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APILLARY THYROID CANCER
(PTC) is the most common en-
docrine malignancy and ac-
counts for 85% to 90% of all thy-

roid cancers.!? There are several variants
of PTC, the majority of which are con-

See also pp 1529 and 1533.

Importance BRAF V600E is a prominent oncogene in papillary thyroid cancer (PTC),
but its role in PTC-related patient mortality has not been established.

Objective To investigate the relationship between BRAF V600E mutation and PTC-
related mortality.

Design, Setting, and Participants Retrospective study of 1849 patients (1411
women and 438 men) with a median age of 46 years (interquartile range, 34-58 years)
and an overall median follow-up time of 33 months (interquartile range, 13-67 months)
after initial treatment at 13 centers in 7 countries between 1978 and 2011.

Main Outcomes and Measures Patient deaths specifically caused by PTC.

Results Overall, mortality was 5.3% (45/845; 95% Cl,3.9%-7.1%) vs 1.1% (11/
1004; 95% ClI, 0.5%-2.0%) (P<.001) in BRAF V600E—-positive vs mutation-
negative patients. Deaths per 1000 person-years in the analysis of all PTC were 12.87
(95% Cl,9.61-17.24) vs 2.52 (95 % Cl, 1.40-4.55) in BRAF V600E—positive vs mutation-
negative patients; the hazard ratio (HR) was 2.66 (95% Cl, 1.30-5.43) after adjust-
ment for age at diagnosis, sex, and medical center. Deaths per 1000 person-years in
the analysis of the conventional variant of PTC were 11.80 (95% Cl, 8.39-16.60) vs
2.25(95% Cl, 1.01-5.00) in BRAF V600E-positive vs mutation-negative patients; the
adjusted HR was 3.53 (95% Cl, 1.25-9.98). When lymph node metastasis, extrathy-
roidal invasion, and distant metastasis were also included in the model, the associa-
tion of BRAF V600E with mortality for all PTC was no longer significant (HR, 1.21;
95% Cl, 0.53-2.76). A higher BRAF V600E-associated patient mortality was also ob-
served in several clinicopathological subcategories, but statistical significance was lost
with adjustment for patient age, sex, and medical center. For example, in patients with
lymph node metastasis, the deaths per 1000 person-years were 26.26 (95% Cl, 19.18-
35.94) vs 5.93 (95% Cl, 2.96-11.86) in BRAF V600E—positive vs mutation-negative
patients (unadjusted HR, 4.43 [95% Cl, 2.06-9.51]; adjusted HR, 1.46 [95% Cl, 0.62-
3.47]). In patients with distant tumor metastasis, deaths per 1000 person-years were
87.72 (95% Cl, 62.68-122.77) vs 32.28 (95% Cl, 16.14-64.55) in BRAF V600OE-
positive vs mutation-negative patients (unadjusted HR, 2.63 [95% ClI, 1.21-5.72]; ad-
justed HR, 0.84 [95% ClI, 0.27-2.62]).

Conclusions and Relevance In this retrospective multicenter study, the presence of
the BRAF V600E mutation was significantly associated with increased cancer-related mor-
tality among patients with PTC. Because overall mortality in PTC is low and the associa-
tion was not independent of tumor features, how to use BRAF V60OE to manage mor-
tality risk in patients with PTC is unclear. These findings support further investigation of
the prognostic and therapeutic implications of BRAF V60OE status in PTC.
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ventional PTC and follicular variant PTC,
with the former typically showing pap-
illary structures and the latter follicular
structures in addition to the character-
istic nuclear features of PTC. The over-
all 5-year patient survival rate for PTC
is 95% to 97%.> A major clinical chal-
lenge is how to reliably distinguish pa-
tients who need aggressive treatments to
reduce mortality from those who do not.
This represents a widely controversial is-
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sue in thyroid cancer medicine, particu-
larly because of the low overall mortal-
ity of this cancer. The issue has become
even more challenging given the high an-
nual incidence of PTC.'? Several clini-
copathological risk factors have been
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Box. Glossary of Terms

Methylation: Covalent attachment of
methyl groups to DNA, usually at cy-
tosine bases. Methylation can re-
duce transcription from a gene and
is amechanism in X-chromosome in-
activation and imprinting.

