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Introduction

Despite the advances made in recent years, treatment of 
advanced rectal cancer remains challenging. Although 
complete surgical excision of the tumour and margins 
is the cornerstone of treatment, most patients require a 
multimodal approach involving surgery, chemotherapy, and 

external beam radiotherapy (EBRT) (1-4). However, even 
with the best treatment, the risk of recurrence in locally-
advanced rectal cancer remains high (up to 40%) (5). For this 
reason, new approaches are needed to prevent recurrence 
in high risk cases. One such approach is the application of 
intraoperative radio therapy (IORT).
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Background: The addition of intraoperative radiation therapy (IORT) to the multimodal treatment of 
locally advanced or recurrent rectal cancer may improve local control. Although electron beam IORT is the 
most common modality, technological advances now permit the use of photon beam IORT. However, few 
studies have investigated these devices in rectal cancer.
Methods: Retrospective review of patients (pts) treated with surgery and IORT for stage T3-T4 rectal 
cancer or pelvic recurrence between December 2012 and December 2014. Patients with distant metastasis 
were excluded. IORT was delivered with the Intrabeam Photon Radiosurgery System (PRS). The study 
sample included 68 pts (41 males, 27 females) ranging in age from 33 to 82 (median, 67) years. Most patients (47) had 
stage II primary rectal cancer (PRC), while 21 pts had stage III disease. Nine of this pts presented recurrent 
rectal cancer (RRC). Wanebo staging for the nine PRC cases was: Tr3 (6 pts), Tr4 (2 pts), and Tr5 (1 pt). A 
dose of 5.07 Gy was prescribed to a depth of 1 cm (surface dose range was 9.4-17.0 Gy; median, 14.8 Gy). 
Median duration of IORT was 31.9 (range, 15-36) minutes. The spherical applicator was 5 cm in diameter in 
61 cases and 4.5 in seven cases. A subgroup analysis (23 pts) was performed to assess those patients with the 
longest follow-up (range, 17-28 minutes; median, 20.7 minutes). Of these, 18/23 (78%) received adjuvant 
chemotherapy. Overall survival (OS) and disease-free survival were calculated with the Kaplan-Meier 
method.
Results: In 18 of the 68 pts (26.4%), the tumour was attached to the sidewall. Margins were positive in 
7 pts (10.3%). In the 23 pts subgroup with long-term follow-up, OS was 87.0%. Local recurrence occurred 
in 3 of 23 pts (13%). Four cases (17.4%) of distant metastasis (lung: 3 cases; liver: 1 case) were recorded. No 
intraoperative complications attributable to IORT were registered. Median postsurgical discharge time was 
17.7 (range, 9-25) days. No cases of hydronephrosis or ureter fibrosis after IORT were documented.
Conclusions: Intrabeam PRS appears to be a safe technique for delivering IORT in rectal cancer patients. 
Although operating time increased slightly, outcomes in terms of toxicity, local recurrence, and survival were 
all quite good in comparison with other IORT delivery methods.
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In IORT, a precise dose of radiation (typically 10-20 Gy) is 
delivered to the tumour bed immediately after resection (6).  
The therapeutic advantage of this approach is that the 
anatomical region considered to present a high risk of 
recurrence can be targeted directly while adjacent healthy 
tissues and structures can be shifted out of the radiation 
field, or shielded during the procedure. Although recent 
randomised controlled trials (RCTs) have confirmed the 
benefits of IORT for breast cancer (7), only a few RCTs 
have evaluated the use of this modality in locally-advanced 
and recurrent rectal cancer (8,9).

In recent years, the emergence of compact, mobile 
devices equipped with radiation protection has enabled 
the expansion of IORT for use in a wide variety of tumour 
types (8,10). Among these latest-generation devices is 
the photon radiosurgery system (PRS), a miniature X-ray 
radiation device most commonly used for IORT in breast 
cancer [5]. Despite the widespread use of this device in 
breast cancer, only one study has assessed its application in 
rectal cancer (11).

In this context, we present our initial experience with 
the PRS system as part of the multimodal treatment 

of rectal cancer. The main aim was to assess short and 
medium-term outcomes in patients with primary rectal 
cancer (PRC) or recurrent rectal cancer (RRC) treated 
with surgery and IORT.

