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Background: The aim of this study is to analyse the pooled results of intraoperative electron beam
radiotherapy (IOERT) containing multimodality treatment of locally advanced T4 rectal cancer, initially
unresectable for cure, from the Mayo Clinic, Rochester, USA (MCR) and Catharina Hospital, Eindhoven,
The Netherlands (CHE), both major referral centers for locally advanced rectal cancer. A rectal tumor is called
locally unresectable for cure if after full clinical work-up infiltration into the surrounding structures or organs
has been demonstrated, which would result in positive surgical margins if resection was the initial component
of treatment. This was the reason to refer these patients to the IOERT program of one of the centers.
Methods: In the period from 1981 to 2010, 417 patients with locally unresectable T4 rectal carcinomas at
initial presentation were treated with multimodality treatment including IOERT at either one of the two
centres. The preferred treatment approach was preoperative (chemo) radiation and intended radical surgery
combined with IOERT. Risk factors for local recurrence (LR), cancer specific survival, disease free survival
and distant metastases (DM) were assessed.

Results: A total of 306 patients (73%) underwent a RO resection. LRs and metastases occurred more
frequently after an R1-2 resection (P<0.001 and P<0.001 respectively). Preoperative chemoradiation (preop
CRT) was associated with a higher probability of having a RO resection. Waiting time after preoperative
treatment was inversely related with the chance of developing a LR, especially after R+ resection. In 16% of all
cases a LR developed. Five-year disease free survival and overall survival (OS) were 55% and 56% respectively.
Conclusions: An acceptable survival can be achieved in treatment of patients with initially unresectable T4
rectal cancer with combined modality therapy that includes preop CRT and IOERT. Completeness of the
resection is the most important predictive and prognostic factor in the treatment of T4 rectal cancer for all

outcome parameters. [OERT can reduce the LR rate effectively, especially in R+ resected patients.
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Introduction

Treatment of rectal cancer changed significantly over the
past decades. The introduction of total mesorectal excision
(TME) (1), the evaluation of the circumferential margin
(CRM) status (2), the introduction of neoadjuvant (chemo)
radiation and adjuvant therapy have improved the prognosis
of patients with rectal cancer (3,4).

Rectal carcinomas are considered locally advanced when
infiltrating through the enveloping mesorectal fascia or
ingrowth into adjacent structures (5). These carcinomas are
sub classified as T4b when they adhere to or invade into the
surrounding structures or organs according to the TNM
classification. The idea of treating patients with these T4
rectal carcinomas that may be locally unresectable for cure
at initial presentation has changed from a merely palliative
setting to a more aggressive multimodality treatment
combining neoadjuvant (chemo) radiation with extended
surgery. As a result of this approach the survival also
changed from almost no long-term survivors to a reported
S-year survival rate up to 67% (6).

A number of factors appear to influence survival in the
treatment of patients with T4b rectal tumors. Among these
are the ability to achieve an RO resection (6-9), and the use
of neoadjuvant external beam irradiation therapy (EBRT)
or concurrent chemoradiation (CRT) to achieve downsizing
and downstaging of the tumour, which may improve the
probability of performing a RO resection. Furthermore
neoadjuvant EBRT or CRT improves local control and in
some series survival (5,10). However the dose tolerance of
normal tissue limits the dose of EBRT that can be delivered
safely. The addition of concurrent chemotherapy to the
neoadjuvant radiation has improved local control, time to
treatment failure, and cancer-specific survival (CSS) vs.
EBRT alone in a phase III Norwegian trial of patients with
locally unresectable rectal cancer (5).

Intra-operative irradiation therapy with either electrons
(IOERT) or high dose brachytherapy (HDR-IORT) can
provide a solution to overcome the problem of EBRT dose
limitations. With IORT a boost can be delivered to the area
of highest risk, i.e., the region where the tumor was initially
fixed or most adherent to adjacent structures on clinical
exam and confirmed on pelvic imaging and the risk of a
close margin or even an R1 or R2 resection is highest. Dose
limiting surrounding structures can be removed or shielded
from the IORT boost. IORT has become an integral part
of multimodality treatment of locally unresectable T4 rectal
cancer in a number of institutions worldwide (6,11-30). The
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combination of EBRT and IORT may result in a tumorcidal
dose equivalent to 80-90 Gy in 2 Gy fractions (12).

"Two major tertiary referral centres practicing IOERT-
containing multimodality treatment in the treatment of
locally unresectable primary T4 rectal carcinomas, the
Mayo Clinic in Rochester, Minnesota, USA (MAYO) and
the Catharina Hospital in Eindhoven, The Netherlands
(CHE), pooled their data. The aim of this study was to
analyse the patient and treatment factors influencing local
recurrence (LR), distant metastases (DM) and survival in
uni and multivariate analyses.

Methods
Patients

At the MAYO the IOERT program started in 1981
and since then MAYO has been a leader in the field of
treating patients with locally unresectable and recurrent
rectal carcinoma (11,13,14,27). The Catharina Hospital
Eindhoven (CHE) joined the Mayo Clinic in an IOERT
program for rectal cancer in 1994 with the same treatment
protocol (15-17).