Oncogene: A gene, 1 or more
forms of which is associated with
cancer. Many oncogenes are in-
volved, directly or indirectly, in con-
trolling the rate of cell growth.

Transversion: The substitution of
a purine for a pyrimidine nucleotide
orvice versa (eg,an A fora Cor T) in
a DNA sequence.

For a complete list of genomic
terms, see the Appendix in this issue.

used in the stratification of PTC, includ-
ing older age of patients at diagnosis,
larger tumor size, cervical lymph node
metastasis (LNM), extrathyroidal inva-
sion, distant metastasis, and high levels
on disease staging.>” Although these fac-
tors are known to be associated with a
higher risk of progression of PTC, they
often lack accuracy in helping tailor the
extent of treatment of PTC to balance
treatment-associated benefit and risk.
The T1799A nucleotide transversion
in the BRAF gene (NM_004333) is a
prominent oncogenic mutation in
PTC*! and occurs, on average, in 45%
of cases." This mutation causes a valine—
to—glutamic acid change in codon 600
of the BRAF protein, resulting in BRAF
VO00E, which possesses elevated serine/
threonine protein kinase activities and
constitutively activates the mitogen-
activated protein kinase signaling path-
way in human cancer.”> Many studies
have shown an association of the BRAF
V600E mutation with aggressive clini-
copathological characteristics of PTC, in-
cluding LNM, extrathyroidal invasion,
loss of radioiodine avidity, and, hence,
failure of radioiodine treatment and dis-
ease recurrence.'*"” Consequently, the
BRAF V600OE mutation has drawn consid-
erable attention and interest as a poten-
tial prognostic factor for PTC. However,
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the clinical significance of this mutation
inPTC-related mortality has not been es-
tablished. We undertook the present mul-
ticenter study to examine and define the
association between the BRAF VOOOE mu-
tation and PTC-related mortality.

The BOX contains a glossary of terms
used in this article.

METHODS

This study was conducted at 13 medi-
cal centers in 7 countries, including the
Johns Hopkins Medical Institutions,
University of Pittsburgh Medical Cen-
ter, and Memorial Sloan-Kettering Can-
cer Center in the United States; medi-
cal centers at the University of Pisa,
University of Perugia, University of Mi-
lan, and University of Padua in Italy;
Kanagawa Cancer Center, Yokohama,
Japan; Maria Sklodowska-Curie Me-
morial Cancer Centre and Institute of
Oncology in Poland; medical centers at
Griffith Medical School and Univer-
sity of Sydney in Australia; Hospital La
Paz Health Research Institute in Spain;
and the Institute of Endocrinology,
Prague, Czech Republic.

Study Patients

All patients had been treated and fol-
lowed up for PTC at the participating
institutions and their collaborating
medical centers. Patients at each cen-
ter were consecutively selected from dif-
ferent periods at the 13 centers, which
overall spanned 1978-2011. All pa-
tients were treated with total thyroid-
ectomy for PTC, and therapeutic neck
dissection was performed in patients
with standard indications. Standard
pathological diagnoses of PTC were
based on World Health Organization
criteria and documented in peer-
reviewed publications.'®* Postopera-
tive treatments included, as guided by
standard criteria, conventional thyro-
tropin suppression at appropriate lev-
els and radioiodine I 131 ablation
(eTable 1; available at http://www.jama
.com), except for Kanagawa Cancer
Center, where no radioiodine I 131
treatment was used for thyroid cancer
patients. Follow-up or survival time was
defined as the time from the initial sur-

gical treatment to patient death due to
PTC or to the most recent clinic visit.