Patients and methods

We retrospectively evaluated a total of 68 pts (41 men, 27 
women) who underwent radical surgery and IORT at our 
centre (Clinical Oncological Center, Krasnodar, Russia) 
from December 2012 to December 2014 (Table 1). Eligible 
patients were those with a diagnosis of T3-4 rectal cancer or 
pelvic recurrence who underwent radical surgery and were 
considered to have a high risk of positive resection margins. 
Patients with distant metastasis were excluded.

Median patient age was 67 (range, 33-82) years and 
median body mass index (BMI) was 28.1 (range, 19.5-44.3). 
Most patients were diagnosed with stage II (47 cases) or 
stage III (21 cases) PRC. The nine of this patients with 
recurrent tumours were staged according to the Wanebo 
system (12), as follows: Tr3 (6 cases), Tr4 (2 cases), and Tr5 
(1 case).

Surgery was carried out according to standard protocols. 
Patients with PRC underwent an anterior rectal resection 
(ARR) with total mesorectal excision (TME) (39 cases). In 
16 cases, an abdominoperineal extirpation of the rectum was 
performed. In four cases, the resection used the abdomino-
anal approach. The surgical approach for 9 pts with RRC 
involved abdominal or combined abdominoperineal or 
abdominoanal resection; in three cases, nearby organs were 
also resected.

After specimen excision, we performed a careful 
macroscopic assessment to determine and mark the area 
with the highest risk of involvement. A circular border 
surrounding the resected tumour margins was marked to 
estimate the radiation field needed. For IORT delivery, the 
INTRABEAM® PRS (Carl Zeiss Meditec, Oberkochen, 
Germany) was used. In all cases, IORT was performed 
immediately following tumour resection. In most cases 
(61 pts), we used a 5 cm removable spherical applicator; in 
the remaining patients (seven cases), a 4.5 cm applicator 
was used. The small intestine was covered with gauze 
and moved in the cranial direction using an extractor; in 
certain cases, tourniquets were applied to the ureters and 
these were separated laterally from the radiation field. The 
vascular fascicles and ureters were protected with special 
sterile plates and dry gauze stacked on the pelvic sidewalls. 
In patients who underwent ARR, the rectal stump was 

Table 1 Patient characteristics

Characteristic n %

Gender

M 41 60.3

F 27 39.7

Tumour type

Primary tumor 59 86.8

Recurrent tumor 9 13.2

Initial stage

II 47 69.1

III 21 30.9

Histological type—adenocarcinoma

G1 13 19.1

G2 32 47.1

G3 23 33.8

External beam radiation before IORT

Yes 11 16.2

No 57 83.8

Chemotherapy before IORT

Yes 8 11.8

No 60 88.2

IORT, intraoperative radiation therapy.
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protected in the same way. A single fraction of radiation was 
delivered with the assistance of a medical physicist and a 
radiologist. Afterwards, the surgical intervention continued. 
For sphincter-sparing operations, an anastomosis was 
created. In the abdominal perineal resection, the perineal 
wound was closed. In all cases with an anastomosis, 
preventive ileostomy was performed.

Due to the relatively short follow-up for the patients 
treated in the year 2014, a subgroup analysis involving only 
patients treated in 2012 or 2013 was performed. A total 
of 23 cases were included in this subgroup analysis, with a 
median follow-up of 20.7 (range, 17-28) months.

Statistical analysis

Cumulative, overall, and recurrence-free survival (RFS) 
rates were calculated with the Kaplan-Meier method.

Results

A dose of 5.07 Gy was prescribed to a depth of 1 cm. The 
median dose on the applicator surface was 14.8 (range, 
8.39-17) Gy. The median duration of the IORT sessions 
was 31.9 (range, 15-36) minutes (Table 2). No radiation-
related events or complications of note were observed in 
the postoperative period. Mean overall hospitalization 
time (including pre-operative admission) was 21.2 (range, 
11-33) days. Postoperatively, the mean hospital stay was 
17.7 (range, 9-25) days.

Postoperative infections were observed in 3 pts, as 
follows: abdominal wound infection (2 cases), and perineal 
wound infection (1 case). The overall complication rate for 
all 68 pts was 4.4%. An atonic bladder occurred in one case. 
No cases of colorectal anastomosis leakage were recorded.

Of the 23 cases included in the subgroup analysis, 6 

received neoadjuvant chemo-radiotherapy due to pelvic 
recurrence and 18 received 3 to 6 cycles of adjuvant 
chemotherapy (Fluorouracil and Levamisole).

