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Abstract: Background. The purpose of this study is to catalog
modern-era postoperative radiotherapy (external beam radiother-
apy [EBRT]) outcomes for advanced medullary thyroid cancer.

Methods. Thirty-four consecutive patients with stage IVa-c
disease were evaluated. Ten patients had recurrent disease, 16
had mediastinal involvement, and 10 had distant metastasis.
Positive surgical margins were present in 12 cases. Median pre-
EBRT serum calcitonin was 556. All patients received conformal
EBRT or intensity-modulated radiotherapy. Median EBRT dose
was 60 Gy and median follow-up was 46.5 months.
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Results. Kaplan-Meier estimates of locoregional relapse—free
survival, disease-specific survival, and overall survival at 5 years
were 87%, 62%, and 56%, respectively. Disease in 3 patients
with gross residual disease was controlled locoregionally. Dis-
tant disease at the time of EBRT did not predict survival. Two
(9%) patients reported symptomatic chronic morbidity.

Conclusion. Surgery followed by EBRT provided durable
locoregional disease control with limited morbidity. Postopera-
tive EBRT merits consideration in cases of advanced disease at
high risk for locoregional recurrence. ©2008 Wiley Periodi-
cals, Inc. Head Neck 30: 883-888, 2008
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Medullary thyroid carcinoma (MTC) is a neuro-
endocrine neoplasm originating from calcitonin-
secreting C cells in the upper lateral lobes of the
gland. It is an uncommon diagnosis, representing
5% to 10% of all thyroid cancers. One fourth of
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cases are associated with 1 of 3 autosomal domi-
nant hereditary cancer syndromes: multiple endo-
crine neoplasia type 2A (MEN 2A), MEN 2B, and
familial non-MEN MTC.! Genotyping of affected
kindred has identified germline mutations in the
RET oncogene, which are now known to be respon-
sible for all hereditary cases.?

Although MTC typically grows slowly, it is lym-
photropic and frequently (especially in hereditary
cases) presents with multifocal and/or bilateral
glandular involvement. Up to 80% of patients with
palpable disease have nodal involvement,® with
the central compartment most commonly affected,
followed by the ipsilateral and contralateral cervi-
cal nodal chains and superior mediastinum.

MTC is classically managed with surgery
alone.*® Unlike differentiated thyroid cancers,
MTC is not iodine-avid and cannot be treated with
systemic radioiodine. MTC has garnered a reputa-
tion as being resistant to external beam radiother-
apy (EBRT); not surprisingly, patterns-of-care data
confirm that EBRT is delivered to less than 15% of
patients with MTC.® Limited data exist to substan-
tiate or refute this practice. Available institutional
outcomes data, however, do suggest that radiother-
apy improves locoregional disease control in high-
risk cases, despite the lack of an impact on overall
survival (0S).”!! These are generally very small
or dated series that document the results of treat-
ment delivered up through the 1990s.

Our institutional practice has been to offer post-
operative EBRT to patients with high-risk disease,
as defined by the presence of gross or microscopic
residual disease, soft tissue extension, nodal dis-
ease, or mediastinal involvement. In this report,
we summarize the clinical outcomes in high-risk
patients treated with modern 3-dimensional image
guided adjuvant EBRT after the year 1995.

MATERIALS AND METHODS

After obtaining approval from our Institutional
Review Board, we retrospectively reviewed the
medical records of 47 patients who presented to
our department following surgical management of
medullary thyroid cancer between November
1995 and December 2004. We excluded 13 patients
from the analysis on the basis of treatment deliv-
ery at an outside facility, yielding a study cohort of
34 patients.

Patient characteristics are detailed in Table 1.
Twenty-nine percent of patients had locally recur-
rent disease, 47% had mediastinal involvement,
and 29% had distant metastasis. All patients had
node-positive stage IVa—-IVc disease with high-
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Table 1. Patient characteristics.