The clinical stage of all patients was assessed by abdomen-
pelvic computed tomography (CT) and or magnetic
resonance imaging (MRI) in most patients, demonstrating
loss of a fat plane relative to critical organs or structures,
and the inability to perform an upfront RO resection. In
addition, patients had routine labs and chest film or CT,
and many had endoscopic ultrasound to evaluate depth of
invasion.

The data of the patients of the Mayo Clinic and the
Catharina Hospital have been pooled from the beginning
of their IOERT-program until 2010. Patients with primary
T4b rectal cancer, locally unresectable for cure at initial
presentation, without pre-operative DM were selected.
Patients with a good response to neoadjuvant treatment not
necessitating IOERT during surgery were excluded from
this analysis resulting in a pooled group of 417 patients. The
mean follow up time was 52 months (range, 0-234 months).

Treatment

In Table 1 the similarities and differences between the
institutions are shown. Patients in the MAYO cohort
were significantly younger (mean 56 vs. 62 years in the
CHE cohort, P<0.001) and had a longer mean follow up
(57 vs. 48 months in the CHE, P=0.009). The preferred
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Table 1 Patient characteristics—Mayo Clinic Rochester (MAYO) and Catharina Hospital Eindhoven (CHE)

Characteristic All (N=417) CHE (N=242) MAYO (N=175) P value
Age (years), mean [range] 59.2+12.2 [19-89] 62.3+10.2 [19-89] 56.4+13.7 [19-89] <0.0001
FU (mo), mean [range] 51.8+38.1 [1-234] 48.2+33.7 [1-158] 56.8+43.1 [1-234] 0.024
Gender, n (%)
Male 248 (60.0) 140 (58.0) 108 (62.0) 0.428
Female 169 (40.0) 102 (42.0) 67 (38.0)
Preop Rx, n (%)
None 13 (3.1) 0(0.0) 13(7.4) <0.0001
EBRT 79 (18.9) 54 (22.3) 25 (14.3)
ChemoRT 325 (77.9) 188 (77.7) 137 (78.3)
Waiting time* (weeks), n (%) <0.0001
0.1-2 47 (11.6) 3(1.2) 44 (27.2)
2.1-4 34 (8.4) 8 (3.3) 26 (16.0)
4.1-6 62 (15.3) 14 (5.8) 48 (29.6)
6.1-8 68 (16.8) 47 (19.4) 1(13.0
8.1-10 79 (19.6) 69 (28.5) 0(6.2)
10.1-12 55 (13.6) 53 (21.9) 2(1.2)
>12 43 (10.6) 39 (16.1) 4(2.4)
Missing 16 (4.0) 93.7) 7 (4.3
Total 404 (100.0) 242 (100.0) 162 (100.0)
Adjuv chemo”, n (%) 0.635
No 346 (83.1) 199 (82.2) 147 (84.0)
Yes 71 (17.0) 43 (17.8) 28 (16.0)
Postop EBRT", n (%) <0.0001
No 390 (94.5) 238 (98.3) 152 (86.9)
Yes 27 (5.5) 4(1.7) 23 (13.1)

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses; yr,

year; Preop RXx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting time, interval from end of

preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative.

treatment approach was preoperative (chemo) radiation, an
intended radical resection followed by an IOERT boost at
the area of risk, however in the early phase of the MAYO
cohort 13 of 175 patients (7.4%) had an irradical surgical
resection (R1 or R2) as the initial component of treatment.
Over the years, the adjuvant and neoadjuvant treatment
schemes have changed in both centers. However, the
basic treatment principle (radiotherapy with concurrent
S-fluorouracil or capecitabine, followed by resection and
an IOERT boost) remained the same. Treatment methods
from both institutions have been described in detail in prior
manuscripts and will only be summarized here (13-17,27).
The majority of the patients received preoperative
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radiotherapy combined with 5-FU based chemotherapy,
and this percentage was comparable in both centers (MCR:
79% vs. CHE: 78%). The preoperative EBRT-dose ranged
from 45-54 Gy in fractions of 1.8 to 2.0 Gy.

The waiting period between the finishing of the
preoperative (chemo) radiotherapy and surgery ranged from
1 day to more than 12 weeks. At MAYO, the waiting time
was significantly shorter than at CHE with a waiting time
interval of 6 weeks or less in 73% vs. 10% of patients and an
interval of 8 weeks or less in 86% vs. 30%. All patients were
re-evaluated, with either a pelvic MRI and/or a CT thorax/
abdomen/pelvis, after finishing neoadjuvant therapy and
before proceeding to surgery/IOERT.

jgo.amegroups.com 7 Gastrointest Oncol 2016;7(6):903-916
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Performing surgery in these patients constitutes a
challenge, given the fact that the tumors were beyond their
natural anatomical borders and often required an extra-
anatomical resection. IORT was delivered as an electron
boost at both institutes. Currently, both centers have a
dedicated linear accelerator in the operating theatre. The
IOERT dose and energy were comparable and were usually
10 to 12.5 Gy after an RO or R1 resection (15 Gy or higher
in the few patients with R2 resection), with electron energies
ranging from 8 to 12 MEV and the most commonly used
diameter of the bevelled applicator was 6 cm.

