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Background: The outcomes, complications, and rates of secondary malignancies from radiation therapy
(RT) are not known for patients with familial adenomatous polyposis (FAP).

Methods: We queried the Hereditary Gastrointestinal Cancer Registry (HGCR) for patients with FAP who
received RT. Outcomes assessed included acute and late treatment toxicity and secondary malignancies.
Results: We identified 15 patients undergoing 18 treatment courses. Median follow-up was 3.1 years
after RT. Treated sites included rectal cancer, desmoid, prostate cancer, breast cancer, melanoma,
medulloblastoma, gastric cancer, and glioma. Secondary tumors occurred in two patients: a medulloblastoma
was diagnosed in a patient treated for glioma, and a desmoid tumor was diagnosed in a patient treated
for rectal cancer. All nine patients treated with intra-abdominal or pelvic RT had prior prophylactic
proctocolectomies, yet only one patient experienced grade 3 gastrointestinal toxicity. Common Terminology
Criteria for Adverse Events version 4 (CT'CAE v4) toxicities were grade 1 in seven treatment courses (39%),
grade 2 in five courses (28%), and grade 3 in two courses (11%).

Conclusions: In this cohort, RT was well tolerated with adverse effects comparable with non-FAP
patients. Secondary in-field tumors occurred in 2 of 15 patients and their increased risk in this cohort was

likely due to prior predilection from FAP itself, although an increased role of RT cannot be ruled out.
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Introduction associated with colorectal cancer, there are phenotypic
variants of FAP that are associated with tumors throughout
the body, such as Turcot syndrome which presents with
CNS malignancies such as gliomas and medulloblastomas

and Gardner syndrome with osteomas and desmoids (3).

Familial adenomatous polyposis (FAP) is an inherited
autosomal dominant syndrome caused by mutations in

the adenomatous polyposis coli (APC) gene resulting in

an increased risk of multiple malignancies (1,2). The APC
gene is a tumor suppressor that is an important regulator of
transcription. While a majority of cases have a known family
history of FAP, approximately 20% of APC mutations
occur sporadically (1,2). Although FAP is most commonly
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Colorectal cancer occurs in the majority of FAP patients,
with a 90% lifetime risk of developing colorectal cancer and
a median age of diagnosis of 35 (2).

Radiation therapy (RT) is an important treatment
modality for malignancies affecting FAP patients, including
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colorectal cancer, desmoid tumors, medulloblastomas, and
gliomas. Unfortunately, there are no data that describe the
toxicity or risk of secondary malignancies among patients
with FAP receiving RT. Our purpose was to analyze these
clinical outcomes of patients with FAP treated with RT.

Methods

The Hereditary Gastrointestinal Cancer Registry (HGCR)
is a resource for individuals with familial gastrointestinal
cancers and enrolls individuals participating in research
and/or clinically managed at a referral center for genetics
and cancer research. All aspects of this study are approved
by the Institutional Review Board. HGCR participants
with a diagnosis of FAP were matched with records held
in an institutional Electronic Data Warehouse (EDW).
Our query of the EDW was limited to patients with FAP
who received RT as a part of their definitive or palliative
treatment. Patients with incomplete staging, treatment, or
long-term follow-up were excluded from analysis.

A total of 36 patients were identified from the initial
query of the terms “FAP” and “radiation”, “radiotherapy”,
“RT”, or “brachytherapy”
demographic and clinical information were abstracted from

in the medical record. Basic

the record, including age at diagnosis, gender, and type of
tumor. Details including RT modality, dose, concurrent
chemotherapy use and type, toxicity, recurrence, and
development of secondary malignancies were collected and
analyzed. Toxicity was defined by adverse events in organ
systems within the RT treatment field and was graded by
Common Terminology Criteria for Adverse Events version
4 (CTCAE v4) criteria. Acute toxicity was defined as an
adverse event occurring during or within three months
of delivery of RT. Adverse events occurring after three
months of delivery of RT were defined as late toxicity. A
secondary malignancy was defined as a new primary tumor
developing in the area of the previous RT treatment
field or a new leukemia. Local recurrence was defined as
regrowth of a tumor at a previously treated site that was
of the same pathology as the original tumor. Regional
recurrence was defined as the tumor extending outside
the boundary of the original tumor but not disseminated
distantly.

