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Abstract Background: Poorly differentiated thyroid cancer (PDC) is a rare form of differentiated thyroid cancer with a prognosis 
in between well differentiated (DTC) and anaplastic cancers (ATC). Genomics is one of the definitive modalities to study 
PDC. ATC tends to express P53 and KMT2D gene mutations more frequently than DTC. DTC tends to express BRAF and 
RAS gene mutations more frequently than ATC. In this context, we set out to study the prevalence and impact of the 
somatic mutations in PDC, DTC and ATC. Material and methods: This retrospective study was conducted on surgically 
managed thyroid cancer patients. Diagnosis was based on biochemical confirmation, imaging, fine needle aspiration 
cytology and later confirmed by histopathology. We selected 10 PDC, 4 ATC and 32 DTC cases. Tumour tissue samples 
collected from operation theatre were subjected to to DNA extraction, cDNA preparation, amplification and application of 
six of primers was performed for mutational analysis of BRAF, RAS (N,K,H), P53 and KMT2D genes. Results: 
Heterozygous mutations in KMT2D gene and missense mutation in P53 gene were found in 6/10 (60 %) and 4/10 (40%) 
of PDC cases respectively. In ATC, KMT2D mutations were seen in 2/4 (50%) and 4/4 (100%) cases. In WDTC, mutations 
were found in neither of these two genes. Homozygous mutations in N-RAS were found in 19/32 (59.3 %) of DTC, 3/10 
(30 %) of PDC and 1/4 (25%) of ATC cases, respectively. Homozygous mutations were found in BRAF gene in 23/32 (72 
%) of DTC, 4/10 (40%) of PDC and 2/4 (50%) of ATC cases, respectively. Conclusions: Our study shows a distinct pattern 
of mutations in BRAF, RAS, KMT2D and P53 genes suggesting correlation between the gene function and cancer cell 
differentiation in thyroid cancer. 
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INTRODUCTION 
Ever since, the first report of poorly differentiated thyroid 
cancer (PDC) by Sakamoto, 1 it has been evolving as a 
distinct clinicopathological entity. There are conflicting 
reports about the status of PDC as a distinct entity in 
literature. Debate over its pathological definition and 
management continues due to its rarity and lack of 
prospective clinical trials or studies. 2-4 Further, the widely 
held hypothesis justified by available evidence, is that the 
prognosis of PDC is intermediate between follicular 
differentiated thyroid cancer (DTC) and anaplastic or 
undifferentiated thyroid cancer.5-7 But, this finding is a 
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debatable issue in literature. Genomics is one of the 
definitive modalities to resolve this conundrum. ATC and 
PDC tends to express P53 and KMT2D gene mutations 
more frequently than WDTC. 8 Though, P53 gene 
mutations are found rarely in WDTC, these mutations are 
primarily correlated with poor differentiation and 
prognosis of cancers. 8 WDTC tends to express BRAF and 
RAS gene mutations more frequently than ATC. 8,9 These 
mutations portend a more indolent course and better 
prognosis in thyroid cancer. Studies on the prevalence and 
functional significance of these gene mutations in PDC are 
scanty. In this context, we set out to study the prevalence 
of these somatic mutations and their clinical relevance in 
PDC in comparision with WDTC and ATC.  
 
MATERIAL AND METHODS 
This is a retrospective spanning a period from 2009 to 2015 
with a minimum of five year followup. Out of 2464 cases 
of thyroid cancer treated in our Endocrine surgery 
department, we selected 10 PDC, 4 ATC and 32 WDTC 
cases to be included in this study. All clinical, 
investigative, pathological, treatment and follow-up details 
were retrieved and anlaysed systematically. Tumour tissue 
samples were taken from ex-vivo thyroidectomy/ 
debulking/ trucut specimen within operation theatre. 
Inclusion criteria was all thyroid cancer cases with 
histopathology of partial or florid poorly differentiated 
thyroid cancer (insular, trabecular, solid variants); well 
differentiated follicular cell derived thyroid cancer variants 
– classical (Not otherwise specified – NOS) subtype of 
papillary thyroid cancer (PTC), follicular thyroid cancer 
(FTC); anaplastic undifferentiated cancer, either operated 
or diagnosed on trucut biospsy (in inoperable cases), with 
a minimum followup period of 5 years.. Exclusion criteria 
are medullary thyroid cancer, Hurthle cell cancer, other 
biologically aggressive variants of PTC such as tall cell, 
columnar cell, oncocytic, diffuse sclerosing variants; cases 
operated elsewhere; those with incomplete records and lost 
to follow-up cases. This study complied with the 
international ethical norms of the Helsinki Declaration — 
Ethical Principles for Medical Research Involving Human 
Subjects, 2004. 10 Institutional ethical committee approval 
was obtained. Informed consent was obtained from all the 
included members of the cohort.  
Definitions and standards employed for this study 

