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Impact of Recurrence and Salvage Surgery on Survival After
Multidisciplinary Treatment of Rectal Cancer
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Kopetz, Craig Messick, John M. Skibber, and George J. Chang

A B S T R A C T

Purpose
After preoperative chemoradiotherapy followed by total mesorectal excision for locally advanced
rectal cancer, patients who experience local or systemic relapse of disease may be eligible for
curative salvage surgery, but the benefit of this surgery has not been fully investigated. The purpose
of this study was to characterize recurrence patterns and investigate the impact of salvage surgery
on survival in patients with rectal cancer after receiving multidisciplinary treatment.

Patients and Methods
Patients with locally advanced (cT3-4 or cN+) rectal cancer who were treated with preoperative
chemoradiotherapy followed by total mesorectal excision at our institution during 1993 to 2008were
identified. We examined patterns of recurrence location, time to recurrence, treatment factors, and
survival.

Results
A total of 735 patients were included. Tumors were mostly midrectal to lower rectal cancer, with
a median distance from the anal verge of 5.0 cm. The most common recurrence site was the lung
followed by the liver. Median time to recurrence was shorter in liver-only recurrence (11.2 months)
than in lung-only recurrence (18.2 months) or locoregional-only recurrence (24.7 months; P = .001).
Salvage surgery was performed in 57% of patients with single-site recurrence and was associated
with longer survival after recurrence in patients with lung-only and liver-only recurrence (P , .001)
but not in those with locoregional-only recurrence (P = .353).

Conclusion
We found a predilection for lung recurrence in patients with rectal cancer after multidisciplinary
treatment. Salvage surgery was associated with prolonged survival in patients with lung-only and
liver-only recurrence, but not in those with locoregional recurrence, which demonstrates a need for
careful consideration of the indications for resection.

J Clin Oncol 35:2631-2638. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Advances in rectal cancer treatment—of note, total
mesorectal excision (TME) and use of preoperative
chemoradiotherapy (CRT)—have contributed to
marked improvements in outcomes over the past
several decades. Since the initial report of the TME
technique TME in 1982,1 many studies, including
randomized trials, have provided evidence of its
benefit in the treatment of rectal cancer, with
improved rates of local recurrence and survival.2-6

To further improve local control and survival in
these patients, radiation therapy has been admin-
istered; addition of preoperative radiation therapy
followed by TME has been shown to improve local

control compared with surgery alone.7-9 Ran-
domized trials in patients with rectal cancer have
also evaluated the benefit of adding chemotherapy
to radiation, which has improved survival and local
control. In addition, preoperative CRT has been
associated with a pathologic complete response in
15% to 20% of treated patients.10-13 Currently,
multidisciplinary treatment with preoperative CRT
followed by TME is the standard treatment of
patients with locally advanced rectal cancer ($ T3
or $ N1).14

Although multidisciplinary treatment of rectal
cancer successfully improves outcomes, little is
known about the patterns of rectal cancer re-
currence after CRTand TME and the potential for
and outcomes after salvage surgery for recurrent
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disease. Understanding these factors in the era of multidisciplinary
treastment and TME for rectal cancer would help guide modern
surveillance strategies and treatment stratification. Moreover, although
there has been extensive discussion about the resection of liver me-
tastases from colorectal cancer,15 the benefit of surgical resection of
extrahepatic recurrence has not been well investigated.14,16 The aim of
this study was to characterize the patterns and timing of recurrence
according to location and to investigate the impact of salvage surgical
resection on survival in patients with locally advanced primary rectal
cancer who underwent standardmultidisciplinary treatment andTME.

PATIENTS AND METHODS

Patients with locally advanced (cT3-4 or cN+) rectal cancer who were
treated with preoperative CRT followed by TME at The University of Texas
MDAnderson Cancer Center during 1993 to 2008 were identified from the
institutional colorectal cancer database and tumor registry. The study
period was determined on the basis of our evolving treatment paradigm.
Patients who had urgent surgery, a prior history of pelvic radiotherapy, or
a prior history of malignancy other than nonskin squamous cell cancer or
in situ cervical cancer within 5 years before surgery were excluded. Medical
records of patients who met eligibility criteria were retrospectively
reviewed. This study was approved by the institutional review board.

