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Background: Although neoadjuvant radiotherapy is typically administered for locally-advanced rectal 
cancer to reduce local recurrence (LR), its role for patients who present with synchronous resectable liver 
and/or lung metastasis is not well defined. The aim of this study was to evaluate the role of neoadjuvant 
radiotherapy for patients with stage IV rectal cancer undergoing curative-intent surgery. 
Methods: This study is a retrospective review of a prospectively maintained surgical registry of all 
consecutive adult patients who underwent curative-intent resection at Mayo Clinic in Rochester, MN, 
from January 1990 until December 2014 with a median follow-up time of 43 (IQR 16–67) months. Eligible 
patients had locally-advanced rectal cancer (T3, T4 and/or nodal involvement) with synchronous resectable 
liver and/or lung metastasis. Exclusion criteria were as follows: patients with primary tumor stage of T1N0 or 
T2N0, patients with metastasis to organs other than the liver or lung, patients who had palliative resection, 
patients who had non-surgical treatment of synchronous metastasis (e.g., radiofrequency ablation), patients 
who received postoperative radiotherapy, or absence of research authorization. Ninety three patients were 
included of which 47 received neoadjuvant radiotherapy and 46 did not. All patients received neoadjuvant 
chemotherapy +/− radiotherapy followed by curative-intent surgery with metastasectomy performed either 
simultaneously with resection of the primary tumor or as a planned staged resection. The primary outcomes 
of this study are LR, distant metastasis, overall and disease-specific survival (DSS).
Results: LR was observed in 12 patients (26%) who did not receive radiotherapy, while no LR developed 
in those who received neoadjuvant radiotherapy, P<0.001. Univariate analysis showed that neither age, sex, 
ASA class, BMI, tumor location, procedure performed, or neoadjuvant chemotherapy were associated with 
subsequent LR. The 5-year overall survival (OS) rates were: 43.3% (95% CI: 30.1, 62.3) for no radiotherapy 
vs. 58.3% (95% CI: 43.4, 78.2) with radiotherapy. 
Conclusions: Neoadjuvant radiotherapy should be considered in patients with locally-advanced stage IV 
rectal cancer. These data add to the evidence supporting neoadjuvant radiotherapy in the setting of resectable 
metastatic disease. 
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Introduction

Rectal cancer affects nearly 40,000 new patients each year in 
the United States (1). The treatment algorithm for locally-
advanced rectal cancer without metastasis is well established. 
Currently the standard includes the delivery of neoadjuvant 
chemoradiation followed by total mesorectal excision. 
Treating rectal cancer patients without radiotherapy is 
currently being studied (2,3) as the use of chemotherapy in 
the adjuvant setting has become more common. Therefore, 
this series attempts to confirm the benefits of radiation 
therapy in the setting of resectable stage IV disease.

Approximately 20% to 30% of newly diagnosed rectal 
cancer patients present with synchronous metastasis (4). In 
the setting of widespread metastatic disease, chemotherapy 
is standard of care, while radiotherapy and/or surgery are 
only used for palliation. The value of radiotherapy is less 
clear in patients who present with resectable metastatic 
disease involving the liver and/or lung. Historically, surgical 
resection of the primary tumor and resection/ablation of all 
known metastases achieve 5-year overall survival (OS) rates 
as high as 71% (5-8). 

Proper total mesorectal excision combined with 
neoadjuvant radiotherapy is known to reduced local 
recurrence (LR) rates significantly for patients with non-
metastatic locally-advanced rectal cancer (9). However, its 
role and timing is less understood in patients presenting 
with synchronous metastasis. Modern retrospective series 
have reported pelvic recurrence rates of 12–34% in stage 
IV rectal cancer patients treated with curative surgery and 
adjuvant chemotherapy suggesting a potential role for 
neoadjuvant pelvic radiotherapy to optimize local disease 
control (4,10).

To date the lack of consensus regarding the role and 
timing of radiotherapy for patients with resectable stage 
4 rectal cancer treated with curative intent (11) demands 
further research. The objective of this study is to examine 
the value of neoadjuvant radiotherapy for patients who are 
undergoing curative surgery for locally-advanced rectal 
cancer with synchronous metastasis.