1. TNM staging of AJCC 6th edition was applied to 
stage all cases. 11  

2. AMES (Age, Metastasis, Extrathyroidal invasion, 
Tumour size) of Cady’s risk grouping was used. 12  

3. WHO classification was used as a guide to define 
and classify pathological types. WHO definition 
of poorly differentitated thyroid cancer was 
employed.13  

Genetic methodology 
After appropriate processing of thyroid tissue samples, 
DNA extraction and cDNA preparation was done. DNA 
quality was checked by agarose gel electrophoresis for any 
degradation or RNA contamination. Two types of 
mutations were looked for – known (mutations already 
reported in the database of SNPs) and unknown (mutations 
never reported before). Known mutations and single 
nucleotide polymorphisms (SNPs) were analyzed with 
restriction fragment length polymorphism analysis. 
Transcriptomic sequencing of exonic segments of above 
genes, are analysed. For unknown or novel mutations, we 
planned to select hotspots on sequencing and study them. 
The structural and functional analysis of the gene segments 
consisting mutations, was performed.  
Statistical analysis 
Statistical analysis was performed using IBM SPSS 
software. Descriptive statistics were analysed with t-test 
and Chi-square tests. Recurrence free survival and overall 
survival rates as a outcome of PDC versus PDA were 
estimated by Kaplan-Meier product limit estimate method, 
comparisions made by Log rank test. Univariate and 
multivariate analysis were done using general linear 
model. P value of < 0.05 was taken as statistically 
significant probability cutoff.  
 
RESULTS 
Mean follow up in DTC, PDC and ATC were 64 ± 23.5 
months (60 – 123), 53 ± 20.5 months (42 – 94) and 3.5 SD 
2.3 (2-13 months) respectively. Mean age and gender ratio 
were 41 ± 12 years (16 – 76); M:F = 1:1.3, 54 ± 10.5 years 
(36 – 81); 1:1.6 and 62 SD 3 years (60-74); 1:1 in DTC, 
PDC and ATC respectively. Total thyroidectomy was 
possible in 96%, 80% and 0% of DTC, PDC and ATC 
respectively. No cases of permanent hypoparathyroidism 
or recurrent laryngeal nerve palsy were noted in 
postoperative period. Frequency distribution and statistical 
significance of various clinical and survival parameter are 
detailed in Table 1. The number of subjects according to 
TNM group staging were 39%, 19%, 23% and 18% in 
DTC and 10%, 19%, 23% and 48% in PDC respectively. 
According to AMES risk stratification, 1.7:1 and 2.5:1 
ratio of high risk versus low risk in DTC and PDC 
respectively. Histopathology was defined by presence of 
any STI component seen focally in 32 cases of PDA and 
predominantly (> 10% area) in 29 cases of PDC. Radio-
iodine ablation was utilized in 45% (DTC); 29% (PDC) 
and in 0% of ATC. Adjuvant EBRT was used in one case 
of PDC and two cases of ATC (palliative EBRT). One 
PDC and two ATC cases received chemotherapy. The 
extrathyroidal invasion, lymphadenopathy rate, mean 
tumour size, metastasis rate, recurrence rate and survival 
rates were more in ATC> PDC versus DTC, reaching 
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statistical significance, suggestive of a aggressive tumour 
biology in ATC>PDC vis-a-vis DTC. Nodal recurrence 
(PDC = 29%; DTC = 3 %) and systemic metastasis was 
41% in PDC (synchronous = 24%; metachronous = 17%); 
3% in DTC (synchronous = 3%; metachronous = 0%). Five 
year event free survival (EFS) and overall survival (OS) 
was 950% and 100% in DTC, 42% and 44% in PDC, 0% 
and 0% in ATC, respectively. Among AMES and TNM 
variables, only metastases affected EFS (P value = < 0.05) 
and none affected OS. As shown in Table 2 - age of the 
patient, presence of distant metastasis and tumour size, but 
not ETI had statistically significant effect on overall 
survival and recurrence free survival. Homozygous 
mutations were found in BRAF gene in 23/32 (72 %) of 

