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Introduction

Proton radiotherapy is a method of applying high-energy 
particle radiation to treat cancers. Proton therapy is 
appealing due to its ability to deliver highly conformal 
dose distributions while minimizing radiation to adjacent 
normal tissues (1). Proton treatments first began in the 
1950s using equipment added on to large nuclear physics 
labs. The Indiana University Health Proton Therapy 
Center (IUHPTC, formerly Midwest Proton Radiotherapy 
Institute) was built at the Indiana University Cyclotron 
Facility in Bloomington, Indiana, and was the third 
established center actively treating patients in the United 

States. At present, there are 10 proton centers treating 
patients in the US and several more around the world.

In general, the effectiveness of any form of radiation 
treatment is limited by the tolerances of adjacent normal 
tissues. The acute and chronic toxicity of radiation 
(especially to bowel) continues to confound our therapies 
(2-4). Often the morbidity and cost from the side effects of 
radiation treatments can become worse than the original 
disease (5). 

While proton radiotherapy treatments can provide more 
precision in dose delivery, the same problem remains of 
damage to very closely adjacent structures; conversely, along 
with a greater ability to provide an intense, targeted dose 
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of radiation to a target volume, there is also the potential to 
cause greater collateral damage. The authors encountered 
a number of patients who, despite the accuracy of proton 
therapy dose distributions, could not be treated adequately 
and safely due to closely adjacent or abutting vulnerable 
structures. The question became: can we change the 
anatomy?

The authors have collaborated in an attempt to surgically 
alter the patient’s anatomy to make untreatable patients 
treatable. Here we present our initial series of surgical 
organ displacements performed on patients with localized 
cancers of the abdomen and pelvis for whom there were no 
other acceptable treatment options.

Methods

After obtaining IRB approval, we reviewed the charts of 
all patients treated at IUHPTC who had had undergone 
surgical organ displacement with the intention for treatment 
with proton radiotherapy. We reviewed the pathologic 
categories, diagnostic images (CT, MRI, and PET), 
treatment plans and available outcomes of the patients. 

Planning and decisions about spacing and strategy were 
a combined effort of the treatment team. All patients had 
no evidence of metastatic disease. All patients were initially 
considered to be untreatable even with protons without 
some alteration of their anatomy due to adjacent bowel or 
critical structures preventing sufficient dosage to expect an 
adequate response. All patients were treated by laparotomy 
and displacement of organs using omentum and/or saline 
breast prostheses, anterior oophoropexy, colopexy, or 
diverting colostomy if required. Multiple metallic fiducial 
markers were placed at time of surgery to guide treatment 
planning and for accurate targeting during treatment. 

The majority of patients had previous (often multiple) 
abdominal and pelvic surgical procedures and several had 
previous conventional radiation treatments to the area as 
well. There was no assurance given that the displacement 
procedures would accomplish what was required, and once 
the procedures were done, the decision to treat was made 
independently by the radiation oncologist based on the 
treatment planning CT. Each patient was informed about 
the uncertainty of adequate displacement and the risk for 
complications from the displacement procedure themselves, 
in addition to the risks and benefits of proton radiotherapy. 

Our patients ranged from 16 to 82 years of age, and 
are summarized on Table 1. They included: two recurrent 
bladder cancers after radical cystectomy, a thrice recurrent 

desmoid tumor of the rectus sheath, a multiply recurrent 
desmoid tumor of the retroperitoneum, a previously 
irradiated and locally recurrent rectal cancer after 
abdominoperineal resection, a cholangiocarcinoma of 
the liver, two unresectable hepatocellular carcinomas, an 
unresectable pelvic sarcoma, a recurrent sacral chordoma, 
two recurrent pancreatic cancers and an enlarging 
unresectable cholangiocarcinoma of the liver. In addition, 
we performed organ displacement for a 21-year-old 
female with a T3 low rectal cancer, who then underwent 
subsequent preoperative (neoadjuvant) treatment using 
protons, and for an 82-year-old with an obstructing 
carcinoma of the head of the pancreas for whom proton 
radiation was her only treatment. To our knowledge, the 
latter two patients are unique in that no such methods 
to treat malignancies with protons in this way had been 
previously attempted. 

