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ABSTRACT: External beam radiotherapy (EBRT) is not a first line treat-
ment in differentiated thyroid carcinoma (DTC), but is recommended as
an adjuvant treatment in certain cases. The evidence for EBRT in DTC is
limited. A comprehensive literature search was performed. Data on
patient demographics, disease stage, treatment characteristics, and out-
comes were collected from included articles after quality appraisal. Six-
teen articles met the inclusion criteria, with a pooled population of 5114.
Only 1 study was prospective and there were no randomized controlled
trials. Most of the evidence suggests that EBRT improves locoregional

control in patients at high risk of locoregional recurrence. This was cor-
roborated by analysis of pooled patient data. Available evidence suggests
an improvement in locoregional control when EBRT is used in patients
over the age of 45 at high risk for locoregional recurrence. However,
there is a need for long-term prospective multicenter research on the
subject. VC 2015 Wiley Periodicals, Inc. Head Neck 00: 000–000, 2015

KEY WORDS: radiotherapy, thyroid carcinoma, papillary thyroid car-
cinoma, follicular thyroid carcinoma, review

INTRODUCTION
Differentiated papillary and follicular thyroid carcinomata
comprise at least 75% of thyroid cancers in the United King-
dom.1 The treatment of differentiated thyroid carcinoma
(DTC) depends on the stage and risk profile of the detected
tumor, and includes hemithyroidectomy or total thyroidec-
tomy with or without neck dissection and radioiodine treat-
ment, followed by long-term thyroid-stimulating hormone
suppression with thyroxine in medium and high risk
patients.2,3 Recurrence occurs in 10% to 15% of patients
with DTC and is most frequently confined to the neck.4

The American Thyroid Association guidelines on DTC
state that external beam radiotherapy (EBRT) “to treat the
primary tumor should be considered in patients over age
45 with grossly visible extrathyroidal extension at the
time of surgery and a high likelihood of microscopic
residual disease, and for those patients with gross residual
tumor in whom further surgery or RAI would likely be
ineffective.”5 The British Thyroid Association guidelines
recommend the use of EBRT in patients with gross evi-
dence of local tumor invasion at the time of surgery with
significant macroscopic residual disease, or in the case of
residual or recurrent tumor failing to concentrate
radioiodine.6

There are several factors contributing to the difficulty in
studying the usefulness of EBRT in DTC. The indolent
nature and low mortality rate of DTC mean large numbers

and long follow-up are needed to produce statistically sig-
nificant results. With ever-evolving cancer treatments, this
means that patients enrolled in previous trials may have
received different treatment to those enrolled more
recently. Furthermore, EBRT is reserved for a relatively
small subgroup of patients with significantly worse prog-
noses than the average patient with DTC.

Findings of published studies on the use of EBRT in
DTC are not unanimous. Some authors found no statisti-
cally significant improvements in survival but recorded
adverse effects of EBRT, thus refraining from recom-
mending its use7–9; whereas others have shown impres-
sive improvements in survival outcomes and locoregional
control in the absence of major complications and recom-
mend it in specific circumstances.10–17 These studies were
heterogeneous in their populations, methodologies, inclu-
sion criteria, and outcome measures, making collation of
evidence and application to clinical practice difficult.

There are no published systematic reviews or meta-
analyses on the use of EBRT in DTC, and a search of the
international Prospective Register of Systematic Reviews
and the Database of Abstracts of Reviews and Effects
yielded no results. This, together with the conflicting
findings on EBRT in DTC, prompted this summary of
existing evidence to better inform clinicians.

MATERIALS AND METHODS

Search strategy

Comprehensive searches were carried out independently
by 2 reviewers (J.M.F. and R.C.) using Medline,
CINAHL, EMBASE, and the Cochrane library databases.

*Corresponding author: J. M. Fussey, Institute of Head and Neck Studies and
Education, School of Cancer Sciences, University of Birmingham, Edgbaston,
Birmingham, B15 2TT, United Kingdom. E-mail: jfussey@doctors.org.uk
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Search terms and Boolean operators used were
“differentiated thyroid carcinoma” OR “thyroid neoplasms”
OR “papillary carcinoma” OR “follicular carcinoma” AND
“external beam radiotherapy” OR “radiotherapy” OR
“intensity modulated radiotherapy.” No date or language
restrictions were applied. The final search was performed
on October 15, 2014. Titles and abstracts were screened for
relevance and relevant articles were obtained for assess-
ment. Reference lists were manually searched for further
relevant articles.

