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A b s t r a c t

The follicular variant (FV) of papillary thyroid
carcinoma is characterized by a follicular growth
pattern and cytologic features of papillary carcinoma.
ret/PTC rearrangements are common in classic
papillary thyroid carcinoma (PTC) and PAX8-PPARγ
and ras mutations in follicular thyroid carcinoma. Their
prevalence in FV has not been established. We studied
these genetic alterations and clinical-pathologic
features in 30 FV cases and compared those with 46
non-FV papillary carcinomas. FV cases revealed 1
ret/PTC rearrangement (3%) and 13 ras mutations
(43%). Non-FV cases harbored 13 ret/PTC (28%) (P =
.006) and no ras mutations (P = .0002). No PAX8-
PPARγ was found in either group. FV cases
demonstrated a significantly higher prevalence of tumor
encapsulation, angiovascular invasion, and poorly
differentiated areas and a lower rate of lymph node
metastases. These data indicate that the FV of papillary
carcinoma has a distinct set of molecular alterations
and is characterized by a high frequency of ras point
mutations.

The follicular variant (FV) of papillary thyroid carci-
noma (PTC) originally was described by Lindsay1 in 1960
and further characterized as a distinct variant by Chen and
Rosai,2 who realized that, despite the follicular architecture,
tumors with nuclear features of papillary carcinoma have
biologic properties of papillary rather than follicular cancer.

In many cases, histologic diagnosis of the FV is straight-
forward and based on characteristic nuclear features of papil-
lary carcinoma and invasive growth or lymph node metas-
tases. The nuclear features include nuclear enlargement and
overlapping, oval shape, irregularity of nuclear contours,
dispersion of heterochromatin (ground-glass nuclei), nuclear
grooves, and intranuclear cytoplasmic pseudoinclusions.3,4

However, some tumors are totally encapsulated and show no
extension beyond the thyroid gland, so that the diagnosis of
malignancy rests solely on the cytologic features. To compli-
cate the situation further, some tumors exhibit only a few of
the characteristic nuclear features or they are present only
focally, while the rest of the lesion has a totally benign
appearance. Correct diagnosis in such cases is important
since the FV of papillary carcinoma has the potential for
lymphatic and hematogenous spread and needs to be treated
as a malignancy. Indeed, a number of studies report distant
metastases to the lungs and bones5,6 and other unusual sites7,8

from the tumors diagnosed as an FV of papillary carcinoma.
Note that distant metastases occasionally develop from an
encapsulated FV, although in most of these cases, capsular or
vascular invasion by the primary tumor is present.9,10

As a result, histologic diagnosis of the encapsulated FV
of papillary carcinoma remains one of the most difficult and
controversial areas in thyroid surgical pathology and has been
a subject of extensive debate in the pathology literature.10-14
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Surprisingly, little is known about the molecular alterations
in the FV, especially with respect to the mutations common
in classic papillary carcinomas and in follicular thyroid
tumors.

Papillary thyroid cancer is characterized by the
rearrangement of the ret tyrosine kinase receptor gene, also
known as ret/PTC rearrangement. Several types of ret/PTC
exist, all formed by the fusion of the tyrosine kinase portion
of ret with 5'-portions of different genes. ret/PTC generally is
believed to be restricted to the papillary type of thyroid carci-
noma and is found in 11% to 43% of these tumors.15-21 In
most populations, ret/PTC1 is the most common type,
followed by ret/PTC3, which together constitute the vast
majority of all rearrangements, whereas ret/PTC2 and
several novel types are rare.15,20,21

Recently, a new PAX8-PPARγ gene fusion has been
identified in follicular carcinomas with a cytogenetically
detectable translocation t(2;3)(q13;p25).22 This rearrange-
ment is restricted to follicular thyroid tumors and has been
found so far in follicular carcinomas (53%-63%) and in
some follicular adenomas (8%-13%) but not in papillary
carcinomas, Hürthle cell tumors, or hyperplastic nodules.22-24

Activating point mutations of the ras genes occur in
codons 12, 13, or 61 of H-ras, K-ras, and N-ras. They typi-
cally are found in follicular carcinomas (18%-52%) and
follicular adenomas (24%-53%).25-30 However, they are not
specific for the follicular type of thyroid neoplasms and also
have been reported in papillary carcinomas, although with a
significantly lower frequency (0%-21%).27,31-36

These molecular alterations have not been analyzed
comprehensively in the FV of papillary carcinoma. In the
present study, we determined the prevalence of ret/PTC,
PAX8-PPARγ, and ras mutations in the FV and compared
those with other types of papillary carcinoma.