Results

No surgical complications were encountered. All patients 
obtained adequate displacement to allow for successful 
proton treatment planning. All completed their treatment 
course with protons except for one patient with a diagnosis 
of recurrent pancreatic cancer who developed a perforation 
of a marginal ulcer at a previous gastrojejunostomy and 
could not continue; the patient subsequently died of issues 
unrelated to his radiation or displacement procedure. Two 
patients had some migration of the spacers that required 
re-planning; one patient a primary pancreatic cancer, and 
another with a multiply recurrent retroperitoneal desmoids. 
Both were able to complete the proton radiation therapy 
treatment course. Data from this series of patients is shown 
in Table 1. Selected proton treatment plans are shown in 
Figures 1-6.

All patients who completed their treatment developed 
no radiation-related complications greater than Grade 2 
radiation dermatitis. Mean target dose was 63 Gy(RBE) 
with a range of 35 to 72 Gy(RBE). The longest follow up is 
six years in the patient with a pelvic sarcoma. That patient 
is presently active and without evidence of disease. 

The 19-year-old patient with the multiply recurrent 
retroperitoneal desmoid tumor is 2 years post-radiation and 
continues to have regression of her tumor. She tolerated 
70.0 Gy(RBE) to the abdomen without any GI symptoms 
during her treatment course nor in the intervening time. 
She had subsequent removal of the spacer (Figure 5).

The 21-year-old patient who received preoperative proton 
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Isodose lines (cGy)
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Figure 1 Recurrent rectal cancer. Arrow indicates breast prosthesis

Table 1 Organ displacement summary

Disease Organs at risk Displacement technique

1. Recurrent bladder cancer Urostomy, small bowel, and 

sigmoid colon

Breast prosthesis and diverting 

colostomy

2. Recurrent bladder cancer  Small bowel and sigmoid colon Two breast prostheses and 

diverting colostomy

3. Recurrrent (3x) desmoid tumor of rectus sheath  Small bowel, ovaries, and bladder Breast prosthesis (extraperitoneal)

4. Recurrent rectal cancer (previously irradiated)  Small bowel Breast prosthesis

5. Recurrent cholaniocarcinoma of the liver  Stomach, duodenum, and colon Omentum as spacer

6. Hepatocellular carcinoma (unresectable)  Stomach, duodenum, and colon Omentum as spacer

7. Hepatocellular carcinoma (unresectable)  Stomach, duodenum, and colon Omentum as spacer

8. Pelvic sarcoma (unresectable)  Small bowel and colon Breast prosthesis

9. Recurrent sacral chordoma  Small bowel Breast prosthesis

10. Recurrent pancreatic cancer  Small bowel and colon Colopexy, omentum, and breast 

prosthesis

11. Recurrent pancreatic cancer  Small bowel and colon Colopexy and omentum

12. Cholangiocarcinoma of the liver (unresectable)  Small bowel and colon Omentum as spacer

13. T3 low rectal cancer  Small bowel, uterus, and ovaries Breast prosthesis

14. Obstructing carcinoma of the head of the 

pancreas

 Small bowel, colon, and stomach Colopexy, omentum, and breast 

prosthesis

15. Multiply recurrent retroperitoneal desmoid tumor  Small bowel Tissue expander and omentum

treatment for a locally advanced rectal cancer after organ 
displacement completed her abdominoperineal resection and 
is doing well. She has had no gastrointestinal toxicity and 
continues to have regular menstrual periods (Figure 6).

The remaining patients are within two years of 
completion of proton treatment, and none has shown 
signs of radiation enteritis. Patients displaced for liver 

tumors have shown complete responses and, at present, 
have no evidence of disease. All patients with recurrent 
pelvic tumors have shown good responses to treatment 
thus far. The one patient who completed proton treatment 
for recurrent pancreatic cancer was found later to have 
developed evidence of metastatic disease and is awaiting 
decisions about further chemotherapy. 
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Figure 4 Recurrent desmoid tumor. Arrow indicates breast prosthesis
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Figure 3 Unresectable cholangiocarcinoma. Arrow indicates omentum
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Figure 2 Recurrent bladder cancer. Arrow indicates breast prosthesis
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Figure 6 T3 Low rectal cancer. Arrow indicates breast prosthesis

Discussion

Surgeons and radiation oncologists have collaborated quite 
successfully in the treatment of several malignancies. This is 
most apparent in our present methods of breast conserving 
therapy for the treatment for breast cancer. Another obvious 
outcome improvement from collaboration has been in the 
treatment of patients with locally advanced rectal cancers. 