All patients referred for treatment for a T4b carcinoma
were discussed in a multidisciplinary setting in both
centers. Data of all patients treated for T4 carcinomas are
prospectively collected in a database.

Statistical analysis

Statistical analysis was performed using SPSS package (SPSS
20.0 for Windows; SPSS Inc., Chicago, IL). The #-tests and
chi-square tests were used to compare individual variables.
The LR rate, DM rate, CSS, relapse-free survival (RFS)
and overall survival (OS) were estimated using the Kaplan-
Meier (KM) method. CSS was defined as the time between
rectal cancer surgery and death caused by rectal cancer.
Differences were assessed using the Log-Rank test. P values
were two-sided and considered statistically significant at
a value of 0.05 or less. For determination of risk factors,
first univariate analyses were performed by analyzing the
effect of the covariates in a univariate Cox regression (CR).
Covariates with trend-significant effects (P value <0.10)
were selected for multivariate analysis, using stepwise
Cox proportional hazards regression modeling. Stepwise
regression was used and a two-sided P value of less than 0.05
was considered significant. Forest plots were implemented
using Comprehensive Meta-Analysis version 2.0.

In this group of 417 patients only seven R2 resections
occurred and therefore, R1 and R2 were combined as R+ in
most statistical analyses.

The Mayo Clinic institutional review board and the
Catharina Hospital review board approved this study.

Results
Radicality of the resection

Opverall, 306 patients of the 417 patients (73%) underwent
a complete resection without tumor cells at the surgical
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resection margins (RO resection). Table 2 shows the influence
of preoperative parameters on the radicality of the resections.
In the group of patients who had no preoperative treatment
the RO rate was 54%, while this ranged from 67% after
preoperative radiotherapy and 76% after preoperative
chemoradiotherapy (P=0.026). Furthermore it was found
that the waiting time between the last day of the neoadjuvant
radiotherapy and the day of surgery had a significant effect
on the margin status of the resection. In the group of patients
who waited less than 57 days (the median number of days
waiting time), 69% of patients underwent a RO resection
opposed to 80% in the group of patients who had a longer
waiting period (P=0.014). Figure 14 shows the effect of the
waiting time on the percentage of R0 resections.

The LR

In 66 of 417 patients a LR developed (19.3% 5-year LR
rate). After univariate analysis (7able 3) the risk factor
associated with LR were margin status of the resection
(P<0.001) and interval from completion of preoperative
therapy to resection (waiting time; P=0.037). Subtotal
resection resulted in 3- and 5-year LR rates of 27% and 40%
for R1 resection and 43% for R2 resections, while this was
10% and 13 % after RO resection (P<0.001).

As waiting time was correlated with radicality of resection,
the influence of waiting time on the development of LR was
stratified for radicality of resection. After univariate analyses
a significant increase in LR was found with a waiting time
of >8 vs. <8 weeks or less (KM, P=0.037) leading to a risk
reduction of 42% (CR, HR: 0.58; CI: 0.35-0.97, P=0.039).

After multivariate analyses with waiting time and radicality
of resection included, a significant risk reduction of 41% (CR,
HR: 0.59; CI: 0.35-0.99, P=0.044) and 70% (CR, HR: 0.30;
CI: 0.18-0.51, P<0.0001) was found for waiting time and
radicality of resection respectively. The most prominent risk
reduction of almost 60% was seen in the R+ resected group.
Figure 1B demonstrates the effect of waiting time on 3 years
LR rate in RO and R+ resected patients. Figure 1C shows the
different effect of waiting time on radically resected patients
and incomplete resected patients. In R+ patients, the 3-year
local relapse rate was 43 % vs. 18% with waiting time of >8 vs.
<8 weeks (P=0.018).

A lower risk of LR was observed at 5 years in patients
receiving neoadjuvant therapy, although this effect did not
reach statistical significance since 97% of patients received
preoperative therapy. No effect of adjuvant chemotherapy
was found on the development of a LR.
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Table 2 Preoperative variables influencing radicality of resection in pooled analysis

Characteristic Resection RO (%) R1/R2 (%) All (%) Univariate P value ~ Multivariate P value (RO vs. R1/R2)
Age, years
<69 243 (74.3) 84 (25.7) 327 (100.0) 0.412
>70 63 (70.0) 27 (30.0 90 (100.0)
Gender
Male 178 (71.8) 70 (28.2) 248 (100.0) 0.368
Female 128 (75.7) 41 (24.3 169 (100.0)
Preop Rx
None 7 (53.8) 6 (46.2) 13 (100.0) 0.026 0.339
EBRT 53 (67.1) 26 (32.9) 79 (100.0)
ChemoRT 246 (75.7) 79 (24.3) 325 (100.0)
Waiting time* (weeks) <0.0001 <0.0001
0.1-2 24 (53.3) 21 (46.7) 45 (100.0)
2.1-4 21 (56.8) 16 (43.2) 37 (100.0)
4.1-6 48 (70.6) 20 (29.4) 68 (100.0)
6.1-8 59 (85.5) 10 (14.5) 69 (100.0)
8.1-10 68 (86.1) 11 (13.9) 79 (100.0)
10.1-12 40 (80.0) 10 (20.0) 50 (100.0)
>12 34 (70.8) 14 (29.2) 48 (100.0)
Total 294 (74.2) 102 (25.8) 396 (100.0)
Adjuv chemo” 0.042
No 247 (71.4) 99 (28.6) 346 (100.0)
Yes 59 (83.1) 12 (16.9) 71 (100.0)
Postop EBRT" 0.086
No 290 (74.4) 100 (25.6) 390 (100.0)
Yes 16 (59.3) 11 (40.7) 27 (100.0)

