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Papillary thyroid cancer  
in pediatrics
Papillary thyroid cancer (PTC) is the most 
common form of differentiated thyroid 
cancer in the pediatric population and rep-
resents the second most common malignan-
cy in adolescent females (1). Traditionally, 
the majority of children with PTC undergo 
near-total thyroidectomy due to the high 
propensity for bilateral disease (1, 2).

Since publication of the 2015 Ameri-
can Thyroid Association’s pediatric guide-
lines, there has been an increased effort 
to stratify surgical and medical therapy 
to reduce complications of therapy while 
maintaining a low risk for persistent and 
recurrent disease. In patients with PTC 
who have a low risk for regional and dis-
tant metastasis, lobectomy without radio-
active iodine (RAI) therapy is typically 

sufficient to achieve remission, eliminat-
ing the risk for permanent hypoparathy-
roidism and the need for lifelong thyroid 
hormone replacement therapy (3–5). Con-
versely, in patients with widely invasive 
disease, with an increased risk for distant 
metastasis, most commonly to the lungs, 
RAI is the mainstay of treatment after thy-
roidectomy and complete cervical neck 
lymph node dissection. Unfortunately, 
while disease-specific mortality is low 
even in patients with distant metastasis, 
fewer than 20% of pediatric patients with 
pulmonary metastasis achieve complete 
remission, and approximately 10% to 15% 
of patients show progression even with 
repeated RAI (6–9).

The oncogenic driver alterations in 
pediatric PTC are the same as those in 
adults, however, gene fusions occur with a 

higher frequency, 60% to 70% versus 15%, 
respectively (10, 11). Rearranged during 
transfection (RET) proto-oncogene fusions 
are the most common, followed by fusions 
involving the neurotrophic tyrosine kinase 
receptors (NTRK), anaplastic lymphoma 
kinase (ALK), and, less commonly, BRAF 
kinase and MET tyrosine kinase receptor 
(c-MET) genes (9–12). Point mutations are 
found in approximately 30% of pediatric 
patients compared with 70% in adults, 
with the BRAF (BRAFV600E) mutation being 
the most frequent, followed by PTEN, RAS, 
and DICER1 mutations (10–12). Oncogenic 
fusions in tumors of children and adoles-
cents are associated with increased inva-
sive behavior and a decreased response 
to therapy (9, 12). In adults, BRAF muta-
tions are more commonly found in tumors 
with aggressive clinical behavior and a 
decreased response to RAI (13).

Oncogenic landscape and 
behavior of pediatric PTC
In this issue of the JCI, Y.A. Lee, H. Lee, and 
colleagues expand our understanding of 
the oncogenic landscape of invasive PTC in 
pediatrics (14). The authors provide further 
evidence that, in contrast to adults, pedi-
atric patients with PTC-harboring fusion 
oncogenes, rather than a BRAF mutation, 
are more likely to have lateral neck and pul-
monary metastases as well as an increased 
risk for persistent biochemical and struc-
tural disease. Interestingly, but previously 
reported, there is an age-specific distri-
bution of the oncogenic alterations, with 
younger age (under 10 years) being asso-
ciated exclusively with oncogenic fusions 
and an increasing prevalence of BRAF 
mutations during early (10–14 years) and 
late (15–19 years) adolescence (12, 14, 15). 
The authors suggest that thyrocytes from 
younger children may be more susceptible 
to ionizing radiation or other mechanisms 
of DNA damage, with a reduced ability for 
repair. However, only 9.7% of patients (3 
of 31) with fusion alterations had previous 
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Papillary thyroid cancer (PTC) is the most common form of differentiated 
thyroid cancer in the pediatric population and represents the second most 
common malignancy in adolescent females. Historically, PTC has been 
classified on the basis of histology, however, accumulating data indicate 
that molecular subtyping based on somatic oncogenic alterations along 
with gene expression profiling can better predict clinical behavior and may 
provide opportunities to incorporate oncogene-specific inhibitory therapy 
to improve the response to radioactive iodine (RAI). In this issue of the JCI, 
Y.A. Lee, H. Lee, and colleagues showed that oncogenic fusions were more 
commonly associated with invasive disease, increased expression of MAPK 
signaling pathway genes (ERK score), and decreased expression of the 
sodium-iodine symporter, which was restored by RET- and NTRK-inhibitory 
therapy. These findings lend credence to the idea of reclassifying pediatric 
thyroid cancers using a three-tiered system, rather than the two-tiered adult 
system, and open avenues for the treatment of progressive, RAI-refractory 
PTC in patients.
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patient samples after oncogene-specific 
inhibitory therapy would provide a more 
complete assessment of the mechanistic 
impact of inhibitor therapy.