After pathologic diagnosis with rectal cancer, preoperative staging in-
cluded computed tomography scan of the chest, abdomen, and/or pelvis,
pelvic magnetic resonance imaging, and/or endoscopic ultrasound. Clinical
and pathologic staging was based on the American Joint Committee on
Cancer, 6th edition.16a All patients received preoperative external beam ra-
diation (45 Gy to 54 Gy) with concurrent fluorouracil-based chemotherapy.

After surgery, all patients were recommended follow-up with clinical,
laboratory, and radiologic examinations, physical examination, carcinoem-
bryonic antigen levels every 3 to 6 months, and radiographic evaluation of the
chest, abdomen, and pelvis every 6 to 12 months for 5 years. In some cases,
follow-up was coordinated with patients’ local providers with imaging visits
performed at MD Anderson Cancer Center. The institutional tumor registry
also contacts patients annually to collect information regarding vital status and
treatment of disease. Death certifications were also reviewed for verification of
given information. Criteria for the diagnosis of recurrence included histologic
confirmation or radiologic studies with subsequent clinical progression and
supportive biochemical data. The date of recurrence was defined as the date of
confirmatory imaging or, in cases that needed tissue diagnosis confirmation,
the date of biopsy. Clinicopathologic variables evaluated were age, sex, tumor
location within the rectum, pathologic stage, lymphovascular invasion and
perineural invasion, site of recurrence, number of recurrent lesions, and
nature of treatment of recurrence, including surgical resection with curative
intent—that is, salvage surgery. In general, patients who developed metastatic
lesion(s) were considered for salvage surgery if such surgery could completely
remove lesion(s) for curative intent. The use of preoperative therapy, including
chemotherapy and radiation therapy, was determined on a case-by-case basis.
Sites of recurrence were categorized into locoregional sites, extraregional
lymph nodes, liver, lung, peritoneum, brain, and bone. Overall survival was
defined as the time from the date of primary surgery to the date of the last
follow-up or death. Time to recurrence (TTR) was defined as the time from
the date of surgical resection of the primary tumor to the date of recurrence,
and time to second recurrence was defined as the time from the date of
resection of the first recurrence to the date of second recurrence.

Categorical data were summarized by frequency and comparisons
were performed by using x2 or Fisher’s exact tests. Continuous data were
compared by using Wilcoxon rank-sum test or one-way analysis of var-
iance, as appropriate. Survival end points were examined by using the
Kaplan-Meier method and log-rank test. Adjusted hazard ratio (HR) was
estimated by multivariable Cox proportional hazards regression analysis.
All patient characteristics that were significant in univariable models at

P = .10 were included in the multivariable model. The terms were also
assessed for interaction, which was addressed in the final model. Cumulative
incidences of lung, liver, and locoregional recurrence were compared among
tumor location groups that were stratified by the length from anal verge
(lower rectum [, 6.0 cm], middle rectum [6.0 to 9.9 cm], and upper rectum
groups [$ 10 cm]). A P value of, .05 was considered significant. Statistical
analyses were performed by using STATA 14.1 (STATA, College Station, TX;
Computing Resource Center, Santa Monica, CA).

RESULTS

Demographic and Primary Tumor Characteristics
Seven hundred thirty-five patients with rectal cancer met

study criteria (Table 1). Median distance of the primary tumor

Table 1. Demographic and Primary Tumor Characteristics

Characteristic Value (N = 735)

Age at diagnosis, years, median (range) 57.5 (21-88)
Sex

Male 458 (62.3)
Female 277 (37.7)

Distance from anal verge
Median, cm 5.0
Lower rectum (0-5.9 cm) 378 (51.4)
Midrectum (6-9.9 cm) 241 (32.8)
Upper rectum (10-15 cm) 112 (15.2)
Unknown 4 (0.5)

Surgery
LAR/Hartmann 266/1 (36.3)
LAR with colo-anal anastomosis 257 (35.0)
Abdomino-perineum resection 174 (23.7)
Pelvic exenteration 33 (4.5)
Total proctocolectomy 4 (0.5)

