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Abstract
A clinical trial of radiotherapy with modified simultaneous 
integrated boost (SIB) technique against huge tumors 
was conducted. A 58-year-old male patient who had a 
huge pelvic tumor diagnosed as a rectal adenocarcinoma 
due to familial adenomatous polyposis was enrolled in 
this trial. The total dose of 77 Gy (equivalent dose in 2 
Gy/fraction) and 64.5 Gy was delivered to the center of 
the tumor and the surrounding area respectively, and 

approximately 20% dose escalation was achieved with 
the modified SIB technique. The tumor with an initial 
maximum size of 15 cm disappeared 120 d after the start 
of the radiotherapy. Performance status of the patient 
improved from 4 to 0. Radiotherapy with modified SIB 
may be effective for patients with a huge tumor in terms 
of tumor shrinkage/disappearance, improvement of QOL, 
and prolongation of survival.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This paper introduces a new technique of 
radiation therapy for huge tumors. In the past, patients 
with radioresistant huge adenocarcinoma could undergo 
only palliative treatment because huge tumors could 
not be controlled with a dose less than tolerant dose 
of healthy tissue. However, this technique enabled to 
deliver higher-dose to the center of huge tumor without 
exceeding tolerant dose to the healthy tissue. Of course 
it is difficult to cure these patients, this technique 
showed a possibility to control huge tumors. From the 
patients enrolled in this clinical trial, we introduce a 
patient with tumor arising from digestive system.
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INTRODUCTION
The incidence of  colorectal cancer accounts for 10% of  
all new cancers, and the mortality caused by colorectal 
cancer accounts for 8% of  all cancers[1]. Adenocarcinoma 
accounts for more than 95% of  rectal cancers, with 
carcinoids, malignant lymphomas, squamous cell 
carcinomas, and others comprising the remaining 5%[2]. 
Familial adenomatous polyposis, hereditary nonpolyposis 
colorectal cancer, and hamartomatous polyposis syndromes 
are known causes of  hereditary colorectal cancer, and a 
mutation of  APC tumor suppressor gene is known cause 
of  carcinogenesis[3]. Besides APC, a mutation of  the 
K-ras gene or the p53 gene have a great influence on the 
development of  colorectal cancer; moreover, a mutation 
or loss of  the DCC gene may also affect the malignant 
progression of  colorectal cancer[4-6]. On the other hand, 
alcohol drinking, smoking, lack of  exercise, and obesity are 
known as acquired risk factors of  colorectal cancer[7-11].

The standard treatment of  a resectable rectal cancer 
is surgical resection: low anterior resection, Hartmann’
s operation, or abdominoperineal resection are usually 
performed, and sometimes total mesorectal excision 
or autonomic nerves preservation are added for local 
control or function sparing[12,13]. In addition, adjuvant 
or neoadjuvant chemoradiotherapy is added for 
advanced rectal cancer to the recent standard treatment 
protocols[14]. Recent studies have reported that the 
5-year local recurrence rate has decreased by 5%-15%, 
but locoregional failure is still the most frequent failure 
pattern[15]. Only palliative treatment usually is considered 
for unresectable or postoperative recurrent rectal cancer, 
and a standard definitive treatment for unresectable 
tumors has not yet been established[16].

The purpose of  this study was to verify the efficacy 
of  a new radiotherapy technique for huge refractory 
tumors.

CASE REPORT
Inclusion criteria of the patients
Patients assumed to have cancer originating from the 
digestive system were selected from among the patients 
who were enrolled in the clinical trial of  the modified 
simultaneous integrated boost (SIB) radiotherapy for 
huge tumors. The main points of  inclusion criteria of  the 
clinical trial were as follows: (1) a histologically proven 
solid tumor; (2) a locally advanced or unresectable huge 
tumor; (3) the absence of  a history of  radiotherapy for 
the lesion to be treated; and (4) patients with informed 
consent.

Because of  the design of  the clinical trial, a limit 
was not set for the following points: the presence or 
absence of  a history of  surgical treatment/chemotherapy, 
combinations of  anticancer drugs during radiotherapy, 
and the presence or absence of  a distant metastasis at the 
start of  radiotherapy. Patients with performance status of  
0-4 could be enrolled in the clinical trial.

The exclusion criteria were as follows: (1) a history of  

radiotherapy for the lesion in question; (2) the absence 
of  histological proof; (3) impossibility to maintain the 
necessary position during irradiation; (4) the absence of  
written consent; and (5) impossibility of  the proposed 
treatment for some other reason.