DTC, 4/10 (40%) of PDC and 2/4 (50%) of ATC cases, 
respectively as illustrated in Fig 2. Homozygous mutations 
in N-RAS were found in 19/32 (59.3 %) of DTC, 3/10 (30 
%) of PDC and 1/4 (25%) of ATC cases. The differences 
were statistically significant. No H-RAS or K-RAS 
mutations were found in any of our cases. No novel 
mutations were found in our study. Heterozygous 
mutations in KMT2D gene and missense mutation in P53 
gene were found in 7/10 (70 %) and 5/10 (50%) of PDC 
cases, respectively. In ATC, KMT2D gene and P53 gene 
mutations were seen in 2/4 (50%) and 4/4 (100%) cases, 
respectively. Representative mutations are illustrated in 
Fig 1 and 2. In WDTC, mutations were found in neither of 
these two genes.  

 

 
Figure 1: Representative KMT2D gene mutation found in our study 

 

 
Figure 2: Representative P53 gene mutation found in our study 

 
Table 1: Comparative significance of clinicopathological and survival variables 

Variable DTC PDC P value ATC* 
Age (in years) 41 ± 12 54 ± 10.5 0.114 63 ± 4.2 
Sex ratio (M:F) 1:1.3 1:1.6 0.621 1.1 

Lymphadenopathy 30% 55% 0.807 75% 
Tumour size (in cm) 3.6 ±0.9 4.9 ± 1.2 0.09 7.2 ± 2.2 

ETI 19% 73% 0.03 100% 
Metastasis 03% 41% 0.009 75% 

Recurrence rate 03%% 46% 0.02 NA 
5 year RFS 90% 42% 0.09 0% 
5 year OS 96% 44% 0.008 0% 

*NA = Not Applicable 
Table 2: Univariate and multivariate analysis of prognostic factors 

Variable UVA MVA 
Age 0.02 0.09 
Sex 0.821 0.746 

Tumour size 0.009 0.08 
ETI 0.07 0.958 

Metastases 0.007 0.01 
Lymphadenopathy 0.484 0.523 
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DISCUSSION 
Ever since Sakamoto proposed the term poorly 
differentitated carcinoma for this entity in 1983, 1 there has 
been intense effort to arrive at consensus on definition, 
categorization, prognostication and treatment strategies 
between institutions from diverse geographies. Sakamoto 
used the definition of presence of solid, trabecular or 
scirrhous patterns in follicular origin thyroid cancer as 
PDC with prognosis intermediate between DTC and ATC. 
This seminal article was followed by other reports with 
various inclusion criteria and prognostic outcomes. 5-7, 14-16 
In 2004, World Health Organisation (WHO), came up with 
a more objective definition of PDC - “follicular neoplasms 
that show limited evidence of structural follicular cell 
differentiation and occupy both morphologically and 
behaviorally an intermediate position between 
differentiated (follicular and papillary carcinomas) and 
undifferentiated (anaplastic) carcinomas.” 13 To further 
streamline this entity, a consensus meet was held at Turin 
in 2006, which gave a multi-tiered diagnostic algorithm for 
PDC – “any or all of STI features, absence of typical 
nuclear features of PTC, mitoses (≥3 mitoses per 10 hpf), 
convoluted nuclei, or necrosis”. This stringent Turin 
criteria proved to be most widely accepted definition, 
inspite of room for errors in case of encapsulated lesions 
with high grade features and extent of PD areas. 17 
Available literature and global experience placed PDC as 
an intermediate prognostic entity between DTC and ATC. 
2-7 At one end of spectrum, DTC is a relatively indolent 
disease and ATC is a rapidly progressive and oftenly fatal 
disease at other end of spectrum in terms of prognosis. This 
tumour biology holds true irrespective of extent and 
modality of treatment instituted. But, reported prognosis 
varies within a grey zone between that of DTC and ATC. 
Evolution of genetic studies and ready availability of 
targeted genetic analysis opened up a new avenue to plug 
the lacunae in cancer tumour biology. Genomics is one of 
the definitive modalities to resolve this conundrum. In our 
study, we specifically tried to address the prognostic 
differences between PDC, DTC and ATC, through a 
genomic viewpoint in correlation with our clinic-
pathological and followup data. We opine that PDC is a 
distinct clinicopathological entity between DTC and ATC. 
Moreover, as shown in our data, PDC appears to have an 
intermediate prognosis between DTC and ATC, 
suggesting a progressive tumour biology. Further, the 
significant difference in tumour size, ETI, metastases rate, 
survival rates between DTC, PDC and ATC shows that 
they are biologically different. Strengthening this 
speculation is also the availability of genetic studies 
suggestive of transition from DTC to PDC. They show 
increasing mutation rates of RAS, BRAF, RET-PTC, 
PPAR/ PAX8, WNT/B catenin genes. 17-20 Inactivating 