Multivisceral resection
Yes 122 (16.6)
No 613 (83.4)

Tumor differentiation
Poor (includes poor–moderate) 88 (12.0)
Moderate (includes moderate–well) 622 (84.6)
Well 24 (3.3)
Unknown 1 (0.1)

Lymphovascular invasion
No 490 (66.7)
Yes 101 (13.7)
Unknown 144 (19.6)

Perineural invasion
No 485 (66.0)
Yes 55 (7.5)
Unknown 195 (26.5)

Pathologic stage
yp0 134 (18.2)
yp1 212 (28.8)
yp2 168 (22.9)
yp3 221 (30.1)

Circumferential resection margin
Negative 724 (98.5)
Positive 11 (1.5)

Distal margin
Negative 730 (99.3)
Positive 5 (0.7)

Adjuvant chemotherapy
Yes 624 (84.9)
No 111 (15.1)

Note. Values are presented as No. (%) unless otherwise indicated.
Abbreviation: LAR, low anterior resection.
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from the anal verge was 5.0 cm. Sphincter-preserving procedures
were performed in 528 (71.8%) patients. One hundred twenty-two
(16.6%) patients required multivisceral resection.

First Recurrence
Median follow-up time was 96 months (interquartile range

[IQR], 66 to 141 months). Nine international patients were lost to
follow-up shortly after surgical resection and were excluded from
survival analysis. Follow-ups with complete information for vital
status and disease treatment were available for 5 years after primary
surgery for nearly all patients, with two patients censored as a result
of loss.

During the follow-up period, 151 (20.8%) patients developed
recurrence. Of those 151 patients, 129 (85.4%) patients had single-
site recurrence, whereas 22 (14.6%) patients had multiple-site re-
currence. The most common site of recurrence among all patients
was the lung (n = 70; 9.6%) followed by the liver (n = 43; 5.9%),
and locoregional sites (n = 37; 5.1%), including four patients with
iliac lymph nodes, extraregional inguinal, aortic, or retroperitoneal
lymph nodes (n = 11; 1.5%), peritoneum (n= 6; 0.8%), brain (n = 4;
0.6%), and bone (n = 4; 0.6%). The 5-year cumulative incidence of

lung recurrence was 10.2% (11.1% in lower rectum, 10.0% in
middle rectum, and 7.7% in upper rectum groups; Ptrend = .268),
that of liver recurrence was 6.3% (5.6% in lower rectum, 5.0% in
middle rectum, and 11.4% in upper rectum; Ptrend = .133), and that
of locoregional recurrence was 4.6% (5.6% in lower rectum, 4.6% in
middle rectum, and 1.0% in upper rectum; Ptrend = .032).

Characteristics of patients who developed recurrence at
a single site were examined (Table 2), and the development of
single-site recurrences by site over time is shown in Figure 1. Mean
distance of the primary tumor from the anal verge was lowest in
patients with locoregional-only recurrence (4.4 cm; standard de-
viation [SD], 2.4 cm), followed by patients with lung-only re-
currence (5.3 cm; SD, 2.7 cm) and those with liver-only recurrence
(6.4 cm; SD, 3.4 cm; P = .033); however, the site of recurrence was
not associated with any of the other factors that are traditionally
associated with risk of recurrence in general, including advanced
pathologic stage, presence of lymphovascular or perineural in-
vasion, and/or high grade.

Median TTR for all patients was 17.5 months (IQR, 10.4 to
34.1months) and significantly differed between liver-only (11.2months;
IQR, 6.5 to 16.9 months), lung-only (18.2 months; IQR, 12.6 to
30.0 months), and locoregional-only recurrence (24.7 months; IQR,

Table 2. Demographic, Tumor, and Outcome Characteristics by Recurrence Site for Patients With Single-Site Recurrence

Characteristic
Lung-Only Recurrence

(n = 55)
Liver-Only Recurrence

(n = 31)
Locoregional-Only Recurrence

(n = 27) P

Age, years, median (IQR) 58 (49-65) 54 (50-66) 56 (48-68) .845
yp stage .747*
0 3 (5) 1 (3) 0 (0)
I 10 (18) 3 (10) 4 (15)
II 17 (31) 10 (32) 7 (26)
III 25 (45) 17 (55) 16 (59)

yp nodal status .451
Negative 30 (55) 14 (45) 11 (41)
Positive 25 (45) 17 (55) 16 (59)

