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ABSTRACT

External beam radiation therapy (EBRT) involves using high-energy X-rays or particle beams targeted at malignant tissues, with
the goal of destroying tumor cells while minimizing damage to healthy surrounding structures. However, the indication and
timing of EBRT vary considerably depending on the specific histological subtype of thyroid cancer, the presence of metastatic

or unresectable lesions, and individual patient factors such as comorbidities and prior treatments. Moreover, the therapeutic
benefit of EBRT must be balanced against potential side effects, making patient selection and protocol design pivotal components
in managing advanced thyroid cancer. This article explores the role of EBRT in thyroid cancer, with particular attention to

when it is recommended, the patient populations that benefit most, and how to optimize treatment protocols. By illuminating
current best practices and emerging evidence, we aim to guide clinicians in deciding when and how to incorporate EBRT into a

multidisciplinary treatment plan for thyroid cancer.
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Introduction

Thyroid cancer is the most common endocrine malig-
nancy worldwide. According to GLOBOCAN 2020, it
accounted for 3.0% of the 19.3 million new cancer cases
and 0.4% of the 10.0 million cancer-related deaths glob-
ally. Its incidence showed a rising trend compared with
data from 2018. While thyroid cancer ranked ninth in
the number of new cancer cases, it was twenty-fourth in
mortality, underscoring its relatively favorable prognosis,
high cure rates, and excellent survival. In Pakistan specif-
ically, there were 2,762 new thyroid cancer cases and 578
related deaths in 2020, with a 5-year prevalence of 6,578
cases [1].

Women are more likely than men to develop thyroid
cancer. In 2020, the age-standardized incidence rates were
10.1 per 100,000 women and 3.1 per 100,000 men, while
age-standardized mortality rates were 0.5 per 100,000
women and 0.3 per 100,000 men [2]. Approximately 65%
of thyroid cancer patients present with localized disease,
30% with regional involvement, and fewer than 5% with
distant metastases. Correspondingly, the 5-year relative
survival rates for localized, regional, and distant disease
are 99.9%, 98.3%, and 53.3%, respectively [3].
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Thyroid cancer is generally managed with surgery and
radioactive iodine therapy. While these standard treatments
- particularly complete surgical resection and radioactive
iodine ablation - are highly effective for well-differenti-
ated thyroid cancers (DTCs), certain patients either pres-
ent with or develop more advanced, refractory disease.
In such cases, external beam radiation therapy (EBRT)
becomes an indispensable component of the therapeutic
strategy (Table 1).

Role of EBRT in DTC

Treatment overview
DTC is primarily managed with surgery, TSH suppression,
and radioactive iodine-131 (RAI-131) therapy, guided by
individual risk stratification. In certain cases, EBRT is
used as an adjuvant therapy, particularly for radioiodine
non-avid metastatic disease or unresectable lesions [4,5].
Evidence for EBRT’s role in DTC primarily stems from
single-institution retrospective studies, systematic litera-
ture reviews, and meta-analyses, as no prospective rand-
omized controlled trials have been conducted to date.
EBRT may be considered in patients with gross resid-
ual disease, extrathyroidal extension (ETE), positive mar-
gins, or unresectable and inoperable recurrent disease.
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EBRT in gross loco-regional residual disease after
surgery

EBRT enhances loco-regional control (LRC) in patients
with gross residual disease post-surgical resection. Most
retrospective studies included EBRT and RAI-131 ther-
apy as part of treatment, making it difficult to determine
the precise benefit of EBRT alone. RAI treatment is prior-
itized in patients with RAI-avid residual disease to avoid
the stunning effect of EBRT. When a patient’s airway is
at risk due to a residual tumor, EBRT is given priority. A
retrospective study of 842 patients with papillary thyroid
cancer at Queen Elizabeth Hospital (1960-1997) found
that patients with gross postoperative local residual dis-
ease benefited most from RT in terms of local control (RR
=0.36) [6]. Another study from Memorial Sloan Kettering
Cancer Center on 76 patients with non-anaplastic thyroid
carcinoma reported a 2-year and 4-year overall LRC rate
of 86% and 72%, respectively, and overall survival (OS)
rates of 74% and 55% for all patients. These were high-
risk patients since 84% had T4 disease and 79% of them
had positive nodes [7].

EBRT in extra-thyroidal extension and

positive margins

Radio-iodine is the preferred treatment for ETE and
microscopic positive margins (R1), and EBRT is usually
not recommended. However, in locally advanced cases,
specifically in patients over 60 years of age with T4 dis-
ease, retrospective analysis revealed that adjuvant post-op
RT increased LRC [8]. A German randomized control
trial that converted into a prospective cohort study due to
insufficient enrollment showed a complete remission rate
0f 96% with EBRT versus 86% without it [9]. A retrospec-
tive cohort study at the University of Texas MD Anderson
Cancer Center on 88 patients with T4a differentiated thy-
roid carcinoma revealed that 5-year disease-free survival
(DFS) was 43% for RAI alone and 57% for RAI with
EBRT, with age and esophageal invasion as independent
predictors of lower DFS [10].

