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Methods

This review was conducted using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (1). Eligibility criteria included 
published work evaluating treatment plans and clinical 
outcomes of proton radiation therapy for anal or rectal 
cancer. Sources of information for this review included 
PubMed and EMBASE, those found in references from 
the major articles identified, and articles known to the 
authors. The searches were conducted to identify any 
and all articles addressing clinical outcomes of proton 
radiotherapy for anal or rectal neoplasms in adults with 
the following headings: protons, proton radiation therapy, 
proton beam therapy (PBT), pencil-beam, intensity-
modulated PBT (IMPT), anal, anal cancer, rectal, or rectal 

cancer. Due to the limited amount of overall data, search 
terms were not restricted by publication year or number of 
patients. Searches were completed by October 4th, 2018.

Based on the initial searches, a total of 575 articles and 
abstracts were identified. Care was taken to ensure that the 
inclusion criteria were sufficiently broad. To avoid missing 
potentially relevant publications, sources were excluded 
by individual screening rather than the initial database 
search. After duplicates were removed and the papers 
were independently screened for the described criteria, a 
further 528 studies were excluded. Articles without specific 
assessment of dosimetry or clinically relevant outcomes 
(e.g., survival, toxicity) of proton radiation therapy (RT) 
for anorectal cancers in adults were excluded. Of the 47 
publications remaining, 17 review articles and 30 original 
investigations (15 published articles, 11 abstracts, and 4 case 
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reports) were found to have sufficient focus and relevance to 
be incorporated into the review.

Rationale

PBT is increasingly used for the treatment of pediatric, 
central nervous system, skull base, and head and neck 
tumors. Today, 28 proton beam centers are in operation, 
with 23 in development. Whether PBT can play a similarly 
important role in the multidisciplinary treatment of 
anorectal cancer is under active investigation. 

PBT is a form of external beam radiotherapy that affords 
excellent dose distributions due to the near-total absence 
of exit dose. It gradually transfers energy to tissues and 
culminates in the Bragg peak at the end of the beam path. 
Protons have a finite range based on their initial energy, and 
doses distal to the Bragg peak are essentially nonexistent 
for PBT. In contrast, photons gradually lose their energy 
as they continue beyond the target. Radiation plans can 
spread out the Bragg peak to conform to the tumor volume 
using generally 1–3 treatment fields, whereas multiple 
beam orientations are needed for photons to minimize 
doses to organs at risk (OARs) (2). Given the minimal 
difference in biological effect between both modalities, 
protons have drawn interest as a method to spare adjacent 
OARs while delivering tumoricidal doses and increasing 
the therapeutic ratio. Since PBT has been largely untested 
in gastrointestinal (GI) malignancies, recent studies have 
aimed to address whether the theoretical reduced dose 
to OARs translates to a decline in acute and long-term 
toxicities, such as secondary malignancies.

Indications

Rectal cancer

Over the past decades, the role of RT in the management 
of rectal cancer has evolved. Even after consideration 
of current advances in surgical technique, RT and 
chemotherapy still improve sphincter preservation, 
local control, and survival (3-9). In the United States, 
standard of care for stage II or III rectal adenocarcinoma 
includes neoadjuvant chemoradiation followed by total 
mesorectal excision and adjuvant FOLFOX for 4– 
6 months. Preoperative radiation is typically given at doses of  
50.4 Gy in 28 fractions alongside concurrent 5-fluorouracil 
(5-FU) or capecitabine-based chemotherapy (4). While 
supported by randomized data, short-course radiation  
(5 Gy ×5 fractions), to date, has not been widely adopted in 

the United States due to concerns for late toxicity (8,10). 
Despite standard of care, local control and survival rates are 
poor for unresectable T4 or cT3 tumors with lateral node 
or mesorectal fascia involvement (11).

Like surgery, radiation carries its own morbidity profile, 
with over 25% of patients developing grade 3+ acute 
toxicity during neoadjuvant treatment (4). The lifetime 
dose at which adverse effects of radiation outweigh clinical 
benefit is unknown. Studies have suggested that the amount 
of small bowel receiving 15 Gy predicts acute toxicity and 
that reduction of this low-dose bath improves patient-
reported outcomes (12). With currently available photon-
based plans, hematologic and GI toxicity, such as cramping 
and diarrhea, predominate (4). Additionally, 10–25% of 
patients with locally advanced rectal adenocarcinoma recur 
within or near the radiation field (4). In the setting of 
recurrence, surgery or reirradiation is often infeasible due 
to either the late effects of prior radiation on the surgical 
field or the cumulative effect of radiation on OARs. In this 
setting, surgery offers a 5-year survival rate of 17–36% and 
carries notable risks to quality of life, including sacral nerve 
damage with high sacral resection and the frequent need to 
create two stomas (13-16). 