The life-long morbidity of radiation enteritis from 
conventional radiation treatments has motivated attempts at a 
variety of surgical displacement procedures in the abdomen, 
pelvis and retroperitoneum (6-12). Displacement of organs 
using omentum, tissue expanders, breast prostheses and 
several types of mesh has been reported, but none of these 
methods have gained widespread usage (13-16). In addition, 
techniques like oophoropexy have been employed to move 

Figure 5 Multiply recurrent desmoid tumor. Arrow indicates tissue expander
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radiosensitive structures out of harm’s way. Despite some 
apparent advantages, these methods have not entered 
mainstream clinical practice. For conventional radiation 
techniques the benefit is often not worth the extra surgical 
morbidity. The dose to other adjacent structures usually 
remains high even with displacement.

However, the unique characteristics of proton therapy 
appeared to present an opportunity in which old ideas 
might prove to have new and more beneficial applications. 
Recently, our efforts have been supported by two published 
case reports demonstrating the utility of displacement 
methods for proton radiotherapy (17,18). 

Proton radiotherapy differs in several important ways 
from standard external beam radiation therapy. These 
differences need to be well understood by surgeons and 
radiation oncologists alike. Conventional therapies use 
high-energy ionizing radiation that passes through tissues 
giving both an entrance dose and an exit dose. Therefore, 
the target volume is normally covered using multiple fields 
(beam angles) to spread out the entrance and exit doses in 
order to lessen dosage to normal tissues and to increase the 
target dose where the beam paths converge. 

With protons, which are positively charged particles, the 
entrance dose tends to be less as most of the protons pass 
between atomic nuclei near the speed of light. Once into the 
tissues, the interaction of the protons with the negatively 
charged electron clouds causes a slowing of the proton 
trajectories. As the particles slow enough, the inter-nuclear 
forces bring about an interaction by which the protons impart 
their energy to the tissues and then stop without an exit dose. 
This area of high dose is called the Bragg peak. By combining 

beam energies, this peak can be spread out in depth to cover 
a larger area that is referred to as the Spread-Out Bragg Peak 
(SOBP). As the SOBP increases in depth, the entrance dose 
increases as well (see Figure 7). As with standard radiation 
methods, multiple beam angles are often required to supply 
adequate dosage for proton treatments as well. 

It is critical for surgeons to understand these differences 
in radiation delivery so that, with organ displacement for 
proton radiotherapy, one can move critical structures: 
(I) out of the penumbra of the beam path laterally, (II) 
beyond the end of the Bragg peak (out of range), and/
or (III) proximal in the beam path - out of the high dose 
Bragg peak. In addition, knowing normal tissue tolerances, 
effective target dosages, range uncertainties, organ motion 
issues due to breathing and body motion, dose uncertainties 
due to air or gas within the tissues, along with constraints 
of beam angles and beam delivery are all necessary to 
engage adequately in treatment planning decisions and for 
proper execution of displacement procedures. This requires 
significant collaboration between the surgeon and treating 
radiation oncologist; in several cases, the radiation oncology 
authors were present at the time of the operation to help 
determine the displacement technique utilized.

Our series underscores a variety of issues of fundamental 
importance for treatment of recurrent and unresectable 
tumors of the abdomen and pelvis using protons. The 
biology of a specific tumor has a significant impact on 
our ability to improve survival and palliate symptoms. 
Adequate and stable displacement in the pelvis is, at present, 
a promising technique. The upper abdomen remains 
problematic due to the large number of closely associated 
organs as well as the motion imparted by the diaphragm. 
One exception is the liver, for which displacement has been 
clearly shown, by us and by others, to allow for adequate 
and safe treatment of liver lesions. 

Importantly, evidence of metastatic disease makes these 
complex pursuits futile in most instances where there can be 
no significant impact on morbidity and survival. All this can 
make patient selection for proton radiotherapy treatment 
challenging.