Eligibility criteria

All studies relating to EBRT use in DTC were consid-
ered. Only studies that included information on patient
and tumor characteristics, treatment, and outcomes were
included. Outcomes could be survival or locoregional
control. Studies were excluded if they consisted of <10
subjects, or included patients with lymphoma, anaplastic
carcinoma, or medullary carcinoma. Finally, studies that
described the use of EBRT with palliative intent were
excluded. This was defined by the use of EBRT alone
and not as an adjunct to treatment with curative intent, or
the use of EBRT to alleviate symptoms of advanced dis-
ease. Review articles were also excluded.

Data extraction

Data from included studies were collated using a pro-
forma in Microsoft Excel (Redmond, WA). Article
authors were contacted directly to obtain further informa-
tion in cases of incomplete reported data.

Quality and risk of bias appraisal

All studies were assessed for quality and risk of bias by
both reviewers, according to a modification of the system
described in the Cochrane Handbook for Systematic
Reviews of Interventions version 5.1.0.18 Because of the
large number of retrospective, nonrandomized, nonblinded
studies on the subject, more weight was placed on
descriptions of interventions and reporting of outcomes
than randomization and blinding.

Data analysis

Data extracted from the studies included in the quanti-
tative review were analyzed using SPSS version 22 (IBM,
Armonk, NY). Patient characteristics are presented as
mean 6 SE. Patient characteristics and differences in
parameters between the treatment groups in the respective
studies were examined using t tests for paired samples.
Correlation was tested using the Pearson product-moment
correlation coefficient. In all cases, a p value of� .05 was
considered statistically significant.

RESULTS

Search results and study selection

This search strategy yielded a total of 821 articles. By
screening the titles alone, 765 articles could be excluded,
as they were either review articles, obviously not relating
to the use of EBRT in DTC, or obviously not eligible for
inclusion (for example, studies looking at EBRT for palli-
ation of metastases). This left 56 abstracts, of which 6

were deemed by both reviewers to be ineligible for inclu-
sion or irrelevant. Fifty full articles were then obtained
for detailed assessment. Of these, 34 were excluded for a
variety of reasons, including failure to meet eligibility cri-
teria, high risk of bias, poor study design, or insufficient
outcome data. This left 16 articles appropriate for inclu-
sion in the review and 8 of these appropriate for quantita-
tive analysis based on their comprehensive reporting of
locoregional recurrence outcomes. All decisions to
exclude studies were taken jointly by both reviewers. Fig-
ure 1 shows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flowchart.

Characteristics of included studies

The 16 studies selected for inclusion were published
between 1993 and 2013 and originated from 9 different
countries. Only 1 study was designed as a randomized
controlled trial, and this was subsequently downgraded to
a prospective cohort study because of low numbers of
patients consenting to randomization.8 This was the only
multicenter trial. The other studies were comprised of 9
retrospective cohort studies and 6 retrospective reviews.

A total of 5114 subjects made up the study population
from the 16 included studies. The average number of par-
ticipants per study was 320 (range, 23–1297). Characteris-
tics of the study population are detailed in Table 1. The
overall male to female ratio was 1:3.1, and 89% of the
tumors were papillary carcinomas.

Interventions

Interventions included surgery, EBRT, and radioiodine
therapy in various combinations. This led to 6 possible
treatment groups, as illustrated in Table 2. A total of
1442 patients were treated with EBRT with or without
other treatment modalities. Intensity-modulated radiother-
apy (IMRT) was used in 2 studies,19,20 with the rest using
standard EBRT. The anatomic area irradiated was
described in 14 of the 16 studies; in the majority, this
was the whole neck and upper mediastinum, with only 3
studies describing limited radiation fields focusing on the
thyroid bed.14,19 Durations of treatment ranging from 3 to
6 weeks were described, and the dose of radiation ranged
from 38 to 72 Grays in 15 to 40 fractions.

Outcomes

Length of follow-up was variable among the studies,
with a mean ranging from 2.5 to 9.9 years and median
ranging from 3.2 to 11.3 years. These wide ranges were
skewed by 4 low outliers with a mean of 2.5 years, and
medians of 3.2, 3.5, and 4.6 years.7,13,14,20 Together, these
studies with <5-year average follow-up contained 596
subjects. A summary of the main findings of each study
is illustrated in Table 3.