Methods

Patients

We performed a retrospective review of a prospectively 
maintained surgical registry of all consecutive adult 
patients (age 18 years or older ) who underwent curative-
intent resection of primary locally-advanced rectal cancer  

(T3, T4 and/or nodal involvement) with synchronous liver 
and/or lung metastasis at Mayo Clinic, Rochester, MN from 
January 1990 until December 2014. The institutional review 
board approved this retrospective study. Metastasectomy 
was performed either simultaneously with resection of the 
primary tumor or as a planned staged resection. Exclusion 
criteria were as follows: patients with primary tumor stage 
of T1N0 or T2N0, patients with metastasis to organs other 
than the liver or lung, patients who had palliative resection, 
patients who had non-surgical treatment of synchronous 
metastasis (e.g., radiofrequency ablation), patients who 
received postoperative radiotherapy, or absence of research 
authorization. 

Data

Data collected included patients’ demographics comprising 
age, gender, body mass index (BMI), and American Society 
of Anesthesiologists (ASA) Physical Status Classification. 
Perioperative data collected include distance of the tumor 
from the anal verge, site of metastasis at initial presentation, 
TNM stage of the disease, preoperative CEA level, 
procedure performed, addition of diverting stoma, type 
of anastomosis, operative time, number of lymph nodes 
harvested, status of surgical margins, use of radiotherapy, 
and the use of neoadjuvant and/or adjuvant chemotherapy 
(excluding that given concurrent with radiotherapy).

The American Joint Committee for Cancer (AJCC) 
seventh edition was used for cancer staging (12). For those 
patients without neoadjuvant radiation or chemotherapy, we 
used the postoperative pathological stage. For patients who 
had neoadjuvant therapy, the higher of preoperative clinical 
vs. postoperative pathological stage was used to determine 
the treated stage.

All patients underwent complete history and physical 
examination, laboratory evaluation, colonoscopy and 
biopsy of the lesion. Staging of the tumor was done by 
endorectal ultrasound and/or dedicated pelvic MRI. Distant 
metastases were evaluated by CT scan and/or PET scan. 
Use of neoadjuvant radiotherapy was at the discretion of 
the treating colorectal surgeon, medical oncologist, and/or  
radiation oncologists. Long course chemoradiotherapy 
typically consisted of 50.4 Gy in 28 fractions of RT 
delivered over 5 ½ weeks with concurrent 5FU, followed by 
a 6–8-week break before surgery. Short course radiotherapy 
consisted of 25 Gy in 5 fractions of RT without concurrent 
chemotherapy, followed by surgery within 1 week. 
Intraoperative radiotherapy was utilized for patients with 
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T4 tumors and/or concern for residual local disease after 
complete resection.

After discharge, Mayo Clinic colorectal surgeons and 
medical oncologists typically followed the patients in a 
standard routine adopted from the National Comprehensive 
Cancer Network guidelines including history and physical 
examination, regular colonoscopy/sigmoidoscopy and 
imaging with CT scan as well as serum CEA levels.

Outcomes measures

The primary outcomes are LR, distant metastasis, overall 
(OS) and disease-specific survival (DSS). A LR is defined as 
the presence of a histologically proven tumor in the pelvis 
within the field of surgery. Distant metastasis is defined 
as any recurrence outside the pelvis. The endpoints of the 
study were survival and the presence of recurrence during 
the most recent follow-up. 

Statistical analysis

Continuous variables were summarized with median and 
interquartile range and compared with a Mann-Whitney 
test. Categorical variables were described as frequencies 
(percent) and compared with Fisher’s exact test. All time-
to-event outcomes (LR, distant metastasis, or cancer 
death) were considered as time from the surgery. For the 

analysis for local or distant recurrence, death of any cause 
was treated as competing risk in Cox proportional hazard 
models and comparisons were made with the log rank 
test (13). Survival curves for neoadjuvant RT status were 
generated using the Kaplan-Meier method and compared 
with the log rank test. Survival was stratified for year of LR 
to account for long time frame of series. All models were 
univariate, due to the few number of events. A level of 0.05 
was defined as statistically significant. The analyses were 
performed using the statistical software package R v.3.1.2 
and IBM SPSS version 23.