The ability to reduce toxicity to OARs could enable 
preoperative dose escalation which has been explored as a 
strategy to increase pathological complete response (CR) 
and clinical outcomes (17-20). In light of the emerging 
“watch and wait” era, protons may offer a feasible solution 
to increase clinical complete response (cCR) rates within the 
paradigm of a non-operative approach to rectal cancer. In 
cases where surgery is appropriate, dose escalation could result 
in downstaging, in turn increasing sphincter preservation 
rates and enabling removal of previously inextirpable tumors  
(4,21-24). Additionally, PBT theoretically may minimize 
acute and late toxicity to visceral organs, reducing long-term 
treatment-related sequelae from dose escalation.

Anal cancer

Definitive radiation combined with 5-FU and mitomycin-C 
(MMC) is the standard of care for local and locally 
advanced squamous cell carcinoma of the anal canal (SCCA), 
the predominant form of anal cancer (25). Recurrent or 
residual disease is managed with surgery after completing  
first-line chemoradiation. Radiation doses range from  
30 Gy to greater than 60 Gy depending on tumor stage. 
In patients with early stage cancers, locoregional control is 
typically achieved and the 5-year survival rate is between 
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80% and 90%. Relapse-free survival and colostomy-
free survival rates decline to 50–60% for advanced stage 
cancers (T3 or T4) (26-29). 

Toxicity from chemoradiation remains a major challenge 
which prevents timely delivery and intensity of therapy. 
Hematologic toxicity predominates due to the combination 
of myelosuppressive 5-FU, MMC, and RT to the pelvis, 
which contains 40% of the body’s active marrow (30). The 
bone marrow compartment is sacrificed in order to achieve 
planning target volume (PTV) coverage and avoid small 
bowel. According to the Intergroup trial, 18% of patients 
develop grade 4 or 5 acute hematologic toxicity from 
standard of care treatment (31). This contrasts with the 6% 
rate of grade 3 or 4 hematologic toxicity seen in the German 
study for patients treated for rectal cancer (4). In addition, 
GI toxicity, dysuria, and late effects on sexual function occur, 
which negatively impact quality of life. Unlike other GI 
malignancies, anal cancer requires inclusion of the perianal 
skin and superficial lymph nodes in treatment plans, resulting 
in dermatitis and confluent skin breakdown (32,33). 

The ability of precision therapy to reduce toxicity 
was demonstrated in RTOG 0529 which prospectively 
implemented dose-painted intensity modulated radiation 
therapy (IMRT) in a phase II trial design (34). In the study, 
grade 2 or higher hematologic toxicity and grade 3 or higher 
GI and dermatologic side effects were significantly reduced 
when compared to the standard arm of RTOG 9811. Acute 
morbidity was still common, however, with grade 2+ and 
3+ hematologic toxicity seen in 73% and 58% of patients, 
respectively. Given the improvement of IMRT over 2 or 
4-field 3D photon techniques, PBT may offer a similar 
integral benefit over conformal photon therapy, enabling 
further reduction in toxicity. Additionally, some studies have 
suggested that long-term outcomes are associated with time 
to completion of therapy and radiation dose (35-45). One can 
extrapolate that PBT’s side-effect profile may reduce the 
need for treatment breaks and allow for safe dose escalation, 
enabling improved clinical outcomes. 

Clinical evidence 

Rectal cancer

Data on the benefit of PBT for rectal cancer is derived 
primarily from preclinical planning studies for neoadjuvant 
treatment. Colaco et al. compared plans for 8 consecutive 
patients undergoing neoadjuvant chemoradiation for 
resectable (T2–T3) rectal cancer (46). PBT plans utilized 

a uniform 3-field approach with heavier weighting of the 
posterior field relative to the lateral fields, and Hounsfield 
units were overridden for the circumferential air-filled 
portion of the rectum. Protons significantly reduced pelvic 
bone marrow exposure at the V5–V20Gy levels and small 
bowel exposure at the V10Gy and V20Gy levels compared 
to IMRT and 3DCRT. Small bowel exposure at the V30Gy 
and V40Gy levels and urinary bladder exposure at the 
V40Gy level were also improved compared to 3DCRT. 