Rates of both overall survival (OS) and local RFS in this 
23-patient subgroup were 87% [standard error (SE) =6.3] 
(Figures 1,2, Table 3). Distant metastasis was observed in 4 pts 
(lung, 3 cases; liver, 1 case); as a result, the distant metastasis-
free survival rate was 82.6% (SE=6.5) (Figure 3). No unusual 
complications (e.g., fibrosis of the ureter, hydronephrosis, 
neuropathy of the lower extremities) were observed.

Table 2 Characteristic of the IORT and surgical parameters

Parameters Value

Dose on a surface of an applicator, Gy. 14.8

Dose at a depth of 0.5 cm, Gy. 8.1

Dose at a depth of 1.0 cm, Gy. 5.07

Duration of IORT, minutes 15-36

Mean IORT duration, minutes 32

Duration of operation, minutes 175-270

Mean duration of operation, minutes 186

IORT, intraoperative radiation therapy.
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Figure 1 Overall survival in months (Kaplan-Meier) in the 
23-patient subgroup with long-term follow-up treated with surgery 
and photon beam IORT. IORT, intraoperative radiation therapy.

Figure 2 Survival without local recurrence (Kaplan-Meier) in 
months in the 23-patient subgroup with long-term follow-up 
treated with surgery and photon beam IORT. IORT, intraoperative 
radiation therapy.
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Discussion

In this study, we evaluated treatment outcomes in a group 
of patients with rectal cancer who underwent multimodal 
treatment including radical surgery and IORT delivered 
with the INTRABEAM® PRS. To our knowledge, 
this is only the second study to evaluate this system in 
colorectal cancer. As our results show, both OS and RFS 
in the subgroup with long follow-up was quite good and 
comparable to similar studies that used electron IORT 
(9,13). Moreover, few complications were reported and 
patients did not require extended hospitalization beyond the 
usual time for such surgeries.

In rectal cancer, IORT is typically delivered with 
electrons (8,14-17) or, less frequently, with high-dose 
rate brachytherapy (HDR BT) (18,19). To date, the only 
other study apart from ours to use the Intrabeam system 
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Figure 3 Metastasis-free overall survival in months (Kaplan-Meier) in 
the 23-patient subgroup with long-term follow-up treated with surgery 
and photon beam IORT. IORT, intraoperative radiation therapy.

Table 3 Characteristic of the long term follow-up for the subgroup of 23 patients