Results

Of the 36 patients initially queried, a total of 18 were found
to have both a genetic diagnosis of FAP and treatment that
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included RT. Out of those, detailed records of RT treatment
were obtainable in 15 patients undergoing 18 treatment
courses. In this population of 15 patients, eight were female,
and seven were male. Radiotherapy treatment dates ranged
from 1997 to 2014. The median age at first treatment with
RT was 47 years old. Five patients had desmoid tumors,
three had rectal cancer, two had prostate cancer, and one
each of breast cancer, melanoma, medulloblastoma, gastric
cancer, and a glioma of undetermined type. Eight patients
received concurrent systemic therapy. Radiotherapy
treatment intent was neo-adjuvant in two, definitive in
three, adjuvant in seven, and palliative in six treatment
courses. Except one patient treated with low dose rate
brachytherapy for prostate cancer, all patients were treated
with external beam RT. Eight patients had concurrent
systemic therapies with RT (Table I).

For the entire cohort, side effects were most often
dermatitis, fatigue, nausea, and diarrhea. Overall, the
highest CTCAE v4 toxicities were grade 1 in seven
treatment courses (39%), grade 2 in five treatment courses
(28%), and grade 3 in two treatment courses (11%). The
most common toxicity was dermatitis, seen in 39% of
treatment courses (Table 1).

For abdominal or pelvic RT patients, the rate of grade
3 and above acute toxicity was 20% (2/10 treatment
courses in nine patients). The rate of grade 3 and above
acute gastrointestinal toxicity was 10% (1/10 treatments
in nine patients), even though all nine patients treated
with abdominal or pelvic RT had previously undergone
prophylactic proctocolectomy. This occurred in patient
L who experienced grade 3 colonic microperforations
1 month after concluding RT for large recurrent abdominal
desmoids. In general, GI toxicities in patients treated with
abdominal or pelvic RT included diarrhea and nausea.
One patient treated with adjuvant RT for rectal cancer
experienced small bowel obstruction after one fraction of
radiation therapy. Another treated with adjuvant RT to the
pelvis and inguinal lymph nodes for low-lying rectal cancer
experienced grade 3 vaginal mucositis. One patient received
two courses of RT for the same intra-abdominal desmoid
tumor. In this patient, re-irradiation was associated with
only grade 1 dermatitis and fatigue.

Three patients were treated for rectal adenocarcinomas,
all to 50.4 Gray (Gy). Patient F had received a near total
colectomy with ileorectal anastomosis (IRA) in 1971.
Her rectal cancer was found in 2002 and was located
at 6 centimeters (cm) from the anal verge. She was
treated with chemoradiation therapy with continuous
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infusion of fluorouracil (5 FU) followed by an abdominal
peritoneal resection (APR). Patient ] also received a
subtotal colectomy and one year later was found to have
a rectal adenocarcinoma. He received an APR followed
by chemoradiation therapy. Neither of these patients had
received a total prophylactic resection of the rectum. Patient
M was found to have four adenocarcinomas at the time of
proctocolectomy following an initial diagnosis of FAP. One
of these was in the rectum and was associated with two
positive lymph nodes. The patient received adjuvant RT to
the pelvis following the initial proctocolectomy. No rectal
cancer patients recurred locally. Patient F was found to have
metastases 12 months after completion of the treatment of
the primary tumor.