This is consistent with work by Wolff et al. who 
retrospectively compared preoperative treatment plans 
using protons, RapidArc, IMRT, and 3DCRT in 25 
patients with stage II or III rectal cancer (47). Dose-
volume histogram (DVH)-analyses revealed significantly 
reduced doses to OARs including the small bowel, 
testes, and bladder using protons. In another study of 10 
preoperative patients with T3 node negative disease, PBT 
achieved comparable dose heterogeneity and significant 
dose reductions to the femoral heads, sigmoid/colon, 
pelvic bone, bladder, bowel, and normal tissue compared 
to IMRT and 3DCRT (48). Notably, small bowel receiving 
15 Gy was significantly reduced to 90 cc compared to 
157 and 138 cc for 3DCRT and IMRT, respectively. For 
patients with residual disease, a case report of a 65-year-
old patient treated at Massachusetts General Hospital 
following initial abdominoperineal resection (APR) for 
moderately differentiated rectal adenocarcinoma showed 
that protons reduced the dose of small bowel receiving 
50 Gy by 50%, while still permitting 55 Gy to the target 
volume (49). Despite these encouraging findings, other 
reports suggest a more modest benefit using PBT. Cooper 
et al. found no difference when neoadjuvant 3DCRT 
and volumetric modulated arc therapy (VMAT) plans 
were compared to passive scatter PBT plans (45 Gy with  
5.4 Gy boost) in 4 patients with resectable (T2–4,N0–2) 
disease (50). Differences in mean V10–V40Gy bowel volumes 
or V40–V50Gy bladder volumes were not significant, though 
the authors note a trend toward decreased exposure at the 
V10–V20Gy bowel levels using PBT.

For cases of very advanced, nonresectable (cT4) rectal 
cancers, data come from 2 Swedish planning studies. 
One group designed spot scanning PBT plans using two 
posterior beams and a peripheral boost to 62.5 Gy in 
25 fractions (51). In line with Colaco and Wolff (46,47), 
protons achieved acceptable target coverage using a 
peripheral boost and significantly spared the small intestine 
in 5 out of 7 patients. Mean intestinal doses were 17.8 vs. 
31.1 Gy for PBT and VMAT, respectively, suggesting that 
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dose escalation may be possible with protons as a method 
for downstaging and to increase local control. Likewise, 
Isacsson and colleagues found that PBT significantly 
reduced the low-dose bath to the small bowel and other 
OARs in 6 patients with unresectable primary rectal 
adenocarcinoma when compared to photon plans (52). 
PBT plans used three beams to deliver a PTV boost and 
cover the primary tumor and adjacent lymph nodes. At a 
5% normal tissue complication probability (NTCP), the 
absolute mean tumor control probability (TCP) increased 
by 14 percentage points, suggesting that PBT may be 
beneficial for bulky tumors. 

Unfortunately, the majority of PBT studies in rectal 
cancer lack clinical toxicity data and it is therefore unclear 
whether statistically significant differences in dose 
distributions translate to meaningful differences in acute 
and late toxicity. Clinical toxicity data are derived primarily 
from Japanese retrospective reviews and case studies of 
patients with recurrent disease. One group retrospectively 
reviewed 13 consecutive patients who received 70 Gy 
PBT in 25 fractions for locally recurrent rectal cancer 
(LRRC) that was either unresectable or that patients had 
refused to remove surgically (53). At a median follow-
up of approximately 3.5 years, the local control rate and 
median PFS were 46% and 414 days (range, 58–2,105 days), 
respectively. Grade 3 or 4 toxicity developed in one patient 
with urinary obstruction, and there were no treatment-
related deaths. Similar findings were reported at the 
Hyogo Ion Beam Medical Center which treated 2 patients 
with PBT (74 Gy/37 F) for LRRC (stage IIIA). Both had 
previously received upfront surgery with curative intent. 
Grade 1 dermatitis occurred in 1 patient. At 2-year follow-
up, 1 patient remains recurrence free while the other re-
recurred and passed away 6 years after PBT (54). A third 
case study reports partial response and no adverse effects at 
3-year follow up after an 85-year-old man was treated with 
67.5 Gy in 25 fractions for a 28 mm solitary lymph node 
metastasis (55). The patient had previously undergone 
curative surgery for primary rectosigmoid cancer.