Study Design

This was a retrospective study ap-
proved by the institutional review boards
of each center, with written informed pa-
tient consent obtained where required;
patient consent was waived in some cases
following institutional review board—
approved procedures in the collection of
pathological data. The study involved the
use of only thyroid tumor tissues and
clinicopathological information of pa-
tients. The BRAF V600E mutation sta-
tus of primary PTC tumors was deter-
mined after surgical and medical (eg,
radioiodine) treatments in all cases and
did not affect decisions on selection of
treatments. Genomic DNA isolated from
primary PTC tumors was used to ana-
lyze the sequence of exon 15 of the BRAF
gene for BRAF VO0OE as described in
published studies.'®** Clinicopathologi-
cal information was obtained from the
medical records using a uniform proto-
col designed for this study. Papillary thy-
roid cancer—specific death was defined
as death that occurred as a result of in-
curable advanced PTC disease that in-
vaded and compromised vital organs. Pa-
tient data from the 13 centers were
pooled for the analysis of the relation-
ship of BRAF V600E with PTC-specific
mortality in various clinicopathological
categories.

Statistical Analyses

Papillary thyroid cancer—specific mor-
tality was calculated by dividing the num-
ber of deaths due to PTC by the total
number of patients. The Fisher exact test
was used to compare mortality by BRAF
V600E mutation status. Rates per person-
year were calculated by dividing the
number of PTC-specific deaths by the
total follow-up time, and Poisson regres-
sion was used to calculate the 95% con-
fidence intervals. Kaplan-Meier sur-
vival curves and log-rank tests, censoring
patients at the time of last follow-up or
12 years, and Cox proportional hazards
regression analyses, censoring patients
at the time of last follow-up, were used
to compare PTC-specific survival by
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BRAF V600E mutation status. Propor-
tional hazards regressions were ad-
justed for age at diagnosis, sex, and medi-
cal center. A second model was also used
to additionally adjust for LNM, extra-
thyroidal invasion, and distant metasta-
sis. The covariates were tested for the
proportional hazards assumption using
the “assess” statement in SAS version 9.3
(SAS Institute Inc). As medical centers
violated the proportional hazards as-
sumption, stratified models were used.
Subgroup analyses were not adjusted for
multiple comparisons and should be con-
sidered exploratory. Additive interac-
tions of BRAF V60OE mutation status
with other factors on the crude death
rates were tested using the synergy in-
dex and 95% confidence intervals de-
scribed by Hosmer and Lemeshow.* Ex-
act binomial confidence intervals for
mortality percentages were calculated
using Stata/IC version 12.1 (Stata Corp).
All other analyses were performed using
SAS version 9.3. All reported P values are

BRAF V600E MUTATION AND MORTALITY IN PAPILLARY THYROID CANCER

2-sided and significance was set at
P <.05. The P values from the log-rank
tests comparing each stratum with the
lowest risk stratum were adjusted for
multiple comparisons using the Dun-
nett test.

RESULTS
Relationship Between BRAF V600E
and PTC-Related Mortality

The number, sex, and age of patients
from each center and country are sum-
marized in TABLE 1. A total of 1849 pa-
tients (1411 women and 438 men) with
a median age of 40 years (interquartile
range [IQR], 34-58 years) were in-
cluded, with an overall median fol-
low-up time of 33 months (IQR, 13-67
months) after the initial treatment. Me-
dian follow-up time for surviving pa-
tients did not differ between BRAF
V600E—-positive patients (30 [IQR,
14-63] months) and BRAF V600E-
negative patients (36 [IQR, 12-
67] months) (P=.30). The overall preva-

lence of BRAF V60OE was 45.7% (845/
1849; 95% CI, 43.4%-48.0%) (Table 1),
which is within the range of published
BRAF V600E mutation rates.'>'*!” There
were 56 PTC-related deaths among the
1849 patients, representing an overall
mortality of 3.0% (95% CI, 2.3%-
3.9%), which is consistent with the gen-
eral mortality rate of PTC.> Among these
deaths, 45 cases (80.4%) were positive
for BRAF V60OE. Mortality percentages
and deaths per 1000 person-years for dif-
ferent types of PTC are reported in
TABLE 2. The overall mortality of all PTC
cases was 5.3% (45/845; 95% CI, 3.9%-
7.1%) in BRAF V600E-positive pa-
tients vs 1.1% (11/1004; 95% CI, 0.5%-
2.0%) in mutation-negative patients
(P<<.001). The total follow-up for all
PTC cases was 7856.75 person-years.
Deaths per 1000 person-years on the
analysis of all PTC cases were 12.87 (95%
CI, 9.61-17.24) vs 2.52 (95% CI, 1.40-
4.55) in BRAF V600E—positive vs mu-
tation-negative patients; the hazard ra-