Radiotherapy
The macroscopic extent of  a tumor was defined as the 
gross tumor volume (GTV), whereas the area around 
GTV and the regional lymph node area were defined as 
clinical target volume (CTV). The area including setup 
margins around CTV was defined as the planning target 
volume (PTV). CT images for the radiotherapy planning 
(RTP) were obtained using a 16-row multidetector CT. 
RTP was supposed to be planned according to CT-
based three-dimensional (3D) conformal planning. Both 
3D conformal radiotherapy and intensity-modulated 
radiotherapy were allowed to be applied for the treatment 
planning. Radiotherapy plans were generated using 
treatment planning software with tissue inhomogeneity 
correction (XiO; ELEKTA, Japan). Irradiation was 
performed one fraction per day and five fractions per 
week using 4-10 MV photons by means of  a high-energy 
linear accelerator. If  there was respiratory motion of  the 
target, the respiratory gating irradiation protocol was 
used. Image-guided radiotherapy with cone-beam CT 
or electric portal image detector was used for 3D setup 
before the irradiation. 

Modified SIB technique
The conventional concept of  radiotherapy is to irradiate 
uniformly within PTV. The concept of  the general 
SIB technique is that there is heterogeneity in the dose 
distribution in PTV[17-19]. The dose delivered to GTV is 
increased, and the dose to the prophylactic area is set to a 
(lower) prophylactic dose. Although the dose distribution 
in PTV is not uniform, generally, the dose distribution 
in GTV is uniform in the general SIB technique (Figure 
1A). The concept of  the modified SIB technique 
(compared with the general SIB technique) is as follows: 
(1) the main point of  this study was to deliver a higher 
dose to GTV as much as possible; (2) the dose to the 
healthy tissue is strictly limited to the tolerant dose; (3) 
the heterogeneity in the dose distribution within GTV 
is allowed to comply with the previous rules; and (4) the 
dose of  boost irradiation to the GTV is defined as more 
than 10% of  the dose to the surrounding healthy tissue 
in the cumulative dose; however, the upper limit of  the 
dose to GTV has not been set (Figure 1B).

An equivalent dose in 2 Gy per fraction (EQD2Gy) 
was calculated as follows: (total dose) × (dose/fraction 
+α/β)/(2+ α/β)[20]. The described dose shows a 
cumulative dose unless otherwise specified.

Evaluation procedures
The primary endpoint was a local response, and the 
secondary endpoints were defined as acute and late 
toxicity, QOL (quality of  life), and survival period. The 
tumor response was evaluated by measuring the tumor 
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size using imaging modalities such as CT, magnetic 
resonance imaging, positron emission tomography-CT, 
and ultrasonography). The overall survival period was 
measured from the first day of  radiotherapy (day 1) to the 
final follow-up date. A recurrence-free survival period was 
measured from the first day of  radiotherapy to the date of  
recurrence after radiotherapy. QOL was comprehensively 
evaluated based on subjective symptoms, objective 
symptoms, and ADL (activity of  daily life). The toxicity 
was evaluated based on CTCAE version 4.0[21].

Patient
In all enrolled patients in this study, there was one 
patient with a tumor from gastrointestinal tract. A 
58-year-old male patient with a huge pelvic tumor was 
enrolled in this study and treated with modified SIB 
radiotherapy. The patient had a history of  a subtotal 
proctocolectomy and ileorectal anastomosis due to 
familial adenomatous polyposis when he was 27 years 
old. The patient developed a vesicorectal fistula at the 
age of  58 years, and then fistIulectomy, proctectomy, and 
ileostomy were performed. Histological examination of  
the resected vesicorectal fistula revealed adenocarcinoma 
and blood tests revealed high serum carcinoembryonic 
antigen (CEA) level; therefore, he was diagnosed with 
rectal cancer. Chemotherapy (FOLFOX4 × 4 courses, 

GEM+CDDP*2 courses) was performed after the 
diagnosis, but the tumor grew in size; therefore, the 
patient was prescribed radiotherapy.

Before the start of  radiotherapy, there was a huge 
perineal tumor (9 cm × 11 cm × 15 cm) protruding to 
the surface (Figure 2 and Figure 3A). A loss of  a part of  
the bladder wall because of  tumor invasion could be seen 
in the sagittal image (Figure 2C and D), but there was no 
leakage of  the urine because of  obstruction by the huge 
tumor. The serum CEA level was 173.3 ng/mL (normal 
level < 5.0 ng/mL), and there were no other elevated 
tumor markers. The patient had strong cancer pain in 
the perineum despite large doses of  oxycodone, and the 
patient’s performance status was determined as 4 because 
the patient could not walk or sit due to the cancer pain. 
There were objective symptoms of  odor and blood 
oozing. Distant metastases had not been detected before 
radiotherapy.