Consistent with this data, researchers at the University 
of Pennsylvania report an improved toxicity profile for 
PBT in patients with recurrent disease (56). Seven patients 
with a KPS of 60 who previously received 50.4 Gy of RT 
underwent double-scatter PBT using 1–3 treatment fields. 
Mean PBT dose was 61.2 Gy (range, 45–64.8 Gy) and the 
maximum total dose sum of radiation was 109.8 Gy (range, 
95.4–151.2 Gy). At a median follow-up of 19 months, 57% 
of patients had a durable partial or complete radiographic 

response and 4 were still alive. Among the deceased, 2 had 
local recurrence and 1 had brain metastasis. Compared to 
VMAT, bowel exposure at the V10Gy and V20Gy levels was 
significantly reduced by 85% and 55%, respectively. Doses 
to 200 and 150 cm3 of bowel were also reduced. Grade  
3 acute toxicity was observed in 3 patients (1 abdominal 
pain and 3 diarrhea) and small bowel obstruction developed 
in 2 patients. 

Taken together these early findings suggest that PBT is 
both feasible and likely offers at least comparable outcomes 
to conventional therapies for rectal cancer. However, 
clinical toxicity data derives from limited studies of patients 
treated for recurrent disease. There remains a need for 
prospective PBT outcome studies in patients with primary 
disease.

Anal cancer

As seen with rectal cancer, a number of treatment-planning 
studies suggest improved dosimetry with PBT for anal 
cancer. In a study by Anand et al., scanning PBT plans 
reduced mean doses to bone marrow, bladder, small bowel, 
and genitalia by an average of 52%, 60%, 55.4%, and 
97.6%, respectively, in 8 patients with SCCA (57). Bone 
marrow V10–V30Gy and small bowel V30Gy were also 
significantly reduced, suggesting that hematologic and GI 
toxicity may benefit from PBT. Bone marrow and small 
bowel doses also improved in another planning study of 
4 patients with SCCA (58). Plans were designed for a 
prescribed dose of 64 Gy using 3- and 4-field PBT. The 
small bowel V40Gy was 667, 522, and 535 cc for VMAT, 
3-field PBT, and 4-field PBT, respectively (P<0.05). 3- and 
4-field PBT significantly reduced the mean doses to both 
femoral heads by more than 50%, however, sacral bone 
exposure at V30Gy and V40Gy was comparable due to the 
posteriorly arranged beams. 

Results from studies of more advanced PBT techniques 
are emerging. At the University of Pennsylvania, pencil-
beam scanning PBT plans via two posterior oblique fields 
were compared to 7-field IMRT plans in patients with 
T1–4 disease (59). Patients were prescribed 54 Gy to the 
primary tumor and 45 Gy to the uninvolved pelvic and 
inguinal lymph nodes. V15Gy for small bowel, a predictor 
for GI toxicity (60), was 81 and 151 cc for PBT and IMRT, 
respectively. The volume of irradiated small bowel was 
reduced for all values up to 35 Gy. Low dose radiation  
(30 Gy) to the pelvic bone marrow, femoral heads, genitalia, 
and bladder was significantly reduced. However, as reported 
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by Kronborg et al., PBT increased the volume of exposed 
lumbosacral marrow between 20 and 45 Gy due to the 
posterior arrangement of beams. Another recent planning 
study from Wo and colleagues at Massachusetts General 
Hospital also reports good dosimetric outcomes with pencil-
beam scanning PBT (Figure 1) (61). In addition to adequate 
PTV coverage, protons reduced small bowel, large bowel, 
bladder, femoral heads, and iliac crest volumes between  
V5–V35Gy. At higher doses, only the femoral heads 
(V40Gy), bladder (V40, V45, and V50Gy) and iliac crests 
(V40Gy) benefited from PBT. Consistent with this finding, 
Martin et al. observed a detrimental increase in bowel 
exposure at maximum doses using IMPT compared to 
IMRT (62). However, mean bone marrow dose benefited 
significantly (20.7 vs. 28.2 Gy, V10Gy 60.2% vs. 92.1%), 
suggesting that hematologic toxicity may be reduced with 
IMPT without sacrificing target coverage. In a modeling 
study, Meier et al. quantified this toxicity benefit (63). The 
authors’ analysis of IMPT plans found that mean bone 
marrow dose was significantly lower compared to VMAT 
(17.42 vs. 30.76 Gy). Based on NTCP modeling, they 
concluded that grade III or higher hematologic toxicity 

would be reduced from 40% to <5%. Consistent with the 
previous studies, they also observed sparing to small bowel 
(V30Gy and V35Gy), large bowel (V35Gy), and genitalia 
(V20Gy and V30Gy).