]
Table 1. Demographic Characteristics, BRAF V60OE Mutation, and Follow-up Time of Patients by Medical Center and Country

PTC-Related Deaths, No. (%)

Follow-up,

Age at BRAF | ] Median (IQR), mo
Diagnosis, V600E BRAF BRAF | ]
No. of Median Male, Mutation, V600E- V600E-
Patients (IQR), y No. (%) No. (%) All Positive  Negative All Patients  Survivors
By medical center
Johns Hopkins Hospital 387 5(35-57) 101 (26.1) 151(39.0) 8(2.1) 8(5.3) 0 2 (1-30) 2 (1-28)
University of Pittsburgh 169 2(38-63) 42 (24.8) 101(59.8) 1(0.6) 1(1.0) 0 19 (11-26) 19 (11-26)
Memorial Sloan-Kettering Cancer Center 135 0(35-63) 44 (32.6) 64 (47.4) 1182 10(15.6) 1(1.4) 6 (1-144) 0 (1-144)
University of Pisa 189 8(28-51) 47 (24.9) 65(34.4) 9(4.8) 6(9.2) 3(2.4) 2 (24-180) 84 (24-180)
University of Perugia 117 49 (37-59) 32 (27.4) 76(65.00 5(4.3) 2(2.6) 3(7.3) 22 (6-39) 22 (6-40)
University of Milan 110 2 (34-55) 4(21.8) 38(34.6) 1(0.9) 0 1(1.4) 8 (24-64) 8 (24-64)
University of Padua 135 8 (39-57) 32(23.7) 87(64.4) 1(0.7) 1(1.2) 0 6 (22-30) 6 (22-30)
Kanagawa Cancer Center 49 5 (41-65) 6 (32.6) (67.4) 9(184) 7(21.2) 2(12.5) 8 (31-78) 5 (33-76)
Maria Sklodowska-Curie Memorial Cancer 99 9 (33-59) 0(10.1) 2(42.4) 1(1.0) 1(2.4) 0 8 (42-53) 8 (43-53)
Centre and Institute of Oncology
Griffith Medical School 76 0 (34-56) 0 (26.3) 4 (44.7) 0 0 42 (4-82) 42 (4-82)
University of Sydney 95 4 (34-59) 0 (21.0) 5(57.9 5(5.3 9.1) 0 1083 (63-135) 104 (64-137)
Hospital La Paz, Health Research Institute 66 42 (32-54) 1(16.7) 8(42.4) 2(3.0) 1(3.6) 1(2.6) 41 (30-57) 42 (30-57)
Institute of Endocrinology, Prague 222 7 (31-60) 39 (17.6) 1(32.0) 4 34.2 0 50 (30-85) 50 (30-85)
By country
United States 691 7 (86-59) 187 (27.1) 316(45.7) 20(2.9) 19(6.0) 1(0.3 7 (2-36) 6 (2-32)
Italy 551 4 (34-56) 135(24.5) 266 (48.3) 16 (2.9) 9(3.4) 7(2.5) 3 (20-70) 4 (20-72)
Japan 49 5 (41-65) 6(32.6) 33(B7.4) 9(184) 7(21.2 2(12.5) 8 (31-78) 5 (33-76)
Poland 99 9 (33-59) 0(10.1) 42(42.4) 1(1.0) 1(2.4) 0 8 (42-53) 8 (43-53)
Australia 171 43 (34-57) 40(23.4) 89(52.00 5(2.9 5(5.6) 0 75(32-118) 76 (33-118)
Spain 66 2 (32-54) 1(16.7) 28(42.4) 2(3.0 1(3.6) 1(2.6) 1(30-57) 2 (30-57)
Czech Republic 222 7 (31-60) 39(17.6) 71(32.00 3(1.4) 3(4.2) 0 0 (30-85) 0 (30-85)
Overall 1849 6 (34-58) 438 (23.7) 845(45.7) 56 (3.0) 45(5.3) 1 (1.1) 3 (13-67) 3 (13-65)