No. (%)

Sex

Male 27 (79)

Female 7 (21)
Age,y

Median 48.3

Range 25.5-80.5
AJCC stage

IVa 23 (68)

IVb 1(3)

Ve 10 (29)
Hereditary status

Sporadic MTC 30 (80)

MEN2a 2 (6)

MEN2b 1(3)

Familial MTC 1(3)
No. of positive nodes

Median 10

Range 1-55
Nodal extracapsular spread

Positive ECE 22 (65)

Negative ECE 12 (35)
Mediastinal spread

Yes 16 (47)

No 18 (53)
Pre-XRT disease status

Index diagnosis 14 (41)

Recurrent 10 (29)

Metastatic 10 (29)
Surgical margin status

Gross + 3(9)

Microscopic + 12 (35)

Negative 19 (56)
Pre-XRT serum calcitonin

Median 556

Range 0-88,000
Intent of XRT

Curative 25 (74)

Palliative 9 (26)
XRT dose, Gy

Median 60

Range 36-70
No. of XRT fractions

Median 30

Range 12-35
3DRT 27 (79)
IMRT 7 (21)

Abbreviations: AJCC, American Joint Committee on Cancer; MTC, medul-
lary thyroid carcinoma; MEN, multiple endocrine neoplasia; ECE, extra-
capsular extension; XRT, radiotherapy; Gy, gray;, 3DRT, 3-dimensionally
guided radiotherapy, IMRT, intensity-modulated radiotherapy.

risk surgical-pathologic features, such as pres-
ence of gross or microscopic residual disease, soft
tissue extension, nodal metastases, or mediasti-
nal involvement. All underwent primary or sal-
vage total thyroidectomy with central compart-
ment and cervical neck dissection. Eighteen
(53%) patients underwent mediastinal dissection
as part of their surgery, as noted in formal opera-
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tive reports. The majority of patients were men
(80%) with sporadic disease (88%), with a median
age of 48 years (range, 25.5-80.5). Median num-
ber of metastatic nodes was 10 (range, 1-55), with
extracapsular nodal extension in 65% cases. Op-
erative beds contained microscopically positive
margins in 12 cases, or residual gross disease in 3
cases. Median pre-EBRT serum calcitonin was
556 (range, 0—88,000). Median pre-EBRT serum
calcitonin for patients with known distant meta-
static disease was 12,630 (range, 1714-88,000)
versus 327 (range, 0-5628) for those patients with
locoregional involvement. Immediate and longitu-
dinal postoperative serum calcitonin levels were
not uniformly obtained and therefore were not
cataloged for analysis.

All patients received 3-dimensional image-
guided radiotherapy following CT-based simula-
tion. CT imaging included the entire thorax to per-
mit incorporation of both lung volumes into treat-
ment planning. Median EBRT dose was 60 Gy
(range, 30-70 Gy) in 30 fractions (12-35 Gy).
Patients treated at the time of initial diagnosis
received a median dose of 60 Gy (56-70 Gy),
patients with recurrent disease received a median
dose of 60 Gy (60-70 Gy), and patients with dis-
tant metastases received a median dose of 50.5 Gy
(36-62 Gy). Patients with negative or microscopi-
cally positive surgical margins received a median
dose of 60 Gy (36-70 Gy), whereas those with
gross disease received a median dose of 66 Gy (62—
70 Gy). Twenty-seven patients received conven-
tional EBRT to a median dose of 60 Gy (36-70 Gy)
via extended opposed anterior/posterior (AP/PA)
fields supplemented by off-cord photon boost
fields or enface electron fields after delivery of
45 Gy. Seven patients received intensity-modu-
lated radiotherapy (IMRT) to a median dose of
60 Gy (566-70 Gy) after mid-2001. With either
technique, the superior mediastinum was treated
to a prophylactic dose of 45-50 Gy. Definitive post-
operative doses and extended inferior coverage
of the middle or inferior mediastinum was pur-
sued if these regions were involved with disease
and/or if the patient underwent mediastinal nodal
dissection.

