (74.5%)
16 (4.9%)

Neoadjuvant
therapy status

Chemotherapy
Radiotherapy

4 (1.2%)
5 (1.5%)

Adjuvant
therapy status

Chemotherapy
Radiotherapy

111 (34.0%)
114 (15.0%)
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loco-regional recurrences. Close to 80% of all recurrences
occurred within the first 3 years. Recurrences beyond the fifth
year occurred in 1.2% (4 out of 326) of the entire population.
The distribution of recurrence patterns is illustrated in Table 3.

Recurrence Outcomes With and Without Adjuvant
Therapy

A total of 138 (42.3%) patients received adjuvant therapy.
Recurrence rates among those who did and did not receive
adjuvant therapy were 50.7 and 14.4%, respectively
(p < 0.001). Among patients who received adjuvant therapy,
loco-regional recurrence rates and distant recurrence rates
were 8.7 and 42.1%, respectively. Among the patients who
did not receive adjuvant therapy the corresponding figures
were 2.7 and 11.7%.

Investigation Modality Which First Detected Recurrence

The investigative modality which first detected recurrence is
illustrated in Table 4. Loco-regional recurrences were predom-
inantly detected by computed tomography scans (12 out of 25,
48.0%) and colonoscopy (8 out of 25, 32.0%). In contrast,
distant recurrences were predominantly detected via comput-
ed tomography scans (30 out of 72, 41.7%) and elevated
carcinoembryonic antigen levels (26 out of 72, 36.1%).

The most common site of distant recurrence was the lung
(25 out of 72, 34.7%) followed by the liver (17 out of 72,
23.6%). Majority of those with distant recurrences had disease
confined to a single site (48 out of 72, 68.1%) while dual site
metastases constituted 27.8% (20 out of 72).

Among those with loco-regional recurrence, 13 (52%)
underwent subsequent curative surgery. Surgical procedures
performed for these patients include local excision (2 pa-
tients), abdominal perineal resection (7 patients) and pelvic
exenteration (4 patients).

The salvage metastectomy rate among patients with distal
recurrence was 12.5% (9 out of 72). Four patients had hepa-
tectomy for liver metastasis while 5 patients had lung
metastectomy.

Overall and Recurrence-Free Survival

The 5-year overall and recurrence-free survival rates for the
cohort were 70.8% (95% CI 64.4 to 76.2%) and 63.5% (95%
CI 57.2 to 69.1%), respectively.

The 25th percentile duration for overall and recurrence-free
survival were 49.9 and 26.5 months, respectively (median
survival not reached).

Discussion

The management of rectal cancer remains challenging despite
advances in surgical technique and adjuvant and neoadjuvant
therapy [5–7]. Tumor recurrence often poses a technical chal-
lenge due to the anatomical confines of the pelvis. In addition,
the presence of key structures in close proximity often renders

Table 2 Oncologic characteristics and peri-operative outcomes of
study cohort

Variables n = 326

Tumor grade Well-differentiated
Mod-differentiated
Poorly differentiated
Missing

34 (10.4%)
270 (82.8%)
13 (4.0%)
9 (2.8%)

Median Lesion size (cm) 4.0

T stage T1
T2
T3
T4

19 (5.8%)
74 (22.7%)
214 (65.6%)
19 (5.8%)

Nodal status N0 177 (54.3%)

N1 75 (23.0%)

N2 74 (22.7%)

TNM stage Stage I
Stage II
Stage III

71 (21.8%)
106 (32.5%)
149 (45.7%)

Perineural invasion +
−
Missing

48 (14.7%)
267 (81.9%)
11(3.4%)

Vascular invasion +
−
Missing

79 (24.2%)
244 (74.8%)
3 (0.9%)

Proximal margin (cm) 12.0 (1.6–47.6)

Distal margin (cm) 1.5 (0–8.0)

CRM < 2 mm 30 (9.2%)

Length of hospitalization (days) 7 (4–54)

Recurrence +
−

97 (29.8%)
229 (70.2%)

Fig. 1 Kaplan-Meier curve illustrating overall survival and disease-free
survival of study cohort
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recurrences either unresectable or resectable only at the expense
of procedures which confer significant surgical morbidity.