Materials and Methods

Sample Selection and Criteria for Tumor Classification

We obtained 30 cases of FV and 46 cases of non-FV
papillary carcinoma from the University Hospital,
Cincinnati, OH, and Emory University Hospital, Atlanta,
GA, or through the Cooperative Human Tissue Network.
Tumors were classified as FV when (1) the primary
tumor demonstrated exclusively or predominantly a
follicular growth pattern (more than two thirds) and no
well-formed papillary structures, and (2) characteristic
nuclear features of papillary carcinoma were present in
most cells within the tumor nodule or well developed in
focal areas only, but the tumor also exhibited lymph node
metastases or capsular or vascular invasion ❚Image 1❚.
The second criterion was used to avoid overdiagnosing
benign follicular lesions. The non-FV group included 43
papillary carcinomas with classic papillary growth, 2
solid variants, and 1 diffuse sclerosing variant of papil-
lary carcinoma. In all cases, snap-frozen tissue was used
for the analysis.
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❚Image 1❚ Typical microscopic features of the follicular variant of papillary carcinoma. A, Encapsulated nodule composed
predominantly of variable-shaped follicles with focal areas of trabecular or solid growth but no well-formed papillary structures.
Note vascular invasion by the tumor (arrow) (H&E, ×20). B, Characteristic cytologic features of papillary carcinoma: nuclear
enlargement and overlapping, optical clear appearance of nuclei, oval shape and irregularity of nuclear contours, and nuclear
pseudoinclusions (inset) (H&E, ×200; inset: H&E, ×400).
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Nucleic Acid Isolation and Reverse Transcription
DNA was isolated using the phenol-chloroform method

and RNA using Trizol reagent (Invitrogen, Carlsbad, CA) as
previously described.21,37 Reverse transcription was
performed with 3 µg of total RNA in a volume of 20 µL
using random hexamer priming and Superscript II RT (Invit-
rogen), according to the manufacturer’s protocol. All
complementary DNA (cDNA) samples were tested for the
adequacy of RNA by amplifying a 247-base-pair control
sequence of the PGK (3-phosphoglycerate kinase) gene as
reported elsewhere.38

Detection of ret/PTC Rearrangement

cDNA samples were analyzed for ret/PTC1 and
ret/PTC3 rearrangement using polymerase chain reaction
(PCR) with primers flanking the fusion point between the
H4 and ret genes to detect ret/PTC1, and with primers
flanking the fusion point between the ELE1 (RFG) and ret
genes to detect ret/PTC3 as previously reported.21 Ten
microliters of each PCR product was electrophoresed in a
1.5% agarose gel and stained by ethidium bromide. In
selected cases, PCR products were sequenced after purifica-
tion through a Microcon PCR kit (Millipore, Bedford, MA)
using an automated ABI model 377 sequencer (Applied
Biosystems, Foster City, CA). Sensitivity of the reverse tran-
scriptase PCR assay using 35 cycles of amplification was
tested and found sufficient to detect at least 103 cells with
each rearrangement admixed with up to 106 cells without the
rearrangement.

Detection of the PAX8-PPARγ Rearrangement

cDNA samples were analyzed for the PAX8-PPARγ
rearrangement by PCR with the upstream primers located in
exons 7, 8, or 9 of PAX8 paired with a downstream primer in
exon 1 of PPARγ as previously described.23 PCR products
were resolved by electrophoresis in a 1.5% agarose gel and,
in selected cases, sequenced using an automated ABI model
377 sequencer.