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses; yr,

year; Preop RXx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting time, interval from end of

preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative.

The DM

The 5-year DM free survival was 64%. Only an incomplete
resection was associated with a higher risk for DM, as
shown in Table S1, with 3- and 5-year DM free survival
of 76% and 69%, 59% and 47%, and 33% and 33% for
RO, R1 and R2 resected patients respectively (P=0.001).
When investigating factors influencing the development
of metastases, no influence was found of adjuvant therapy
in this analysis. Figure 2 shows the effect of an RO and
R+ resection on the development of metastases and other
oncological outcome parameters.

© Journal of Gastrointestinal Oncology. All rights reserved.

CSS and relapse-free survival (RFS)

CSS was 64.6% after 5 years; the main factor associated
with CSS after univariate analysis was margin status (Tizble 4).
R1-R2 resections were associated with a 3- and 5-year
CSS of 69% and 44%, and 40% and 20% respectively,
compared to 82% and 73% after RO surgery (P<0.001).
After univariate analysis of factors influencing CSS it was
found that receiving preoperative chemoradiotherapy or
radiotherapy decreased the chance of dying of the cancer
(P=0.036), which did not reach statistical significance on
multivariate analysis.
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Figure 1 Influence of waiting time (interval from end of preoperative therapy to surgery). (A) Rate of RO resections—increases with a 7-10 weeks

waiting time; (B) local recurrence (LR) rates at 3 years—if relatively short waiting time (3-8 weeks), 3 years LR is statistically reduced; when

>8 weeks, 3 years LR similar in R+ patients to those with no preoperative treatment; (C) LR rates in R0 and R+ resected patients.

Five-year RFS was 55.1%. RFS was significantly
influenced by the margin status (P<0.001, Table S2). A
trend towards improved RFS is observed after neoadjuvant
therapy (5-year RFS of 56% vs. 30%, with vs. without
neoadjuvant therapy; P=0.148). The RFS was not influenced
by adjuvant therapy.

os

The 3- and 5-year OS estimates were 73% and 56%. When
an RO resection was achieved, these percentages were
77% 3-year and 64% 5-year OS. In patients with R1-R2
resection the 3 and 5 years OS were 60% and 35%, and
29% and 14% respectively (P<0.001). Factors influencing
OS after uni- and multivariate analysis were age (P<0.001)

and margin status (P<0.001) (7azble 5). The different types

© Journal of Gastrointestinal Oncology. All rights reserved.

of neoadjuvant therapy had no significant effect on survival
but the fact that patients did or did not receive neoadjuvant
therapy showed a trend towards better survival in patients
treated with neoadjuvant therapy (5-year OS of 46% with
no preop therapy vs. 57% with preop CRT). Adjuvant
chemotherapy resulted in a trend for improved 5-year OS
(70% vs. 53%) that did not reach statistical significance
(P=0.101). Postoperative radiotherapy was not correlated
with OS nor with other oncological outcome parameters

Discussion

In this study the pooled results of the IOERT containing
multimodality treatment in two major centers are presented
in 417 patients with T4 rectal carcinomas that were locally
unresectable for cure at initial presentation. The pooling
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Table 3 Uni and multivariate analysis of variables influencing local recurrence rates
Univariate analyses Multivariate analyses
Parameter 3-5 years (%) P value (KM)
CRHR Cl P value CR HR Cl P value
Age, years 0.470 0.480
<69 13-18 1
>70 19-24 1.244 0.687-2.250
Gender 0.936
Male 13-20 1
Female 17-19 0.980 0.598-1.606
Preop Rx 0.846 0.861
None 19-32 1
EBRT 16-18 0.703 0.198-2.494
ChemoRT 14-19 0.715 0.233-2.293
Waiting time* (weeks) 0.037 0.039 0.044
>8 17-21 1 1
<8 12-18 0.579 0.345-0.972 0.589 0.352-0.985
Radicality <0.0001
RO 10-13 1 <0.0001 1 <0.0001
R1 27-40 3.082 1.880-5.053 <0.0001 3.324 1.981-5.576  <0.0001
R2 43-43 3.384 0.811-14.117 0.094 2.627 0.351-19.666  0.347
Adjuv chemo 0.873
No 15-19 1
Yes 13-22 0.948 0.946-1.813
Postop EBRT 0.923 0.923
No 15-19 1
Yes 23-23 1.046 0.420-2.603

