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Background: Select patients with rectal adenocarcinoma with metastatic disease at presentation can be
cured with multimodality management. However, the optimal components and sequencing of therapy is
unknown. The aim of this study is to evaluate outcomes for patients treated with chemotherapy, short course
radiation therapy (SCRT) and surgical resection.

Methods: Patients with newly diagnosed metastatic rectal adenocarcinoma who received SCRT from
2010-2016 were identified. All patients were evaluated by a multidisciplinary team and deemed candidates
for treatment with curative intent. Overall survival (OS) and progression-free survival (PFS) were calculated
using the Kaplan-Meier method. Patient, tumor and treatment characteristics were evaluated as prognostic
factors using a Cox proportional hazards model.

Results: Thirty-four patients were included with a median [interquartile range (IQR)] follow-up of 25
(14.75-42.25) months; 26 patients (76.5%) received definitive surgery for their rectal tumor, and 24 patients
(70.6%) received definitive local management of metastatic disease. One-, 2- and 3-year OS were 97%,
86.2% and 76.0%, respectively, and 1-, 2-, and 3-year PFS were 52.1%, 22.7% and 17%, respectively. On
multivariate analysis, definitive management of metastases was associated with improved OS [hazard ratio
(HR) 0.03, 95% confidence interval (CI): 0.01-0.33]; P=0.003, and <2 months of neoadjuvant chemotherapy
was associated with decreased OS (HR 11.7, 95% CI: 2.11-106; P=0.004).

Conclusions: These findings suggest that SCRT can be successfully integrated into a definitive,
multidisciplinary approach to metastatic rectal adenocarcinoma. Benefits to this approach include decreased
time off systemic therapy as compared to standard course RT. Further study is needed to determine the
optimum interval between SCRT and surgery.
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Introduction

Though not commonly utilized in the United States, short
course radiation therapy (SCRT) has been established
as a standard option for the treatment of localized rectal
adenocarcinoma in national and international guidelines
(1,2). Several European trials showed the local control
(LC) benefit of radiation and surgery compared with
surgery alone (3-6). Pre-operative SCRT also showed
an LC benefit also when compared with selective post-
operative long-course CRT (7). More recently the TROG
01.04 randomized trial compared preoperative long-course
CRT to preoperative SCRT followed by post-operative
chemotherapy and found that, for patients with T3N0-2M0
rectal adenocarcinoma, there was no difference in 3-year
LC, overall survival (OS), late toxicity rates or health-
related quality of life (8,9).

For patients with metastatic disease at diagnosis, the
treatment recommendations are less clear. This clinical
scenario is not entirely uncommon, as approximately 15%
of patients with rectal cancer present with liver metastases
at diagnosis (10). Other sites of oligometastatic disease can
include the lung, ovaries and distant lymph nodes (11).
For patients with potentially resectable metastases, current
National Comprehensive Cancer Center guidelines
recommend upfront chemotherapy with or without
preoperative long-course CRT followed by a staged or
synchronous resection of both the primary and the metastases
(12). However, 5 to 6 weeks of long-course CRT followed
by a 6-8 weeks interval between completion of radiation
and surgery may allow for disease progression due to lack of
exposure to combination systemic therapy during this period.
Thus, the American College of Radiology appropriateness
guidelines state that preoperative SCRT can be considered
for patients with metastatic disease for whom definitive
management of the primary is desired (13), and a recent
EORTC consensus statement on M1 rectal cancer actually
recommends preoperative SCRT in this setting (14).

The optimal duration and sequence of therapy is unknown
for potentially curable metastatic rectal adenocarcinoma.
At our institution, all such cases are discussed in the
multidisciplinary setting. We have adopted a strategy that
includes neoadjuvant chemotherapy followed by SCRT and
either synchronous or staged resection of the rectal primary
as well as the metastatic disease. The purpose of this study is
to assess outcomes and prognostic factors for progression-free
survival (PFS) and OS following multidisciplinary treatment
including SCRT among patients with metastatic rectal cancer.
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Methods
Patient selection

The medical records of 34 patients with newly diagnosed
M1 rectal adenocarcinoma who were treated with 25 Gray
(Gy) in five fractions with definitive intent between 2010
and 2016 were identified. Patients with M1 disease were
selected for a curative treatment course if they had a good
performance status, pelvic disease amenable to complete
resection and one or more metastatic sites amenable to
surgical resection or other ablative/definitive treatment.