Detection of ras Point Mutations

Point mutations in codons 12/13 and 61 of the H-ras, K-
ras, and N-ras genes were detected using LightCycler
(Roche Diagnostics, Mannheim, Germany) real-time PCR
followed by fluorescence melting curve analysis as previ-
ously described.39 Briefly, to analyze 6 hot spots for ras
mutations, 6 pairs of primers and complementary internal
probes, with 1 probe designed to span the mutation site, were
obtained, and products were distinguished based on their
distinct melting temperatures, which reflect the thermody-
namic stability of the perfectly complementary and
mismatched probe-target duplexes. Normal placental DNA
was used as a negative control, and DNA from cell lines with

known ras mutations served as a positive control.37 All PCR
products showing deviation from the wild-type melting peak
(placental DNA) were sequenced to verify the presence of a
ras mutation and the exact nucleotide change.

Statistical Analysis

Statistical analysis was performed using the Student t
test for continuous data and the z test or Fisher exact test for
proportions. The difference between 2 values was considered
significant when the probability of P was less than .05.

Results

ret/PTC Rearrangements

Fourteen ret/PTC rearrangements were identified in the
total of 76 papillary carcinomas studied. Among FV papil-
lary carcinomas, 1 tumor was found positive, and it harbored
the ret/PTC3 rearrangement ❚Image 2❚ (left panel). Among
non-FV tumors, 9 ret/PTC1 and 4 ret/PTC3 rearrangements
were identified (Image 2, right panel). The difference in
prevalence of ret/PTC between the 2 groups was statistically
significant (P = .006) ❚Table 1❚.

PAX8-PPARγγ Rearrangement

All samples were studied for PAX8-PPARγ rearrange-
ment using reverse transcriptase PCR with primers designed
to detect various fusion points between the PAX8 and PPARγ
genes. No rearrangement was detected in tumors from either
group, while all positive controls showed strong amplifica-
tion (data not shown).

ras Mutations

Thirteen ras mutations were detected by LightCycler
PCR and fluorescence melting curve analysis ❚Figure 1❚. All
were found in the FV papillary carcinomas and none in the
non-FV group (P = .0002) (Table 1). The mutations were
located in N-ras codon 61 and H-ras codon 61; N-ras codon
61 CAA→CGA was the most common ❚Table 2❚. All muta-
tions were heterozygous and were confirmed by direct
sequencing.

Clinical-Pathologic Features and Genotype-Phenotype
Correlations

Clinical-pathologic features of tumor groups are
summarized in ❚Table 3❚. As evident in Table 3, several
statistically significant differences between the FV and non-
FV papillary carcinomas were found. Specifically, FV
showed a higher prevalence of tumor encapsulation and
vascular invasion, whereas non-FV had a higher rate of
regional lymph node metastases. In addition, 3 papillary
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carcinomas with focal areas of poorly differentiated
(insular) carcinoma were all FV tumors. Non-FV tumors
demonstrated a slightly higher frequency of extrathyroidal
extension (24% vs 13%), but the difference was not statisti-
cally significant. No difference was observed between the
groups in age, sex, tumor size, or local recurrence and
distant metastases after a limited follow-up period (3
months to 3.2 years).
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❚Image 2❚ Detection of ret/PTC1 and ret/PTC3 rearrangements in follicular variant (FV; left) and non-FV papillary carcinomas
(right) using reverse transcriptase–polymerase chain reaction and agarose gel electrophoresis. L, 123-base-pair ladder; NC,
negative control; PC, positive control.

❚Table 1❚
Prevalence of Genetic Alterations in Follicular Variant (FV)
and Non-FV Papillary Carcinomas*

ret/PTC ras PAX8-PPARγγ

FV (n = 30) 1 (3)† 13 (43)‡ 0 (0)
Non-FV (n = 46) 13 (28) 0 (0) 0 (0)