Till date, the ideal duration of follow-up post curative rectal
cancer resection remains unknown. Most published clinical
practice guidelines recommend follow-up till 5 years post cu-
rative resection [15–18]. This was based on the rationale that
90% of recurrences occurred within the first 5 years following
surgery [19]. However, these studies comprised predominant-
ly of colon cancer patients and thus the findings may not
necessarily be applicable to rectal cancer patients which may
have different recurrence patterns as compared to colon can-
cer. Few studies have been done specifically looking at late
recurrences beyond 5 years from index surgery. Data from a
French and Australian population study have concluded that 5
to 12% of patients can relapse beyond 5 years of curative
surgery [20, 21]. The study by Bouvier et al. was, however,
done exclusively on a cohort of colon cancer patients while
Broadbridge et al. included both colon and rectal cancer pa-
tients [20, 21]. A recent study by Cottet et al. was based on a
French population registry and focused primarily on rectal
cancer patients. It concluded that one out of 13 patients may
develop recurrence between 5 to 10 years after initial curative
surgery [22].

In our study, 95.8% (93 out of 97) of all recurrences oc-
curred within the first 5 years after curative resection.
Recurrences beyond the 5-year mark occurred among 4% of
the recurrent population, which constituted 1.2% of the entire
study cohort. These findings appear to be significantly differ-
ent from that reported by Cottet et al. whereby 1 in 13 patients
who were disease free at 5 years post-surgery developed a
recurrence thereafter [22]. A potential explanation could be

the study period whereby patients were recruited (1985–
2000) in the study by Cottet et al. This was close to 15 years
prior to the year where patients were first included in our study
(1999). Thus, the disparity in findings may have been influ-
enced by the inferior efficacy and inaccessibility of systemic
therapy during the era of the 1980s and 1990s. This hypothesis
is supported by the fact that the authors also found that late
recurrences (beyond the 5-year mark) occurredmore frequent-
ly in those diagnosed between 1985 and 1989 when compared
to those diagnosed between 1995 and 2000 [22]. Nonetheless,

Table 3 Pattern of recurrence of
study cohort Variables Proportion

among patients
with recurrence
n = 97

Proportion among
the entire population
n = 326

Recurrence pattern Loco-regional

Distant metastasis

25 (25.8%)

72 (74.2%)

25 (7.7%)

72 (22.1%)

Median time to recurrence
in months (range)

Loco-regional

Distant metastasis

16 (4–83)

18 (3–81)

Recurrence patterns by year

Type of recurrence

Loco-regional (%)

n = 25

Distant (%)

n = 72

Overall among
entire population (%)

n = 326

Number of recurrence in 1st year 9 (36%) 22 (30.6%) 31 (9.6%)

Number of recurrence in 2nd year 6 (24%) 27 (37.5%) 33 (10.1%)

Number of recurrence in 3rd year 4 (16%) 10 (13.9%) 14 (4.3%)

Number of recurrence in 4th year 4 (16%) 8 (11.1%) 12 (3.7%)

Number of recurrence in 5th year 1 (4%) 2 (2.8%) 3 (0.9%)

Number of recurrence beyond 5th year 1 (4%) 3 (4.1%) 4 (1.2%)

Table 4 Investigation modality which first detected recurrence

Variables n = 97

Loco-regional CTAP
Colonoscopy
Raised CEA
Others (trucut biopsy)

12 (48.0%)
8 (32.0%)
2 (8.0%)
3 (12.0%)

Distant metastasis CTAP
Colonoscopy
Raised CEA
MRI
Others
Missing

30 (41.7%)
4 (5.6%)
26 (36.1%)
2 (2.8%)
5 (6.9%)
5 (6.9%)

Site of recurrence
(distant mets)

Liver
Lung
Others

17 (23.6%)
25 (34.7%)
30 (41.7%)

Numbers of sites Single site
Dual site
Multiple (≥3)

48 (66.7%)
20 (27.8%)
4 (5.5%)

Recurrences which
subsequently underwent
resection

Loco-regional
Distant metastasis

13 (52.0%)
9 (12.5%)
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these findings indicate that recurrences do occur beyond the 5-
year mark.