EBRT in unresectable thyroid carcinoma

The UK National Multidisciplinary Guidelines recom-
mend palliative EBRT to alleviate symptoms in unre-
sectable DTC [11]. A STROBE-compliant retrospective
cohort study of unresectable DTC patients treated with
EBRT (16 patients) or EBRT followed by salvage surgery
(17 patients) revealed that radiation therapy resulted in a
higher response rate that enabled successful salvage sur-
gery, increasing DFS and OS. However, this was a small
study, and a larger, randomized trial with more patients is
needed to determine the precise benefits of EBRT added
as a neo-adjuvant therapy in circumstances where surgery
is not an option [12].
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Table 1. Indications of radiation therapy in CA thyroid.

Indications of RT in DTC Gross residual
Aerodijestive invasion
Unresectable
Inoperable recurrence

Palliation of metastatic disease

Indications of RT in MTC Gross residual
Recurrent disease

Palliation of metastatic disease

Indications of RT in ATC Adjuvant radical treatment

Palliation of metastatic disease

EBRT in inoperable loco-regional recurrences
Salvage surgery followed by RAI is preferred for thyroid
bed and regional nodes failures. EBRT is considered for
significant extra-thyroidal spread and positive nodes with
extra-capsular dissemination [13]. For unresectable recur-
rences, EBRT is typically the treatment of choice with
doses varying between 66 and 70 Gy [11,14].

Evidence from systematic reviews

and meta-analyses

A comprehensive review revealed that high-risk patients
over 45 years of age showed improved LRC with RT [15].
Another meta-analysis suggested that patients with high
recurrence risk, such as those with T4, node-positive, mar-
gin-positive, and gross residual disease, may benefit from
EBRT [16].

EBRT in metastatic disease

The most frequent areas of DTC metastasis are the bone
and lungs. Todine-131 is used to treat RAI-avid metastatic
bone lesions. Surgical stabilization is recommended for
patients with pathological fractures or spinal cord com-
pression, followed by palliative RT. RT is also used to treat
symptomatic metastatic disease that cannot be treated with
surgery or radio-iodine. For oligo-metastatic bone lesions,
stereotactic radiosurgery (SRS) is often used. Because of
the better survivals even in metastatic DTC, hypo frac-
tionated regimens such as 40 Gy in 15 fractions or 30
Gy in 10 fractions are advised. In patients with extensive
metastasis, 20 Gy in 5 fractions or 8 Gy in a single fraction
can be administered [17].

Because RAI is prone to worsen cerebral edema, mul-
tiple brain metastases are usually treated with whole brain
RT. But for solitary brain lesions, Surgery or SRS are used.
For up to four brain metastases, surgical excision com-
bined with SRS or SRS alone may be explored [18,19].

Recent Guidelines

The ATA Guidelines 2015 recommend against routine
adjuvant EBRT to the neck after RO resection but sug-
gest RAI combined with EBRT for R2 resections [4].
The American Head and Neck Society advises EBRT for
individuals over 45 with limited RAI-avid gross disease
but not for cervical lymph node involvement alone [20].
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The British Thyroid Association suggests EBRT for sig-
nificant residual and recurrent disease when further sur-
gery or radioiodine is ineffective [11].

Role of RT in medullary and anaplastic
thyroid cancer

Medullary thyroid cancer

Routine EBRT has not been shown to increase survival in
medullary thyroid cancers and should only be considered
after optimal surgery if there is a high risk of local recur-
rence or macroscopic residual disease. Palliative radiation
can be beneficial for painful bone metastases and unre-
sectable masses [21].

Anaplastic thyroid cancer

Anaplastic thyroid carcinoma is uncommon and has an
aggressive clinical course, making it challenging to con-
duct clinical trials and establish high-quality evidence on
which to base practice.

Recent ATA guidelines recommend adjuvant radical
EBRT for patients with RO/R1 resection, excellent per-
formance status, and no distant metastases. EBRT is also
suggested for unresectable tumors, with reassessment for
surgical resection post-EBRT [22].

Radiotherapy-pretreatment evaluation, technique,
dose, and volumes

Following dental, speech, swallowing, and nutritional
evaluations, target volumes are delineated using available
pre-treatment contrast-enhanced computed tomography,
magnetic resonance imaging, positron emission tomog-
raphy-computed tomography, and whole-body iodine
scans. Any gross residual disease, the thyroid bed, includ-
ing the trachea-esophageal grove, and draining lymph
nodes (pre-tracheal, paratracheal, cervical, and superior
mediastinal lymph nodes) should be included in the target
volumes.