* Data are given as number (percentage).
† P = .006 compared with non-FV.
‡ P = .0002 compared with non-FV.
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❚Figure 1❚ Detection of ras point mutations using LightCycler fluorescence melting curve analysis of polymerase chain reaction
products. A, N-ras codon 61 mutations manifested as a shift in melting temperature (Tm) from 62.1°C in the wild-type (WT)
(CAA) to 57.8°C in the CAA→CGA mutation and to 53.7°C in the CAA→AAA mutation. B, H-ras codon 61 mutations manifested
as a Tm change from 66.4°C in the WT (CAG) to 61.7°C in the CAG→CGG mutation and to 58.8°C in the CAG→AAG mutation.
Note that all mutations were heterozygous since each product showed both a mutant and a wild-type peak.
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When tumors positive for ras mutations (13 cases) were
compared with all ras-negative papillary carcinomas irre-
spective of the variant (63 cases), ras mutations showed a
significant correlation with tumor encapsulation (54% vs
19%; P = .008), presence of poorly differentiated areas
(15% vs 2%; P = .02), and lack of lymph node metastases
(8% vs 52%; P = .003). When all tumors harboring a
ret/PTC rearrangement (14 cases) were compared in a
similar way with tumors without the rearrangement (62
cases), a significant correlation was observed between
ret/PTC and presence of lymph node metastases (71% vs
39%; P = .03). Within the group of FV papillary carci-
nomas, there was no statistically significant difference
between tumors positive (13 cases) and negative (17 cases)
for ras mutations with respect to tumor encapsulation (54%
vs 44%) or other clinical-pathologic features.

Discussion

We report herein that the FV of papillary carcinoma has
a distinct set of molecular alterations and is characterized by
a high prevalence of ras point mutations and a low preva-
lence of ret/PTC and PAX8-PPARγ rearrangements. This
molecular profile differs significantly from those of classic
papillary carcinomas, which have a significant incidence of
ret/PTC rearrangement and no ras mutations. It has been
known for a long time that ras mutations are common in
follicular carcinomas and follicular adenomas and also are
present in a fraction of papillary carcinomas. Our data
demonstrate for the first time that virtually all papillary
carcinomas with ras mutations have a follicular growth
pattern.

As for the clinical-pathologic features, we observed no
difference between FV and non-FV papillary carcinomas in
patients’ demographic characteristics, tumor size, or important

markers of tumor aggressiveness, including extrathyroidal
extension, local recurrence, and distant metastases. On the
other hand, the FV tumors demonstrated a significantly
lower rate of regional lymph node metastases and a higher
frequency of tumor encapsulation and vascular invasion.
This finding is in accordance with the finding in 2 large
series of FV papillary carcinomas, in which a significantly
higher frequency of total or partial encapsulation and a lower
rate of lymph node metastases were found in FV tumors in
comparison with classic papillary carcinomas.40,41 Our data
suggest that distinct genetic alterations in FV and non-FV
papillary carcinomas may be responsible to a significant
degree for these phenotypic differences. The clearest
example is a prevalence of lymph node metastases, which
had a significant positive correlation with ret/PTC rearrange-
ment and a negative correlation with ras mutations.

We also observed that all 3 cases of papillary carcinoma
with focal areas of poorly differentiated (insular) carcinoma
belonged to the FV group, and 2 of them had ras mutations.
It is known that well-differentiated papillary and follicular
carcinomas may undergo dedifferentiation and give rise to
poorly differentiated and anaplastic thyroid carcinomas. Our
findings indicate that papillary carcinomas with a follicular
growth pattern may undergo such progression, possibly even
with a higher frequency than classic papillary carcinoma,
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❚Table 2❚
Spectrum and Prevalence of ras Mutations Found in
Follicular Variant Papillary Carcinomas*

Location Mutation No. (%) of Mutations

N-ras codon 61 CAA→CGA 9 (69)
CAA→AAA 1 (8)

H-ras codon 61 CAG→AAG 2 (15)
CAG→CGG 1 (8)

Total — 13 (100)

❚Table 3❚
Comparison of Clinical-Pathologic Features in Two Tumor Groups*

Papillary Carcinoma

Feature Non–Follicular Variant (n = 46) Follicular Variant (n = 30) P†

Female:male ratio 1.6:1 2.3 :1 .68
Mean ± SD age at diagnosis (y) 40.2 ± 19.5 42 ± 16.8 >.2
Mean ± SD size (cm) 2.9 ± 1.6 3.4 ± 1.9 >.2
Cervical lymph node metastases 30 (65) 4 (13) .0002
Extrathyroidal extension 11 (24) 4 (13) .18
Tumor encapsulation 4 (9) 15 (50) .0002
Distant metastases 2 (4) 1 (3) .8
Local recurrence 3 (7) 0 (0) .16
Areas of poorly differentiated carcinoma 0 (0) 3 (10) .035
Vascular invasion 1 (2) 6 (20) .01

* Data are given as number (percentage) unless otherwise indicated.
† Statistically significant values are boldface.
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and in a considerable proportion of cases, it is associated
with the presence of a ras mutation.