P53 mutations were significantly found in ATC and rarely 
in PDC. But they were not found in DTC. Our study shows 
a similar trend of increasing frequency of P53 mutations 
from DTC<PDC<ATC subtypes. Moreover, similar trend 
was found with KMT2D gene mutations. But, mutations 
were not found in either of KMT2D and P53 genes in DTC. 
On the contrary, BRAF and N-RAS mutations were found 
in decreasing order of frequency in DTC>PDC>ATC 
subtypes. A next generation sequencing study, showed that 
greater mutation burden was found in ATC compared to 
PDC. 8 Further that study showed that higher mutation 
frequency was associated with poorer prognosis, elderly 
age, higher grade and higher recurrence rates. 8 We 
hypothesize, that each particular gene malfunction, its 
expression have proportionate impact of grade, subtype 
and prognostic outcomes in PDC. As shown in our results, 
BRAF, N-RAS portended significantly better prognosis, 
while P53 and KMT2D gene mutations dictated poorer 
prognosis in thyroid cancer. Though some studies on PDC, 
showed better prognosis with BRAF and worser prognosis 
with RAS gene mutations, we found no such phenomenon. 
Thyroid differentiation score studies showed thatATC had 
profoundly lower mRNA levels of genes involved in 
iodine metabolism, justifying our hypothesis of 
progressive tumour biology. 8,9 Moreover, PDC and ATC 
are thought to arise from preexisting PTCs based on their 
frequent co-occurrence in the same tumor specimen, where 
they consistently share a driver mutations in BRAF and 
RAS genes. 21,22 Our study shows similar trend of co-
occurrence of ATC, PDC with DTC in 50%, 35% of cases 
respectively, with shared driver mutations in BRAF, RAS 
genes.  
 
CONCLUSIONS 
Our study shows a distinct pattern of mutations in BRAF, 
RAS, KMT2D and P53 genes suggesting correlation 
between the gene function and cancer cell differentiation 
in thyroid cancer. 

 
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. 1983; 
52:1849 –1855. 

2. 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. 2004;10:123–131. 

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



Ramesh Bangaraiahgari, Rajesh Bangaraiahgari, Rafi Md, Rajkiran reddy B, Ramakanth Bhargav Panchangam 

MedPulse International Journal of Biochemistry, Print ISSN: 2550-763X, Online ISSN: 2636-4573, Volume 18, Issue 1, April 2021    Page 24 

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

5. Hiltzik D, Carlson DL, Tuttle RM, Chuai S, Ishill N, 
Shaha A et al. Poorly differentiated thyroid 
carcinomas defined on the basis of mitosis and 
necrosis: a clinicopathologic study of 58 patients. 
Cancer. 2006;106;1286–1295. 

