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Impact of pathognomonic genetic alterations
on the prognosis of papillary thyroid carcinoma
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Abstract

Introduction BRAF mutations and RET or NTRKI rear-
rangements were identified as causing events that drive the
malignant transformation of the thyroid follicular cell. The
impact of these alterations on the course of papillary
thyroid carcinoma (PTC) is still unsettled.

Patients and methods Tumor tissues of 290 (98 male, 192
female) patients were intra-operatively snap frozen or
harvested from archival paraffin-embedded blocks and used
for extraction of DNA and RNA. Comprehensive analysis
of RET/PTC and NTRKI rearrangements was carried out
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by multiplex screening RT-PCR, hybrid-specific RT-PCR
and sequencing of detected hybrids. A mutation-specific
PCR was used for BRAF analysis.

Results The BRAF V600E mutation was detected in 122/290
(42%), RET rearrangements in 20/137 (14.6%), and NTRK1
rearrangements in 15/93 (16.1%) PTCs. One hundred forty
one out of 290 (48.6%) PTCs demonstrated none of the
genetic alterations studied. Eight PTCs expressed two
different mutations (1 RET/PTC+BRAF, 6 NTRK1+BRAF,
1 RET/PTC+NTRKI1). Tumor-specific survival analysis
(mean follow-up, 5.5 years) demonstrated no significant
difference, but a tendency toward worse prognosis of
BRAF-positive patients compared to BRAF-negative patients
or rearrangement-positive patients, respectively.

Conclusion Long-term follow-up data on large tumor
panels are needed to disclose significant survival differ-
ences of prognostic predictors on PTC. This study provides
further evidence that patients harboring BRAF-V600E-
positive PTCs may experience an unfavorable course of
the disease compared to patients with tumors carrying other
genetic alterations.

Keywords BRAF - RET/PTC - NTRK1 - Papillary thyroid
carcinoma - Prognosis - Endocrine surgery

Introduction

The development of papillary thyroid carcinoma (PTC) is
closely associated with rearrangements of the receptor
tyrosine kinases RET and NTRKI1 as well as activating
point mutations of BRAF, a member of the downstream
signaling cascade activated by the membrane bound
receptors. RET and NTRK1 both encode for transmem-
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brane receptors for neural growth factors: RET was
identified as one of the receptors for the glial cell line-
derived neurotrophic factor (GDNF) and neurturin (NTN)
while NTRK1—synonymously designated TrkA—is one of
the receptors for the nerve growth factor (NGF) [20].

BRAF mutations constitute the predominant genetic
alteration and are detected in 30-50% of PTCs [5, 8, 11,
14, 18, 27]. In certain regions, the frequency can increase
up to 80% [6, 10]. RET and NTRK1 hybrid oncogenes are
expressed in 10-25% of PTCs in Germany. However,
significant regional differences are also described and the
frequency of RET rearrangements can increase to more than
80% in selected cohorts with a history of irradiation [13].

The identification of these genetic alterations already
gained significant attention for the pre-operative diagnosis
of PTC as well as for the post-operative classification of
thyroid carcinomas with untypical histological patterns [16,
24]. Moreover, correlations of certain mutations with
distinct histological patterns have already been described,
although there is a great overlap between groups [1, 18, 22,
23]. In addition, the RET/PTC expression, especially RET/
PTC1 seems to be restricted to well-differentiated PTC and
has not been detected in undifferentiated thyroid carcino-
mas while BRAF mutations were observed in both
histological types, implicating that predominantly PTC
harboring BRAF mutations progress to undifferentiated
phenotype [23, 26].

It is, therefore, evident that different genetic alterations
induce significant differences of the phenotype of the
malignant cells resulting in diverse biological behavior or
growth patterns that should have an impact on the course of
PTCs and patient's survival [12].

However, due to the slow-growing nature of PTC and
the overall good prognosis a great number of patients with
long follow-up data have to be analyzed in order to evaluate
this hypothesis. To date, only retrospective studies includ-
ing archival tissue of patients with PTC meet these
prerequisites.

The determination of the prognostic impact of the
genetic alterations on PTC and patient's survival is of great
interest for the surgical treatment as well as for the adjuvant
radioiodine therapy or possible new chemotherapeutic
strategies in case of advanced disease [27].