The method of surveillance protocols within and be-
yond the traditional 5 years also remains undefined. In
our study, the recurrence pattern of rectal cancer appears
to be predominantly distant in nature, with distant recur-
rences accounting for 74.2% of all recurrences. Patients
who received adjuvant therapy showed higher rates of
recurrence which can be attributed to selection bias since
more advanced and higher risks tumors were more likely
to be offered adjuvant therapy. Nonetheless, the predilec-
tion of rectal cancer for distant recurrences persisted even
on subset analysis of those who received adjuvant thera-
py. This is consistent with findings of a recent publication
which similarly concluded that close to 80% of recur-
rences in rectal cancer were distant metastases [23]. This
contrasted with publications in the pre-TME era whereby
recurrence burden seemed to be predominantly loco-
regional in nature [24, 25]. The widespread adoption of
TME may have altered recurrence patterns in rectal cancer
such that distant disease constitutes the predominant re-
currence burden. Thus, our surveillance protocols may
need to be altered to detect distant metastases at an early
stage such that patients are amenable for curative
metastectomy. This is particularly pertinent as only 12.5%
of patients with distant metastases in our study cohort eventu-
ally underwent surgical resection. While this low rate of
metastectomy may be partially explained by the lack of surgi-
cal expertise during that era, one can argue that the advance-
ment in surgical metastectomy expertise over the years further
reinforces the need for more intensive surveillance regimes to
detect distant recurrences since that is no longer a limitation in
the current era. This is consistent with the latest practice guide-
lines by the American Society of Colon and Rectal Surgeons
on the surveillance of rectal cancer after curative resection
[26]. Annual computed tomography imaging is now recom-
mended for all rectal cancers which are stage two and above,
with more frequent imaging intervals recommended if there
are risk factors for recurrence such as N2 disease. However, it
remains unknown if intensive surveillance truly translates to
clinical benefits. While they were initially believed to improve
curative resection rates and survival, this has been questioned
in a recent meta-analysis [27, 28]. Two recent randomized
controlled trials have also concluded that there is no overall
survival benefit with intensive surveillance even if it
achieved a greater proportion of patients operated with
curative intent [29, 30].

There are several limitations to our study. Firstly, the study
was conducted on patients treated from the period of 1999–
2007 and thus advancements in surgical technique and adju-
vant treatment over the past 10 years may have influenced the
applicability of these findings in the current era. We were
limited by the need to include patients with at least 10 years

of follow-up in our study and thus could not include patients
who underwent surgery beyond 2007. In mitigation, TME
was already the standard of care during the study period.
While the neoadjuvant population among our study cohort
was less than 5%, our loco-regional recurrence rate of 7.7%
was comparable to that of the 10-year local relapse rates in the
German Rectal Cancer Study [31]. The study also lacked details
on the chemotherapy regimens among patients who received
adjuvant therapy, in particular whether fluoropyrmidine-based
therapy was used in isolation or in combination with
oxaliplation as a doublet regimen. This is a significant detail
as oxaliplatin in addition to fluoropyrimidine-based adjuvant
chemotherapy has been demonstrated to significantly reduce
recurrence risk [32]. Another limitation of our study lies in our
failure to include elements of economic analysis due to the
retrospective nature of our study. The implications and econom-
ic burden to the country of any surveillance recommendation
are beyond the scope of this study. This is an important factor to
consider during the formulation of surveillance protocols. Two
studies focusing on economic analysis have found value inmore
intensive surveillance protocols with an estimated cost of
5000USD for every life year gained [33, 34]. However, health
care economics vary between countries and it remains unknown
if these findings are applicable to our population. A detailed
economic analysis to determine if an intensive surveillance pro-
tocol is cost-effective and clinically viable should be considered.

Conclusion

The risk of rectal cancer recurrence is highest within the first
3 years but can occur up to 10 years after curative resection.
Metastatic burden appears to be predominantly distant in na-
ture and surveillance regimes may need to be altered to in-
crease early detection of distant metastases.
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