Locoregional control

Outcome reporting was variable between studies, of the
13 reporting overall locoregional recurrence rates; the
mean rate of recurrence was 13.2% (range, 0% to 30.4%) of
those treated with EBRT and 20.1% (range, 2.5% to
58.1%) of those not treated with EBRT. Several stud-
ies8,10–14,16,17 showed statistically significant improvements
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in locoregional control, particularly in higher risk sub-
groups. Chow et al11 reported a large retrospective cohort
study and found a statistically significant improvement in
locoregional control in the subgroup of patients with mac-
roscopic residual disease treated with EBRT compared with
those not irradiated (10-year locoregional control rate
56.2% with EBRT vs 24% with no EBRT; relative
risk 5 0.36; p< .001). This study revealed a statistically
significant reduction in the rate of distant metastasis after
treatment with EBRT. The influential study by Brierley
et al10 demonstrated an improvement in locoregional con-
trol and statistically significant improvements in those
patients receiving EBRT for papillary carcinoma who were
over the age of 60, with microscopic residual disease, T4
disease, and no metastases (10-year locoregional relapse-
free rate 86.4% with EBRT vs 65.7% with no EBRT;
p 5 .01). Other studies reiterated significantly improved
locoregional control in similar subgroups with advanced
local disease and/or postoperative residual disease,8,12,13,16

but 2 large retrospective reviews failed to show any differ-
ence overall in locoregional control in patients who had
received EBRT compared with those who had not.8,9

Survival

Survival outcomes were reported variably among the
studies and, in general, follow-up was not long enough to
demonstrate survival effects. Only 3 studies reported a
statistically significant improvement in survival in
patients treated with EBRT, and these were all found in
subgroup or multivariate analysis rather than the main
study population.8,10,16 Brierley et al10 reported a large
retrospective cohort study, which demonstrated improved
cause-specific survival (CSS) over a median follow-up of
11.3 years in patients> 60 years of age with microscopic
residual disease, no gross residual disease, and no metas-
tasis who received EBRT. They also showed improved
CSS in patients >60 years with T4 disease and no gross

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 flow diagram. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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residual disease after surgery who were treated with
EBRT. Tsang et al8 also reported an improved CSS in a
subgroup of patients with papillary carcinoma and postop-
erative microscopic residuum (100% 10-year CSS vs 95%
without EBRT; p 5 .038). Chow et al16 demonstrated
improved 10-year CSS (from 49.7% to 74.1%; p 5 .01) in
patients with gross locoregional residual disease from
their cohort study of 1297 patients. Although not statisti-
cally significant, Kwon et al19 reported a cohort of
patients who all received EBRT plus surgery for DTC of
varying stages. They showed an overall survival rate of
97% with a median follow-up duration of 73 months,
which compared favorably with previously reported
cohorts of patients not treated with EBRT, who were
likely to have less advanced DTC.

Adverse effects

There were 16 reports of grade 3 to 4 EBRT complica-
tions, which included 1 patient who required a tracheos-
tomy for chronic laryngeal edema,7 2 patients with severe
dysphagia,14,15 and 13 patients with acute tracheitis or
esophagitis requiring hospital admission.8 In addition,
Schwartz et al20 reported 10 patients who suffered
adverse effects after EBRT of a cohort of 131 patients,
but did not include the grade of complication. Eight of
these were related to esophageal stricture, and 2 were
related to laryngeal edema and subglottic stenosis. They
reported a significantly lower complication rate with
IMRT as opposed to standard EBRT (2% vs 12%).

Quality assessment

Both reviewers assessed each trial against 13 criteria,
including sample size, follow-up period, study design,
clarity of description of aims, recruitment, inclusion and
exclusion criteria, intervention, and outcomes. The aver-
age quality assessment score was 13 of 26 (range, 9–18).
This was felt to be acceptable, as the nature of most of

the studies precluded them from scoring for prospective
design, randomization, and blinding. All except 1 study
were single center, retrospective studies with potential for
significant bias. There was significant clinical and meth-
odological heterogeneity among the studies because of
varying inclusion criteria, interventions, and outcome
reporting.

Quantitative analysis

Eight studies were deemed suitable for quantitative
analysis because of their ability to fulfil the eligibility cri-
teria, inclusion and comparison of EBRT and non-EBRT
treatment cohorts, and comprehensive reporting of locore-
gional control outcomes.7,10–15,17,21 These comprised
2388 patients with a male to female ratio of 1:3.2 and an
average age of 47.3 years. The primary tumor was T1 or
T2 in 36.3% of patients and T3 or T4 in 67.7%, and there
was regional nodal involvement in 44.3%, and distant
metastasis in only 4.4%. Extracapsular extension of the
primary tumor was noted in 58.9% of cases across the 8
studies, regardless of the treatment prescribed.