Patients and methods

Thyroid tissues

From 1988 to 2010, tumor tissues of 290 patients (192
female, 98 male) who underwent surgery for primary or

recurrent papillary thyroid cancer were intra-operatively
harvested and immediately snap frozen or retrieved from
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archival paraffin-embedded blocks. The diagnosis of PTC
was verified by histological examination of the surgical
specimens. Histopathological confirmation of tumor pres-
ence was also performed on the frozen tissues in areas
directly adjacent to the tissue used for RNA extraction.
According to the recommendations of the institute's ethics
committee, informed consent was obtained from all patients
whose frozen tissues were used. The patient group
consisted of predominantly Caucasians originating from
different parts of Germany. Results of the analysis of the
proto-oncogenes RET and NTRKI1 of 119 patients were
already published previously [17]. The materials of these
patients were used for the additional analysis of BRAF.
Additional archival and fresh frozen tissue was used in 165
patients. In these patients, BRAF mutation analysis was
carried out first. Amplification of RET/PTCI-specific
hybrids was performed especially in cases with negative
BRAF result. NTRK1 rearrangements were not analyzed in
these patients.

Clinical data and statistics

Clinical data of surgical procedures performed, intra-
operative findings, and histopathology data as well as pre-
operative and post-operative status of the PTC patients
studied were documented and analyzed. Follow-up infor-
mation on the patients were derived from personal
telephone inquiries as well as regular disease-specific
examinations including neck ultrasound, determination of
basal and stimulated TG levels, whole body scintigraphy
and, in case of lacking iodine uptake, fluorodeoxyglucose-
PET scans. Due to the long follow-up time, the fifth edition
of the TNM classification was used for all patients.

For statistical analysis, patients with double mutations
were assigned to the assumed dominant mutation. The
BRAF mutation was always considered a dominant
mutation. Patients with RET and NTRKI1 rearrangements
were grouped to the RET-positive patient cohort. Cause-
specific survival of patients was calculated by the Kaplan—
Meier analysis while significant differences were tested
with either the Chi-square test, the log-rank test, or the
Student's ¢ test, utilizing the software package SPSS 18.0
(SPSS Inc., Chicago, IL).

Molecular genetic analyses

Multiplex RT-PCR analysis of RET and NTRK1 using fresh
frozen tumor tissue was described previously [16, 17].
Considering the fact that the examined patient population
predominantly expressed RET/PTCI rearrangements and
only sporadically other rearrangements are found, the
analysis was restricted to a hybrid-specific amplification
of the RET/PTCI since 2003. The protocol for the detection



Langenbecks Arch Surg (2010) 395:877-883

of the RET/PTC1 rearrangement was changed after cDNA
synthesis essentially according to Sapio et al. [24]. The
quality of the cDNA preparations was confirmed using a
cDNA-specific GAPDH assay (Applied Biosystems, Darm-
stadt, Germany).

Screening for the BRAF V600E Mutation (GTG—
GAG) was performed with two parallel wild type-specific
and mutation-specific PCR reactions [25], using the
following primers:

— BRAF-Forward-WT
GTGATTTTGGTCTAGCTACAGT

— BRAF-Forward-Mut
GTGATTTTGGTCTAGCTACAGA

— BRAF-Reverse
GGCCAAAAATTTAATCAGTGGA

In order to ensure optimal sensitivity and specificity, a
modified touchdown PCR program was used with the first
ten cycles (touchdown of 1°C per cycle) 95°C, 30 s/72°
C—63°C, 30 s/72°C, 45 s followed by 30 cycles of 95°C,
30 s/60°C, 30 s/72°C, 45 s.

A maximum of 250 ng of whole nucleic acid in a
volume of 2.5 pul was used as a template for a single PCR
reaction of 25 ul of total volume. Samples were run, at
least, in duplicates. In each PCR run, a sample containing
2.5 ng of whole nucleic acid preparation from a BRAF
V600E mutated case diluted in 250 ng of high-quality
nucleic acid preparation from a wild type-BRAF case
served as positive control. As a negative control, 250 ng
of high-quality nucleic acid preparation from a wild type-
BRAF case was used in addition to a no-DNA control
(master mix only). PCR primers and Platinum Taq
Polymerase were purchased from Invitrogen (Karlsruhe,
Germany). In some positive cases, an additional 224-nt
fragment of BRAF Exon 15 was amplified in order to
confirm the V600E mutation by direct sequencing [25]
using Beckman CEQ-8000 equipment and reagents.

Results

Tumor tissues from 290 patients (98 men, 192 women)
with histologically verified PTCs were available. The
BRAF V600E-mutation was detected in 122/290 (42%)
patients while 20/137 (14.6%) and 15/93 (16.1%)
expressed rearrangements of the proto-oncogenes RET
or NTRKI1, respectively. In four patients with either RET
(three) or NTRK1 (one) rearrangement, the analysis of
BRAF was inconclusive. One hundred forty one out of
290 (48.6%) PTCs demonstrated none of the genetic
alterations studied (Table 1). Eight PTCs expressed two
different mutations (1 RET/PTC+BRAF, 6 NTRKI1+
BRAF, 1 RET/PTC+NTRK1).