The majority of clinical data on toxicity from PBT 
comes from a limited number of studies of recurrent 
disease. One case report from Japan describes outcomes for 
a 70-year-old woman treated with protons (70 Gy/25 F) for 
recurrent stage IV anorectal cancer following an APR (64).  
At 1-year follow-up, there was CR and she remains disease-
free 7 years after completing radiation. In a retrospective 
review, Giap et al. share their early experience with IMPT in 
7 recurrent patients previously irradiated for rectal and anal 
cancer (65). Patients were treated with curative or palliative 
intent using 50–66 Gy in 1.8–2 Gy fractions prescribed to 
the GTV and CTV with 1–3 beams. Mean follow up was  
18 months. Three patients had CR and 2 patients had 
partial response. Mean doses to the rectum, femoral heads, 
bladder, and bowel were 56, 12, 18, and 4 Gy, respectively. 
Only 1 grade 3 toxicity (ulceration) was reported. These 
limited studies offer a foundation for future longitudinal 
trials of protons in patients with recurrent disease.

Figure 1 Representative DVH comparison of DP-PBS vs. DP-IMRT (dotted line: IMRT, solid line: PBS). DVH, dose-volume histogram;  
DP-PBS, dose-painted pencil beam scanning proton therapy; DP-IMRT, dose-painted intensity modulated radiation therapy.
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More recently, an NCI sponsored prospective single arm 
pilot study reported outcomes of pencil-beam scanning 
PBT with concurrent 5-FU/MMC in patients with 
primary disease at Massachusetts General Hospital and 
the University of Pennsylvania (Figure 2) (66). Twenty-
five patients with stage T1–4, N0–3 SCCA were included. 
Patients with T2N0 disease received 50.4 Gy to the primary 
tumor and 42 Gy for elective nodal coverage. 54 and  
45 Gy were prescribed to the primary tumor and for elective 
nodal coverage, respectively, in patients with T3–4N0–3 
disease. The median time for treatment and duration of 
breaks was 42 and 0 days, respectively. There were 2 deaths 
on study which were unrelated to radiation. At a median 
follow-up of 26 months, the cCR rate and 2-year disease-
free survival rate were 88% and 80%, respectively. Toxicity 
outcomes were benchmarked to results from RTOG 0529 
and 9811. Compared to 3D-CRT, grade 3+ hematologic 
and dermatologic toxicity were reduced 29% and 51%, 
respectively. Compared to DP-IMRT, grade 3+ hematologic 
toxicity decreased 24% while grade 3+ dermatologic toxicity 

increased 4%. Notably, grade 3+ GI toxicity was unchanged 
compared to 3D-CRT, but increased by 71% compared to 
DP-IMRT. While pencil-beam scanning PBT was deemed 
feasible, the benefit over IMRT was variable. The presence 
of underlying comorbidities such as inflammatory bowel 
disease in 2 patients and the study’s small sample size make 
it challenging to draw definitive conclusions. Long-term 
toxicity data in larger cohorts are needed to confidently 
assess the merits of PBT for primary SCCA. 

Future directions

To the best of our knowledge, there are no available 
prospective clinical reports on the use of PBT in the 
neoadjuvant treatment of rectal cancer. Promising 
preliminary data in the recurrent setting are available, 
though limited. A recent prospective study by Wo and 
colleagues reports early experience using pencil-beam 
scanning PBT in patients with primary SCCA. These small 
cohort investigations set the stage for larger prospective 

Figure 2 Representative (A) axial and (B) sagittal slice of PBS proton treatment plan for anal cancer. Representative (C) axial and (D) sagittal 
slice of IMRT photon treatment plan for anal cancer. PBS, pencil beam scanning proton therapy; IMRT, intensity modulated radiation therapy.

B

C D

A



182 Vaios and Wo. Proton therapy for anal and rectal cancers 

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2020;11(1):176-186 | http://dx.doi.org/10.21037/jgo.2019.04.03

studies to investigate in vivo toxicity and tissue tolerance in 
both the neoadjuvant and recurrent settings. Assessing local 
control, acute and long-term toxicity, and survival using 
PBT combined with cytostatics is of particular importance.