Histology .843*
Poorly differentiated 5 (9) 4 (13) 4 (15)
Moderately differentiated 48 (87) 25 (81) 21 (78)
Well differentiated 2 (4) 2 (6) 2 (7)

Positive margin .019*
No 54 (98) 30 (100) 23 (85)
Yes 1 (2) 0 (0) 4 (15)

Perineural invasion .347*
No 40 (87) 14 (74) 18 (90)
Yes 6 (13) 5 (26) 2 (10)
Unknown 9 12 7

Lymphovascular invasion .811
No 34 (69) 17 (65) 17 (74)
Yes 15 (31) 9 (35) 6 (26)
Unknown 6 5 4

CEA elevation $ 5.0 mg/mL .088
Yes 12 (23) 13 (46) 8 (31)
No 41 (77) 15 (54) 18 (69)
Unknown 2 3 1

Distance from anal verge, cm, mean (SD) 5.3 (2.7) 6.4 (3.4) 4.4 (2.4) .033†
TTR, months, median (IQR) 18.2 (12.6-30.0) 11.2 (6.5-16.9) 24.7 (11.9-43.4) .001
OS, years, median (IQR) 5.2 (3.6-8.7) 5.2 (2.7-12.1) 7.3 (3.1-11.5) .784
OS after recurrence, years, median (IQR) 3.7 (2.4-5.1) 3.4 (1.6-6.5) 3.6 (1.3-6.8) .949

NOTE. Values are presented as No. (%) unless otherwise indicated. Log-rank test was used for survival analysis.
Abbreviations: CEA, carcinoembryonic antigen; IQR, interquartile range; OS, overall survival; SD, standard deviation; TTR, time to recurrence; yp, pathologic stage after
neoadjuvant therapy.
*Fisher’s exact test.
†One-way analysis of variance.
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11.9 to 43.4 months; P = .001). The liver was the predominant site of
recurrence during the first year, whereas the lung was the predominant
site of recurrence after the second year. Of all recurrences, 63.6% (96 of
151) occurredwithin the first 2 years, and 75.5% (114 of 151) occurred
within the first 3 years. Eleven (7.3%) additional recurrences—five
locoregional, one lung, liver, extraregional lymph nodes, peritoneal,
bone, and multiple-site recurrence—each occurred after five years.

Salvage Surgery for Recurrence
A total of 64 (56.6%) of 113 patients with single-site re-

currence at the liver, lung, or locoregional sites underwent salvage
surgery (Fig 2). Radiofrequency ablation or stereotactic radiation

therapy were not regarded as salvage surgery. The indication for
salvage surgery was the ability to achieve complete (ie, R0) re-
section on the basis of preoperative evaluation. The total salvage
rate, including other single-site recurrences and multiple-site re-
currences, was 46.4% (70 of 151). The overall rate of R0 resection
was 90%, 89%, and 63% for lung, liver, and locoregional re-
currences, respectively. Of those 113 patients with single-site re-
currence, 84 deaths (40, 23, and 21 patients with lung-only, liver-
only, and locoregional-only recurrence, respectively) were ob-
served during follow-up. Patients who underwent salvage surgery
had significantly longer overall survival after recurrence than did
those who did not receive salvage surgery (estimated median
survival after recurrence, 5.1 years v 2.3 years; 5-year survival after
recurrence, 51% v 13%; P , .001; Fig 3A). Of patients with lung-
only recurrences, those who underwent salvage surgery were more
likely to have solitary and unilateral disease (Table 3). Survival
times after recurrence in patients who underwent salvage surgery
for lung-only recurrence and liver-only recurrence were similar
(estimatedmedian survival after recurrence, 5.1 years for lung-only
v 5.3 years for liver-only; P = .39; Fig 3B). In both groups, salvage
surgery was associated with prolonged overall survival (lung-only
recurrence: adjusted HR 0.25; 95% CI, 0.12 to 0.51; P, .001; liver-
only recurrence: adjusted HR, 0.17; 95% CI, 0.05 to 0.62; P = .008;
Figs 3C and 3D; and Appendix Table A1, online only). In contrast,
salvage surgery was not associated with improved survival in
patients with locoregional-only recurrence (estimated median
survival after recurrence, 3.6 years with surgery v 3.2 years without
surgery; P = .353; Fig 3E).

