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Definition and classification criteria - The term “poorly differentiated (PD) carcinoma” has
been proposed twenty years ago to definea thyroglobulin-producing non-follicular, non-
papillary thyroid carcinoma, having an intermediate behavior between well differentiated and
anaplastic carcinomas (1-10). In the 2004 WHO classification of Endocrine Tumors (11), PD
carcinomas have been introduced as a separate entity, and their recognition has been proposed on
both architectural and high-grade cellular features. In fact, PD carcinomas have been defined
according to both their non-follicular/non-papillary growth pattern, being trabecular/insular/solid
(TIS) areas usually predominant, and their unequivocal high grade histology, with atypias, high
mitotic count and necrosis. By definition, high grade variants (i.e. tall cell or columnar) of
papillary carcinomas have been excluded from the PD tumor group. However, in the diagnostic
practice the above mentioned criteria are still controversial and heterogeneously applied, some
overlap therefore existing between other tumor categories: these include the solid variant of
papillary carcinoma and well-differentiated follicular carcinomas with predominant
solid/trabecular growth patterns.

A diagnostic algorithm for the diagnosis of PD carcinomas has recently been proposed, as the
result of a consensus conference held in Turin, involving 12 pathologists from Japan, US, and
Europe (12). An agreement was reached concerning the diagnostic criteria which were proposed
as follows:

(1) presence of a solid/trabecular/insular (STI) pattern of growth in an otherwise malignant
thyroid lesion. It is important to note that these different growth patterns are usually admixed in
the same tumor, and to an extent not clearly settled for the diagnosis of PD carcinoma (“the
majority of the tumor” is mentioned as a requirement in the WHO book) (12).

(2) absence of the conventional nuclear features of papillary carcinoma. One of the most
common sources of disagreement in the diagnosis of PD carcinoma is represented by the solid
variant of papillary carcinoma which is characterized by a solid/trabecular growth pattern, in the
presence of the diagnostic nuclear features of papillary carcinoma. Since it has been
demonstrated to bear a significantly better prognosis than PD carcinoma in the adult population
(13), this tumor type should be kept separate.

(3) presence of at least one of the following features: convoluted nuclei; mitotic activity
>3x10 HPF; tumor necrosis. Convoluted nuclei are defined as small round hyperchromatic
nuclei with convolutions of the nuclear membrane, which are smaller and darker, with irregular
(“‘convoluted’” or ‘‘raisin-like’’) contours as compared to the typical nuclei of papillary
carcinoma, but with only occasional grooves and loss of ground-glass appearance and
pseudoinclusions. These changes are believed to reflect de-differentiation of the papillary
carcinoma, with loss of many of its characteristic nuclear features, but preservation of the
irregularity of nuclear contours. Concerning high grade features such as high mitotic activity and
necrosis, they represent strong negative prognostic indicators in thyroid carcinoma (14,15).
Therefore, the presence of at least one of those high-grade parameters was incorporated at a
certain step of the proposed diagnostic algorithm. However, necrosis and mitotic activity
(although present in most of the cases that were grouped as PD carcinomas) were not considered



patognomonic criteria by themselves, because they may also be recognised in otherwise well-
differentiated carcinomas.

Molecular data - Since the original insular carcinoma description by Carcangiu and coworkers
(3), both follicular and papillary derivations have been considered for PD carcinoma (6,8,16). To
define PD carcinoma histogenesis, several molecular alterations have been investigated. TP53
mutations were described in a subset of PD carcinomas by different authors (17,18), and
proposed as a molecular marker of thyroid tumor dedifferentiation and progression, despite the
limited case series analysed. Ras point mutations were found in variable proportions of PD
carcinomas and associated to prognosis, being N-ras mutations exclusively present in some
reports (4,19) whereas K-ras more prevalent in others (20). Conversely, data concerning -
catenin mutations in PD carcinomas are controversial, having been detected in none (21) or in up
to 32% (22) of the cases analyzed. Recent molecular evidence have shown that a link of PD
carcinoma and papillary carcinoma exists, since activating BRAF mutations have been detected
in a series of PD carcinomas having residual papillary carcinoma foci (23), but not in PD
carcinoma cases lacking such morphological link to papillary carcinoma (24). RET/PTCI1
rearrangements were also found in a small fraction of PD carcinomas having the nuclear features
and/or (residual) foci of papillary carcinoma (25).

As a matter of fact, all the above mentioned molecular studies are difficult to compare
due to the heterogeneous inclusion criteria. In this perspective, a collaborative study was
designed with dr Y. Nikiforov (University of Pittsburg) based on a series of 63 PD carcinomas,
re-classified according to the recently proposed diagnostic algorithm. ras point mutations were
found as the exclusive molecular alteration in a subset of 23% of cases, being N-ras 61 codon
mutation by far the most common. One single case arising from a tall cell variant of papillary
carcinoma harbored a BRAF mutation. No RET/PTC or PAX8/PPARY rearrangements were
found (Volante, Nikiforov et al, manuscript in preparation). Taken together, these findings and
previous literature data support the hypothesis that PD carcinomas may de-differentiate from
both well differentiated conventional follicular and papillary carcinomas, following a distinct
molecular pathway involving ras molecular alterations that are alternative to the involvement of
BRAF or RET/PTC for papillary carcinomas and PAX8/PPARY for follicular carcinomas.