879
Table 1 Frequency of genetic alterations in the study cohort
Mutation Frequency Percent
BRAF 122/290 42.1
RET/PTC 19 (20)/137 13.8 (14.6)
NTRK1 8 (15)/93 8.6 (16.1)
Unknown mutation 141/290 48.6
Total 290

Patients with PTC that expressed mutated BRAF were
significantly older than patients with other mutations or
without detectable mutations (Table 2). The mean age of
patients with and without BRAF mutation was signifi-
cantly different (51.4 and 46.5 years, p=0.024). Only
patients with a BRAF-positive tumor were less than
20 years of age at the time of diagnosis. Patients with
RET rearrangements were diagnosed with a mean age of
41.85 years and were, therefore, younger than all other
patients.

For the calculation of the tumor-specific survival and
the impact of the extent of the disease, patients with two
detected mutations were assigned to the probably
dominant mutation pursuing the following order of
significance: BRAF>RET>NTRKI1. As a result, the
group of patients with RET rearrangements is reduced
by one and the number of patients with NTRKI1
rearrangements by six patients, in favor of the patients
with mutations of BRAF (Table 1).

The TNM classification for each group of patients is
summarized in Table 3. Most conspicuous is the fact that all
patients harboring RET/PTC hybrids did present with lymph
node metastases at the time of diagnosis. Consequently, a
significant difference was calculated with the Chi-square test
for the presence or absence of lymph node metastases
dependent on the type of underlying mutation (»p=0.004).

Follow-up data were available from 280 patients with
a mean follow-up time of 5.5 years ranging from 0.02 to
22 years (Table 2). Of the 290 patients, 140 were free of
disease at the time of the last follow-up while in 73/290
patients an increasing thyroglobulin level or imaging
studies revealed residual tumor growth. In 77/290 patients
this information was not available (Table 3). During the
follow-up, 32 patients died because of progressive disease.
Tumor-specific survival analysis demonstrated no signif-
icant difference in patient survival for either group of
patients if all mutations were included (log-rank test, p=
0.514) or just patients with and without BRAF mutation
were compared (log-rank test, p=0.159) (Figs. 1, 2).
However, while the survival curves were congruent for the
first 10 years, they continuously separated thereafter.
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Table 2 Mutation-specific

characterization of the patient Mutation Mean N Standard deviation Maximum Minimum
cohort (continuous variables)
Age BRAF 51.42 122 18.41438 91.57 11.76
RET/PTC 41.84 19 16.13704 67.77 13.61
NTRK1 39.66 8 11.26716 53.89 26.22
Unknown mutation 47.09 141 18.09894 82.42 10.56
Total 48.36 290 18.15453 91.57 10.56
Follow-up BRAF 5.70 118 5.23163 0.02 18.97
RET/PTC 7.08 19 4.47493 0.18 15.17
NTRK1 9.99 8 4.27395 3.25 15.46
Unknown mutation 4.92 135 4.57876 0.04 22.00
Total 5.54 280 4.92190 0.02 22.00

Discussion

Papillary thyroid carcinomas are predominantly well-
differentiated slow-growing malignancies that can be cured
or controlled for a long time in the majority of patients
leading to a very good overall prognosis. However, the
spectrum of aggressiveness within this tumor entity is
considerably broad, including neoplasias that demonstrate
lymphatic and sometimes distant metastases early in the
course of the disease and that may dedifferentiate with time
leaving them resistant to radioiodine treatment. The
diversity of the biological behavior of PTC triggers an
ongoing discussion on the necessary extent of surgical
treatment (e. g., lymph node dissection) and post-operative
adjuvant therapy. It has frequently been speculated that the

increasing knowledge on the genetic background of PTC
may enable clinicians to select those patients who need
more aggressive treatment from those who do not.

This hypothesis is nourished by molecular studies on the
biology and progression of PTCs. Most intriguing is the
fact that in contrast to BRAF V600E mutations, RET/PTCI
rearrangements were not detected in undifferentiated thy-
roid carcinomas indicating that some PTC may slowly
dedifferentiate in the course of the disease while others stay
stable. Moreover, an association of the BRAF V600E
mutation and decreased expression of the sodium—iodine
symporter—a key protein for the transmembranous trans-
port of iodine into the cell—has been observed [2, 18, 21].