Multidisciplinary treatment course

Patients who presented with high-grade obstruction at
diagnosis were surgically diverted upfront. Otherwise, most
patients received upfront chemotherapy with a doublet or
triplet 5-fluorouracil (5FU)-based regimen followed by a
SCRT consisting of 5 Gy daily to 25 Gy. Surgical resection
of the primary tumor followed when possible. Surgical
management of the metastatic disease was performed either
at the time of pelvic surgery or as a staged procedure.

Radiation details

All patients underwent a non-contrast CT simulation and
were positioned prone on a belly board. The gross tumor
volume (GTV) was defined as the primary tumor and any
malignant-appearing lymphadenopathy. The planning target
volume typically included the GTV with a 2 cm margin plus
elective nodal coverage including the perirectal, presacral
and internal iliac lymph nodes. A 3D conformal technique
utilizing a posterior-anterior beam and two opposed laterals
(3-field belly board; 3FBB) was favored at our institution
until 2013. After 2013, the majority of patients were treated
with intensity modulated radiation therapy (IMRT). Daily
kilovoltage (kV) X-rays were used for image guidance.

Assessment of cancer control and toxicity endpoints

Patients were evaluated at least once during the course
of radiotherapy for acute toxicities. Patients were also
evaluated in their preoperative appointments, when
applicable. Radiation-related toxicities were graded based
on the Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0. Acute toxicities were defined as
those occurring between the initiation of radiation and
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the date of surgery or 6 weeks after the initiation of radiation
(whichever was earlier). Post-operative complications were
also recorded from the medical record and were classified as
either potentially radiation-related (i.e., post-operative abscess)
or not potentially radiation-related (i.e., pulmonary embolism
or myocardial infarction). Dates and locations of progressive
disease were recorded as well as vital status at last follow-up.

Statistical analysis

Chi-square test was used for between-group comparisons
of categorical variables, and the Mann-Whitney U test
was used for between-group comparisons of continuous
variables. P values <0.05 were considered significant. PFS
was calculated as the date of first treatment initiation to the
date of disease progression, relapse, and death from any
cause or last follow-up. OS was calculated as the date of
first treatment initiation to the date of death from any cause
or last follow-up. Analysis of PFS and OS was performed
by the Kaplan-Meier method. Cox’s proportional hazards
model was used for univariate and multivariate analyses to
evaluate potential prognostic factors for PFS and OS. The
hazard ratio (HR) is reported with the 95% confidence
interval (CI) for each variable. Factors with a P value <0.2
on univariate analysis were included in the multivariate
model. The statistical software used was JMP version 12
(SAS Institute Inc., Cary, NC, USA).

Results

A total of 34 patients were included in the analysis.
The median [interquartile range (IQR)] follow up was
25 (14.75-42.25) months. All but one patient received upfront
chemotherapy prior to SCRT; 26 patients went on to receive
definitive surgery for their rectal primary disease. Eight
patients had their surgeries cancelled; four were cancelled
due to progression of metastatic disease, two were cancelled
due to worsening of their medical comorbidities and two
refused surgical intervention after an excellent clinical
response and negative biopsy. Twenty-two patients received
surgical resection of metastatic disease either at the time of
resection of their rectal primary or in staged procedures, and
at two patients received radiofrequency ablation (RFA) of
metastatic disease with curative intent. Seven patients did
not have curative treatment for their metastatic disease due
to progression of metastases seen on re-staging imaging.
Further patient, disease and treatment-related details are
given in Tuble 1.
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OS and PFS

At the time of last follow up in June 2017, nine patients
(26.5%) had died. One-, 2- and 3-year OS rates were
97%, 86.2% and 76.0%, respectively (Figure I). On log-
rank testing, there was no difference in OS between those
who received definitive rectal surgery and those who did
not (P=0.533); however, only 8 (23.5%) did not receive
definitive rectal surgery, and only one of those eight had died
at the time of analysis. On multivariate analysis, definitive
management of metastases was associated with improved OS
(HR 0.03, 95% CI: 0.01-0.33; P=0.003), and <2 months of
neoadjuvant chemotherapy was associated with decreased OS
(HR 11.7, 95% CI: 2.11-106; P=0.004) (Table 2).