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses;

yr, year; KM, Kaplan Meier; Preop Rx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting

time, interval from end of preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative; CR, cox

regression; HR, hazard ratio; Cl, confidence interval.

of this large cohort of patients with sufficient follow up
allowed in-depth statistical analysis. However, combining
the data from different centers may also introduce some
bias. Therefore the treatment protocols of both centers
were compared to evaluate if the groups of patients were
comparable and to detect differences, which could be used
for analytical purposes. Furthermore the pre-treatment
staging and the TNM classification were compared to
evaluate if the groups were similar. All patients had a
T4b tumor as staged prior to initiation of treatment. The
percentage of patients receiving neoadjuvant therapy was
comparable in both centers (100% vs. 93%): however,

13 of 175 patients (7.3%) in the early part of the MAYO

© Journal of Gastrointestinal Oncology. All rights reserved.

cohort had an irradical (R1 or R2) resection as the initial
component of treatment. Finally specialists of both centers
visited each other and observed treatment of patients in the
collaborating center. It was concluded that both the patient
groups and method of treatment were quite comparable
before the pooled analysis was started. Other limitations of
the analysis include changes in treatment protocol over time
especially with regard to concurrent chemotherapy during
EBRT and maintenance postoperative chemotherapy
(utilization, which drugs, method of administration,
intensity, duration, etc.).

The major difference in the treatment approach at
MAYO and CHE was the interval from completion of

jgo.amegroups.com 7 Gastrointest Oncol 2016;7(6):903-916
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Figure 2 Influence of radicality of resection (RO vs. R+) on all oncological outcome parameters.

neoadjuvant therapy to radical resection plus IOERT. At
MAYO, the waiting time was 6 weeks or less in 73% of
patients vs. 10% at CHE and 8 weeks or less in 86% us.
30%. The MAYO preferred interval of <6 weeks was chosen
to obtain an additive effect of the EBRT and IOERT
components of treatment by reducing the total duration
of irradiation, in an attempt to maximize local control of
disease. CHE preferred an interval of 8-10 weeks in order
to achieve maximum tumor shrinkage from preoperative
therapy and optimize the rate of RO resection.

The treatment protocols in the current pooled analysis
have succeeded in achieving an increased 5-year OS of 56%
for patients with T4 rectal carcinomas that were locally
unresectable for cure at time of initial presentation because of
tumor fixation. The distant metastasis free survival was 64%
and CSS was 65% after 5 years. These results compare well
with the outcome of rectal cancer treatment in general, when
considering that all these patients had ‘locally unresectable’
T4 tumors. Other IOERT series published survival figures
ranging from 52% to 67% (6,14,18-20), however some of
those studies included T'1-T'3 tumours (18-20).

© Journal of Gastrointestinal Oncology. All rights reserved.

In the current pooled analysis the LR rate was 16% (3-year
LR: R0O—10%, R1—27% and R2—43%). In other IOERT
studies similar rates have been reported. Kusters e 4/. found
a LR rate of 12% in a pooled analysis of the results of
four European tertiary referral IORT centers treating
T4 tumours and T3 tumours with a threatened CRM (6).
Mathis et al. analyzed a Mayo IOERT series of 146 patients
with unresectable T4 colorectal cancers of which 106 were
rectal; the LR rate was 14% (14).

Impact of IOERT on outcomes

It is difficult to assess the effect of adding IOERT to the
treatment approach for patients with LARC with regard to
increased survival. One would assume that the combination
of improved components of the treatment will improve both
local control and survival over time, but it is challenging
to determine which part of the improvement can be
contributed to IOERT. However, in a non-IORT series
from MAYO by Schild et al. (24), 17 rectal cancer patients
with irradical resection (R1—10 pts, R2—7) received
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Journal of Gastrointestinal Oncology Vol 7, No 6 December 2016 911
Table 4 Uni and multivariate analysis of variables influencing cancer specific survival
Univariate analyses Multivariate analyses
Parameter 3-5 years (%) P value (KM)
CR HR Cl P value CRHR Cl P value

Age, years 0.121 0.122

<69 80-66 1

>70 74-57 1.370 0.919-2.043
Gender 0.429 0.430

Male 81-66 1

Female 76-63 1.142 0.882-1.587
Preop Rx 0.086

None 69-46 1 0.094 1 0.235

EBRT 73-63 0.578 0.274-1.219 0.150 0.629 0.297-1.332 0.226

ChemoRT 80-66 0.483 0.244-0.954 0.036 0.599 0.282-1.108 0.096
Waiting time* (weeks) 0.674 0.674

>8 77-67 1

<8 81-65 0.925 0.644-1.330
Radicality <0.0001

RO 82-73 1 <0.0001 1 <0.0001

R1 69-44 2.344 1.661-3.281 <0.0001 2.273 1.614-3.203  <0.0001

R2 40-20 3.092 1.131-8.547 0.028 3.085 1.114-8.399 0.03
Adjuv chemo 0.869 0.869

No 78-73 1

Yes 81-71 0.964 0.621-1.496
Postop EBRT 0.730 0.731

No 77-65 1

Yes 84-62 1.109 0.614-2.005

*  stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses; yr,

year; KM, Kaplan Meier; Preop Rx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting time,

interval from end of preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative; CR, cox regression;