Results

Patients 

During the study period, 93 patients with locally-advanced 
rectal cancer and synchronous liver and/or lung metastasis 
underwent curative-intent surgery. Of those, 47 patients 
received neoadjuvant radiotherapy (RT group) and 46 patients  
did not (no RT group). Of the patients who received 
neoadjuvant RT, 35 patients (75%) had long-course chemo-
RT (median dose 50.4 Gy, range 30–55.8 Gy) whereas  
12 patients (25.5%) had short-course RT (median dose 
25 Gy, range 20–25 Gy). There were seven patients who 
received intraoperative RT (median dose 12.5 Gy, range 
10–12.5 Gy) in addition to neoadjuvant RT.

Patient demographics are summarized on Table 1. There 
were no differences with regards to age, sex, ASA class, or 
BMI for patients in both groups. There were no differences 
between the two groups with regards to the tumor location, 
treated T or N stage, or preoperative CEA level (Table 2). 
Tumor size post resection, and neoadjuvant therapy did 
differ between groups (Table 2).

All patients underwent standard total mesorectal 
excision and complete resection of the metastatic lesion(s). 
There was no difference between the two groups with 
regards to the procedure performed or surgical margins 
status. More patients in the RT group had a temporary 
diverting stoma constructed (73% vs. 32%, P=0.003) 
(Table 2). Metastasectomy was predominantly performed 
simultaneously (72% for RT vs. 85% for no RT, P=0.21) 
(Table 2).

Oncologic outcomes

The long-term oncologic outcomes are summarized in 
Figures 1-3. The median follow-up for all patients was  

Table 1 Patient characteristics

Characteristics No RT (N=46) RT (N=47) P value

Age in years

Median [IQR] 59 [47–66] 58 [47–64] 0.351

Sex, n [%]

Female 20 [44] 21 [45] 1.002

Male 26 [56] 26 [55]

ASA class, n [%]

1 0 [0] 1 [2] 0.762

2 24 [52] 26 [55]

3 22 [48] 20 [43]

BMI (kg/m2)

Median [IQR] 26 [23–30] 26 [23–30] 0.911

RT, Radiotherapy; SD, standard deviation; ASA, American 
Society of Anesthesiologists; BMI, body mass index. 1, Mann-
Whitney test; 2, Fisher’s Exact test.
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Table 2 Tumor and treatment characteristics

Characteristics No RT (N=46) RT (N=47) P value

Median follow up, months [IQR] 44 [15–79] 38 [16–62] 0.505

Tumor location from anal verge (cm) , n [%]

0–5 21 [46] 25 [53] 0.074

5.1–10 9 [20] 15 [32]

10.1–15 16 [35] 7 [15]

Median tumor size in cm [IQR] 5 [4–6] 4 [3–5] 0.015

Site of metastasis at presentation, n [%]

Liver 41 [89] 37 [79] 0.374

Lung 4 [9] 7 [15]

Liver and lung 1 [2] 3 [6]

Procedure, n [%]

Low anterior resection 27 [59] 26 [55] 0.594

Abdominoperineal resection 13 [28] 18 [38]

Proctocolectomy 2 [4] 1 [2]

Hartmann 4 [9] 2 [4]

Timing of metastasectomy, n [%]

Simultaneous 39 [85] 34 [72] 0.214

Staged 7 [15] 13 [28]

T-stage1, n [%]

1 0 [0] 1 [2] 0.194

2 6 [13] 2 [4]

3 37 [80] 37 [79]

4 3 [7] 7 [15]

N-stage1, n [%]

0 6 [13] 7 [15] 0.434

1 20 [44] 26 [55]

2 20 [44] 14 [30]

CRM, n [%]

Negative 43 [94] 47 [100] 0.124

Positive 3 [7] 0 [0]