At the time of last follow up in June 2017, 25 patients
(73.5%) had experienced progression of disease. One-, 2-,
and 3-year PFS were 52.1%, 22.7% and 17%, respectively
(Figure 2). Twenty-four patients experienced distant disease
progression only and one patient experienced local and
distant disease progression. For those who progressed,
median interquartile range (IQR) time to progression was
12 (7-17.25) months. There were no factors identified on
multivariable analysis that were significantly associated
with differences in PFS; however, positive radial margins,
typically an indicator of advanced primary disease, was
associated with a trend towards decreased PFS (HR 2.84,
95% CI: 0.89-7.89; P=0.076) (Table 2).

Acute toxicity and post-operative complications

Six patients (17.6%) developed grade 2 or greater toxicities
from the initiation of radiation until the date of surgery
or 6 weeks after radiation (whichever came first). One
patient developed grade 3 diarrhea, two patients developed
grade 2 diarrhea, and three patients developed grade
2 nausea. Of the 26 patients who underwent definitive
surgery for their primary tumor, 10 (40%) developed
potentially radiation-related postoperative complications.
Postoperative complications included three patients with
small bowel obstruction, five patients with pelvic abscess
or wound infection, one patient with high ostomy output
and dehydration and one patient with an anastomotic leak
requiring surgical correction.

Radiation technique, dosimetric endpoints and toxicity

Patients who received treatment with IMRT had a
significantly lower volume of bowel receiving 25 Gy or
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Table 1 Patient demographics, tumor and treatment characteristics

N (%) or median [IQR]

Characteristics

Age (years) at RT [median (IQR)] 56 [44-63]
Sex [n (%)]
Female 10 (29.4)
Male 24 (70.6)
Clinical T-stage [n (%)]
T3 26 (76.5)
T4 8 (23.5)
Clinical N-stage [n (%)]
NO 2(5.9)
N+ 32 (94.1)
Site of metastatic disease at diagnosis* [n (%)]
Liver 26 (76.5)
Lung 12 (35.3)
RP nodes 5(14.7)
Ovary 1(2.9
Number of metastatic sites at diagnosis [n (%)]
1 24 (70.6)
2 10 (29.4)
Neoadjuvant chemo regimen [n (%)]
FOLFOX +/- Bev 27 (79.4)
FOLFIRI +/- Bev 4(11.8)
FOLFOXIRI +/- Bev 2(5.9)
None 1(2.9)
Months of neoadjuvant chemo [median 2.3[1.6-3.0]
(IQR)]
Months between last cycle of chemo 1.1[0.8-1.7]
and initiation of RT [median (IQR)]
RT technique [n (%)]
Prone 3FBB 22 (64.7)
Prone IMRT 12 (35.3)
Days between RT and rectal surgery 6 [5-22]
[median (IQR)]
Day between end of chemo and rectal 51 [42.3-67.8]
surgery [median (IQR)]
Definitive rectal surgery [n (%)]
Yes 26 (76.5)
No 8 (23.5)

Table 1 (continued)
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Table 1 (continued)

Characteristics N (%) or median [IQR]
% tumor viability [median (IQR)] 60 [20-80]
Radial margins [n (%)]
Negative 21 (80.8)
Positive 5(19.2)
Definitive local therapy for metastases
[n (%)]
Surgery 22 (64.7)
RFA 2(5.9)
None 10 (29.4)
Planned adjuvant therapy [n (%)]
FOLFOX 14 (41.2)
FOLFIRI 3(8.8)
XELOX 1.9
None 16 (47.1)

*, some patients had more than one site of metastatic disease
at presentation. RT, radiation therapy; IQR, interquartile
range; RP, retroperitoneal; FOLFOX, leucovorin, 5-fluorouracil,
oxaliplatin; FOLFIRI, leucovorin, 5-fluorouracil, irinotecan;
FOLFOXIRI, leucovorin, 5-fluorouracil, oxaliplatin, irinotecan;
Bev, bevacizumab; 3FBB, 3-field belly board; IMRT, intensity-
modulated radiation therapy; RFA, radiofrequency ablation;
XELOX, capecitabine, oxaliplatin.