Treatment
RT plans for this patient are shown in Figure 4. Figure 
4A shows a dose distribution of  the initial RTP for this 
patient. This radiotherapy plan consisted of  coplanar 
eight fields using the modified SIB technique. CTV 
(suspicious for microscopic invasion and regional 
lymph node area) was included in the volume of  1.8 
Gy per fraction (yellow line), and 2.3 Gy per fraction 
was delivered to the central part of  GTV (orange line). 
Nevertheless, not all of  GTV was included in the high-
dose area, and the dose to the border area between the 
tumor and healthy tissue was lowered to approximately 
2 Gy; 36 Gy per 20 fractions and 46 Gy per 20 fractions 
were delivered to CTV and GTV respectively with this 
plan. After completing the initial course of  radiotherapy, 
boost irradiation of  GTV was performed according to 
the second radiotherapy plan using the shrinking field 
technique (not the modified SIB technique; Figure 4B). 
Furthermore, second boost irradiation of  GTV was 
performed according to the third RT plan using the 
shrinking field technique (not the modified SIB technique; 
Figure 4C). Finally, a cumulative dose of  76.6 Gy per 37 
fractions to the central part of  GTV and a dose of  66.6 
Gy per 37 fractions to CTV were delivered. EQD2Gy to 
the central part of  GTV and that to CTV were calculated 
as approximately 77 Gy and 64.5 Gy respectively. The 
dose to the center of  GTV was increased by 19.4% 
compared with the surrounding healthy tissue. With the 
management of  cancer pain, the scheduled treatment was 
completed without any problems.

Tumor response
Figure 2 shows the tumor before radiotherapy (Figure 
2A and B) and 70 d after the end of  radiotherapy (Figure 
2C and D). A macroscopic complete response (CR) 
was achieved. Although histopathological examination 
was not performed, there was no detectable tumor 
according to CT and the protruding macroscopic tumor 
disappeared. Serum CEA level increased to 202.7 ng/mL 
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Figure 1  Simultaneous integrated boost irradiation. A: The concept 
behind standard simultaneous integrated boost (SIB) irradiation. A prophylactic 
dose is delivered to clinical target volume, and a curative (higher) dose is 
delivered to gross tumor volume (GTV). Dose distribution within GTV is usually 
homogeneous; B: The concept of the modified SIB irradiation technique. It is 
almost the same as the standard SIB technique, but the modified SIB technique 
can deliver a much higher dose to the part of GTV without excessive irradiation 
of the surrounding healthy tissue by allowing for heterogeneity of dose 
distribution within GTV.
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Eventually, the patient died of  primary disease 1 year and 
8 mo after the start of  radiotherapy without treatment-
related toxicity. 

DISCUSSION
There are various clinical trials of  multidisciplinary 
approaches to colorectal cancer. Intraoperative radiotherapy 
had been used for advanced rectal cancer to improve local 
controllability[22]. The chemotherapy drug 5-fluorouracil 
(5-FU) has been used for rectal cancer as the main 
chemotherapeutic agent to date[23]. The addition of  
oxaliplatin to the combination of  5-FU and leucovorin 
(FOLFOX) for the treatment of  rectal cancer significantly 
improves disease-free survival and overall survival, 
according to a randomized controlled trial[24]. In addition, 
the combination containing irinotecan (FOLFIRI) was 
proved to be effective against advanced rectal cancer[25]. 

30 d after the start of  the radiotherapy, but it decreased 
to 12.4 ng/mL 70 d after the end of  radiotherapy. 
Patient’s performance status and cancer pain improved 
as the treatment proceeded, and he became capable 
of  easily maintaining the supine position during the 
irradiation 3-4 wk after the start of  the radiotherapy. 
The blood oozing and offensive odor from the tumor 
disappeared along with disappearance of  the tumor. 
The patient regained the ability to walk alone due to 
tumor disappearance and complete pain relief, and was 
discharged from the hospital in an ambulatory state after 
the completion of  radiotherapy.

Outcomes
After the discharge from the hospital, the patient was 
followed up on an outpatient basis. Local recurrence was 
detected 270 d after the start of  radiotherapy, and then 
chemotherapy and palliative treatment were administered. 