IMRT was delivered via a step-and-shoot, mul-
tileaf collimation through a static treatment gan-
try. From 2001 through August 2003, IMRT treat-
ment planning was performed with a CORVUS
treatment planning system (CORVUS v.4.0;
Nomos Corporation, Pittsburg, Pennsylvania). A
Pinnacle3 system (version 6.2b or later; Philips
Medical Systems, Andover, Massachusetts) was
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used after August 2003. Five patients were pre-
scribed 60 Gy to a high-dose clinical target volume
(CTV) 1 encompassing the surgical resection bed
with a 1- to 2-cm (minimum, 0.5 cm) circumferen-
tial margin. One patient with gross residual dis-
ease was prescribed 70 Gy to CTV1, whereas
another patient with documented distant disease
was prescribed 56 Gy to CTV1 encompassing the
surgical resection bed which had positive micro-
scopic surgical margins. All patients received 30
once-daily fractions of 2 Gy to CTV1. An interme-
diate CTV2 encompassing immediately adjacent
soft tissues and draining nodal basins was treated
to a postoperative dose of 56 Gy in 30 daily frac-
tions. Finally, prophylactic coverage of at-risk cer-
vical and mediastinal nodal stations was provided
by a CTV3 treated to 54 Gy in 30 daily fractions.
Constraints for normal tissue structures were set
at 45 Gy for spinal cord, 26 Gy for parotid glands,
and 20 Gy to whole lungs, whereas larynx and
esophagus were contoured as avoidance struc-
tures with low priority weighting to prevent com-
promising intended CTV1 or CTV2 coverage. The
mean dose delivered to CTV1 ranged from 59.8 to
72.6 Gy (median, 62.4 Gy). The mean percentage
of the prescribed dose delivered to CTV1 ranged
from 102.0% to 106.8% (median, 104.0%). The
volume of CTV1 receiving less than the prescribed
dose ranged from 0.0% to 3.5% (median, 2.5%).

The endpoints of this study were locoregional
relapse—free survival (LRFS), disease-specific sur-
vival (DSS), and OS. These were defined from the
date of completion of radiotherapy and were esti-
mated by the Kaplan—Meier method. Survival
outcomes were analyzed for significance by the
log-rank test for disease- and treatment-related
variables. Potentially significant predictors were
subsequently added in a forward stepwise fashion
to a multivariate Cox proportional hazards model
to test for significance. As appropriate, the signifi-
cance of differences in proportions was calculated
with chi-square testing and the significance of
differences in means was calculated with a Stu-
dent’s ¢ test, using a threshold of .05.

RESULTS

Median follow-up from completion of radiation
was 46.5 months (range, 5.5-113) for all patients
in the study cohort, and 65 months for surviving
patients (range, 6.6-113).

Survival and Patterns of Failure. At last follow-up,

18 (53%) patients were alive and 30 (88%)
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FIGURE 1. Locoregional relapse—free survival (LRFS) for the

study cohort. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

patients remained free of disease locoregionally.
All 4 locoregional failures occurred within 26
months of completion of EBRT. Ten of 24 (42%)
patients who were initially seen with locoregion-
ally confined disease eventually developed some
component of distant failure following EBRT.
Kaplan—Meier estimates of LRF'S, DSS, and OS at
5 years were 87%, 62%, and 56%, respectively
(Figures 1-3).

Prognostic Factors. In this cohort with advanced
stage disease, no patient/treatment characteristic
predicted for LRFS on univariate analysis. Age as
a continuous variable predicted for DSS (RR =
1.07/year, p = .001) and OS (RR = 1.05/year, p =
.005) on Cox proportional hazards analysis. Pres-
ence of gross residual or metastatic disease at the
time of radiation did not predict for outcome. All 3
patients with gross residual disease were con-
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FIGURE 2. Disease-specific survival (DSS) for the study

cohort. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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FIGURE 3. Overall survival (OS) for the entire study cohort
(A), and according to presence/absence of metastatic disease
at the time of radiation (B) (p = .26 by log-rank testing). [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

trolled locoregionally with a minimum follow-up
of 28 months. Distant disease at the time of EBRT
did not predict for worse OS, and the estimated
5-year OS for such patients was 54% (Figure 3B).

Posttreatment Morbidity. Two (9%) patients were
noted to have symptomatic chronic EBRT morbid-
ity. One patient who received 56 Gy/28 fractions of
conventional EBRT with treatment extending
superiorly to include high level II regions had
chronic grade 2 xerostomia, but otherwise
remained alive and disease free 109 months post-
treatment. The second patient had multiple recur-
rent disease with gross residual disease in the left
cervical neck and parapharyngeal region follow-
ing salvage neck dissection. She received 70 Gy/35
fractions of IMRT with concurrent platinum-
based chemotherapy (the only patient in the study
cohort to receive concurrent systemic treatment).
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Posttreatment course was complicated by fibrosis,
trismus, and carotid artery bleeding events,
necessitating chronic gastrostomy tube placement
and carotid artery embolization and surgical
repair. The patient succumbed 54 months after
completion of radiotherapy with no evidence of
disease.