In DTC, intensity-modulated radiation therapy is the
preferred approach for delivering RT. The literature con-
tains a wide range of dosage regimens. The most common
EBRT doses are: 66-70 Gy for gross residual or unresect-
able disease, 60-66 Gy for microscopic disease, thyroid
bed and positive nodes, and 50-56 Gy for elective nodal
areas [14,23,24].

Radiotherapy toxicities

Acute RT side effects include skin erythema, desquama-
tion, mucositis, and dysphagia, while late complications
include esophageal and tracheal stenosis, chronic dyspha-
gia, and feeding tube dependency. A multicenter study
found that most patients exhibited grade 0-2 acute toxic-
ities, with 9% experiencing acute grade 3 skin erythema.
No late grade 3 toxicities were observed [25].
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Conclusion

Thyroid cancer is a curable disease with highly effective
targeted therapy available. However, radiation therapy
has a role in certain situations, and all patients should be
discussed in multidisciplinary meetings before making
informed decisions.

List of Abbreviations

ATA American thyroid association

RO Complete resection with negative margins
R1 Microscopic positive margins

R2 Gross positive margins and residual disease
TSH Thyroid stimulating hormone

Consent to participate
Yes all consented to participate.

Ethical approval
Institutional Review Board, Inmol Lahore. Number: ONC-02-24
approved at 07-02-2024.

Author details

Sadia Sadig?, Rab Nawaz Maken?, Areeba Niaz?, Abubaker Shahid*

1. Atomic Energy Cancer Hospital (AESH), Inmol, Lahore,
Pakistan

2. BINO Hospital, Bahawalpur, Pakistan

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancersin 185 countries. CA CancerJ Clin.2021;71(3):209-
49, http://doi.org/10.3322/caac.21660

2. Pizzato M, Li M, Vignat J, Laversanne M, Singh D, La
Vecchia C, et al. The epidemiological landscape of thy-
roid cancer worldwide: GLOBOCAN estimates for inci-
dence and mortality rates in 2020. Lancet Diabetes
Endocrinol. 2022;10:264-72. https://doi.org/10.1016/
$2213-8587(22)00035-3

3. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends
in thyroid cancer incidence and mortality in the United
States, 1974-2013. JAMA. 2017 Apr 4;317(13):1338-48.
http://doi.org/10.1001/jama.2017.2719

4.  Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel
SJ, Nikiforov YE, et al. 2015 American thyroid associ-
ation management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the
American thyroid association guidelines task force on thy-
roid nodules and differentiated thyroid cancer. Thyroid.
2016;26(1):1-133. http://doi.org/10.1089/thy.2015.0020

5. Filetti S, Durante C, Hartl D, Leboulleux S, Locati LD,
Newbold K, et al. Thyroid cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2019;30(12):1856—-83. http://doi.org/10.1093/
annonc/mdz400

6. Chow SMC, Law WM. Papillary thyroid carcinoma: prog-
nostic factors and the role of radioiodine and external
radiotherapy. Int J Radiat Oncol Biol Phys. 2002;52:784—
95. https://doi.org/10.1016/s0360-3016(01)02686-4

7. Terezakis SA, Lee KS, Ghossein RA, Rivera M, Tuttle RM,
Wolden SL, et al. Role of external beam radiotherapy in
patients with advanced or recurrent nonanaplastic thy-
roid cancer: Memorial Sloan-Kettering cancer center



Sadiq et al. Pak J N Med. 2024,73-76.

10.

11.

12.

13.

14.

15.

16.

experience. Int J Radiat Oncol Biol Phys. 2009;73(3):795-
801. http://doi.org/10.1016/j.ijrobp.2008.05.012
Brierley J, Tsang R, Panzarella T, Bana N. Prognostic fac-
tors and the effect of treatment with radioactive iodine
and external beam radiation on patients with differenti-
ated thyroid cancer seen at a single institution over 40
years. Clin Endocrinol. 2005;63(4):418-27. https://doi.
org/10.1111/j.1365-2265.2005.02358.x

Biermann M, Pixberg M, Riemann B, Schuck A, Hei-
Necke A, Schmid KW. Clinical outcomes of adju-vant
external-beam radiotherapy for differentiated thy-roid
cancer - results after 874 patient-years of follow-up in
the MSDS-trial. Nucl Med. 2009;48(3):89-98. https://doi.
org/10.3413/nukmed-0221

Tam S, Amit M, Boonsripitayanon M, Cabanillas ME,
Busaidy NL, Gunn GB, et al. Adjuvant external beam radio-
therapy in locally advanced differentiated thyroid cancer.
JAMA Otolaryngol Head Neck Surg. 2017;143(12):1244.
http://doi.org/10.1001/jamaoto.2017.2077