0.8 —
0.6

0.4

Percentage surviving

0.2

0.0
0 6 12 18 24 30 36 42 48 54 60

Months from initiation of 1st therapy

Number

. 33 32 24 19 14 11 9 5 5 4
at risk

Figure 1 OS of patients with M1 rectal cancer treated with short

course radiotherapy. OS, overall survival.
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Table 2 Univariate and multivariate analyses for OS and PFS

Holliday et al. SCRT for metastatic rectal cancer

os*
Characteristics Univariate Multivariate Univariate Multivariate
HR (95% CI) P HR (95% Cl) HR (95% ClI) P HR (95% CI) P
Sex 0.452 - 0.930 - -
Men Reference Reference
Women 0.56 (0.08-2.34) 1.04 (0.42-2.37)
Clinical T-stage 0.353 - 0.941 - -
T3 Reference Reference
T4 2.04 (0.41-8.47) 0.96 (0.32-2.45)
Clinical N-stage™ 0.150 0.270 - -
NO Reference Reference Reference
N+ 2.31x10" (0.503- 5.28x10° 0.34 (0.11-2.49)
0.503) (0.32-0.32)
Number of metastatic 0.876 - 0.614 - -
sites
1 Reference Reference
2 1.14 (0.17-5.04) 1.25 (0.50-2.93)
Liver metastases 0.741 - 0.867 - -
No Reference Reference
Yes 1.30 (0.31-8.72) 0.93 (0.39-2.43)
Lung metastases 0.810 - 0.389 - -
No Reference Reference
Yes 1.20 (0.24-4.92) 1.43 (0.62-3.22)
Months of neoadjuvant 0.074 0.228 - -
chemo
>2 Reference Reference Reference
< 3.40 (0.89-16.21) 11.7 (2.11-106) 1.67 (0.72-3.83)
Surgical resection of 0.634 - 0.952 - -
primary
Yes Reference Reference
No 1.77 (0.09-12.80) 0.97 (0.28-2.61)
Positive radial margins 0.280 - 0.076 0.076
No Reference Reference Reference
Yes 2.68 (0.38-12.61) 2.84 (0.89-7.89) 2.84 (0.89-7.89)
Percent tumor viability 0.134 0.708 - -
<50% Reference Reference Reference
~50% 3.01 (0.71-15.22) 4.51 (0.70-38.5) 1.19 (0.48-3.03)
Definitive management 0.022 0.366 - -

of metastatic disease
No

Yes

Reference
0.11(0.01-0.71)

Reference
0.03 (0.01-0.33)

Reference
0.61 (0.24-1.89)

*, cox regression analysis used. Variables with a P<0.2 on univariate analysis were retained in the multivariate model. **, no patient with
node-negative disease died. HR, hazard ratio; Cl, confidence interval; OS, overall survival; PFS, progression-free survival.
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Figure 2 PFS of patients with M1 rectal cancer treated with short

course radiotherapy. PFS, progression-free survival.

Table 3 Dosimetric parameters for the bowel bag for patients
with metastatic rectal adenocarcinoma treated with short course

radiotherapy

Dosimetric 3FBB, median IMRT, median p
parameters [IQR] [IQR]

Dmax in Gray  26.4 [26.0-26.8] 26.8 [25.9-27.2] 0.292
V25in cc 95 [562-203] 4 [0.5-40] 0.002
V20 in cc 150 [127-278] 29 [9-102] 0.006
Vi5incc 196 [163-337] 81 [32-218] 0.037
V10incc 322 [230-409] 195 [87-365] 0.071
V5incc 779 [575-1,104] 431 [293-525] 0.003

IQR, interquartile range; V25, volume of bowel receiving 25 Gy
or greater; cc, cubic centimeter; 3FBB, 3-field belly board; IMRT,
intensity-modulated radiation therapy.

greater (V25), as well as a lower V20 and V15 (Table 3).
However, there was no demonstrated significant correlation
with IMRT use and lower toxicity compared with 3FBB.

