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Benign Ulceration as a Manifestation of Soft
Tissue Radiation Necrosis: Imaging Findings

BACKGROUND AND PURPOSE: The purpose of this study was to review CT imaging findings of soft
tissue mucosal ulceration in patients following radiation treatment for head and neck malignancies and
to correlate these with patient outcomes.

MATERIALS AND METHODS: The CT examinations in 20 patients with soft tissue ulceration after
radiation therapy for treatment of head and neck cancer were reviewed. External beam radiation
therapy was completed between 3 and 61 months (mean, 11.5 months) before the initial diagnosis of
soft tissue ulceration. In all 20 patients, the initial diagnosis was made or confirmed on CT examination.

RESULTS: Of the 20 ulcerations, 12 did not demonstrate enhancement, and the results of biopsy in 9
of these 12 were negative. Of the 12 nonenhancing ulcerations, biopsy was not performed in 3, but
they have been followed clinically and radiologically for 15.7 months without evidence of recurrence.
Of the 20 ulcerations, 8 demonstrated adjacent enhancement, and the results of a biopsy in 4 were
positive for recurrent cancer and negative in 2; these 2 have been followed for 16.3 months without
evidence of recurrence. Biopsy was not performed in 2 ulcerations, but they have been followed for
15.0 months without evidence of recurrence.

CONCLUSION: For soft tissue ulceration occurring after radiation treatment, if there is no enhancement
or clinical evidence of recurrence, it is likely benign and follow-up without biopsy seems warranted. If
the ulceration is associated with adjacent enhancement, then differentiation between radiation necro-
sis and recurrent tumor is difficult. In these cases, correlation with clinical examination with close

Squamous cell carcinoma of the head and neck occurs in
approximately 40,000 patients annually in the United
States' and is often treated with radiation therapy. The radia-
tion treatment causes endothelial damage and fibrosis, leading
to impairment of vascular and lymphatic flow.> This impair-
ment produces hypoxic, hypocellular, and hypovascular tis-
sue, which is unable to maintain normal tissue turnover™*
resulting in tissue necrosis, infection, and ulceration.*® Ulcer-
ation is defined as a defect, or excavation, of the surface of a
tissue or organ, which is produced by the sloughing of inflam-
matory necrotic tissue.” On CT, soft tissues within the treat-
ment field may demonstrate inflammatory swelling, fragmen-
tation, and ulceration.® However, recurrent tumor may also
present clinically as a soft tissue ulceration,”'! leading to dif-
ficulty in the diagnosis and management of these patients.

To our knowledge, no previous reports on the imaging
appearance of soft tissue ulcerations that occur in patients
after radiation treatment of head and neck cancer have been
published in the radiology literature. The purpose of this study
was to review the CT imaging findings of benign and malig-
nant soft tissue ulceration in 20 patients who had undergone
radiation therapy for head and neck cancer and to correlate
with the patients’ outcomes.
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interval follow-up is necessary if a biopsy is not performed.

Materials and Methods

The institutional review board approved this study and waived the
requirement for informed consent. We reviewed the clinical records
and imaging findings of 20 patients who underwent radiation therapy
as part of the treatment of head and neck cancer and were diagnosed
with a mucosal ulceration between September 2001 and August 2005.

Of 20 patients, 13 were men and 7 were women with an age range
of 46 to 78 years (mean, 61 years). Primary tumors included squa-
mous cell carcinoma in 19 patients of the oropharynx (n = 12), oral
tongue (n = 3),larynx (n = 3), and hypopharynx (n = 1). One patient
had poorly differentiated carcinoma of the nasopharynx. A total of 17
patients underwent radiation therapy at our institution (60-72 Gy;
mean, 68.5 Gy, in 30—42 fractions), and 3 patients underwent radia-
tion therapy at an outside institution, where the radiation dose was
not available in the clinical notes. The radiation therapy was com-
pleted between 3 and 61 months (mean, 11.5 months; median, 5.5
months) before the initial diagnosis of soft tissue radiation necrosis in
all 20 patients.

A total of 20 CT examinations with evidence of a mucosal ulcer-
ation, obtained as part of routine posttreatment follow-up between
January 2001 and January 2006, were evaluated in the 20 patients for
initial characterization of the soft tissue ulcerations. The ulcerations
were originally detected on both clinical and radiologic examinations,
13 of them on radiologic examination alone because 3 of these were
not clinically evident; 4 were not available on clinical examination and
later on radiologic examination between 1 and 3 months (mean, 1.8
months) after the clinical diagnosis. The CT examinations were per-
formed on scanners (Light Speed; GE Healthcare, Milwaukee, Wis)
after intravenous administration of contrast material. Imaging in the
axial plane was performed with the following section thicknesses: 1.25
mm (n=11),2.5mm (n=3),3.75mm (n=1),and 5.0 mm (n = 5).
Soft tissue and bone windows were evaluated in all patients. In 15 of
the 20 patients, a biopsy was performed on the ulceration, results
confirming either radiation necrosis or recurrent tumor. The remain-