In the present study, either ras or ret/PTC mutations
were found in 47% (14/30) of FV tumors. This indicates that
other and still unknown genetic alterations govern tumor
initiation in the remaining cases. Candidates include genes
involved in a translocation t(3;5)(q12;p15.3) identified in 1
FV carcinoma.42 Another possible tumor suppressor gene is
on chromosome 22q, as implicated by loss of heterozygosity
at this region and loss of the entire chromosome 22 reported
in some FV papillary carcinomas.42,43 However, the analysis
of loss of heterozygosity for markers D22S156 and
D22S1043 on 22q11 and 22q13 revealed only 13% of cases
with allelic loss among 13 FV papillary carcinomas studied
(Z.Z. and Y.E.N., unpublished data, 2003).

In summary, the FV is a distinct variant of papillary
carcinoma that shows frequent encapsulation of the tumor
nodule and a low rate of lymph node metastases. On the
molecular level, it is characterized by a high prevalence of
ras mutations, a low prevalence of the papillary
cancer–specific ret/PTC rearrangement, and absence of the
follicular cancer–specific PAX8-PPARγ rearrangement.

From the Departments of 1Pathology and Laboratory Medicine,
University of Cincinnati, Cincinnati, OH; and 2Pathology,
University of Massachusetts School of Medicine, Worcester.

Supported by grant R01 CA88041 from the National
Institutes of Health (NIH), Bethesda, MD (Dr Nikiforov).
Collection of tissue samples was supported in part by grant PHS
M01 RR08084 from the NIH to the Children’s Hospital-University
of Cincinnati General Clinical Research Center Tissue
Procurement Facility and through the Cooperative Human Tissue
Network, which is funded by the National Cancer Institute.

Address reprint requests to Dr Nikiforov: Dept of Pathology,
University of Cincinnati, 231 Albert Sabin Way, PO Box 670529,
Cincinnati, OH 45267-0529.

References
1. Lindsay S. Carcinoma of the Thyroid Gland: A Clinical and

Pathologic Study of 293 Patients at the University of California
Hospital. Springfield, IL: Charles C Thomas; 1960.

2. Chen KT, Rosai J. Follicular variant of thyroid papillary
carcinoma: a clinicopathologic study of six cases. Am J Surg
Pathol. 1977;1:123-130.

3. Rosai J, Carcangiu ML, DeLellis RA. Tumors of the Thyroid
Gland. Washington, DC: Armed Forces Institute of
Pathology; 1992. Atlas of Tumor Pathology; Third Series,
Fascicle 5.

4. LiVolsi VA. Surgical Pathology of the Thyroid. Philadelphia,
PA: Saunders; 1990.

5. Rosai J, Zampi G, Carcangiu ML. Papillary carcinoma of the
thyroid: a discussion of its several morphologic expressions,
with particular emphasis on the follicular variant. Am J Surg
Pathol. 1983;7:809-817.

6. Tickoo SK, Pittas AG, Adler M, et al. Bone metastases from
thyroid carcinoma: a histopathologic study with clinical
correlates. Arch Pathol Lab Med. 2000;124:1440-1447.

7. Smallridge RC, Castro MR, Morris JC, et al. Renal metastases
from thyroid papillary carcinoma: study of sodium iodide
symporter expression. Thyroid. 2001;11:795-804.

8. Loureiro MM, Leite VH, Boavida JM, et al. An unusual case
of papillary carcinoma of the thyroid with cutaneous and
breast metastases only. Eur J Endocrinol. 1997;137:267-269.

9. Baloch ZW, LiVolsi VA. Encapsulated follicular variant of
papillary thyroid carcinoma with bone metastases. Mod
Pathol. 2000;13:861-865.

10. Chan JK. Strict criteria should be applied in the diagnosis of
encapsulated follicular variant of papillary thyroid carcinoma
[editorial]. Am J Clin Pathol. 2002;117:16-18.

11. Williams ED. Guest Editorial: Two proposals regarding the
terminology of thyroid tumors. Int J Surg Pathol. 2000;8:181-
183.