DISCUSSION

MTC is a rare diagnosis. Limited experience is
available to guide the use of EBRT following
resection of advanced disease for frontline or sal-
vage treatment. Early discouraging reports,'%13
including data from our own institution, led to a
nihilistic view of radiotherapy’s role in treating
this cancer, which lingers to this day. Contempo-
rary'*1% and subsequent series,” ! however, sup-
port an alternative view that EBRT may improve
locoregional control of MTC, especially in patients
with locally advanced disease. For example, Bri-
erly et al’ from the University of Toronto reported
results from patients treated between 1954 and
1992 with 20 to 75.5 Gy (median, 40 Gy). In high-
risk patients with microscopic residual disease,
extraglandular spread, or lymph node metastasis,
the LRFS was 86% at 10 years with postoperative
EBRT (25 patients) versus 52% without irradia-
tion (15 patients, p = .049). Fife et al® from the
Royal Marsden Hospital presented results from
51 patients treated between 1960 and 1992. The
local control rate at 5 years was 100% for patients
with negative margins, and 65% for positive mar-
gins. LRF'S, however, did fall to 24% for patients
with gross residual disease. Actuarial OS was
69% and 52% at 5 and 10 years, respectively.

Our current series presents outcomes from a
cohort of patients with very high-risk disease fea-
tures treated over a brief 10-year time period in
the modern era. All patients had stage IVa-IVce
disease according to 2002 American Joint Com-
mittee on Cancer staging criteria, including
patients with primary disease extending beyond
the thyroid capsule into surrounding resectable
structures (T4a) or prevertebral fascia, carotid ar-
tery, or mediastinal vessels (T4b), nodal metasta-
ses to cervical or mediastinal stations (N1b), and/
or distant metastases (stage IVc). Ten patients
had locally recurrent disease, 16 had mediastinal
extension, and 10 had distant spread. All under-
went at least primary or salvage total thyroidec-
tomy with central compartment and cervical neck
dissection, and 18 required mediastinal dissec-
tion. Despite these adverse features, LRFS, DSS,
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and OS at 5 years for the cohort outperformed pre-
viously published results and were 87%, 62%,
and 56%, respectively. Presence of gross or meta-
static disease at the time of radiation did not
impact LRFS, although this could be due to selec-
tion of patients with limited volume of disease.
Disease in all 3 patients with gross residual dis-
ease was controlled locoregionally at the time of
last follow-up. Given the low number of disease
events in our series, no prognostic factors for out-
comes were identified. It is important to note that
potential explanations for our encouraging sur-
vival outcomes relative to previous series include
patient selection biases, improvements in disease
localization and staging, and advances in periop-
erative and longitudinal supportive care.

Radiotherapy-related morbidity was low. Acute
toxicity did not limit treatment delivery in any
case and evolved into symptomatic chronic issues
in 2 patients. Modern radiotherapy techniques,
especially IMRT, promise to improve the cost/bene-
fit ratio of EBRT by permitting safe delivery of
high-dose treatment to residual tumor while spar-
ing neighboring structures. This is supported by
early clinical results from Rosenbluth et al'® from
Memorial Sloan-Kettering Cancer Center, who
have reported no serious chronic morbidity with
the early use of high-dose IMRT for thyroid cancer.

Our excellent locoregional disease control out-
comes and limited number of radiotherapy com-
plications argue for consideration of aggressive
use of adjuvant EBRT in patients with advanced
disease, even in patients with preexisting, small/
moderate-volume distant metastases. In our se-
ries, distant disease at the time of EBRT did not
predict for OS, and estimated 5-year OS for such
patients was just over 50%. MTC is an attractive
diagnosis for testing biological therapy, given the
well-characterized involvement of the RET tyro-
sine kinase receptor in its etiology. Current early-
phase clinical trials are investigating the use of
agents targeted against RET such as imatinib
mesylate, ZD6474, and 17-AAG in advanced he-
reditary or sporadic MTC, among others.!”!® As
improvements are made in the control of distant
disease with systemic therapy, the need for dura-
ble locoregional control will become increasingly
important. The combined use of targeted agents
with EBRT is an appealing topic for future clinical
study, especially in patients with unresectable
gross disease.

In summary, our results document durable
locoregional disease control with relatively
limited morbidity in an advanced-stage cohort
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treated with modern postoperative EBRT techni-
ques. Patients with locally advanced or metastatic
MTC frequently enjoy durable OS, making opti-
mal locoregional management an imperative. We
currently recommend consideration of postopera-
tive EBRT in cases of advanced MTC at high risk

for

locoregional recurrence.
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