A

B

C D

Figure 2  Computed tomography image. A: An axial computed tomography (CT) image before radiotherapy. A massive tumor is seen in the perineum, and a part 
of the tumor is protruding. Both lower extremities are elevated because the patient could not stretch both legs. B: An axial CT image on day 120 from the start of the 
radiotherapy. The macroscopic tumor disappeared, and the patient could stretch both lower extremities; C: A sagittal CT image before the radiotherapy; D: A part of 
the bladder wall has been lost to invasion of the massive solid tumor.

Figure 3  Macroscopic findings before radiotherapy. A: Day 0. The tumor is exposed from the perineum with oozing of blood, offensive odor and sever pain; B: 
Day 28 from the start of radiotherapy. The tumor was shrinking due to the modified SIB technique. Leakage of urine from a bladder fistula was observed; C: Day 56. 
Further tumor shrinkage is observed, but a slight residual tumor is present. The defect in the healthy tissue was shrinking; D: Day 180. The macroscopic tumor as well 
as exposure of the mucosa also disappeared. The patient could walk normally.

A B C D
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Although both pre- and postoperative RT are effective 
against advanced rectal cancer, preoperative RT is becoming 
a mainstream treatment according to the results of  a 
randomized controlled trial comparing preoperative and 
postoperative RT[26]. Furthermore, the total toxicity of  
preoperative RT is smaller than that of  postoperative 
RT[27,28]. However, it is thought that there is no difference 
among dose fractionation regimens (e.g., 25 Gy per 5 
fractions per week, 50.4 Gy per 28 fractions per 5.5 wk) of  
preoperative RT.

To validate the existing evidence related to the treatment 
of  advanced rectal cancer, a multidisciplinary approach is 
being established as preoperative chemotherapy consisting 
of  5-FU, LV, oxaliplatin, or irinotecan, and preoperative 
RT and surgery. In case of  distant metastasis, molecularly 
targeted agents such as bevacizumab, cetuximab, and 
panitumumab can be used[29-31]. On the other hand, the 

standard treatment of  chemotherapy-resistant unresectable 
rectal cancer has not been established yet. Generally, only 
palliative treatment is used for the patients with a far 
advanced cancer. This clinical trial has been organized to 
explore the possibility of  radical treatment of  such patients.

Tumor (local) response
As mentioned above, the goal of  this study was to deliver 
a higher dose to a huge tumor than to the surrounding 
healthy tissue using the modified SIB technique and to 
evaluate the efficacy and toxicity. The calculated EQD2Gy 
to the center of  GTV and to surrounding tissue was 77 
Gy and 64.5 Gy respectively, and the dose to the center of  
GTV was 20% greater compared to the surrounding tissue.

According to the present results, macroscopic CR 
was obtained as a result of  the proposed treatment. 
It is impossible to control a chemoresistant huge 
adenocarcinoma with a dose of  approximately 65 Gy, but 
the local controllability increases with an increase in the 
dose by 20% (the total dose) to the center of  GTV.

Clinical course/QOL
Blood oozing from the tumor resolved within a month 
from the start of  the radiotherapy, and an almost 
complete relief  of  cancer pain in the perineum was also 
achieved within a month from the start of  radiotherapy. 
Although radiotherapy would be stopped when a 
relief  of  symptoms were obtained in case of  palliative 
treatment, in the present study, the radiotherapy was 
continued for the purpose of  local control. The changes 
in the macroscopic findings of  the huge tumor are 
shown in Figure 3. There was an exposed huge tumor 
with blood oozing and an offensive odor before the 
radiotherapy (Figure 3A). The tumor began to shrink, 
and there was a cavity due to tumor shrinkage on day 28 
(Figure 3B) with almost no bleeding or odor.

Disappearance of the tumor and related symptoms
Thirty to 50 d after the start of  the radiotherapy, transient 
urine leakage from the bladder fistula to the perineal 
cavity was observed. Although the loss of  a part of  the 
bladder wall due to tumor invasion was found before the 
radiotherapy (Figure 2B), urine leakage was not observed 
then because the tumor formed a part of  the bladder 
wall, and the shrinkage of  tumor size probably caused 
leakage (Figure 3B).