Discussion

Our results suggest that outcomes are encouraging for
select patients with metastatic rectal cancer treated with
a definitive multidisciplinary approach that included
chemotherapy followed by SCRT followed by pelvic surgery
a median IQR of 6 [5-22] days later. Given the observed
benefit of “short course, long interval” treatment outlined
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above for patients with localized rectal cancer (15-17),
there is likewise interest in incorporating a planned break
between SCRT and pelvic surgery for patients with
metastatic disease during which additional chemotherapy
can be administered.

Although two patients in our cohort experienced a
clinical complete response and refused surgery, no patient
in our cohort experienced a pCR. Similarly low pCR
rates have been reported in other SCRT series including
immediate surgery. The TROG 01.04 trial showed
similarly low pCR rates of only 1% for patients receiving
SCRT followed by immediate surgery (8,18). The timing
of surgery with respect to SCRT has been the topic of
ongoing investigation, and protocols using SCRT followed
by delayed surgery (4-8 weeks interval) have shown to
improve tumor response compared to the traditional
1-2 weeks interval (15,16). Interestingly, preliminary
data from a recent Polish trial showed comparable LC
and potentially improved OS with SCRT followed by
FOLFOXx4 prior to surgery compared to long-course
CRT with bolus 5FU/leucovorin and oxaliplatin (17).

This approach of SCRT followed by chemotherapy for
up to six cycles followed by surgery was the subject of a
phase II study in the Netherlands. The 2-year recurrence
rate was relatively high at 64% (19,20). Our results compare
favorably to these, as our RO resection rate was 80.2%, our
2-year OS was 86.2% and our 2-year progression rate was
77.3%. A similar approach was taken by a Phase II study of
liver-metastasis only rectal cancer patients in Korea. The
RO rate was 63%, which, again, is lower than in our series
(80.8%) (21).

Interestingly, receipt of definitive pelvic surgery was not
significantly associated with either OS or PFS in our cohort.
This is likely due to the high rate of distant failure being
the primary driver of outcomes. Additionally, eight patients
had their pelvic surgery cancelled (n=8), two of which
had a clinical complete response to preoperative therapy.
None of the eight patients receiving SCRT alone without
subsequent pelvic surgery developed late toxicities related
to radiation, and these results are in keeping with a phase 2
study evaluating SCRT for palliative intent (22). We did not
see any differences in toxicity between patients treated with
3DCRT compared with those treated with IMRT; however,
IMRT was able to decrease the volume of bowel receiving
low doses of radiation. Other groups have also shown that
IMRT can be beneficial in decreasing small bowel dose as
well as bone marrow dose and resultant toxicities (23,24).

All patients in our study received a fluorouracil-based
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doublet or triplet regimen with or without bevacizumab.
Patients received two to six cycles of chemotherapy prior to
SCRT, and our results suggest that receipt of >2 months of
neoadjuvant chemotherapy was associated with improved
OS on multivariate analysis. This may be due to more
adequate treatment of systemic disease before adding local
therapy, or it may be that a longer course of neoadjuvant
chemotherapy allows for improved patient selection. This is
an area that may warrant further research.

This single-institution, retrospective study is the first
US report of outcomes and prognostic factors for patients
treated with curative intent using SCRT as part of the
multidisciplinary management of metastatic rectal cancer.
These results are hypothesis-generating and suggest that
definitive management of metastatic sites with surgery
or other local therapy as well as receipt of >2 months of
induction chemo prior to local therapy are important
prognostic factors for survival. Limitations of this study
include those inherent to any small retrospective review.
There were certainly patient and disease related factors that
influenced the multidisciplinary team to offer definitive
treatment. Additionally, there was some heterogeneity in the
timing and agents used for the systemic therapy component.

Conclusions

In conclusion, patients with potentially curable metastatic
rectal cancer can be effectively treated with a multimodality
approach incorporating chemotherapy, SCRT and surgical
resection. Though disease progression is common,
particularly distantly, long-term control and survival are
possible. Further study is warranted regarding the optimal
sequence of chemotherapy, radiation and surgery of both
the primary and metastatic sites.
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