Logistics can be challenging as well, since patients, at 
present, often must travel long distances from home for 
proton treatment at one of the few facilities offering proton 
radiotherapy. The addition of displacement procedures will 
lengthen the already lengthy process of proton treatment 
planning and delivery that can often span several weeks. 
Additionally, at first, few teams may understand or be 
accepting of the whole process. 

Figure 7 A. Pristine peak of a 200 MeV proton beam; B. 5 cm Spread-
Out Bragg Peak (SOBP) of a 200 MeV proton beam; C. 8 MV X-ray 
beam (100 cm SSD)
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The most important question to ask ourselves about 
organ displacement for proton radiotherapy is whether or 
not the risks involved (plus the time and expense) is worth 
the increased complexity. It is crucial for all involved to 
understand that the displacement procedure might not work 
to make proton treatment possible. Plus, the morbidity 
from the displacement procedure carries significant possible 
complications itself. We have been most fortunate in this 
regard thus far. 

Previous reports of organ displacement for standard 
radiation have included complications such as, infections, 
movement of the spacers, spontaneous deflation or extrusion 
of a prosthesis, and entero-cutaneous fistulae. Although 
there have been no reports, concern has been raised about 
possible impedance of venous return. 

Further work in organ displacement using minimally 
invasive techniques has strong theoretical appeal for use in 
neo-adjuvant radiation for locally advanced (T3 and greater) 
rectal cancers and, possibly, for non-metastatic pancreatic 
cancers. The general feeling in radiation oncology is that if 
sufficient dosage can be applied in tumors with a high risk of 
local recurrence, improved outcomes can be expected. We have 
shown that it is feasible to apply unprecedentedly high doses 
while improving tissue sparing using proton radiotherapy and 
surgical organ displacement in both diseases. 

In the case of rectal cancers, we have demonstrated that 
it is possible to displace small bowel and pelvic viscera to 
completely avoid radiation dosage. We have shown that it 
is possible to minimize injury to the colon and small bowel 
and deliver dosages to the pancreas and retroperitoneum 
[72 Gy(RBE)] that have never been achieved without 
significant morbidity. 

We are presently less enthusiastic about the value of 
organ displacement for recurrent pancreatic cancers, largely 
due to our inability to accurately recognize metastatic 
disease early as well as the often debilitated nature of 
most of these patients. While there appears to be some 
hope to lessen local recurrence with our methods used 
preoperatively, recurrent pancreatic cancer remains a 
difficult challenge at present.

For patients with recurrent disease after prior radiation 
therapy, organ displacement - especially of previously 
irradiated healthy tissue, such as bowel, may facilitate 
the delivery of an additional course of radiation therapy. 
However, the morbidity even from an open procedure can 
be significant in patients that have had previous surgery 
and radiation; minimally invasive surgery to displace organs 
for recurrent disease is unlikely to be successful (and may 

be harmful) because of extensive adhesion formation from 
surgery, radiation and desmoplastic reactions. In these cases 
surgical experience and judgment are crucial to bring about 
satisfactory displacement and minimize morbidity.

The prospect of eliminating, or at least, significantly 
reducing radiation injury to the bowel is important 
considering the fact that up to sixty percent of patients 
receiving pelvic radiation suffer life-long consequences 
requiring multiple hospitalizations, diagnostic procedures 
(including further radiation exposure), surgical procedures, 
loss of work and general misery (5). The cost to the 
individual and to society from standard pelvic radiation is 
great. We see opportunity for much improvement. 

Conclusions

In our small series of highly selected patients with primary 
or recurrent pelvic and abdominal tumors, and patients with 
primary liver tumors, we have convincingly shown that it is 
technically feasible and safe to alter the anatomical relations 
in these patients surgically. This can be done with minimal 
morbidity and convert previously untreatable patients into 
treatable patients who can receive relatively high doses of 
radiation with protons. 

More significantly, we have shown that it is technically 
feasible to displace organs to allow neo-adjuvant treatment 
with particle therapy for locally advanced rectal cancer 
and pancreatic cancer. These combined techniques hold a 
double hope of more effectively treating a difficult cancer 
and also diminishing or eliminating the costly and disabling 
effects often seen with conventional radiation. We see 
opportunities for valuable collaboration and innovation 
in this area, especially in the development of minimally 
invasive displacement techniques.
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