No Date of surgery Last sensored Days
Month  

follow-up
Death (n) Death

Recurrence/ 
distant MTS

Stage Age Gender

1 18.12.2012 23.02.2015 785 26.2 0 IIB 73 F

2 26.02.2013 16.05.2014 440 14.7 1 16.05.2014 MTS lungs IIIA 63 M

3 25.06.2013 09.04.2015 644 21.5 0 IIB 75 F

4 04.07.2013 30.03.2015 626 20.9 0 IIA 48 F

5 08.07.2013 16.07.2014 368 12.3 1 16.07.2014 III B 50 M

6 01.08.2013 12.03.2015 581 19.4 0 MTS lungs IIA 74 M

7 22.08.2013 04.04.2015 582 19.4 0 II C 67 M

8 10.07.2013 25.01.2015 555 18.5 0 IIA 67 F

9 08.10.2013 28.02.2015 500 16.7 0 IIA 72 M

10 26.06.2013 31.01.2015 575 19.2 0 IIIB 62 M

11 10.01.2013 10.03.2015 780 26.0 0 II 47 M

12 11.02.2013 11.03.2015 750 25.0 0 II 70 M

13 20.02.2013 08.02.2015 708 23.6 0 IIIA 76 F

14 25.02.2013 24.03.2015 749 25.0 0 II 63 M

15 05.03.2013 14.02.2015 699 23.3 0 II 76 F

16 20.03.2013 27.01.2015 667 22.2 0 MTS lungs IV 58 M

17 15.05.2013 09.03.2015 654 21.8 0 IIIA 51 M

18 24.04.2013 27.03.2015 693 23.1 0 Local recurrence IIIA 33 F

19 19.06.2013 26.02.2015 607 20.2 0 Local recurrence II 54 M

20 17.07.2013 22.10.2014 455 15.2 1 22.10.2014 Local recurrence II 75 M

21 30.07.2013 14.02.2015 554 18.5 0 II 74 F

22 09.10.2013 23.02.2015 494 16.5 0 MTS liver II 58 M

23 15.10.2013 01.04.2015 526 17.5 0 IIIA 82 M

MTS, metastatic; F, female; M, male.
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to deliver IORT in advanced rectal cancer was the study 
performed by Guo et al. at the Cleveland Clinic (11). In 
that study, the authors retrospectively evaluated the results 
of 42 pts treated for RRC [32] or PRC [10] rectal cancer. 
All patients underwent radical surgery with a 5 Gy dose to 
the tumour bed delivered by IORT, calculated for depth of  
1 cm. In contrast to our experience, they used a wider range 
of spherical applicators (from 2 to 5 cm in diameter). The 
overall 3-year survival rate for RRC and PRC was 43% and 
65%, respectively. The 1-year recurrence rate was 16%, 
and distant metastasis occurred in 32% of the whole cohort. 
Outcomes in our 23-patient subgroup compare favourably 
with those reported by Guo and colleagues. As noted, at 
nearly 21 months of follow-up, OS and local RFS were both 
87%. However, given the longer follow-up in that study, it 
is reasonable to expect that, over time, our results will tend 
to converge with the outcomes reported by those authors. 
In addition, in contrast to Guo et al., the bulk of our 
patients had PRC (rather than RRC), and this difference, 
together with our shorter follow-up, assuredly explains 
much of the survival difference between the two studies.

Some authors have suggested that IORT may not 
provide any additional benefit in locally-advanced rectal 
cancer (8,15). However, numerous studies have shown 
that the inclusion of IORT as part of a multimodal 
treatment approach improves local control in patients with 
microscopically-involved circumferential resection margins 
(CRM) (14,16,17,20,21). In a recent study, Alberda et al. 
found that patients with a microscopically-involved CRM 
treated with IORT had a significantly better cumulative 
5-year local RFS vs. patients treated without IORT (84 
vs. 41%, P=0.01). Moreover, on the multivariate analysis, 
IORT was independently associated with a lower rate of 
local recurrence. In contrast, another recent study (22) 
suggested that IORT may improve outcomes regardless 
of microscopic margin status. These data suggest that 
IORT may be indicated in tumours with close or positive 
microscopic margins.

Many studies of electron IORT have reported serious 
complications, including intestinal fistulas, sacral necrosis, 
post-radiation ureter damage (fibrosis), and hydronephrosis 
(9,14,23,24). In contrast, we did not observe any serious 
complications, nor did Guo et al. (11). These findings, while 
still preliminary, suggest that the Intrabeam system has a 
good safety profile, as has been previously demonstrated 
in other cancer localizations (25). Another important 
safety advantage of the PRS system is the high degree of 
radiation safety that it affords the surgical team and its ease 

of manoeuvrability, which allows the radiation source to 
be precisely positioned near the tumour bed. Schneider 
et al. (26) also highlighted an important benefit of using 
low kV X-ray IORT in comparison to HDR BT or high-
energy elections. Compared to those modalities, which 
require substantial radiation protection measures (including 
a shielded operating room), low kV X-ray systems like the 
Intrabeam PRS system require only minimal radiation 
protection measures, making it both safer and easier for the 
surgical team.

In general, the results presented here confirm the 
conclusions reached by Guo et al. regarding the safety and 
effectiveness of the PRS INTRABEAM® system (11). As 
those authors note, because the dose-rate of this device 
is lower than other modalities, treatment delivery times 
are longer (median duration of IORT was 35 minutes in 
their series and 32 minutes in ours). However, this is a 
non-critical increase in treatment duration versus electron 
IORT. Likewise, we found that the hospitalization time did 
not increase when compared to non-IORT treatment.

Limitations

The most obvious limitations of this study are its 
retrospective design and lack of a control group. In addition, 
follow-up for the entire group is relatively short; however, 
to mitigate that issue, we performed a subgroup analysis of 
the 23 pts with the longest follow-up (up to 28 months).

Conclusions

The initial results presented here suggest that the Intrabeam 
PRS is a safe technology for use in IORT in the multimodal 
treatment of rectal cancer. The Intrabeam PRS requires a 
small but non-critical increase in operating time. No specific 
complications related to this system were observed. Based 
on these findings and considering that the Intrabeam system 
is already widely-used in other cancer types, we believe that 
this method can be safely and confidently integrated into 
the multimodal treatment algorithms for rectal cancer at 
specialized cancer care institutions. However, future studies 
are needed to report long term results of this system in 
rectal cancer.
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