Most recently, an increasing number of studies have
been published evaluating the frequency of the BRAF

Table 3 Mutation-specific

characterization of the patient Mutation Total
cohort (categorical variables)
BRAF RET/PTC NTRK1 Unknown mutation
pT 1 12 2 1 27 42
2 36 4 4 43 87
3 9 1 1 11 22
4 57 12 2 51 122
X 8 0 0 9 17
Total 122 19 8 141 290
pN 0 35 0 2 49 86
1 77 19 5 71 172
X 10 0 1 21 32
Total 122 19 8 141 290
M 0 108 15 8 114 245
1 8 4 0 23 35
X 6 0 0 4 10
Total 122 19 8 141 290
Free of disease Y 52 9 6 73 140
N 35 8 1 29 73
X 35 1 39 77
Total 100 17 8 109 290
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Fig. 1 Tumor-specific survival of patients dependent on the underly-
ing mutation. Patients with double mutation were assigned to the
assumed dominant mutation. The difference between the groups is not
significant. However, after a follow-up of 10 years, a tendency
towards a worse prognosis for BRAF-positive patients seems to
become apparent
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Fig. 2 Tumor-specific survival of patients with and without a BRAF
V600E mutation. The survival analysis confirms the impression of the
analysis of all four groups of patients. Although the difference is not
significant, the survival curves separate continuously after a follow-up
of about 10 years indicating a possible impact of the mutation on the
prognosis of the patients

V600E mutation as well as other genetic changes in PTC
and their possible impact on the prognosis [3, 9, 10, 12,
14]. Two reviews also summarized the almost consistent
results describing an association of the BRAF mutation
with aggressive growth pattern like frequent metastases and
capsular invasion as well as decreased tumor-free survival
[5, 11]. A single study reported a significant difference in
tumor-specific survival when BRAF-positive and BRAF-
negative tumors were compared [3]. In contrast to the
majority of publications Ito et al. were not able to observe
this correlation [8].

Not supporting the current literature results, our data
indicate more frequent lymph node metastases in association
with RET/PTC1 rearrangements. Nevertheless, the tumor-
specific survival of this subgroup of patients is not impaired.
Despite a great number of patients and sufficient follow-up
time, the present study was also not able to demonstrate
significant tumor-specific survival differences when BRAF-
positive and BRAF-negative tumors were compared or
additional mutations were taken into account as well. Never-
theless, the survival curves imply that the prognostic impact of
the mutation may become obvious only after 10 years. It may,
therefore, be possible that a significant survival benefit exists
that is still obscured by the following facts:

1. The overall good prognosis of PTC—only 32 patients
died of disease-specific causes—may demand an
increased number of patients and longer follow-up
times in order to convey small but significant survival
benefits.

2. RET/PTC rearrangements predominantly occur in
younger patients especially before the age of 20 while
the BRAF mutation is almost exclusively detected in
patients beyond the age of 20 years [4]. Patients with
BRAF mutation are, therefore, at a greater risk to die of
other causes in the follow-up.

3. Aggressive treatment of all patients with PTC—most of
the patients included in the study received a meticulous
systematic lymph node dissection unless the tumor was
less than 1 cm in size—guarantees a high cure rate even
for aggressive cancers.

4. Patients without detectable mutation represent a rather
inhomogeneous group that includes, in fact, a number
of different underlying mutations with unknown impact
on the prognosis.

5. Patients with more than one mutation or patients with
multifocal diseases and varying expression of muta-
tions in each tumor foci are difficult to categorize. For
the analysis in this study, a dominant impact of the
BRAF mutation was assumed. Omitting these patients
from the analysis did not change the results (data not
shown). However, the effect of multiple mutations is
unknown.
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A small group of patients presented in this study
simultaneously expressed a BRAF V600E mutation and
rearranged NTRK1 (six patients) or RET (one patient). In
four patients with a RET rearrangement, the analysis of
BRAF was inconclusive despite several tests of different
tumor sites. Moreover, we observed a varying expression of
BRAF in some patients with multifocal PTC indicating a
multiclonal origin of the malignancy. The latter observation
was also described previously [19]. Others observed
multiple mutations predominantly in younger patients or
in recurrent disease [7, 15]. At this time we are not able to
determine in every case if the described simultaneous
mutations occurred within one tumor of the same clonal
origin or if multifocal tumors are present in these patients.
The analysis of laser microdissected tumor tissue is planned
to evaluate this problem. However, these groups of tumors
indicate that a comprehensive genetic analysis including all
known genetic alterations in PTC is necessary for all
tumors included in the survival analysis.

Conclusion

The impact of underlying genetic mutation on the prognosis
of patients with PTC has to be evaluated in the context of
complex interactions of many different influencing factors
in order to obtain significant and comprehensive results.
Long-term follow-up data on large tumor panels are needed
to achieve statistical significance of prognostic predications
on PTC. This study provides further evidence that patients
harboring BRAF-V600E-positive PTCs may experience an
unfavorable course of the disease compared to patients with
tumors carrying other genetic alterations. However, at this
time the evidence is insufficient to permit changes of well-
established treatment strategies.
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