Back to morphology - Molecular data are limited by the heterogeneous case series analyzed, but
apparently identify ras alterations as the most common molecular signature in strictly re-
classified PD carcinomas, depicting a peculiar molecular pathway in this tumor type as
compared to well differentiated follicular and papillary carcinomas. Unfortunately, PD
carcinoma of the thyroid has been heterogeneously defined and interpreted in the world.
Nevertheless, large tumor series selected on the basis of structural and/or other morphological
criteria showed that PD carcinomas have a distinct biological behavior, justifying the
classification of these tumors into a separate group (also encompassing solid/trabecular
oncocytic carcinomas). The call back to morphology is therefore meant to homogeneously
classify thyroid carcinomas with poorly differentiated features, applying strict and reproducible
diagnostic criteria. The recent Japanese study (26) aimed to investigate the prevalence and
clinical significance of “three types of poorly differentiated carcinoma” as defined by Sakamoto
(1), the WHO classification (11) and the Turin proposal (12), as well as of the tall cell variant of
papillary carcinoma in a large series of thyroid cancers with papillary features, confirmed that
different tumor groups are identified by the different inclusion criteria and showed that
significant differences among the groups were also present in terms of survival, being cases
identified according to the Turin proposal those associated to the worst survival rates.



Key words — Thyroid, poorly differentiated carcinoma, diagnostic algorithm, ras oncogene, solid
insular growth.

REFERENCES

1. Sakamoto A, Kasai N, Sugano H. Poorly differentiated carcinoma of the thyroid. A clinicopathologic
entity for a high-risk group of papillary and follicular carcinomas. Cancer 52:1849-1855, 1983.

2. Cabanne F, Gerard-Marchant R, Heimann R, Williams ED. Tumeurs malignes du corps thyroide.
Problemes de diagnostic histopathologique. A propos de 692 Iesions recuilles par le groupe cooperateur
de 'O.E.R.T.C. Ann Anat Pathol 19:129-148, 1974.

3. Carcangiu ML, Zampi G, Rosai J. Poorly differentiated ("insular") thyroid carcinoma. Am J Surg
Pathol 8:655-668, 1984.

4. Pilotti S, Collini P, Mariani L, Placucci M, Bongarzone I, Vigneri P, Cipriani S, Falcetta F, Miceli R,
Pierotti MA, Rilke F. Insular carcinoma: a distinct de novo entity among follicular carcinomas of the
thyroid gland. Am J Surg Pathol 21:1466-1473, 1997.

5. Sobrinho-Simoes M, Sambade C, Fonseca E, Soares P. Poorly differentiated carcinomas of the
thyroid gland: a review of the clinicopathologic features of a series of 28 cases of a heterogeneous,
clinically aggressive group of thyroid tumors. Int J Surg Pathol 10:123-131, 2002.

6. Nishida T, Katayama S, Tsujimoto M, Nakamura J, Matsuda H. Clinicopathological significance of
poorly differentiated thyroid carcinoma. Am J Surg Pathol 23:205-211, 1999.

7. Ljungberg O, Bondeson L, Bondeson AG. Differentiated thyroid carcinoma, intermediate type: a new
tumor entity with features of follicular and parafollicular cell carcinoma. Hum Pathol 15:218-228, 1984.
8. Papotti M, Botto Micca F, Favero A, Palestini N, Bussolati G. Poorly differentiated thyroid
carcinomas with primordial cell component. A group of aggressive lesions sharing insular, trabecular,
and solid patterns. Am J Surg Pathol 17:291-301, 1993.

9. Byar DP, Green SB, Dor P, Williams ED, Colon J, van Gilse HA, Mayer M, Sylvester RJ, van
Glabbeke M. A prognostic index for thyroid carcinoma. A study of the E.O.R.T.C. Thyroid Cancer
Cooperative Group. Eur J Cancer 15:1033-1041, 1979.

10. Ashfaq R, Vuitch F, Delgado R, Albores-Saavedra J. Papillary and follicular thyroid carcinomas
with an insular component. Cancer 73:416-423, 1994.

11. DeLellis RA, LLoyd R, Heitz PU editors. WHO Classification of Tumors, Pathology and Genetics —
Tumors of Endocrine Organs, IARC Press, Lyon 2004.