Summary of clinical data of patients with soft tissue ulceration

Patient Rad Dose Months After

No. Category Age/Sex (Gy) XRT Location of Ulceration Enhancement Biopsy Results
1 1 55/M 66 45 Left palatine tonsil None Negative
2 1 53/M 66 8.5 Left palatine tonsil None Negative
3 1 46/M 72 7 Left oropharyngeal wall None Negative
4 1 58/M 70 6.5 Left vocal cords None Negative
5 1 59/F 60 35 Right oral tongue None Negative
6 1 50/M OSH 5 Left base of tongue None Negative
7 1 61/F OSH 12 Epiglottis None Negative
8 1 59/M 70 35 Epiglottis None Negative
9 1 51/F 70 3 Right base of tongue None Negative
10 2 70/M 60 35 Left lateral nasopharynx None N/A

Il 2 75/F 70 5 Left oropharyngeal wall None N/A

12 2 64/M 70 5 Right floor of mouth None N/A

13 3 46/M 70 7 Left pyriform sinus Submucosal Positive
14 3 63/F 76 9 Midline oral tongue Submucosal Positive
15 3 70/M 66 6.5 Right oral cavity Nodular Positive
16 3 54/M 66 5 Left palatine tonsil Submucosal Positive
17 4 78/F 72 10.5 Right retromolar trigone Heterogeneous Negative
18 4 70/M OSH 61 Base of tongue Peripheral/Nodular Negative
19 5 64/M 70 5 Left oropharyngeal wall Peripheral N/A

20 5 74/F 70 6 Left oropharynx Peripheral N/A

Note:—Rad indicates radiation; OSH, outside hospital; XRT, external beam radiation therapy; N/A, biopsy not performed.

N.B.—Categoric description of ulcerations is author’s terminology.

ing 5 patients were followed up clinically and radiologically between 8
and 30 months (mean, 15.4 months). Five positron-emission tomog-
raphy (PET)/CT examinations were obtained in 4 patients, 2 before
(1-2 weeks; mean, 1.5 weeks) and 3 after (1-2.5 months; mean, 1.7
months) biopsy.

Results

Sixteen patients complained of pain or odynophagia, or both.
Two patients did not complain of pain but did report weight
loss; one had a percutaneous endoscopic gastrotomy tube and
the other was receiving a liquid diet. The remaining 2 patients
were asymptomatic. Eighteen of the ulcerations occurred at
the same location as the primary tumor. One patient was
treated with a total laryngectomy followed by radiation ther-
apy and developed an ulceration in the base of the tongue. The
other patient had a squamous cell carcinoma of the left false
vocal cord and developed ulceration in the epiglottis.

The types of ulcerations with their enhancement character-
istics (enhancing or nonenhancing) and results of the biopsy
for recurrent tumor (positive, negative, not performed) have
been divided into the following 5 categories. Patient data are
provided in the accompanying Table.

Category 1: Nonenhancing Ulcerations, Negative Biopsy
Results (n = 9)
Nine ulcerations did not demonstrate enhancement, and re-
sults of the biopsy were negative (Fig 1). Eight were followed
clinically and radiologically between 5 and 28 months (mean,
16.2 months) without evidence of recurrence. The final pa-
tient in this group underwent a total laryngectomy for airway
compromise related to the radiation therapy. Pathologic ex-
amination reported no evidence of recurrent tumor within the
ulceration and in the other submitted specimens.

Two of the nonenhancing ulcers with negative biopsy re-
sults underwent a PET/CT examination, which demonstrated
['®F]fluorodeoxyglucose (18F-FDG) avidity. The first patient

Fig 1. Patient 3, a 46-year-
old man status post 7
months of radiation ther-
apy (72 Gy) for treatment
of a squamous cell carci-
noma of the left orophar-
ynx, with a nonenhancing
ulceration with negative
biopsy results (category 1)
in the left oropharynx (ar-
rows). This patient has
been followed for 11.5
months since initial diag-
nosis without evidence of
tumor recurrence.

had a negative biopsy result 1 week before an 18F-FDG
PET/CT (standardized uptake value [SUV], 5.5 mg/mL) and a
second negative biopsy result 1 month after the PET/CT. This
patient has subsequently been followed up for 14 months clin-
ically and radiologically, with CT examinations demonstrat-
ing no evidence of tumor recurrence. The second patient (Fig
2A and B) underwent biopsy of a nonenhancing ulceration of
the right lateral part of the oral tongue because of increase in
pain and clinical suspicion of a recurrent tumor. The results of
this biopsy were negative, and a PET/CT scan obtained 2.5
months later was suspicious for a recurrent tumor (SUV, 12
mg/mL). The results of a clinical examination were consistent
with a healing ulcer, and the patient was observed. Although
the ulcer was nonenhancing and seemed to be regressing on
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imaging, because of clinical persistence of the ulceration and
associated pain, a second biopsy (13 months after the first
biopsy) was performed, the results of which were also negative
for a recurrent tumor.