Long-term studies of PBT for prostate and breast cancer 
predict minimal late toxicity and excellent disease control 
(67,68). In the case of anorectal cancer, PBT may reduce 
hematologic toxicity compared to IMRT, as suggested by 
Meier et al. (63). With 30–40% of patients recurring in 
10 years and potentially requiring salvage chemotherapy, 
minimizing bone marrow exposure with PBT may be of 
substantial benefit (4,69). The decreased side-effect profile 
may permit safe multimodal therapy, including concurrent 
or sequential surgery and chemotherapy. As was shown 
with VMAT over IMRT, PBT may similarly shorten 
treatment time via fewer treatment breaks due to reduced 
acute toxicity to small bowel and bone marrow (58,70,71). 
Reduction in secondary malignancy has also been suggested 
by benchmark analyses in other cancers (72-74). 

In addition to assessing acute toxicity and long-term 
outcomes, future research should investigate the possibility 
of dose escalation using PBT. A dose-response relationship 
was suggested by Allee et al. who found an 11% and 40% 
local failure rate in patients with microscopic residual 
disease treated post-operatively with >60 Gy and 50–60 Gy,  
respectively, for rectal cancer (75). The benefit of dose-
escalation for anorectal cancer has been extrapolated from 
studies suggesting improved tumor response and prognosis 
in patients with high-grade acute organ toxicity (76,77). 
By minimizing doses to OARs, PBT may enable safe dose 
escalation. 

In the future, advances in pencil-beam scanning and 
IMPT may further improve dosimetric advantages of 
protons (78). Early data show promising reductions to 
small bowel and bone marrow, suggesting that GI and 
hematologic toxicity may improve (58,59,61,62). Modeling 
by Meier et al. shows reduction in grade 3+ hematologic 
toxicity with IMPT, as implied by other treatment-planning 
studies (62,63). Long-term clinical studies will be needed to 
discern the incremental benefit offered by these advanced 
techniques relative to passive scatter PBT. In addition, 
planning studies must report the reproducibility of PTV 
coverage with changes in internal organ motion, bowel 
gas, patient positioning, and body contour. Proton range is 
dependent on tissue density and therefore undercoverage 
of tumor volume or overexposure of OARs may occur. 
Encouraging preliminary reports from the University 
of Pennsylvania show less than 2% decrement in target 

coverage using verification CT scans during pencil-beam 
scanning PBT (59,79). Minimally invasive interventions 
such as rectal catheters, dietary changes, and evaluation 
CTs should be further investigated as potential solutions to 
improve plan robustness.

Ultimately, any trial design for PBT in anorectal cancer 
will require a large sample size to discern a benefit. This 
stems from the multifactorial nature of current treatment 
paradigms and the modest toxicity improvement described 
in treatment-planning studies. Future trials must also 
include careful patient selection criteria. While the 
presented data indicate that PBT can reliably reproduce 
dosimetric quality of conventional photon-based plans and 
reduce doses to OARs, thoughtful selection of patients by 
tumor stage and patient characteristics will maximize the 
benefit of protons. For instance, protons may be ideally 
suited for younger patients, in whom the risk of secondary 
malignancies and other late complications is of primary 
concern. Patients with medically inoperable tumors or who 
are at particularly high risk for acute organ toxicity stand to 
benefit from PBT. Given the heterogeneity of tumors (e.g., 
nodal involvement, tumor extension, tumor location), trials 
must continue to investigate predictive markers that enable 
identification of patients most appropriate for protons. 
Lastly, trials should begin to incorporate cost-benefit 
analyses by including endpoints such as hospitalization rates 
and quality of life (80). The need for more patient-reported 
outcomes, in particular, is highlighted by Kronborg and 
colleagues who found weak agreement between patient and 
physician-scored toxicity (58). 

Conclusions

We here report the currently available data on the use of 
PBT for rectal and anal cancer. GI malignancies present an 
exciting realm to actualize the benefit of precision therapy. 
Several reviews have attempted to summarize the data 
available (6,81-90). We offer an update to these reports 
and conclude that there is reason to be optimistic about 
PBT in select patient populations, especially as IMPT and 
pencil-beam scanning techniques become more prevalent. 
Decreased doses to bone marrow and bowel may improve 
tolerance of multimodal treatment and allow dose escalation, 
in turn improving clinical and patient-reported outcomes.
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