HR, hazard ratio; Cl, confidence interval.

postoperative EBRT or CRT with 3- and 5-year OS of
only 24% wvs. S-year OS of 52% in the MAYO IOERT
series reported by Mathis et 4/. (14) and 5-year OS of 56%
in the current analysis. In the MAYO non-IORT series of
17 patients, LR occurred in 76% of patients (3 and 5-year
LR: resection R1—70%; R2—86%). In the MAYO IOERT
series of 146 patients, 3- and 5-year LR rates were 10% and
14%. In the current pooled IOERT analysis, the 5-year LR
rate was 19%.

A separate Mayo analysis by Schild et 4. was performed
regarding outcomes in 103 patients with locally advanced
colon cancer treated with EBRT or CRT alone or plus
IOERT as a supplement to maximal surgical resection (25).
Outcomes at 5-year based on radicality of resection were

© Journal of Gastrointestinal Oncology. All rights reserved.

as follows: LR, resection RO—10%, R1—54%, R2—79%
(P<0.0001); 5-year OS, R0—66%, R1—47%, R2—23%
(P=0.0009). Patients with R1 or R2 resection who received
IOERT plus EBRT/CRT as a component of treatment
had better outcomes than those who had only EBRT or
CRT: LR—11% vs. 82% (P=0.02); 5-year OS 76% vs. 26%
(P=0.04).

In a recent systematic review and meta-analysis
evaluating IORT in the treatment of colorectal cancer by
Mirnezami et al., it was concluded that IORT may improve
oncological outcome in patient treated for LARC (21). The
meta-analysis of outcomes for locally advanced primary and
recurrent rectal cancer showed a significant effect of IORT
for both local control (pooled odds ratio of 0.22, P=0.03)
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Table 5 Uni and multivariate analysis of variables influencing overall survival

Univariate analyses

Multivariate analyses

Parameter 3-5 years (%) P value (KM)
CRHR Cl P value CRHR Cl P value
Age, years <0.0001 <0.0001 <0.0001
<69 76-60 1 1
>70 58-43 1.986 1.461-2.698 1.982 1.458-2.694
Gender 0.808 0.808
Male 73-55 1
Female 69-56 1.035 0.783-1.369
Preop Rx 0.171
None 69-46 1 0.176
EBRT 64-54 0.741 0.372-1.474 0.393
ChemoRT 74-57 0.601 0.317-1.142 0.120
Waiting time* (weeks) 0.300 0.301
>8 68-54 1
<8 76-58 0.854 0.632-1.153
Radicality <0.0001
RO 77-64 1 <0.0001 1 <0.0001
R1 60-35 2.053 1.532-2.750 <0.0001 2.049 1.529-2.745 <0.0001
R2 29-14 3.039 1.336-6.912 0.008 3.047 1.338-6.939 0.008
Adjuv chemo 0.101 0.103
No 70-53 1
Yes 80-70 0.710 0.470-1.072
Postop EBRT 0.973 0.973
No 70-56 1
Yes 81-60 0.991 0.585-1.678

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses;

yr, year; KM, Kaplan Meier; Preop Rx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting

time, interval from end of preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative; CR, cox

regression; HR, hazard ratio; Cl, confidence interval.

and 5-year OS (HR =0.51, P=0.009) in patients with RO, R1
and R2 resection.

There are no large randomized controlled trials (RCT’)
comparing treatment with or without IOERT in the
treatment of T4 rectal cancer that observed a survival benefit
for IOERT. Two RCT failed to show benefit of the addition
IOERT to the treatment of LARC. However in both RCT’
T3 tumors were included, in whom the additional effect of
IOERT would theoretically be minimal (18,21,28).

In an analysis from Massachusetts General Hospital
(MGH) by Willett et al., outcomes were compared after
RO resection in 20 patients with and 18 patients without
IOERT. There was no difference in 5 years disease free
survival, but an improved local control rate was found

© Journal of Gastrointestinal Oncology. All rights reserved.

with IOERT (5-year LC of 88% wvs. 67%) (22). The
improvement in local control with IOERT has been
confirmed in a series by Valentini ez 4/. of 78 patients with
preoperative chemoradiation (preop CRT) and RO resection
for T4 rectal cancers; 29 had IOERT after resection (29).
Local control at 5-year was best in those with IOERT as
a component of treatment (100% vs. 81%, P=0.014). On
multivariate analysis, IOERT was the only variable with a
positive predictive value.