Second Recurrence—After Salvage Surgery
Patterns of second recurrence were investigated in 64 patients who

underwent salvage surgery for lung-only, liver-only, and locoregional-
only recurrence (Fig 2). Among these patients, 40 (62.5%) experienced
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second recurrence, with a median time to second recurrence of
8.2 months (IQR 5.4 to 16.7 months). Time to second recurrence did
not significantly differ by site of recurrence (P= .753; Table 3). The lung
continued to be the most common site for second recurrence (26
[65%] of 40). Overall, recurrence rates after salvage surgery were 57%
among patients with lung-only, 49% with liver-only, and 88% with
locoregional-only recurrence. Among 16 patients with locoregional-
only recurrence, the majority (12 [86%] of 14) of second recurrences
occurred at a distant site, whereas the other two (14%) second re-
currences were repeat local recurrences.

DISCUSSION

In patients with rectal cancer who underwent preoperative CRT
and standardized TME at a single tertiary referral center, the lung
was the most common site of recurrence, which contrasted with
the liver-dominant pattern that has been reported in previous
studies. Median TTR differed by site of recurrence, but the
overwhelming majority occurred within 3 years. Curative-intent
salvage surgery was associated with improved survival in patients
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recurrence, and (E) in locoregional-only recurrence by curative surgery. OS, overall survival.
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with lung-only recurrence and those with liver-only recurrence;
however, secondary recurrences occurred in approximately one half
of these patients. Among patients with locoregional-only recurrence,
distant recurrence after salvage surgery was evenmore common and
determined long-term prognosis.

Our findings are consistent with recent studies that have
demonstrated a predilection for lung recurrence among patients
with rectal cancer.17-19 This lung predilection, in contrast with the
liver-dominant recurrence patterns reported in previous studies of
colorectal cancer,20-23 is likely explained by anatomic drainage
pathways in the rectum; the low-lying rectum below the peritoneal
reflection has drainage to the systemic circulation via the iliac
system and subsequent dissemination to the lung.20 In fact, we
observed a liver-dominant distant recurrence pattern in the upper
rectum group, whereas the lower and middle rectum groups had
a lung-dominant distant recurrence pattern. In analysis of patients

with recurrences, an association of the site of recurrence and mean
distance from the anal verge of the primary tumor was observed,
with patients with lung-only recurrence having lower-lying tumors
than patients with liver-only recurrence. A prior retrospective
study of 593 patients with rectal cancer (median length from anal
verge, 7 cm) also described a lung-dominant recurrence pattern of
rectal cancer after multidisciplinary therapy (69% of all re-
currences were in the lung, 20% in the liver), although further
comparison was limited as recurrence patterns were not stratified
by tumor location.19

Of note, median TTR was 11.2 months for liver-only and
18.2 months for lung-only recurrence, and recurrence within the
liver after 3 years was rare in this study, which may have impli-
cations for surveillance recommendations. Relatively longer TTR
in lung-only metastasis compared with other site recurrence has
also been previously reported.19 We have previously shown that the
response to preoperative therapy is associated with recurrence-free
survival, with a low risk for recurrence among good responders
and a higher risk among poor responders.10 Although optimal
surveillance should be individualized by the overall underlying
risk, on the basis of the results of our study, the period of highest
yield for surveillance testing can be predicted to be the first 3 years,
beyond which there may be a more limited benefit of routine
surveillance imaging.

Among patients with recurrence, salvage surgery was per-
formed for 57% of with single-site recurrence—the highest rate
among reported studies.20,24-30 Our study showed significantly
improved outcomes among patients who underwent lung or liver
metastasectomy compared with patients with recurrences at those
sites who did not undergo salvage surgery, which supports the
accumulating evidence that salvage surgery for liver-only or lung-
only recurrence may improve survival in selected patients. Salvage
surgery was performed in 59% of patients with locoregional-only
recurrence, but our study failed to show a significant survival
benefit for surgery among these patients.

