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Abstract 

Background Papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC) are common differentiated 
thyroid cancers, but the detection of a collision tumor is an extremely rare event. 

Case presentation The patient was a 69-year-old Japanese female with multiple cervical lymph node swellings 
and a thyroid tumor. Preoperative fine needle aspiration cytology of the enlarged lymph node revealed a cytologi-
cal diagnosis of papillary thyroid carcinoma (PTC). A total thyroidectomy, right cervical dissection and paratracheal 
dissection were performed. Histopathological and immunohistochemical analyses of resected specimens revealed a 
collision tumor of PTC and FTC. Multiple metastases of papillary carcinoma were found in the dissected lymph nodes. 
In the PTC lesion, IHC for BRAF (V600E) was positive but negative for the FTC lesion. Genetic analyses further revealed 
a TERT promoter C228T mutation in PTC and a NRAS codon 61 mutation in FTC. The patient died of recurrent cancer 
8 months after surgery.

Conclusions A case of a collision tumor of PTC and FTC is very rare, and even fewer cases have been subjected to 
genetic scrutiny. The present case was successfully diagnosed by pathological examination using immunohistochemi-
cal and genetic analyses. The TERT promoter mutation in the PTC lesion was consistent with the aggressive behavior 
of the cancer.
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Background
Papillary thyroid carcinoma (PTC) and follicular thyroid 
carcinoma (FTC) are both differentiated types of thyroid 
cancers derived from thyroid follicular cells. PTC is the 
most common accounting for 75–80% of cases, and FTC 
is the second most common accounting for about 10% 
of all thyroid cancers [1]. However, a collision tumor or 
synchrnous ocuurrence of PTC and FTC is extremely 
rare. To the best of our knowledge, only fifteen cases have 
been published in the English literature [2–11]. The pre-
sent case was a report of a collision tumor of PTC and 
FTC, which exhibited different histology, phenotype and 
genetic alterations in the tumor tissue.
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Case presentation
A 69-year-old Japanese woman suffering from dysphagia 
visited a nearby hospital. She became aware of a right cer-
vical mass 2 months ago and of the mass lesion becom-
ing enlarged when dysphagia subsequently appeared. She 
had a history of asthma and hypertension, but no family 
history of thyroid disease. She never smoked and did not 
have an habitual alcoholic drink. Laryngoscopy revealed 
right vocal cord paralysis and ultrasonography revealed a 
well-defined mass in the right lobe of the thyroid gland 
and an indistinct mass in the isthmus (Fig. 1a). The CT 
scan showed mutiple cervical lymph node swellings and 
two tumors in the right lobe and isthmus of the thyroid 
(Fig.  1b), which were approximately 4  cm and 2  cm in 
diameter, respectively. The patient was transfered to our 
hospital for further examination and treatment. Preop-
erative fine needle aspiration cytology was performed on 

the enlarged right cervical lymph node and the cytologi-
cal diagnosis was “ PTC” which is classified as Category 
VI in the Bethesda system [12]. No distant metastasis 
was found in the preoperative workup. Under the clini-
cal diagnosis of PTC with multiple lymph node metas-
tases, the patient underwent a total thyroidectomy, right 
neck dissection and bilateral paratracheal dissection. 
No residual tumor was intraoperatively recognized. The 
resected specimens were submitted for histopathological 
examination.

The cut surfase of the tumor grossly exhibited yellow-
ish-brown and whitish masses (Fig. 2a, b). Histologically, 
the whitish mass showed papillary or follicular growth of 
tumor cells with ground-glass nuclei and some nuclear 
grooves and pseudo-inclusions (Fig.  3a, b). Immunohis-
tochemistry (IHC) revealed that the tumor cells in this 
lesion were positive for TTF-1, thyroglobulin, CK19, 

Fig. 1 a Representative imager of ultrasonography. A well-defined mass lesion in the right lobe of the thyroid gland (yellow arrow) and an 
indistinct mass lesion in the isthmus (white arrow) are demonstrated. b Representative image of CT scan. The tumor of right lobe of the thyroid 
gland (yellow arrow) and mass lesion in the isthmus (white arrow) are demonstrated