12. Baloch ZW, Gupta PK, Yu GH, et al. Follicular variant of
papillary carcinoma: cytologic and histologic correlation. Am
J Clin Pathol. 1999;111:216-222.

13. Baloch ZW, Livolsi VA. Follicular-patterned lesions of the
thyroid: the bane of the pathologist. Am J Clin Pathol.
2002;117:143-150.

14. Renshaw AA, Gould EW. Why there is the tendency to
“overdiagnose” the follicular variant of papillary thyroid
carcinoma. Am J Clin Pathol. 2002;117:19-21.

15. Tallini G, Santoro M, Helie M, et al. RET/PTC oncogene
activation defines a subset of papillary thyroid carcinomas
lacking evidence of progression to poorly differentiated or
undifferentiated tumor phenotypes. Clin Cancer Res.
1998;4:287-294.

16. Jhiang SM, Caruso DR, Gilmore E, et al. Detection of the
PTC/retTPC oncogene in human thyroid cancers. Oncogene.
1992;7:1331-1337.

17. Santoro M, Carlomagno F, Hay ID, et al. ret oncogene
activation in human thyroid neoplasms is restricted to the
papillary cancer subtype. J Clin Invest. 1992;89:1517-1522.

18. Lam AK, Montone KT, Nolan KA, et al. ret oncogene
activation in papillary thyroid carcinoma: prevalence and
implication on the histological parameters. Hum Pathol.
1998;29:565-568.

19. Sugg SL, Ezzat S, Zheng L, et al. Oncogene profile of papillary
thyroid carcinoma. Surgery. 1999;125:46-52.

20. Bongarzone I, Vigneri P, Mariani L, et al. RET/NTRK1
rearrangements in thyroid gland tumors of the papillary
carcinoma family: correlation with clinicopathological
features. Clin Cancer Res. 1998;4:223-228.

21. Nikiforova MN, Caudill CM, Biddinger P, et al. Prevalence of
RET/PTC rearrangements in Hashimoto’s thyroiditis and
papillary thyroid carcinomas. Int J Surg Pathol. 2002;10:15-22.

22. Kroll TG, Sarraf P, Pecciarini L, et al. PAX8-PPARgamma1
fusion oncogene in human thyroid carcinoma [corrected].
Science. 2000;289:1357-1360.

23. Nikiforova MN, Biddinger PW, Caudill CM, et al. PAX8-
PPARgamma rearrangement in thyroid tumors: RT-PCR and
immunohistochemical analyses. Am J Surg Pathol.
2002;26:1016-1023.

24. Marques AR, Espadinha C, Catarino AL, et al. Expression of
PAX8-PPAR gamma 1 rearrangements in both follicular
thyroid carcinomas and adenomas. J Clin Endocrinol Metab.
2002;87:3947-3952.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/120/1/71/1759108 by guest on 10 April 2024



Am J Clin Pathol 2003;120:71-77     77
77 DOI: 10.1309/ND8D9LAJTRCTG6QD 77

© American Society for Clinical Pathology

Anatomic Pathology / ORIGINAL ARTICLE

25. Lemoine NR, Mayall ES, Wyllie FS, et al. High frequency of
ras oncogene activation in all stages of human thyroid
tumorigenesis. Oncogene. 1989;4:159-164.

26. Suarez HG, du Villard JA, Severino M, et al. Presence of
mutations in all three ras genes in human thyroid tumors.
Oncogene. 1990;5:565-570.

27. Namba H, Rubin SA, Fagin JA. Point mutations of ras
oncogenes are an early event in thyroid tumorigenesis. Mol
Endocrinol. 1990;4:1474-1479.

28. Shi YF, Zou MJ, Schmidt H, et al. High rates of ras codon 61
mutation in thyroid tumors in an iodide-deficient area. Cancer
Res. 1991;51:2690-2693.

29. Esapa CT, Johnson SJ, Kendall-Taylor P, et al. Prevalence of
ras mutations in thyroid neoplasia. Clin Endocrinol (Oxf).
1999;50:529-535.

30. Motoi N, Sakamoto A, Yamochi T, et al. Role of ras mutation
in the progression of thyroid carcinoma of follicular epithelial
origin. Pathol Res Pract. 2000;196:1-7.