The in vitro investigation using the 
NTRK inhibitor also showed that increased 
NIS expression correlated with the clin-
ical data (14). However, Y.A. Lee, H. Lee, 
and colleagues used larotrectinib at much 
higher concentrations than those used in 
previous studies in other malignancies, 
and were approximately 25-fold higher 
than the peak concentration achieved in 
clinical practice (20). Future research is 
needed to determine whether these onco-
genic pathways are differentially activated 
in thyrocytes compared to other epithelial 
cells harboring identical mutations and 
whether tailoring tumor-specific oncogene 
inhibitory therapy for PTC would optimize 
clinical responses.

Future directions
While more clinical and translational data 
are needed, the conclusion is clear: It is 
time for a paradigm shift in the evalua-
tion and management of pediatric thyroid 
cancer via identification of the somatic 
driver alterations during the early phases 
of diagnosis and treatment. Knowledge 
of the oncogenic alteration increases the 
diagnostic accuracy of nodules with inde-
terminate cytology and may help stratify 
surgery and limit the surgical extent and 
lymph node dissection for patients with 
genetic alterations associated with a low 
risk for invasive disease (RAS-like; i.e., 
PTEN, RAS, and DICER1 mutations). 
Conversely, patients with alterations 
associated with an intermediate (BRAF) 
or high risk for invasive behavior (fusions 
involving RET, NTRK, and ALK) would 
undergo a complete assessment of cervi-
cal lymph nodes for dissection (21, 22). 
The data from Y.A. Lee, H. Lee, and col-
leagues support and extend our under-
standing of the genomic landscape and 
provide an initial insight into the potential 
efficacy and mechanism of incorporat-
ing oncogene-specific inhibitory therapy 
to improve absorption of RAI (14). The 
extension of the multiplatform analysis to 
include micro-RNA and epigenetic alter-
ations will also optimize the molecular 
classification of pediatric thyroid cancer, 
allowing for a more complete comparison 
with TCGA adult PTC data (13).

ed genomic data from Y.A. Lee, H. Lee, 
and colleagues with previously published 
somatic oncogene data, a three-tiered 
molecular classification would reflect an 
increasing risk for invasive disease, with 
RAS-like cancers as low risk, followed by 
BRAF-like and fusion-like cancers as suc-
cessively higher risk. A three-tier system 
appears to more closely align with clinical 
behavior in pediatric patients than does 
TCGA’s proposed two-tiered, adult-based 
classification, in which PTC is categorized 
as RAS-like and BRAF-like (10–12).

Clinical implications and 
opportunities to improve care 
and outcomes
Over the past several years, there has 
been increasing use of systemic chemo-
therapeutic agents in the treatment of 
adult patients with advanced, progressive 
RAI-refractory thyroid cancer that is not 
amenable to surgery (mostly with pulmo-
nary metastases) (16). Many of the drugs 
being used in clinical practice and cur-
rently undergoing clinical trials have been 
repurposed from other cancer therapies. 
Multi-tyrosine kinase inhibitors were the 
first agents to be used in clinical practice 
(16). More recently, oncogene-specific tar-
geted inhibitors that block constitutively 
activated signaling pathways have been 
added to the repertoire for thyroid cancer 
therapy. These agents have demonstrated 
low side-effect profiles with high response 
rates ranging from 60%–100% in patients 
with PTC, including reports of resensitiza-
tion to RAI therapy (17–19).

The patient cases with supportive in 
vitro data by Y.A. Lee, H. Lee, and col-
leagues provide a first look into the poten-
tial efficacy and mechanism of incorporat-
ing oncogene-specific inhibitory therapy 
in pediatric patients. At baseline, PTC with 
fusion alterations upregulated ERK sig-
naling, with a concomitant decrease in 
the TDS, particularly with regard to NIS 
expression. After treatment with either 
a RET or NTRK inhibitor, both patients 
developed increased RAI avidity to region-
al and/or distant metastatic lesions. 
Unfortunately, only one of the two patients 
was retreated with RAI, and, despite an 
increase in RAI avidity, the patient is 
reported to have persistent structural dis-
ease at the time of publication. Repeating 
the tests for the ERK score or the TDS in 

exposure to radiation (14). So, although 
the theory proposed by Y.A. Lee, H. Lee, 
and co-authors is plausible, the data are 
insufficient to draw any conclusions. Addi-
tional research is needed to identify fac-
tors beyond radiation that may increase 
the risk for formation of oncogenic fusion 
alterations in PTC as well as to determine 
why fusions in pediatric PTC are associ-
ated with more invasive disease similar to 
BRAF-associated PTC in adults.