The Intergroup 0114 study randomly assigned patients with
rectal cancer to different protocols of postoperative CRT, and in
a secondary analysis of 123 patients with rectal cancer with local
recurrence, of whom 37% underwent resection, the 5-year survival
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Fig 3. (Continued).

Table 3. Demographic and Tumor Characteristics by Recurrence Site and Use of Salvage Therapy

Characteristic

Lung-Only Recurrence Liver-Only Recurrence Locoregional-Only Recurrence

Palliative Treatment
(n = 25)

Salvage Surgery
(R0/1; n = 30) P

Palliative Treatment
(n = 13)

Salvage Surgery
(R0/1; n = 18) P

Palliative Treatment
(n = 11)

Salvage Surgery
(R0/1; n = 16) P

Age, years, No. (IQR) 60 (48-67) 54 (47-65) .506 58 (48-68) 54 (50-59) .575 61 (48-76) 54 (44-68) .409
Sex, No. .156 .026 .930
Male 18 16 5 16 5 7
Female 7 14 7 3 6 9

No. of recurrences .046 .643 1.00
Solitary 5 15 6 12 11 16
Multiple 20 15 5 5 0 0

Laterality, No. .001 .088 NA
Unilateral 9 24 7 17 NA NA
Bilateral 16 6 4 2

TTR, months, median (IQR) 16.0 (6.0-49.1) 21.6 (7.3-74.2) .134 9.0 (3.6-44.6) 12.5 (2.8-66.3) .767 24.6 (8.5-102.2) 23.2 (9.1-97.7) .578
OS after recurrence, years,

median (IQR)
2.4 (1.9-2.9) 5.1 (3.9-NE) , .001 1.6 (1.1-2.4) 5.3 (3.4-NE) , .001 3.2 (1.3-6.5) 3.6 (1.4-6.8) .353

Second recurrence, No. (%) 17 (57) 8 (44) 14 (88) .753
TTR2, months, median (IQR) 8.2 (6.3-16.7) 9.7 (5.4-12.1) 7.9 (5.4-16.7)

Abbreviations: IQR, interquartile range; NA, not applicable; NE, not estimable; TTR, time to recurrence; TTR2, time to second recurrence from salvage surgery.
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rate was 20% in patients who underwent resection and 10% in
those who did not have resection (P = .053).20 However, in that
multi-institutional study, the local recurrence rate was 14% and
there was no standardized surgical technique, namely TME,
which was standard in the current study for which the local
recurrence rate was 5%. Most of the patients in our study who
underwent salvage surgery subsequently developed a second
recurrence within a year after salvage surgery. Among these patients,
the site of second recurrence was predominantly distant—for ex-
ample, the liver or the lung—but a high rate of local control was
achieved.

After multimodality therapy and high-quality TME, salvage
surgery for local recurrence is more difficult; it may be more likely
to occur outside of the central pelvis and often requires extensive
resection, such as pelvic exenteration and extravascular lateral
pelvic sidewall resection. Unlike many central recurrences that may
be attributed to technical failure after incomplete TME, re-
currences after optimal multimodal management and TME sur-
gery may represent more biologically aggressive disease. Thus,
there may be greater potential for salvage surgery of local re-
currence when the recurrence is a result of technical failure after
suboptimal surgery than when local recurrence occurs after
standardized TME. These results after salvage surgery contrast with
our broader experience for surgery for recurrent rectal cancer,
including patients after prereferral primary resection, which
demonstrates a durable benefit with salvage resection for local
recurrence.31 Moreover, a recently published multi-institutional
retrospective study of 533 patients who underwent pelvic exen-
teration surgery for locally recurrent rectal cancer also showed that
the 5-year cancer-specific survival was 44% after R0 resection,
achieved in 59% of patients.32 Thus, patients with locoregional
recurrence may benefit from improved selection, perhaps with
initial systemic therapy to identify patients with more favorable
tumor biology for resection. In addition, the decision of salvage
surgery for pelvic recurrence should take into account the impact
on both oncologic outcomes and quality of life. In a prospective
study of 105 patients who were treated for local recurrence of rectal
cancer, we have previously shown that patient-reported quality of
life was preserved after salvage resection for locally recurrent
disease, but this rapidly deteriorated in patients who did not
undergo salvage resection.33