31. Lemoine NR, Mayall ES, Wyllie FS, et al. Activated ras
oncogenes in human thyroid cancers. Cancer Res.
1988;48:4459-4463.

32. Karga H, Lee JK, Vickery AL Jr, et al. ras oncogene mutations
in benign and malignant thyroid neoplasms. J Clin Endocrinol
Metab. 1991;73:832-836.

33. Manenti G, Pilotti S, Re FC, et al. Selective activation of ras
oncogenes in follicular and undifferentiated thyroid
carcinomas. Eur J Cancer. 1994;30A:987-993.

34. Hara H, Fulton N, Yashiro T, et al. N-ras mutation: an
independent prognostic factor for aggressiveness of papillary
thyroid carcinoma. Surgery. 1994;116:1010-1016.

35. Ezzat S, Zheng L, Kolenda J, et al. Prevalence of activating ras
mutations in morphologically characterized thyroid nodules.
Thyroid. 1996;6:409-416.

36. Basolo F, Pisaturo F, Pollina LE, et al. N-ras mutation in
poorly differentiated thyroid carcinomas: correlation with
bone metastases and inverse correlation to thyroglobulin
expression. Thyroid. 2000;10:19-23.

37. Nikiforov YE, Nikiforova MN, Gnepp DR, et al. Prevalence
of mutations of ras and p53 in benign and malignant thyroid
tumors from children exposed to radiation after the
Chernobyl nuclear accident. Oncogene. 1996;13:687-693.

38. Argani P, Zakowski MF, Klimstra DS, et al. Detection of the
SYT-SSX chimeric RNA of synovial sarcoma in paraffin-
embedded tissue and its application in problematic cases. Mod
Pathol. 1998;11:65-71.

39. Nikiforova MN, Lynch RA, Biddinger PW, et al. ras point
mutations and PAX8-PPARγ rearrangement in thyroid
tumors: evidence for distinct molecular pathways in thyroid
follicular carcinoma. J Clin Endocrinol Metab. In press.

40. Tielens ET, Sherman SI, Hruban RH, et al. Follicular variant
of papillary thyroid carcinoma: a clinicopathologic study.
Cancer. 1994;73:424-431.

41. Jain M, Khan A, Patwardhan N, et al. Follicular variant of
papillary thyroid carcinoma: a comparative study of
histopathologic features and cytology results in 141 patients.
Endocr Pract. 2001;7:79-84.

42. Smit JW, Van Zelderen-Bhola S, Merx R, et al. A novel
chromosomal translocation t(3;5)(q12;p15.3) and loss of
heterozygosity on chromosome 22 in a multifocal follicular
variant of papillary thyroid carcinoma presenting with skin
metastases. Clin Endocrinol (Oxf). 2001;55:543-548.

43. Perissel B, Coupier I, De Latour M, et al. Structural and
numerical aberrations of chromosome 22 in a case of follicular
variant of papillary thyroid carcinoma revealed by
conventional and molecular cytogenetics. Cancer Genet
Cytogenet. 2000;121:33-37.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/120/1/71/1759108 by guest on 10 April 2024



First and Only FDA Cleared 
Digital Cytology System

Make a Greater Impact on Cervical Cancer  
with the Advanced Technology of the  
Genius™ Digital Diagnostics System

Empower Your Genius With Ours

Genius™ Review Station

Genius™ Cervical AI

Genius™ Digital Imager

Click or Scan  
to discover more

ADS-04159-001 Rev 001 © 2024 Hologic, Inc. All rights reserved. Hologic, Genius, and associated logos are trademarks and/
or registered trademarks of Hologic, Inc. and/or its subsidiaries in the United States and/or other countries. This information 
is intended for medical professionals in the U.S. and other markets and is not intended as a product solicitation or promotion 
where such activities are prohibited. Because Hologic materials are distributed through websites, podcasts and tradeshows, it 
is not always possible to control where such materials appear. For specific information on what products are available for sale 
in a particular country, please contact your Hologic representative or write to diagnostic.solutions@hologic.com.

https://www.hologic.com/hologic-products/cytology/genius-digital-diagnostics-system?&utm_source=pdf&utm_medium=pdf_attachment&utm_campaign=genius&utm_content=feb_2024_genius_pdfprint_ads