Temporary diverting ileostomy2, n [%] 9 [32] 19 [73] 0.0034

Neoadjuvant chemotherapy3, n [%] 16 [35] 13 [81] 0.0034

Adjuvant chemotherapy, n [%] 34 [74] 38 [81] 0.474

1, treated stage; 2, out of patients who had anastomosis; 3, excludes patients who received concurrent 5-FU with neoadjuvant RT;  
4, Fisher’s Exact test; 5, Mann-Whitney test. RT, radiotherapy; SD, standard deviation; CRM, circumferential resection margin.
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43 months (IQR 16–67 months).  The majority of 
recurrences occurred within 2 years of surgery (76%). 
Two patients (3.4%) developed a first recurrence 5 years 
following surgery. Figure 4 details the recurrence patterns 
and outcomes. No recurrence was evident at last follow-up 
or at death in 35% of patients in no RT group and 40% in 
RT group, P=0.67. 

There were 12 patients (26%) who developed LR in 
the no RT group, while no LR (0%) was observed in 
the RT group (P<0.001, Figure 1). Four patients (8.5%) 
developed isolated LR, of which 2 had resection of LR 
and are disease-free. The other two patients died of their 
LR. Eight patients (17%) presented with concurrent LR 
and DM, of which seven died of their distant disease. The 
median time to LR was 13.5 months (range, 3–26 months). 
All patients who experienced LR had received systemic 
chemotherapy, before (n=1), after (n=8), or before and 
after (n=3) surgical resection. One patient with LR had 
a positive CRM. There were 10 LR in patients who had 
undergone low anterior resection and 2 in those with an 
APR. There were 26 patients (57%) in the no RT group 
who developed distant metastasis compared with 28 patients 
(60%) in the RT group, p=0.85. The median time to distant 
metastasis was 11.5 months (range, 1–85 months). Repeated 
metastasectomy was performed for seven patients (12%, 3 in 
the RT group and 4 in the no RT group). All patients who 
had surgery for recurrence are disease-free at last follow-up.  
OS, distant recurrence, and LR were stratified by year 
of surgery (1992–1999, 2000–2009, 2010–2014), and no 
difference was found in oncological outcomes. Moreover, 
even after stratifying for year of LR the difference between 
the RT and no RT groups remained significant, P<0.0001. 
The only difference found with stratification by years 
included the increasing use of neoadjuvant radiation  
[1992–1999 (no RT 64% vs. 36%), 2000–2004 (no RT 68% 
vs. 32%), 2005–2009 (no RT 44% vs. 56%], 2010–2014  
(no RT 33% vs. 67%).

The omission of neoadjuvant RT was the only variable 
found to be associated with subsequent LR (P<0.0002). 
Univariate cox regression analysis found no association 
between age, sex, ASA class, BMI, Tumor size, nodal status, 
tumor location, procedure performed, or neoadjuvant 
chemotherapy, and subsequent LR (Table 3). The 5-year 
OS (Figure 3) rates were: 43.3% (95% CI: 30.1, 62.3%)  
(no RT) vs. 58.3% (95% CI: 43.4 %, 78.2 %) (RT). The 5-year 
DSS rates were 49.6% (95% CI: 35.5%, 69.4%) (no RT) 
vs. 60.5% (95% CI: 45.0%, 81.33%) (RT). Figures 1 and 2  
illustrate LR and distant free recurrence curves.

Discussion

Neoadjuvant RT for non-metastatic locally-advanced rectal 
cancer is already the standard of care as it is associated 
with a lower risk of LR and improved functional results 
compared to adjuvant RT (14). Therefore, by limiting the 
analysis to patients who received neoadjuvant RT (excluding 
patients who received postoperative RT) we aimed to reflect 
current clinical practice and provide unique information in 
stage IV disease. The findings of this study demonstrated 
a reduction in LR rate for patients with stage 4 locally-
advanced rectal cancer who underwent curative surgery 
and neoadjuvant radiotherapy. Neoadjuvant radiotherapy 
as expected appears to have no impact on the rate of distant 
metastasis or survival.