The current retrospective study was subject to several limita-
tions. Although the approach to follow-up and subsequent treat-
ment were standardized, the decision of salvage surgery was not
randomized and factors that are associated with surgery selection,
such as response to preoperative systemic therapy before meta-
stasectomy, may have also influenced outcomes. We did not have
specific information about patient comorbidity or performance

status that may have affected the decision for surgery at the time of
recurrence, although performance of salvage surgery in the majority
of patients with recurrence is among the highest reported. Although
there was a standard follow-up strategy, we cannot exclude indi-
vidual variation among those who underwent resection or not,
which would have subjected the analysis to the potential for lead
time bias. Outcomes after salvage resection, particularly for local
recurrence, likely depend on the completeness of resection after
initial surgery and on tumor biology; therefore, these findings may
be less generalizable to patients who were not initially treated within
specialized high-volume units. For example, salvage surgery may still
yield a survival benefit in cases where primary resection did not
achieve complete TME and local recurrence occurred within the
residual mesorectum.

In conclusion, this study demonstrated that lung recurrence is
the most common site of rectal cancer after preoperative multi-
disciplinary treatment. Median TTR was longer in lung-only re-
currence than in liver-only recurrence, but shorter than
locoregional recurrence. More than 90% of liver recurrences were
identified within 3 years, which supports a tailored approach to
surveillance. In patients with lung-only and liver-only recurrences,
salvage surgery was associated with improved survival. The lack of
benefit for salvage surgery for local recurrence after prior high-
quality TME as a result of a high rate of secondary distant re-
currence suggests that biologic determinants of disease play an
important role in these patients. On the basis of these data, all
patients with locally or distantly recurrent rectal cancer should be
carefully evaluated by a multidisciplinary team with consideration
of salvage surgery.
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Appendix

Table A1. Univariable and Multivariable Cox Proportional Hazards Regression Analyses of OS After Recurrence in Patients With Lung-Only or Liver-Only Recurrence

Variable

Lung-Only Recurrence (n = 55) Liver-Only Recurrence (n = 31)

Univariable Analysis Multivariable Analysis Univariable Analysis Multivariable Analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age
$ 65 v , 65 years 1.12 (0.57 to 2.21) .743 1.31 (0.54 to 3.20) .547

Sex
Female v male 1.00 (0.52 to 1.91) .988 2.51 (1.06 to 5.99) .037 1.22 (0.45 to 3.28) .698

Tumor grade
High grade v others 0.50 (0.15 to 1.64) .254 0.76 (0.23 to 2.58) .665

LVI or PNI
Yes v no 1.16 (0.59 to 2.28) .661 2.57 (1.11 to 5.91) .027 0.75 (0.24 to 2.35) .615

Bilateral v unilateral (lung only)
No. of lesions $ 3 v , 3 (liver only) 1.56 (0.84 to 2.91) .160 1.28 (0.50 to 3.27) .608

Time to recurrence
, 12 months v $ 12 months 2.15 (1.04 to 4.46) .040 1.60 (0.74 to 3.47) .230 1.65 (0.72 to 3.80) .237

Salvage resection
Yes v no 0.20 (0.10 to 0.41) , .001 0.13 (0.05 to 0.33) , .001 0.19 (0.08 to 0.46) , .001 0.17 (0.046 to 0.62) .008

CEA $ 5 mg/mL at recurrence
Yes v no 2.64 (1.33 to 5.21) .005 1.09 (0.45 to 2.60) .852 0.98 (0.43 to 2.24) .962

Interaction: Salvage surgery and CEA $ 5 — — 5.43 (1.27 to 23.14) .022 — — — —

Abbreviations: CEA, carcinoembryonic antigen; HR, hazard ratio; LVI, lymphovascular invasion; PNI, perineural invasion.
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