Category 2: Nonenhancing Ulcerations, Biopsy Not
Performed (n = 3)

There were 3 ulcerations that were without enhancement and
in which a biopsy was not performed. These patients were
followed up clinically and radiologically for 8 to 30 months
(mean, 15.7 months) without evidence of recurrence (Fig 3).
One of these patients developed osteoradionecrosis (ORN) of
the hyoid bone that was separate from an ulceration of the
right base of the tongue.

Category 3: Enhancing Ulcerations, Positive Biopsy
Results (n = 4)

Of the 20 ulcerations, 4 demonstrated adjacent enhancement
(submucosal [n = 3], nodular [n = 1]), biopsy results were
positive for recurrent disease (Fig 4A), and these patients un-
derwent further treatment of recurrent tumor. Two of these
patients, both with oral cavity carcinoma, developed ORN of
the mandible. One of the areas of ORN involved the anterior
midline part of the mandible, separate from the ulceration of
the oral tongue, and the other in the right mandibular ramus
adjacent to an ulceration of the right oral cavity.

A PET/CT examination was also performed in 2 of the en-
hancing (submucosal [#n = 2]) ulcerations with positive bi-
opsy results at approximately the same time of biopsy (2 weeks
before and 1.5 months after biopsy), which demonstrated
18F-FDG avidity (SUV, 6 and 4.6 mg/mL, respectively) (Fig
4B).

Category 4: Enhancing Ulcerations, Negative Biopsy
Results (n = 2)

Results of a biopsy on 2 ulcerations with enhancement (pe-
ripheral and nodular [#n = 1], heterogeneous [n = 1]) were
negative for recurrent tumor (Fig 5) and were subsequently
followed clinically and radiologically for 13 and 20 months
(mean, 16.5 months) without evidence of recurrence. One of
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Fig 2. Patient 5, a 59-year-old woman status post 3.5 months
of radiation therapy (60 Gy) for treatment of squamous cell
carcinoma of the oral tongue, with a nonenhancing ulceration
with negative biopsy results (category 1). This patient has
been followed for 16 months since initial diagnosis without
evidence of tumor recurrence. A, Contrast-enhanced CT with
ulceration in the right lateral part of the oral tongue (arrows).
B, PET/CT with 18F-FDG activity (SUV, 12 mg/mL) along the
posterior border (arrows) on the ulceration, suspicious for a
recurrent tumor.

these patients developed ORN of the mandibular ramus, ad-
jacent to an ulceration, which extended into the right retro-
molar trigone.

Category 5: Enhancing Ulcerations, Biopsy Not Performed
(mn=2)

In 2 of the ulcerations with enhancement (peripheral [n = 2]),
a biopsy was not performed because these were not suspicious
on clinical examination. They were followed clinically and ra-
diologically for 14 and 20 months (mean, 17 months) without
evidence of recurrence (Fig 6).

Discussion
Our findings that all 12 ulcerations without adjacent enhance-
ment failed to demonstrate evidence of recurrent tumor, ei-

Fig 3. Patient 11, a 75-year-old woman status post 5 months of radiation therapy (70 Gy)
for treatment of squamous cell carcinoma of the left oropharyngeal wall, with a nonen-
hancing ulceration of the left oropharynx (arrow) in which a biopsy was not performed
(category 2). This patient has been followed for 30 months since initial diagnosis without
evidence of tumor recurrence.
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Fig 5. Patient 18, a 70-
year-old men status post
61 months of radiation
therapy for treatment of a
squamous cell carcinoma
of the larynx, followed by
total laryngectomy with an
enhancing ulceration with
negative biopsy results
(category 4) of the base of
the tongue. There is adja-
cent peripheral and nodu-
lar enhancement (arrows).
This patient has been fol-
lowed for 19.5 months
since initial  diagnosis
without evidence of tumor
recurrence.

ther with biopsy results or on follow-up imaging, suggest that
an ulceration without adjacent enhancement is benign and is
likely radiation induced. When ulcerations demonstrate adja-
cent enhancement, careful observation is required if biopsy is
not performed because 4 of 8 ulcerations with adjacent en-
hancement demonstrated recurrent tumor, whereas the other
4 ulcerations were free of tumor on biopsy results or on fol-
low-up clinical and radiologic evaluations.