Understanding the oncogenic 
landscape and predicting 
clinical behavior
Y.A. Lee, H. Lee, and colleagues expand-
ed the investigation of the genomic land-
scape of pediatric PTC by analyzing the 
expression of 16 thyroid-specific genes 
(established as a thyroid differentiation 
score [TDS]) and 52 MAPK signaling path-
way genes (established as an ERK score) 
(14). This analysis mirrors the efforts of 
The Cancer Genome Atlas Research Net-
work (TCGA) report that examined 496 
adult PTCs (13). The authors’ preliminary 
analysis revealed that the gene expres-
sion profiles of the pediatric PTCs with 
fusion alterations closely aligned with 
the adult BRAF-like group, with higher 
ERK scores (MAPK activation) and low-
er TDSs, as well as reduced expression of 
the sodium-iodide symporter (NIS) gene 
(SLC5A5) (14). Although the sample size 
for this analysis was small, these results 
lend credence to the clinical observation 
that pediatric PTCs driven by fusion onco-
genes more closely align with adult PTCs 
with BRAF driver mutations in regard to 
invasive behavior and decreased response 
to RAI therapy (Figure 1).

What is also interesting, but not a 
focus of the research, is that the presence 
of a fusion alteration was associated with 
an increased risk for invasive disease 
irrespective of histology. In both classic 
PTC (cPTC) and diffuse sclerosing vari-
ant PTC (DSV-PTC), the presence of an 
oncogenic fusion was associated with an 
increased rate of lymph node and pulmo-
nary metastasis (14). Somatic driver alter-
ation appeared to better predict invasive 
disease than histology, supporting the 
proposal by TCGA to reclassify thyroid 
cancers into molecular subtypes rather 
than the traditional pathological classi-
fication (13). If we combine the expand-

https://www.jci.org
https://doi.org/10.1172/JCI152696


The Journal of Clinical Investigation   C O M M E N T A R Y

3J Clin Invest. 2021;131(18):e152696  https://doi.org/10.1172/JCI152696

Figure 1. PTC signaling in adult and pediatric patients. (A) Adult and pediatric thyroid cancers are categorized according to different molecular sub-
groups. TCGA generated a two-tiered classification (BRAF-like vs. RAS-like) in adult PTC, with BRAF-like tumors having a higher ERK score, a lower 
TDS, and an increased risk for invasive behavior compared with RAS-like tumors. Data from Y.A. Lee, H. Lee, and colleagues (14) show that pediatric 
tumors harboring kinase fusion oncogenes followed a pattern similar to that seen in adult PTCs with BRAF. Combined with previously published data, a 
three-tier classification system in pediatric PTC may more accurately correlate with clinical behavior. A three-tiered system would encompass RAS-like, 
BRAF-like, and fusion-like PTCs and thus reflect an increasing risk of invasive behavior. (B) In adult and pediatric thyroid cancer, signaling pathways are 
associated with loss of differentiation. In adults, PTCs with a BRAF mutation (and MAPK activation) are associated with a lower TDS (left). In pediatric 
tumors, PTCs with kinase fusion oncogenes are associated with a lower TDS. The use of MAPK inhibitors to specifically block the oncogenes in these 
tumors reduces ERK activation and restores the expression of differentiation genes, including the gene that encodes NIS, which correlates with a 
response to RAI therapy. (C) In pediatric PTC cells, exposure to an oncogene-specific inhibitor results in increased expression of NIS on the basolateral 
membrane, which sensitizes the cells to RAI.
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There is also much to learn about how 
and when to incorporate oncogene-specif-
ic therapy into clinical practice. In addition 
to salvage therapy, in which oncogene- 
specific inhibitory therapy is used to treat 
progressive, RAI-refractory disease, the 
potential to include these agents to debulk 
tumors that present with morbidly invasive 
disease prior to surgery and to consider 
using these agents to increase the efficacy 
of the initial RAI treatment in patients with 
pulmonary metastasis should be explored. 
We are extremely fortunate that the major-
ity of pediatric patients with PTC experi-
ence low disease-specific mortality, how-
ever, we are obligated to continue to find 
opportunities to improve care, to reduce 
complications, and to strive to achieve a 
complete response to therapy for as many 
patients as possible. The study by Y.A. Lee, 
H. Lee, and colleagues (14) takes us one 
step closer to achieving these goals.
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