Mitchell AL, Gandhi A, Scott-Coombes D, Perros P.
Management of thyroid cancer: United Kingdom
National Multidisciplinary  Guidelines. J Laryngol
Otol. 2016;130(S2):5150-60. http://doi.org/10.1017/
$0022215116000578

Carrillo JF, Flores JM, Espinoza G, Vazquez-Romo R,
Ramirez-Ortega MC, Carrillo LC, et al. Treatment of
unresectable differentiated thyroid carcinoma with
upfront external radiotherapy and salvage surgery: a
STROBE-compliant retrospective cohort study. Front
Oncol. 2021;10:572958. http://doi.org/10.3389/fonc.
2020.572958

Lee N, Tuttle M. The role of external beam radio-therapy
in the treatment of papillary thyroid cancer. Endocrine
Related Cancer. 2006;13:971-7. https://doi.org/10.1677/
erc-06-0039

Romesser PB, Sherman EJ, Shaha AR, Lian M, Wong RJ,
Sabra M. External beam radiotherapy with or without
concurrent chemotherapy in advanced or re-current
non-anaplastic non-medullary thyroid cancer: EBRT
in advanced or recurrent thyroid cancer. J Surg Oncol.
2014;110(4):375-82. https://doi.org/10.1002/js0.23656
Fussey JM, Crunkhorn R, Tedla M, Weickert MO,
Mehanna H. External beam radiotherapy in differen-
tiated thyroid carcinoma: a systematic review. Head
Neck. 2016;38(S1):E2297-305. http://doi.org/10.1002/
hed.24218

JacominaL, CoJJ, YulL, Agas K, CoR. The role of postopera-
tive external beam radiotherapy for differentiated thyroid

76

17.

18.

19.

20.

21.

22.

23.

24.

25.

carcinoma: a systematic re-view and meta-analysis. Head
Neck. 2020;42(8):2181-93. https://doi.org/10.1002/
hed.26133

Schlumberger M, Challeton C, De Vathaire F, Travagli JP,
Gardet P, Lumbroso JD, et al. Radioactive iodine treatment
and external radiotherapy for lung and bone metastases
from thyroid carcinoma. J Nucl Med. 1996;37(4):598-605.
Mcwilliams RR, Giannini C, Hay ID. Management of
brain metastases from thyroid carcinoma: a study of 16
pathologically confirmed cases over 25 years. Cancer.
2003;98:256-362. https://doi.org/10.1002/cncr.11488
Osborne JR, Kondraciuk JD, Rice SL. Thyroid cancer brain
metastases: survival and genomic characteristics of a
large tertiary care cohort. Clin Nucl Med. 2019;44:544-9.
https://doi.org/10.1097/rlu.0000000000002618

Kiess AP, Agrawal N, Brierley JD, Duvvuri U, Ferris RL,
Genden E, et al. External-beam radiotherapy for differ-
entiated thyroid cancer locoregional control: a statement
of the American Head and Neck Society. Head Neck.
2016;38(4):493-8. http://doi.org/10.1002/hed.24357
Kim M, Kim BH. Current guidelines for manage-
ment of medullary thyroid carcinoma. Endocrinol
Metab. 2021;36(3):514-24. http://doi.org/10.3803/
enm.2021.1082

Bible KC, Kebebew E, Brierley J, Brito JP, Cabanillas ME,
Clark TJ Jr, et al. 2021 American thyroid association guide-
lines for management of patients with anaplastic thyroid
cancer: American thyroid association anaplastic thyroid
cancer guidelines task force. Thyroid. 2021;31(3):337-86.
http://doi.org/10.1089/thy.2020.0944

Vernat SS, Khalifa J, Sun XS. 10-year locore-gional con-
trol with postoperative external beam radio-therapy in
patients with locally advanced High-Risk Non-Anaplastic
Thyroid Carcinoma De Novo or at Re-lapse, a propensity
score analysis. Cancers (Basel). 2019;11:849. https://doi.
org/10.3390/cancers11060849

Tuttle RM, Rondeau G, Lee NY. A risk-adapted approach
to the use of radioactive iodine and external beam radi-
ation in the treatment of well-differentiated thyroid
cancer. Cancer Control. 2011;18:89-95. https://doi.
org/10.1177/107327481101800203

Schuck A, Biermann M, Pixberg MK, Miiller SB, Heinecke
A, Schober O, et al. Acute toxicity of adjuvant radiotherapy
in locally advanced differentiated thyroid carcinoma: first
results of the multicenter study differentiated thyroid car-
cinoma (MSDS). Strahlenther Onkol. 2003;179(12):832-9.
http://doi.org/10.1007/s00066-003-1158-1