In a separate MGH series by Willett ez al., 47 patients
with locally advanced rectal cancer had preop CRT and
RO resection, but IOERT was not given (good tumor
response or not technically feasible) (30). In patients with
a pathological CR or ypT2NO disease, 5-year LR was only
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13%, but in those with ypT3NO or nodal disease, 5-year
LR was 68%. In a subsequent analysis by Willett ez 4.,
95 patients with T4 rectal cancer had preop EBRT/CRT
followed by complete resection; 40 had IOERT and 55
did not (favorable tumor response or IOERT not feasible
technically) (31). Local control was better in IOERT
patients, in both responders (100% wvs. 84%) and non-
responders (88% vs. 73%). In view of these findings, the
authors recommended that IORT should be delivered, if
technically feasible, independent of the extent of tumor
downstaging after preoperative treatment.

In the aforementioned study by Kusters it was found that
55% of patients treated with IOERT for positive resection
margins had no LR. A similar observation was noted
by Mathis et /., who found that only 2% of subsequent
LRs were located in the IOERT field (14). When an
RO resection is not feasible, Ferenschild et 4/. found an
improved local control rate and OS with the addition of
HDR-IORT with 5-year local control of 58% vs. 0% (23).

In a recent Memorial Sloan Kettering HDR-IORT
analysis by Terezakis er a/., 89 patients with T4 rectal cancer
had preoperative chemoradiation followed by RO or R1
resection and HDR-IORT (HDR-IORT not feasible after
R2 resection) (26). Outcomes were similar to IOERT series
with 5-year LR of 23%, 26% and 17% for negative (n=58),
close (2 mm or less; n=16) or positive R1 resection margins
(n=16) and 5-year OS of 57%, 60% and 45% respectively.

All these observations may lead to the assumption that
IORT with either electrons or HDR brachytherapy has an
effect on residual tumor cells. This effect has the potential
to impact both local control and survival.

Waiting time—impact on outcomes

A new finding in this pooled analysis was that a relatively
short waiting time between the last day of preoperative
radio (chemo) therapy and the administration of IOERT
was important to reduce LR. Patients with a waiting time of
>8 weeks had a higher rate of local relapse than those with a
waiting time of 8 weeks or less (P=0.044, multivariate). The
impact of waiting time on LR extended from 3 to 8 weeks
following completion of neoadjuvant treatment. From a
radio-biological point of view this finding seems logical: the
longer the waiting time the more effective the repopulation
of cancer cells in the previously irradiated tumor.

In a prospective randomized study evaluating the optimal
waiting period in patients with rectal carcinomas (T2 to
T3, NX, MO0) after neoadjuvant radiation therapy it was

© Journal of Gastrointestinal Oncology. All rights reserved.
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concluded that a waiting period of 6 weeks is optimal,
mainly because tumour downsizing was increased and no
detrimental effects on toxicity and early clinical results was
observed. No difference in LR or short-term survival was
found in this study (32). However, in patients with locally
unresectable rectal cancer, who are treated with neoadjuvant
concurrent chemoradiation, no results of prospective
studies evaluating the optimal waiting period are available.
In patients with rectal carcinomas retrospective data is
available on the subject of a longer waiting period after
finishing the neoadjuvant chemoradiation. Results have been
published that a longer period waiting after neoadjuvant
chemoradiation accomplishes a higher level of pathological
complete response (pCR) (33) or more downstaging (34,35),
without an increase in complications. However an increase
in disease free or OS has not been shown.

In LARC patients, an analysis by Tulchinsky ez a/. showed
that an interval between neoadjuvant chemoradiation
and surgery of more than 7 weeks was associated with
higher rates of pCR and near pCR, decreased recurrence
and disease free survival in 132 patients analysed (36). de
Campos-Lobato ez al. evaluated the same subject in LARC
patients with an interval shorter or longer than 8 weeks.
They also found a significant higher rate of complete
response (P=0.03) and a (not significant) correlation with
decreased LR (P=0.07) (37). Other studies confirmed the
effect of longer waiting on downstaging, but did not find an
effect on survival (34,38).

However, other studies did not find an effect of a longer
waiting period. Stein et /. evaluated downstaging in LARC
patients divided in two groups (a waiting time of 4-8 and
10-14 weeks) They found no influence of longer waiting
on perioperative morbidity and downstaging (39). A similar
outcome was found in a Korean study by Lim ez 2/ which
was performed to evaluate the optimal waiting time to
LARC surgery after preoperative chemoradiation (CRT) to
50.4 Gy with resection 4-8 weeks later (40). There was no
difference in pathologic or surgical outcomes in those who
had surgery 28-41 d after CRT vs. 42-56 d (pCR—13.8%
vs. 15.0%; downstaging—47.5% vs. 44.4%; sphincter
preservation—83.9% vs. 82%) and both groups had similar
local-recurrence free survival (P=0.1165).