Despite the series small sample size, retrospective nature, 
prolonged time range, and potential for selection bias, the 
stringent inclusion criteria and long-term follow-up provide 
valuable information to fill knowledge gaps in potential 
future treatment algorithms for resectable metastatic rectal 
cancer. The study is limited due to its single institutional 
approach and potentially non generalizable conclusions 
because of the nature and complexity of stage IV disease. 
Moreover, it is possible that those patients who received 
neoadjuvant RT or chemotherapy were thought to 
represent a higher risk with potential clinical differences in 
height of tumor location and operation performed. Despite 
these limitations, we believe that this is the first study to 
clearly document and confirm the advantage of neoadjuvant 
RT for locally-advanced rectal cancer in the setting of 
resectable metastatic disease. Unfortunately, it remains 
unclear if a specific subgroup of patients would benefit 
more from neoadjuvant RT. Table 3 details the correlation 
between several potential perioperative risk variables for 
LR. However, this series was not designed to answer these 
questions definitively. This inability to select high risk 
patients suggest further study is needed.

Previous work may have failed to show benefit due to 
the heterogeneity of published studies. Most series include 
patients who had non-surgical management of synchronous 
metastasis and differences in timing of radiotherapy (10,15-20).  
The most relevant comparisons to our work involve two 
studies, which investigated the value of RT in patients 
undergoing curative surgery. Butte et al. (4) reported the 
outcomes of 185 patients with rectal cancer and early onset 
liver metastasis who underwent curative resection with 
the primary aim of reporting the patterns of recurrence. 
The LR rate in this series was 9% for patient who received 
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Figure 2 Distant free recurrence: 26 patients (57%) in the no RT 
group developed distant metastasis compared with 28 patients (60%) 
in the RT group, P=0.85. The median time to distant metastasis was 
11.5 months (range, 1–85 months). RT, radiotherapy.

Figure 3 Overall survival: 5-year overall survival rates were: 43.3% 
(95% CI: 30.1, 62.3%) (no RT) vs. 58.3% (95% CI: 43.4 %, 78.2 %)  
(RT). The 5-year disease-specific survival rates were 49.6% (95% 
CI: 35.5%, 69.4%) (no RT) vs. 60.5% (95% CI: 45.0%, 81.33%) 
(RT). RT, radiotherapy.

Figure 1 Local recurrence-free survival: 12 patients (26%) developed 
local recurrence in the no RT group vs. 0% in the RT group (P<0.001). 
The median time to local recurrence was 13.5 months (range,  
3–26 months). RT, radiotherapy.

perioperative RT and 8% for those who did not with the 
difference being insignificant. Similarly, Chen et al. (21) did 
not find an added benefit of adjuvant RT following curative 
surgery for rectal cancer with synchronous liver or lung 
metastasis. Ultimately, the potential benefit of radiotherapy 
is difficult to determine decisively from these series given 
the variation in timing of radiotherapy administration. 
Our study eliminates this limitation by focusing on locally-
advanced tumors and patients who received neoadjuvant 
radiotherapy only. This may provide an explanation for 
our contrary findings to these two similar published studies 
(4,21). Moreover, the focus of our study on locally-advanced 
tumors increases the relevance of LR and the potential 
impact of radiotherapy when combined with proper surgery 
rather than a broader based stage IV cancer cohort. It is 
noteworthy to point out that a third series by Huh et al. (20) 
did find in their subgroup analysis that LR rate following 
resection of stage IV rectal cancer was statistically lower in 
patients who received neoadjuvant RT compared with those 
who received adjuvant RT.