The clinical course such as this one is the inevitable 
problem when treating a T4 tumor. For example, the 
perforation of  a healthy esophagus never occurs during 
the treatment of  a T3 esophageal cancer with standard 
chemoradiotherapy, but it is sometimes observed due 
to tumor shrinkage when treating a T4 esophageal 
cancer[32-34]. We believe that the bladder fistula was due 
to a mechanism similar to that in the above examples; 
therefore, the fistula was considered as a cancer-related 
complication rather than treatment-related complication 
and radiotherapy was continued because the patient’s 
condition was stable without active bleeding or infection. 
After treatment completion, we observed that the cavity/

Figure 4  Radiotherapy planning. A: The initial radiotherapy planning (RTP). 
RTP consists of eight static fields using the modified simultaneous integrated 
boost (SIB) technique. The central part of gross tumor volume (GTV) is 
irradiated with 230 cGy per fraction. A total dose of 36 Gy per 20 fractions was 
delivered to the whole pelvis, and a total dose of 46 Gy per 20 fractions was 
delivered to a part of GTV; B: The second RTP for this patient (Usual boost 
irradiation. Not the modified SIB technique); C: The third RTP for this patient (not 
the modified SIB technique).

A

B

C

180 cGy

180 cGy

180 cGy

230 cGy
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fistula shrank, urine leakage disappeared, and perineal 
wound improved (Figure 3B-D). One of  the differences 
between a loss of  healthy tissue as a result of  tumor 
invasion and a loss of  healthy tissue caused by radiation-
induced injury is the eventual healing of  the wound. 
When a cancer disappears, the surrounding healthy tissue 
will begin to recover despite a loss of  a part like in this 
case, and almost complete repair back to the normal 
status can be expected if  the course is favorable[34]. 
According to these findings, we believe that a huge tumor 
should be treated aiming at local control even if  it is a 
far-advanced T4 tumor.

Outcomes and toxicity
Local recurrence was observed 9 mo from the start of  
radiotherapy, and the patient died of  the disease 1 year 
and 8 mo after the start of  radiotherapy. Despite the 
transient macroscopic CR, long-term local control could 
not be achieved, unfortunately. On the other hand, given 
that the patient’s prognosis would have been 1-2 mo 
without radiotherapy with the modified SIB technique, it 
is possible that the modified SIB RT allowed the patient 
to survive for > 1 year with favorable ADL. Although 
the total dose to the part of  GTV was increased by 20%, 
there was local recurrence without treatment-related 
toxicity. This result means that there is still room for 
dose escalation to the part of  GTV. Furthermore, the 
transient tumor disappearance without distant metastases 
is suggestive of  a possibility of  a cure even for a far-
advanced huge tumor like in this case.

In conclusion, radiotherapy using the modified SIB 
technique against a huge pelvic tumor was analyzed. It 
is impossible to deliver a much higher dose to the tumor 
with conventional radiotherapy, but radiotherapy using 
the modified SIB technique may successfully treat the 
center of  GTV without significant toxicity. As a result, 
tumor disappearance, improvement of  QOL/ADL, and 
prolongation of  survival can be achieved. A computer 
assisted automatic segmentation of  the target may be able 
to utilize for this treatment[35,36]. Accumulation of  cases and 
validation of  the technique are tasks for future research.

COMMENTS
Case characteristics
A huge adenocarcinoma arising in the pelvis was treated with radiotherapy 
using modified simultaneous integrated boost (SIB) technique.
Clinical diagnosis
A patient who had a history of subtotal colectomy due to familial adenomatous 
polyposis caused adenocarcinoma in the residual rectum, and was initially 
treated with chemotherapy regimens for rectal cancer.
Imaging diagnosis
A macroscopic tumor with erosion was exposed in the perineum, and computed 
tomography scan revealed a huge tumor in size of 9 cm × 11 cm × 15 cm with 
bladder invasion.
Pathological diagnosis
The tumor was diagnosed as adenocarcinoma by the needle biopsy.
Treatment
The tumor was treated with radiotherapy with a new technique that can irradiate 
much higher dose to the tumor without exceeding tolerance dose to the 

surrounding healthy tissue.
Related reports
Several authors have reported about “SIB” radiotherapy, but those are slightly 
different from “modified SIB” radiotherapy in the present study.
Term explanation
Modified simultaneous integrated boost (modified SIB) irradiation is a recent 
technique that can irradiate higher dose to a certain area in the irradiation field.
Experiences and lessons
It may be possible to obtain macroscopically complete response even against 
for huge adenocarcinomas with this irradiation technique.
Peer review
This is an interesting case, and to treat more patients is a problem in the future.
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