In the current pooled analysis, longer waiting times
did have a significant effect on the RO rate, which was
an important factor influencing LR, DM, CSS, RFS and
OS. The highest radicality rate was achieved with the
waiting period of 6-10 weeks (Figure I). However, waiting
times longer than eight weeks resulted in an increased
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rate of LR in both univariate analyses (P=0.037) and
multivariate analyses (P=0.044) which may indicate the
lack of an additive effect of IOERT to preoperative EBRT
or chemoradiation with the longer waiting times. In fact,
waiting times longer than twelve weeks resulted in LR rates
comparable to no preoperative radio (-chemo) therapy.
Accordingly, in institutions without the capability of an
IORT boost after radical resection, the waiting time can
and perhaps should be tailored to the tumor characteristics
in the individual patient. If a longer waiting is expected to
create downsizing of the tumour leading to a situation in
which a radical resection can be performed more easily, it
may be preferable to wait longer than six weeks to get the
maximum effect of the neoadjuvant therapy. However, in
institutions with IORT capability, it may be preferable to
perform the resection after a 3-8-week interval, to increase
the likelihood of an additive effect of IORT plus EBRT in
destroying residual tumour cells.

Adjuvant chemotherapy

In the current pooled analysis, 79 patients (19%) received
post-op chemotherapy with no impact on disease relapse
or survival. Previous reports on the role of adjuvant
chemotherapy concluded that the addition of adjuvant
chemotherapy in the treatment of patients with colorectal
carcinoma is beneficial in selected patients (41,42). A
more recent analysis of the phase III EORTC 2291 trial
in 1,011 patients with stage II or III rectal cancer confirms
the benefit of preoperative concurrent chemoradiation vs.
preop EBRT alone with regard to improved local control,
but no survival benefit was found for adjuvant postop
chemotherapy (43,44).

Conclusions

In conclusion, an acceptable disease free and OS can be
achieved in treatment of patients with locally unresectable
T4b rectal cancer with a combined modality regimen
that includes neoadjuvant chemoradiation, radical intent
surgery and IORT. Radicality of the resection has a
significant impact on all oncological outcome parameters.
Early administration of an IORT boost in margin positive
and probably also margin close patients may reduce the
development of LRs by more than 50% and result in LR
rates comparable to radically resected patients.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Supplementary

Table S1 Uni and multivariate analysis of variables influencing metastasis free survival

Univariate analyses Multivariate analyses
Parameter 3-5 years (%) P value (KM)
CRHR Cl P value CRHR Cl P value

Age, years 0.820 0.820

<69 71-63 1

>70 69-67 1.051 0.684-1.614
Gender 0.101 0.103

Male 74-66 1

Female 66-60 1.327 0.945-1.864
Preop Rx 0.221

None 46-46 1 0.233 1 0.450

EBRT 67-63 0.552 0.238-1.276 0.165 0.619 0.266-1.440 0.265

ChemoRT 73-64 0.514 0.239-0.106 0.089 0.607 0.280-1.317 0.207
Waiting time* (weeks) 0.960 0.961

>8 74-62 1

<8 69-62 1.009 0.702-1.450
Radicality 0.003

RO 76-69 1 0.004 1 0.007

R1 59-47 1.834 1.275-2.638 0.001 1.791 1.240-2.586 0.002

R2 33-33 1.903 0.601-6.030 0.274 1.805 0.566-5.760 0.318
Adjuv chemo 0.850 0.850

No 70-64 1

Yes 75-62 0.958 0.611-1.500
Postop EBRT 0.846 0.847

No 71-64 1

Yes 65-60 1.066 0.559-2.030

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses;
yr, year; KM, Kaplan Meier; Preop Rx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting
time, interval from end of preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative; CR, cox
regression; HR, hazard ratio; Cl, confidence interval.



Table S2 Uni and multivariate analysis of variables influencing relapse-free survival

Univariate analyses Multivariate analyses
Parameter 3-5 years (%) P value (KM)
CR HR Cl P value CRHR Cl P value

Age, years 0.536 0.536

<69 64-55 1

>70 58-54 1.124 0.775-1.631
Gender 0.373 0.374

Male 65-56 1

Female 60-53 1.146 0.849-1.547
Preop Rx 0.148

None 39-30 1 0.159 1 0.368

EBRT 60-56 0.533 0.254-1.117 0.096 0.597 0.285-1.255 0.175

ChemoRT 64-56 0.517 0.517-0.263 0.055 0.622 0.315-1.230 0.172
Waiting time* (weeks) 0.711 0.795

>8 67-59 1

<8 62-53 0.958 0.696-1.320
Radicality <0.0001

RO 70-63 1 <0.0001 1 <0.0001

R1 45-33 2.081 1.518-2.854 <0.0001 2.050 1.489-2.821 <0.0001

R2 26-26 2.144 0.789-5.828 0.135 2.018 0.738-5.518 0.171
Adjuv chemo 0.895 0.895

No 63-55 1

Yes 65-55 0.974 0.657-1.444
Postop EBRT 0.799 0.799

No 64-56 1

Yes 57-47 1.076 0.612-1.894

*, stratified for radicality of resection (dependent variable); ", postoperative treatment shown but not included in multivariate analyses;
yr, year; KM, Kaplan Meier; Preop Rx, preoperative treatment; EBRT, external beam irradiation; ChemoRT, chemoradiotherapy; waiting
time, interval from end of preoperative therapy to surgery; adjuv chemo, adjuvant chemotherapy; postop, postoperative; CR, cox
regression; HR, hazard ratio; Cl, confidence interval.