Chemotherapy combined with surgery has been shown to 
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improve the disease-free survival for patients with colorectal 
liver metastasis; the optimal timing of chemotherapy 
remains uncertain (22,23). New chemotherapy trials are 
underway which directly test the need for radiation at all (2).  
Likewise, stage IV disease has transitioned over time to 
include neoadjuvant chemotherapy as common practice in 
contrast to the standard postoperative therapy found before 
2005. This finding is certainly consistent with our series. 
All patients who experienced LR had received perioperative 
systemic chemotherapy. Despite differences in neoadjuvant 
chemotherapy specifically, it was not associated with 
either an improvement in DSS or LR. However, it may be 
argued that this radiated cohort with a higher percentage 
of neoadjuvantly treated patients represents a higher risk 
cohort. If true, this may actually add credibility to our 
findings that despite higher risk these patients ultimately 
have similar distant recurrence rates with significantly 

improve LR. Ultimately, distant recurrence remains the 
factor most critical to long term outcomes for patients. 
Only seven out of 58 patients with recurrence of any 
kind (12%) were found to have resectable metastasis and 
underwent repeat curative metastasectomy and are alive at 
last follow-up (Figure 4).

Addit ional ly,  this  series  adds to our col lect ive 
understanding of the nature of re-resection of LR. With an 
overall LR rate of 12.9% it is important to acknowledge that 
isolated LR was discovered in only 4.3%. These isolated 
LR were deemed resectable in 2 out of 4 patients. All of the 
patients who underwent resection of recurrence are disease-
free, which affirms the importance of re-operative surgery 
in these patients when feasible (24). Unfortunately, LR as 
an isolated event was the cause of death in 2 out of those  
4 patients or 2.2% of the total cohort. Of the eight patients 
with local and distant recurrence 7 eventually died of 

DM
n=18

LR
n=4

DM + LR
n=8

No RT
n=46

RT
n=47

DM
n=28

LR
n=0

DM + LR
n=0

R0 resection 
n=1

Cancer death 
n=0

Palliative Rx 
n=2

Cancer death 
n=2

Palliative Rx 
n=17

Cancer death 
n=11

R0 resection 
n=1

Cancer death
n=0

R0 resection 
n=3

Cancer death 
n=0

R0 resection
n=2

Cancer death 
n=0

palliative Rx 
n=7

Cancer death 
n=7

Palliative Rx 
n=25

Cancer death 
n=15

Figure 4 Recurrence patterns following surgery: patients experienced local recurrence, distal metastasis, or both. Management of recurrent 
disease was curative intent surgery or palliative resection. Median follow-up time was 43 (IQR 16–67) months from the time of initial 
surgery. RT, radiotherapy; DM, distant metastasis; LR, local recurrence.
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their distant disease. It has been successfully argued that it is 
distant disease, which remains the limitation on survival and 
that the impact of additional radiotherapy may only aid the 
minority of patients with isolated LR. Future efforts will be 
needed to understand proper selection criteria to determine 
who will benefit the most from this therapy. It is equally true 
that although there were no statistical differences in tumor 
height or operation performed there were clinically more 
APR and lower tumors in the radiated cohort. Radiation was a 
benefit to patients despite this finding of potential higher risk. 
Moreover, 10 of the LR occurred in Low anterior resection 
patients, which would potentially be considered as lower 
risk. This is demonstrated by a large HR 2.89 (Table 3) which 
was non-significant. This confirms the need for further risk 
stratification in order to avoid the potential negative impact 
radiotherapy may have on patients with low risk of LR.

The future implications on practice and research include 
identifying unique risk factors, which place patients with 
metastatic rectal cancer at highest risk for LR. Only then 
can we potentially modify those risks through combined 
chemoradiation therapy. Moreover, this data may aid 
providers by adding to the evidence, which supports the 
known benefits of neoadjuvant therapy for patients with 
advanced disease and allow for the translation of knowledge 
to metastatic disease.

Conclusions

In conclusion, as outcomes for stage IV rectal cancer continue 

to improve with modern therapy, the risk of LR needs to be 
included in the planning of optimal treatment strategy. We 
recommend consideration of neoadjuvant radiotherapy in 
advanced local rectal cancer with resectable stage IV disease 
until modifiable risk factors can be identified. 
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Upper 1.43 0.32 6.37 0.64

LAR vs. APR 2.89 6.63 13.21 0.15

Neoadjuvant chemotherapy 1.39 0.42 4.6 0.59

CI, confidence interval; BMI, body mass index; LAR, low anterior resection; APR, abdominal peritoneal resection.
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