12. Volante M, Collini P, Nikiforov YE, Sakamoto A, Kakudo K, Katoh R, Lloyd RV, LiVolsi VA,
Papotti M, Sobrinho-Simoes M, Bussolati G, Rosai J. Poorly Differentiated Thyroid Carcinoma: The
Turin Proposal for the Use of Uniform Diagnostic Criteria and an Algorithmic Diagnostic Approach.
Am J Surg Path 31:1256-64, 2007

13. Nikiforov YE, Erickson LA, Nikiforova MN, Caudill CM, Lloyd RV. Solid variant of papillary
thyroid carcinoma: incidence, clinical-pathologic characteristics, molecular analysis, and biologic
behavior. Am J Surg Pathol 25:1478-1484, 2001.

14. Volante M, Landolfi S, Chiusa L, Palestini N, Motta M, Codegone A, Torchio B, Papotti MG.
Poorly differentiated carcinomas of the thyroid with trabecular, insular and solid patterns. A clinico-
pathological study of 183 cases. Cancer 100:950-957, 2004.

15. Hiltzik D, Carlson DL, Tuttle RM, Chuai S, Ishill N, Shaha A, Shah JP, Singh B,Ghossein RA.
Poorly differentiated thyroid carcinomas defined on the basis of mitosis and necrosis: a
clinicopathologic study of 58 patients. Cancer 106:1286-95, 2006.

16. Tallini G, Garcia-Rostan G, Herrero A, Zelterman D, Viale G, Bosari S, Carcangiu ML.
Downregulation of p27KIP1 and Ki67/Mibl labeling index support the classification of thyroid
carcinoma into prognostically relevant categories. Am J Surg Pathol 23:678-685, 1999

17. Dobashi Y, Sugimura H, Sakamoto A, Mernyei M, Mori M, Oyama T, Machinami R. Stepwise
participation of p53 gene mutation during dedifferentiation of human thyroid carcinomas. Diagn Mol
Pathol 3:9-14, 1994

18. Donghi R, Longoni A, Pilotti S, Michieli P, Della Porta G, Pierotti MA. Gene p53 mutations are
restricted to poorly differentiated and undifferentiated carcinomas of the thyroid gland. J Clin Invest
91:1753-60, 1993



19. Basolo F, Pisaturo F, Pollina LE, Fontanini G, Elisei R, Molinaro E, Tacconi P, Miccoli P, Pacini F.
N-ras mutation in poorly differentiated thyroid carcinomas: correlation with bone metastases and inverse
correlation to thyroglobulin expression. Thyroid 10:19-23, 2000

20. Garcia-Rostan G, Zhao H, Camp RL, Pollan M, Herrero A, Pardo J, Wu R, Carcangiu ML, Costa J,
Tallini G. ras mutations are associated with aggressive tumor phenotypes and poor prognosis in thyroid
cancer. J Clin Oncol 21:3226-35, 2003

21. Rocha AS, Soares P, Fonseca E, Cameselle-Teijeiro J, Oliveira MC, Sobrinho-Simdes M. E-
cadherin loss rather than beta-catenin alterations is a common feature of poorly differentiated thyroid
carcinomas. Histopathology 42:580-587, 2003

22. Garcia-Rostan G, Camp RL, Herrero A, Carcangiu ML, Rimm DL, Tallini G. Beta-catenin
dysregulation in thyroid neoplasms: down-regulation, aberrant nuclear expression, and CTNNB1 exon 3
mutations are markers for aggressive tumor phenotypes and poor prognosis. Am J Pathol 158:987-96,
2001

23. Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA, Basolo F, Zhu Z, Giannini R,
Salvatore G, Fusco A, Santoro M, Fagin JA, Nikiforov YE. BRAF mutations in thyroid tumors are
restricted to papillary carcinomas and anaplastic or poorly differentiated carcinomas arising from
papillary carcinomas. J Clin Endocrinol Metab 88:5399-5404, 2003.

24. Soares P, Trovisco V, Rocha AS, Feijao T, Rebocho AP, Fonseca E, Vieira de Castro I, Cameselle-
Teijeiro J, Cardoso-Oliveira M, Sobrinho-Simdes M. BRAF mutations typical of papillary thyroid
carcinoma are more frequently detected in undifferentiated than in insular and insular-like poorly
differentiated carcinomas. Virchows Arch 444:572-6, 2004

25. Santoro M, Papotti M, Chiappetta G, Garcia-Rostan G, Volante M, Johnson C, Camp RL, Pentimalli
F, Monaco C, Herrero A, Carcangiu ML, Fusco A, Tallini G. RET activation and clinicopathologic
features in poorly differentiated thyroid tumors. J Clin Endocrinol Metab 87:370-379, 2002.

26. Ito Y, Hirokawa M, Fukushima M, Inoue H, Yabuta T, Uruno T, Kihara M, Higashiyama T,
Takamura Y, Miya A, Kobayashi K, Matsuzuka F, Miyauchi A. Prevalence and prognostic significance
of poor differentiation and tall cell variant in papillary carcinoma in Japan. World J Surg 32:1535-43,
2008.