Fig. 2 a Gross appearance of the cut surface of the tumor. b Loupe image of glass slide of hematoxylin and eosin staining. The lesion of PTC is 
indicated as black arrow and the lesion FTC is indicated as yellow arrow
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Fig. 3 Microscopic images, a The histological image of low-magnification. The left-upper side of image is FTC lesion and right-lower side of 
image is PTC lesion (× 20, hematoxylin–eosin). b High-magnification image of papillary carcinoma lesion. Typical nuclear findings of PTC, such as 
ground-glass nuclei, nuclear grooves (arrow heads), and pseudo-inclisions (arrows) are observed (× 400, hematoxylin–eosin). c High-magnification 
image of FTC lesion. Typical nuclear findings of PTC are not observed (× 400, hematoxylin–eosin)

Fig. 4 Findings of IHC. a The image of hematoxylin–eosin staining. The left side is FTC, and the right side is PTC (× 100). b IHC of TTF-1 (× 100). 
Both of FTC and PTC are positively stained. c IHC of CK19 (× 100). The tumor cells of PTC are positively stained whereas the tumor cells of FTC are 
negative. d IHC of BRAF (V600E) (× 100). The tumor cells of PTC are positively stained whereas the tumor cells of FTC are negative
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HBME-1, Galectin-3 and BRAF (V600E). The Ki-67 
labeling index was 5% (Fig. 4). The tumor had extended 
beyond the thyroid capsule and invaded the inferior 
pharyngeal constrictor muscle and thus was considered 
as pT4a in the TNM classification (Fig. 5a). The surgical 
margin was positive at the invasion site of the inferior 
pharyngeal constrictor muscle. No necrosis was observed 
and the mitotic index of this lesion was 2 / 10HPF, thus 
the tumor of this lesion did not fit the criteria of differ-
entiated high-grade thyroid carcinomas (DHGTC) [13]. 
The tumor of this lesion was pathologically diagnosed as 
an infiltrative follicular variant of PTC in the 2022 WHO 
classification of thyroid tumors [13]. Dissected lymph 
nodes showed multiple metastases (20 / 32) of the PTC 
includng unilateral Level V lymph nodes (pN1b). Genetic 
analyses for NRAS codon 61 mutation and TERT pro-
moter mutation were performed by employing the drop-
let digital PCR method using the DNA extracted from 
formalin-fixed and paraffin-embedded tumor tissues, as 
previously described by one of the co-authors [14]. The 
results of genetic analyses further revealed a TERT pro-
moter C228T mutation, but no NRAS mutation was det
ected.

In contrast, histologically the yellowish-brown mass 
showed that the tumor cells had an eosinophilic cyto-
plasm and round to oval shaped nuclei with granular 
chromatin. The tumor proliferated trabecular or solid, 
and formed a peritumoral fibrous capsule. Typical 
nuclear findings suggesting a PTC were not observed. 
The tumor exhibited predominantly expanding growth 
and capsular invasion was detected (Fig. 5b). No necro-
sis was observed and the mitotic index of this lesion 
was less than 1 / 10HPF, thus the tumor of this lesion 
did not fit the criteria of DHGTC [13]. In IHC, the 
tumor cells were positive for TTF-1 and thyroglobu-
lin, but negative for CK19, HBME-1, Galectin-1 and 
BRAF (V600E). The Ki-67 labeling index was 3% 
(Fig. 4). Based on nuclear findings, the presence of cap-
sular invasion and IHC results, the tumor comprising 
this lesion was pathologically diagnosed as minimally 
invasive FTC (mi-FTC) in the 2022 WHO classifica-
tion [13]. Genetic analysis for this FTC lesion futher 
revealed a NRAS codon 61 mutation, but a TERT pro-
moter mutation was not detected. The results of IHC 
and genetic analyses for both PTC and FTC lesions are 
summerized in Table 1.

Based on the above results, this case was finally diag-
nosed as a collision tumor of PTC and FTC, each stage 
at surgery being pT4aN1b and pT3aN0, respectively. 
The patient was scheduled to receive radioactive iodine 
therapy. However, she declined to receive the adju-
vant therapy. Eight months after surgery, recurrent 
tumor was clinically detected as a rapidly growing cer-
vical mass. The patient did not accept further clinical 
examination nor treatment and died of recurrent tumor 
8  months after surgery. Suffocation due to airway ste-
nosis by tumor growth was considered as the direct 
cause of death.