There was significant variation in treatment approaches
between studies. The vast majority of patients underwent
complete or subtotal thyroidectomy with or without neck
dissection, followed by radioiodine therapy, EBRT, or
both. Overall, 645 patients received EBRT and 1743 did
not. Unfortunately, 2 studies did not report the number of
patients who received EBRT and radioiodine therapy in
combination.10,11 After excluding these studies, only
16.1% of the patients who received EBRT did not also
receive radioiodine therapy. It was not felt that these
patients should be excluded from this review, as the rea-
son for prescribing EBRT but not radioiodine therapy was
poor tumor uptake of iodine in all cases. It was assumed
that this was determined by postoperative radionuclide
studies, although this is only explicitly stated in 1 study.13

Radiation doses ranged from 45 to 70 Gray over variable

TABLE 2. Intervention treatment groups

Study Year
No. of
patients

Total no.
receiving EBRT

Treatment groups

Surgery1 EBRT Surgery1 EBRT1RAI Surgery1 RAI
Surgery
alone

EBRT
alone EBRT1RAI

Biermann et al7 2009 351 26 0 26 325 0 0 0
Tsang et al8 1996 382 185 51 123 92 97 6 0
Lin et al9 1997 699 72 72 * * * * *
Brierley et al10 2005 729 318 * * * * * *
Chow et al11 2002 842 105 * * * * * *
Keum et al12 2006 68 25 24 1 13 30 0 0
Kim et al13 2003 91 23 11 12 68 0 0 0
Kim et al14 2010 23 23 4 19 0 0 0 0
Philips et al15 1993 94 38 0 38 56 0 0 0
Chow et al16 2006 1297 192 28 163 817 289 0 0
Farahati et al17 1996 169 99 99 70 0 0 0
Kwon et al19 2013 39 39 36 3 * * * *
Schwartz et al20 2008 131 131 12 119 0 0 0 0
Chen et al21 2009 44 11 3 8 33 0 0 0
Meadows et al22 2006 42 42 22 14 0 0 5 1
O’Connell et al23 1994 113 113 56 74 0 0 0 0

Abbreviations: EBRT, external beam radiotherapy; RAI, radioactive iodine treatment.
* Data not available.
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periods of time, but radiation treatment was not described
in detail.

Where possible, data on the EBRT and no-EBRT
groups in each study were collected and locoregional con-
trol in the 2 groups was compared. There was no statisti-
cally significant difference in sex or nodal involvement
between the 2 groups. Unfortunately, the studies on the
whole did not report the T classification breakdown of
those who received EBRT and those who did not,
although one could reasonably assume that those who did
receive EBRT had mainly T3 and T4 disease. This is
likely to confound analysis of survival and recurrence in
the 2 groups. Nevertheless, the mean recurrence rate in
the pooled patients receiving EBRT regardless of stage or
residual disease status was 8%, and in those who did not
receive EBRT it was 25%, a statistically significant dif-
ference (p 5 .0313).

DISCUSSION
This review highlights the lack of good evidence for

the use of EBRT in DTC. Furthermore, it is clear that
there is wide variation in how it is used around the world.
Although there is no consensus in the published literature
on the indications for EBRT in DTC, most available evi-
dence suggests improved locoregional control in certain
patients. This is supported by quantitative analysis of
reported overall locoregional control rates, which show a
large statistically significant difference in favor of those
who received EBRT.

Lack of statistically significant differences in survival
outcomes is not surprising, considering the relatively
small number of cases but also the indolent nature and
favorable prognosis of most DTC cases. A large retro-
spective analysis showed a 98.6% cancer-specific survival
rate among patients with DTC.24 Such a survival rate
requires very large numbers to show any statistically sig-
nificant improvement. With advances in modern imaging
technology, DTC is being diagnosed at an earlier stage,
and fewer patients are candidates for EBRT. This high-
lights the importance of conducting multicenter studies
with large numbers.