Five patients were treated for desmoid tumors with doses
ranging from 43.2 to 59.2 Gy in 1.8 Gy fractions (median
50.4 Gy). Intra-abdominal tumors were treated to a lower
dose (43.2 to 50.4 Gy, median 45 Gy) than abdominal wall/
musculoskeletal desmoids (48.6 to 59.4 Gy, median 50.4 Gy)
due to concern for radiation toxicity of visceral organs.
Included were two large intra-abdominal tumors, one of
which recurred locally (patient L). A third patient (patient
O) was treated simultaneously for both abdominal wall
and intra-abdominal desmoids with no reduction in tumor
size but no growth at 3 months follow-up. One patient
(patient E) was treated to a posterior shoulder desmoid
after 98% debulking. Unfortunately, this tumor recurred
6 months later. The patient was re-treated to this area to
48.6 Gy followed by debulking surgery. There were no
undue adverse events at retreatment. Two of five patients
with desmoid tumors recurred locally within 5 years.

Of four courses of RT to the brain, late grade 2
hypothyroidism was seen in one patient treated at age 11
for medulloblastoma (patient B). Another patient treated for
brainstem glioma experienced grade 1 sensory neuropathy,
grade 1 nausea, grade 1 fatigue, and grade 1 dermatitis
(patient I). Two courses of brain stereotactic radiosurgery
(SRS) for melanoma metastases had no toxicity.

Second in-field malignancies occurred in two patients:
one diagnosed with medulloblastoma 4 years after RT for
a glioma, another with an abdominal desmoid eight years
after RT for colorectal cancer (Table 1).

Discussion

This study represents the only known series evaluating
toxicity, and secondary malignancy among patients with
FAP treated with RT. It is also the largest RT study that we
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were able to identify for FAP-related desmoid tumors or
colorectal cancer. In our cohort, we found that RT was well
tolerated and associated with two cases of grade 3 toxicity
and no grade 4 or higher toxicities observed. In patients
who received pelvic or abdominal irradiation, there was
a 20% risk of grade 3 acute toxicity. Overall the majority
of the toxicities seen were acute with one instance of late
grade 2 hypothyroidism observed. Two patients experienced
second in-field malignancies, both of which were FAP-
associated cancers. It is not known if RT increased the risk
of secondary malignancy in these patients.

FAP is not known to be associated with an increase in RT
toxicity and can be considered separately from the multiple
established genetic syndromes that increase radiosensitivity,
which leads to increased toxicity given the same dose of
radiation. Known radiosensitive syndromes include ataxia
telangiectasia, Fanconi’s anemia, basal cell nevus syndrome,
and Li-Fraumeni (4-7).

Very little data exists on outcomes after adjuvant
or neoadjuvant RT for rectal cancer after subtotal
proctocolectomy. The few reports that mention the use
of RT in the literature do not report on the details or side
effects (8,9). The cumulative risk of rectal cancer after
colectomy in FAP patients has been estimated at 4%, 5.6%,
7.9% and 25% at 5, 10, 15 and 20 years, respectively (10).
The 5-year survival rate of patients with FAP diagnosed with
rectal cancer after colectomy is reported to be 71% (11).
While colorectal cancer is the cause of death in up to 48%
of patients dying with a known diagnosis of FAP, those
who undergo prophylactic colectomy are more likely to die
of desmoid tumors, and periampullary malignancies (12).
Excision of the entire colorectal mucosa is the treatment
of choice to avoid later rectal cancers (13); however, the
timing of completion proctectomy has been a matter of
debate (14). The risk of cancer in the retained rectum
increases sharply from 10% for patients under 50 to 30%
after the age of 60 years (15,16). When rectal cancer is
diagnosed in the retained rectal pouch, APR is usually the
surgical treatment of choice (17-19). An ileal pouch-anal
anastomosis is sometimes possible, but complications from
adjuvant treatment such as enteritis or pouch failure can be
increased. The risk of rectal cancers persists as long as any
rectal mucosa remains.