The risk for injury related to radiation necrosis is greatest
during the first 6 to 12 months after radiation therapy.'*"?
Our results were similar, with radiation therapy completed
between 3 and 61 months (mean, 11.5 months; median, 5.5
months) before the initial radiologic diagnosis of soft tissue
ulceration. However, most necroses and many recurrences oc-

Fig 4. Patient 13, a 46-year-old man status post 7 months of
radiation therapy (70 Gy) for treatment of a squamous cell
carcinoma of the left oropharynx and hypopharynx, with an
enhancing ulceration with positive biopsy results (category 3)
of the left pyriform sinus. A, Contrast-enhanced CT with an
enhancing ulceration of the pyriform sinus (arrows). B
PET/CT with 18F-FDG activity (SUV, 4.6 mg/mL) along the
posterior border of the ulceration (arrow).

Fig 6. Patient 19, a 64-
year-old man status post 5
months of radiation ther-
apy (70 Gy) for treatment
of a squamous cell carci-
noma of the left tonsil,
with an enhancing ulcer-
ation in the left oropharyn-
geal wall (arrows) in which
biopsy was not performed
(category 5). This patient
has been followed for 20
months since initial diag-
nosis without evidence or
tumor recurrence.

cur within 2 years after radiation therapy,'* so the time of
onset of the ulceration is usually not helpful in distinguishing
between radiation injury and recurrent tumor.

Imaging of the head and neck in patients treated for cancer
is routinely performed to evaluate for recurrent tumor and is
complementary to physical examination. CT examinations
can evaluate the underlying soft tissues, which cannot be visu-
alized on physical examination. Hermans et al'® found that CT
examination detected treatment failure in 12 (41%) of 29 of
patients at the primary site, a mean of 5.5 months before re-
sults of clinical examination in laryngeal and hypopharyngeal
carcinoma.

Osteoradionecrosis is a known complication of radiation
therapy for malignant tumors of the head and neck.'*'® Four
of the patients in our series developed osteoradionecrosis,
which was adjacent to the soft tissue ulceration in 2 patients
(categories 2 and 3) and was remote from the ulceration in the
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other 2 patients (categories 3 and 4). Overall, we did not find
the presence or absence of associated osteoradionecrosis to be
beneficial in differentiating soft tissue ulcerations as benign or
harboring a recurrent tumor.

PET/CT is now often used to follow patients after treat-
ment of malignant tumors of the head and neck, with a re-
ported specificity of 18F-FDG-PET ranging between 67% and
93% for recurrent squamous cell carcinoma.'®* An SUV after
therapy of more than 3**** or 4*° mg/mL is regarded as posi-
tive for a recurrent tumor. In our series, 4 patients underwent
a PET/CT examination, and all 4 studies were suspicious for a
recurrent tumor. The results of 2 of these studies were true-
positives (SUV, 4.6 and 6 mg/mL) for recurrent tumor, both in
cases in which the ulceration had adjacent enhancement. The
results of 2 cases were false-positives (SUV, 5.5 and 12 mg/
mL), and in both cases, there was no adjacent enhancement
around the ulceration. The false-positive result was likely re-
lated to radiation-induced pharyngitis,® in which therapy
causes an inflammatory or leukocytic infiltrate with 18F-FDG
uptake in macrophages, fibroblasts, and granulation tis-
sue.”’2° Therefore, a positive PET/CT examination must cor-
relate with information from the physical examination and
cross-sectional imaging because nonspecific inflammation
may often be 18F-FDG avid, as illustrated by Quon et al.>' Our
results further suggest that PET/CT may not be necessary if no
enhancement around a soft tissue ulceration develops after
radiation therapy. It should also be noted that the results of a
biopsy obtained before a PET/CT examination may lead to a
false-positive study.”®

Before biopsy of a soft tissue ulceration is performed, in-
formation from the CT, PET/CT, and physical examination
should be compared because deep biopsies can aggravate ex-
isting necrosis,” further complicating imaging findings. Our
results suggest that ulceration without enhancement is benign
and can be followed without the need for biopsy.

Conclusion

On CT examination, soft tissue radiation necrosis may have
the appearance of an ulceration, possibly with adjacent en-
hancement. From a radiologic prospective, if the ulceration is
free of adjacent enhancement, then it is likely radiation in-
duced and benign, and continued monitoring without biopsy
or PET/CT examination seems warranted. If the ulceration is
associated with adjacent enhancement, then differentiation
between radiation necrosis and recurrent tumor is difficult. In
these cases, correlation with clinical examination with close
interval follow-up is necessary if biopsy is not performed. The
radiologist should be aware of the CT finding of a benign ul-
ceration as a side effect of radiation treatment of malignant
tumors of the head and neck to avoid misinterpreting this
finding as a recurrent tumor or other process. Knowledge of
recent radiation treatment, surgical history, and clinical exam-
ination will assist the radiologist in making the correct diag-
nosis of benign soft tissue radiation necrosis.
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