The reduced rate of locoregional recurrence in patients
who received EBRT, reported in most of the studies, is
particularly interesting given the poorer prognosis of
those for whom EBRT is generally prescribed. Some
studies report a statistically significant improvement in
locoregional control in the overall cohort of patients who
received EBRT as well as matched subgroups with simi-
lar risk factors, such as T4 disease and age.10,11

Importantly, the 2 studies that failed to show an
improvement in locoregional control with EBRT were
older studies.8,9 The improvement in modern radiotherapy
technology and techniques may account for the better out-
comes in more recent studies. It is only in the last 10 to
15 years that IMRT has become readily available, as it
relies upon precise 3D imaging technology and computer-
controlled IMRT beams during treatment.25,26 Now
widely used, this form of treatment delivers better spar-
ing, thus allowing refinement of clinical target volume.
Treatment regimes and the dose-response relationship in
IMRT are likely to improve treatment outcomes in the
future.

Radioiodine therapy is the first line adjuvant treatment
for DTC because of its high specificity for tumor tissue
and favorable side effect profile. However, a small pro-
portion of DTC is resistant or refractory to radioiodine
therapy.27 This group may benefit from EBRT. The
adverse effects of EBRT in the head and neck are well
documented and, although mostly mild, life-threatening
cases, such as spinal cord necrosis, have been reported in
patients with thyroid carcinoma.28 Possible long-term
effects, such as second primary malignancy, could not be
assessed because of insufficient follow-up. For these rea-
sons as well as the favorable prognosis of DTC in
younger patients,24 most authors only recommend EBRT
in patients with DTC older than 45 years.

CONCLUSION
Despite the heterogeneous populations, varied inclusion

criteria, and retrospective designs of the studies consid-
ered in this review, they do provide useful information to
the clinician treating DTC. There are large numbers of
patients from the pooled study cohorts and the evidence
from recent studies suggests an improvement in locore-
gional control when EBRT is used in patients at high risk
for locoregional recurrence and over the age of 45. Fur-
ther long-term multicenter prospective research is needed,
although the findings of this review suggest that EBRT is
an adjuvant treatment modality that should be considered
in such patients.

REFERENCES
1. National Cancer Intelligence Network. Available at: www.ncin.org.uk/pub-

lications/data_briefings/thyroid_cancer_trends_by_sex_age_and_histologi-
cal_type. Accessed October 12, 2014.

2. Sherman SI. Thyroid carcinoma. Lancet 2003;361:501–511.
3. Pacini F, Schlumberger M, Dralle H, et al. European consensus for the

management of patients with differentiated thyroid carcinoma of the follic-
ular epithelium. Eur J Endocrinol 2006;154:787–803.

4. Schlumberger M, Sherman SI. Approach to the patient with advanced dif-
ferentiated thyroid cancer. Eur J Endocrinol 2012;166:5–11.

5. American Thyroid Association (ATA) Guidelines Taskforce on Thyroid
Nodules and Differentiated Thyroid Cancer, Cooper DS, Doherty GM,
et al. Revised American Thyroid Association management guidelines for
patients with thyroid nodules and differentiated thyroid cancer. Thyroid
2009;19:1167–1214.

6. Perros P, Boelaert K, Colley S, et al. Guidelines for the management of thy-
roid cancer. Clin Endocrinol 2014;81 Suppl 1:1–122.

7. Biermann M, Pixberg M, Riemann B, et al. Clinical outcomes of adjuvant
external-beam radiotherapy for differentiated thyroid cancer – results after
874 patient-years of follow-up in the MSDS-trial. Nuklearmedizin 2009;48:
89–98; quiz N15.

8. Tsang RW, Brierley JD, Simpson WJ, Panzarella T, Gospodarowicz MK,
Sutcliffe SB. The effects of surgery, radioiodine, and external radiation
therapy on the clinical outcome of patients with differentiated thyroid car-
cinoma. Cancer 1998;82:375–388.

9. Lin JD, Tsang NM, Huang MJ, Weng HF. Results of external beam radio-
therapy in patients with well differentiated thyroid carcinoma. Jpn J Clin
Oncol 1997;27:244–247.

10. Brierley J, Tsang R, Panzarella T, Bana N. Prognostic factors and the effect
of treatment with radioactive iodine and external beam radiation on patients
with differentiated thyroid cancer seen at a single institution over 40 years.
Clin Endocrinol (Oxf) 2005;63:418–427.

11. Chow SM, Law SC, Mendenhall WM, et al. Papillary thyroid carcinoma:
prognostic factors and the role of radioiodine and external radiotherapy. Int
J Radiat Oncol Biol Phys 2002;52:784–795.

12. Keum KC, Suh YG, Koom WS, et al. The role of postoperative external-
beam radiotherapy in the management of patients with papillary thyroid can-
cer invading the trachea. Int J Radiat Oncol Biol Phys 2006;65:474–480.