Little is known regarding the risk of secondary cancers
in patients with FAP resulting from RT treatments. The
two in-field malignancies that occurred in our cohort
of patients were medulloblastoma and desmoid, both of
which are well described as malignancies associated with
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FAP (1-3). We identified one case report regarding two in-
field malignancies after RT in a pediatric FAP patient not
associated with typical FAP related tumors, but no other
reports in the literature of similar cases (20).

Desmoid tumors were the most common FAP-associated
tumor treated with RT in our study, comprising 33% of the
patients. Desmoid tumors are non-malignant fibromatous
proliferations and represent the second most common
tumor in FAP patients overall, affecting 10-15% (21).
They are the second most common cause of death in FAP
patients after colorectal cancer (22), becoming fatal by
local extension and compression of nearby vital structures.
Desmoids associated with FAP are more likely to involve
the abdomen than non-FAP desmoids. Larger retrospective
reviews of the management of desmoid disease in patients
with FAP have shown that most desmoids develop following
a colectomy after a mean time of about 5 years (23).
Surgery can be effective for bowel obstruction, which is the
most common presenting symptom for intra-abdominal
desmoids, but resection is also associated with a high
morbidity and should not be attempted electively for intra-
abdominal disease. Management often starts with systemic
agents including nonsteroidal anti-inflammatory drugs
(NSAIDS) and/or selective estrogen receptor blockers such
as tamoxifen (23). If symptoms such as abdominal pain,
nausea, vomiting, or diarrhea, are refractory to these agents,
chemotherapy, RT and/or surgery are considered.

A published meta-analysis and review of the literature
on desmoid tumors comparing RT to surgery for non-
FAP patients showed that RT alone or in combination
with surgery was most effective (24). In this meta-analysis,
local control using RT alone was found to be 78% with a
follow-up of 2.0 to 10.4 years between studies. However,
of the five desmoid tumors in our study with follow-
up data, two recurred locally. Similarly, the Rare Cancer
Network analyzed 110 patients with desmoids and found
that postoperative RT improved progression-free survival
compared to surgery alone (25).

Because of variation in tumor location, size, and treatment
intent in this small population, we are unable to determine
whether FAP-related desmoids are at an increased risk of
local recurrence compared to non-FAP-related desmoid
tumors. The few prior reports of RT for desmoid tumors in
patients with FAP show mixed results. Clark and colleagues
reported no further growth after RT to one FAP-associated
abdominal wall desmoid (26). An analysis from the
Cleveland Clinic of three patients with FAP treated with
RT showed no response to RT (27). Lastly, response to any
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therapy is difficult to measure as some show spontaneous
regression in the absence of treatment.

Parsing the difference between local recurrence and new
primary cancer can be difficult in patients with a strong
predisposition to malignant transformation. While there
were no local recurrences in our cohort of rectal cancer
patients, FAP may predispose patients to a higher risk of
second primary cancers due to polyposis. In the non-FAP
population, rectal cancer patients treated with neoadjuvant
or adjuvant RT experience local control rates between
5-16%. In-field second malignancies occurred in 2 of 18
treatments. It is difficult to draw conclusions regarding the
etiology of these second primary cancers as patients with
FAP inherently have a high risk of developing multiple
primary cancers not associated with RT. To our knowledge,
this is the largest published report of patients with FAP
receiving RT. However, our study has limitations due to
its small sample size. Multivariate analysis to control for
cofactors was not feasible. It also shares the weaknesses
of retrospective analysis including lack of standardized
treatment and the potential for incomplete chart
information.

Conclusions

In conclusion, RT was well tolerated with adverse effects
consistent with non-FAP patients. While treating patients
with FAP requires special attention to the risk of possible
future malignancies, our data does not support foregoing
standard of care RT. We do not believe this data represents
an increased risk of secondary malignancy for FAP patients,
as all second in-field cancers were diseases known to be
associated with FAP itself. Desmoid tumors in patients with
FAP tended to exhibit aggressive growth, but local control
was achieved in some patients.
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