Fig. 5 a The image of invasion of PTC to the inferior pharyngeal 
constrictor muscle (× 20, hematoxylin–eosin). Arrowhead: partially 
resected cricoid cartilage. Arrows: surgical ablation margin which was 
judged to be positive. b The image of capsular invasion of FTC (× 20, 
hematoxylin–eosin). Arrows: the tumor capsule

Table 1 Results of IHC and genetic analysis in both tumors

PTC Papillary thyroid carcinoma, FTC Follicular thyroid carcinoma, IHC 
immunohistochemistry

PTC FTC

CK AE1/AE3, IHC  +  + 

TTF-1, IHC  +  + 

Thyroglobulin, IHC  +  + 

CK19, IHC  + -

HBME-1, IHC  + -

Galectin-3, IHC  + -

BRAFV600E, IHC  + -

Ki-67 LI, IHC 5% 3%

TERT promoter mutation  + (C228T) -

NRAS mutation -  + (codon 61)
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Disccusion and conclusions
The collision tumor is defined as a neoplastic lesion 
comprised of two or more distinct cell populations that 
maintain distinct borders [15]. Therefore, the present 
case is distinctly categorized as collision tumor. The co-
existence of PTC and FTC is extremely rare. The first 
case of a co-existence of PTC and FTC was reported 
by Plauche et al. in 2013 as collision tumor of PTC and 
FTC [2]. Since then, 16 cases of co-existence of PTC and 
FTC including our case have been reported in the Eng-
lish literature [2–11]. The reported series of co-existence 
of PTC and FTC are summerised in Table  2. The aver-
age age of the patients was 53.4  years (range: 12 to 79) 
and female predominance (11 of 16 cases) was noted. Of 
these, metastases were found in 6 cases and no tumor-
associated fatal case have been reported except for the 
present case. Genetic alterations have been analyzed in 4 
cases. Of these, BRAF mutations in the PTC lesion and 
NRAS mutations in the FTC lesion have been reported 
[3, 11]. TERT promoter mutation was examined in only 
1 case and no mutation was detected [11]. The present 
case clearly demonstrated differences in the PTC and 
FTC lesions in terms of the morphology, immunopheno-
type and genetic alterations, including a TERT promoter 
mutation.

The BRAF (V600E) mutation is the most frequently 
detected genetic mutation in PTC and is found in 
35–80% of adult cases of PTC [16–19]. The substitution 
of the 600th codon from valine to glutamate causes sus-
tained BRAF activation. BRAF mutation-positive PTC 
have been reported to have a higher frequency of extra-
thyroidal extension, lymph node metastasis and tumor 
recurrence, which has been correlated with tumor death 
[19]. RAS mutations are associated with the development 
of many cancers and are detected in 40–60% of FTC and 
20–40% of follicular adenomas in the thyroid gland. The 
most frequent is the NRASQ61R mutation; BRAF and 
RAS mutations are mutually exclusive. HRAS and KRAS 
mutations in FTC have also been reported [20, 21]. Taken 
together, PTC is tipically BRAF-driven and FTC is tipi-
cally RAS-driven [13]. As previously documented, the 
collesion / co-existence of PTC and FTC is extremely 
rare. It is ideal that definite pathological diagnosis has 
done not only morphological findings but also genetic 
finding of BRAF and RAS (tipically NRAS codon 61) 
mutation when the collesion / co-existence of PTC and 
FTC is histlogically suspected.

TERT promoter mutations are genomic abnormalities 
in thyroid cancer, and are reported to occur in 5–15% 
of PTC. Papillary carcinomas with TERT promoter 
mutations are usually characterized as being mainly 

found in older patients, having larger tumor sizes, fre-
quent lymph node and distant metastases, advanced 
TNM stages, and more recurrences. TERT promoter 
mutations are strongly associated with their clinico-
pathologically aggressive features [22]. In the present 
case, genetic analysis revealed a TERT promoter muta-
tion in the PTC lesion. Despite the its morphology was 
not met the criteria of DHGTC, the PTC lesion in the 
present case showed aggressive behavior, such as extra-
thyroidal invasion, multiple lymph node metastases, 
tumor recurrence and a fatal clinical outcome. These 
findings were consistent with the characteristics of PTC 
with a TERT promoter mutation.

In conclusion, we have reported a very rare case of a 
collision tumor of PTC and FTC, which was success-
fully diagnosed by pathological examinations using 
IHC and genetic analyses. This is the first case of the 
collision / coexistence of PTC and FTC in which TERT 
promoter mutation is confirmed. The TERT promoter 
mutation in the PTC lesion accounted for its aggressive 
behavior.
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