13. Kim TH, Yang DS, Jung KY, Kim CY, Choi MS. Value of external irradia-
tion for locally advanced papillary thyroid cancer. Int J Radiat Oncol Biol
Phys 2003;55:1006–1012.

14. Kim TH, Chung KW, Lee YJ, et al. The effect of external beam radiotherapy
volume on locoregional control in patients with locoregionally advanced or
recurrent nonanaplastic thyroid cancer. Radiat Oncol 2010;5:69.

FUSSEY ET AL.

8 HEAD & NECK—DOI 10.1002/HED MONTH 2015

http://www.ncin.org.uk/publications/data_briefings/thyroid_cancer_trends_by_sex_age_and_histological_type
http://www.ncin.org.uk/publications/data_briefings/thyroid_cancer_trends_by_sex_age_and_histological_type
http://www.ncin.org.uk/publications/data_briefings/thyroid_cancer_trends_by_sex_age_and_histological_type


15. Philips P, Hanzen C, Andry G, Van Houtte P, Fr€uuling J. Postoperative
irradiation for thyroid cancer. Eur J Surg Oncol 1993;19:399–404.

16. Chow SM, Yau S, Kwan CK, Poon PC, Law SC. Local and regional control
in patients with papillary thyroid carcinoma: specific indications of exter-
nal radiotherapy and radioactive iodine according to T and N categories in
AJCC 6th edition. Endocr Relat Cancer 2006;13:1159–1172.

17. Farahati J, Reiners C, Stuschke M, et al. Differentiated thyroid cancer.
Impact of adjuvant external radiotherapy in patients with perithyroidal
tumor infiltration (stage pT4). Cancer 1996;77:172–180.

18. Higgins JPT, Green S, editors. Cochrane Handbook for Systematic
Reviews of Interventions, version 5.1.0 [updated March 2011]. The
Cochrane Collaboration, 2011. Available at: www.cochrane-handbook.org.
Accessed October 1, 2014.

19. Kwon J, Wu HG, Youn YK, Lee KE, Kim KH, Park do J. Role of adjuvant
postoperative external beam radiotherapy for well differentiated thyroid
cancer. Radiat Oncol J 2013;31:162–170.

20. Schwartz DL, Lobo MJ, Ang KK, et al. Postoperative external beam radio-
therapy for differentiated thyroid cancer: outcomes and morbidity with con-
formal treatment. Int J Radiat Oncol Biol Phys 2009;74:1083–1091.

21. Chen PV, Osborne R, Ahn E, Avitia S, Juillard G. Adjuvant external-beam
radiotherapy in patients with high-risk well-differentiated thyroid cancer.
Ear Nose Throat J 2009;88:E01.

22. Meadows KM, Amdur RJ, Morris CG, Villaret DB, Mazzaferri EL,
Mendenhall WM. External beam radiotherapy for differentiated thyroid
cancer. Am J Otolaryngol 2006;27:24–28.

23. O’Connell ME, A’Hern RP, Harmer CL. Results of external beam radio-
therapy in differentiated thyroid carcinoma: a retrospective study from the
Royal Marsden Hospital. Eur J Cancer 1994;30A:733–739.

24. Sciuto R, Romano L, Rea S, Marandino F, Sperduti I, Maini CL. Natural
history and clinical outcome of differentiated thyroid carcinoma: a retro-
spective analysis of 1503 patients treated at a single institution. Ann Oncol
2009;20:1728–1735.

25. Driver D, Dobbs HJ. Improvements in radiotherapy practice: the impact of
new imaging technologies. Cancer Imaging 2004;4:142–150.

26. Teh BS, Woo SY, Butler EB. Intensity modulated radiation therapy
(IMRT): a new promising technology in radiation oncology. Oncologist
1999;4:433–442.

27. Dadu R, Cabanillas ME. Optimizing therapy for radioactive iodine-
refractory differentiated thyroid cancer: current state of the art and future
directions. Minerva Endocrinol 2012;37:335–356.

28. Schuck A, Biermann M, Pixberg MK, et al. Acute toxicity of adjuvant
radiotherapy in locally advanced differentiated thyroid carcinoma. First
results of the multicenter study differentiated thyroid carcinoma (MSDS).
Strahlenther Onkol 2003;179:832–839.

EXTERNAL BEAM RADIOTHERAPY IN DIFFERENTIATED THYROID CARCINOMA

HEAD & NECK—DOI 10.1002/HED MONTH 2015 9

http://www.cochrane-handbook.org