6. Volante M, Papotti M. Poorly differentiated thyroid 
carcinoma: 5 years after the 2004 WHO classification 
of endocrine tumours. Endocr. Pathol. 2010;21:1–6. 

7. Volante M, Landolfi S, Chiusa L, Palestini N, Motta 
M, Codegone A et al. Poorly differentiated 
carcinomas of the thyroid with trabecular, insular, 
and solid patterns: A clinicopathologic study of 183 
patients. Cancer. 2004;100:950-957. 

8. Landa I, Ibrahimpasic T, Boucai L, et al. Genomic 
and transcriptomic hallmarks of poorly differentiated 
and anaplastic thyroid cancers. J. Clin. Invest.. 
2016;126(3):1052-1066.  

9. He H, et al. The role of microRNA genes in papillary 
thyroid carcinoma. Proc. Natl. Acad. Sci. U S 
A. 2005;102(52):19075–19080. 

10. World Medical Organization. Declaration of 
Helsinki. BM J. 2004;313:1448-1449. 

11. Döbert N, Menzel C, Oeschger S, Grünwald F. 
Differentiated thyroid carcinoma: the new UICC 6th 
edition TNM classification system in a retrospective 
analysis of 169 patients. AJCC. Thyroid. 2004;14:65-
70. 

12. Sanders LE, Cady B. Differentiated thyroid cancer: 
reexamination of risk groups and outcome of 
treatment. Arch. Surg. 1998;133:419-425. 

13. Sobrinho-Simões M, Albores-Saavedra J, Tallini G, 
Santoro M, Volante M, Pilotti S et al. “Poorly 
differentiated carcinoma,” in World Health 
Organization Classification of Tumors: Pathology 
and Genetics of Tumours of Endocrine Organs, eds 

DeLellis RA, Lloyd RV, Heitz PU, Eng C. (Lyon: 
IARC Press) 2004: 73–76. 

14. Gregory Yu M,  Rivera J,  Jimeno C. Poorly 
Differentiated Thyroid Carcinoma: 10-Year 
Experience in a Southeast Asian Population. 
Endocrinol. Metab. (Seoul) 2017;32:288–295.  

15. Carcangiu ML, Zampi G, Rosai J. Poorly 
differentiated (“insular”) thyroid carcinoma. Am. J. 
Surg. Pathol. 1984;8:655–668. 

16. Akslen LA, LiVolsi VA. Poorly differentiated 
thyroid carcinoma—it is important. Am. J. Surg. 
Pathol. 2000;24:310 –313. 

17. Volante M, Collini P, Nikiforov YE, Sakamoto A, 
Kakudo K, Katoh R et al. Poorly differentiated 
thyroid carcinoma: the Turin proposal for the use of 
uniform diagnostic criteria and an algorithmic 
diagnostic approach. Am. J. Surg. Pathol. 
2007;31:1256-1264. 

18. Volante M, Rapa I, Gandhi M, Bussolati G, Giachino 
D, Papotti M. RAS mutations are the predominant 
molecular alteration in poorly differentiated thyroid 
carcinomas and bear prognostic impact. J. Clin. 
Endocrinol. Metab. 2009;94:4735-4741.  

19. Nikiforov YE, Nikiforova MN. Molecular genetics 
and diagnosis of thyroid cancer. Nat Rev Endocrinol 
2011; 7: 569-580.  

20. Wreesmann VB, Ghossein RA, Patel SG, Harris CP, 
Schnaser EA, Shaha AR. Genome-Wide Appraisal of 
Thyroid Cancer Progression.  Am. J. Pathol. 2002; 
161:1549-1556. 

21. Nikiforova MN et al. BRAF mutations in thyroid 
tumors are restricted to papillary carcinomas and 
anaplastic or poorly differentiated carcinomas arising 
from papillary carcinomas. J. Clin. Endocrinol. 
Metab. 2003;88(11):5399–5404. 

22. Nikiforov YE. Genetic alterations involved in the 
transition from well-differentiated to poorly 
differentiated and anaplastic thyroid carcinomas. 
Endocr. Pathol. 2004;15(4):319–327. 

 
 
 

Source of Support: None Declared 
Conflict of Interest: None Declared  