Abbreviation: IQR, interquartile range.
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tio (HR) was 2.66 (95% CI, 1.30-5.43)
after adjustment for age at diagnosis, sex,
and stratification by medical center.
Deaths per 1000 person-years for pa-
tients with the conventional variant of
PTCwere 11.80 (95% CI, 8.39-16.60) vs
2.25 (95% CI, 1.01-5.00) in BRAF
V600E—positive vs mutation-negative pa-
tients; the adjusted HR was 3.53 (95%
CI, 1.25-9.98) (Table 2). No significant
result was observed for the follicular vari-
ant PTC group, which had low num-
bers of cases and patient deaths (ad-
justed HR, 1.67; 95% CI, 0.06-47.49).
When the aggressive tumor features of
LNM, extrathyroidal invasion, and dis-
tant metastasis were also included in the
model, the association of BRAF V600OE
with mortality was no longer statisti-
cally significant (for all PTC, HR, 1.21
[95% CI, 0.53-2.76]; for conventional
PTC, HR, 1.51 [95% CI, 0.50-4.57]).
Kaplan-Meier survival curves for all PTC
and conventional PTC cases are shown
in FIGURE 1. BRAF VO0OE—positive pa-

tients had significantly poorer sur-
vival in each analysis.

Papillary thyroid cancer—related mor-
tality, total person-years, and rates by
BRAF V600E mutation status in vari-
ous clinicopathological subcategories are
presented in TABLE 3. Higher mortality
percentages and deaths per 1000 person-
years were seen with BRAF V60OE within
most of the categories, including among
patients with distant metastasis and ad-
vanced American Joint Committee on
Cancer stage IV disease, in which the
highest mortality percentages and deaths
per 1000 person-years were seen. How-
ever, after adjustment for age, sex, and
medical center, the HRs were no longer
statistically significant in some of these
stratified categories. The association of
BRAF V600E with mortality among pa-
tients with disease stages I, II, and I1I was
not statistically significant. When tu-
mors were stratified by size, the abso-
lute magnitude of mortality increased
from smaller to larger tumors, particu-

larly in the BRAF V60OE—positive groups.
BRAF V600E had a significant associa-
tion with mortality percentages of micro-
PTC (=1.0 cm), but the absolute mor-
tality was low and the adjusted HRs were
not significant (Table 3).

We found that the therapeutic doses
of radioiodine used in the treatment of
patients were comparable between the
BRAF V600E—-positive and mutation-
negative groups, except in some cen-
ters where the BRAF V60OE group
received higher doses (eTable 1).

Interaction of BRAF V600E

With Conventional
Clinicopathological Risk Factors
We observed a significant additive in-
teraction of BRAF VO0OE with several
conventional clinicopathological risk fac-
tors in affecting PTC-related mortality,
as reflected by a significant synergy
index (eTable 2). These included LNM,
distant metastasis, stage IV disease, and
patient age at diagnosis. The synergy in-

Table 2. Papillary Thyroid Cancer—Related Mortality, Person-Years of Follow-up, and Hazard Ratios for BRAF V60OE Mutation-Positive vs

Mutation-Negative Patients

Deaths per 1000 Person-Years

Mortality, No./Total (%) (95% ClI)

Type of [ ] [ 1 Hazard Ratio (95% ClI)

Papillary BRAF BRAF Person- M ]

Thyroid V600E- V600E- P Years of BRAF V600E-  BRAF V600E-

Cancer Overall Positive Negative Value  Follow-up Positive Negative Unadjusted Adjusted?
All types 56/1849 (3.0) 45/845 (5.3) 11/1004 (1.1) <.001 7856.75 12.87 (9.61-17.24) 2.52 (1.40-4.55) 5.31 (2.74-10.30) 2.66 (1.30-5.43)
Conventional 39/1233 (3.2) 33/659 (5.0) 6/574 (1.0) <.001 5466.75 11.80 (8.39-16.60) 2.25(1.01-56.00) 5.63 (2.34-13.51) 3.53 (1.25-9.98)
Follicular variant 6/411 (1.5) 4/82 (4.9) 2/329 (0.6) .02 1572.25 11.21(4.21-29.86) 1.65(0.41-6.58) 6.02 (1.10-32.96) 1.67 (0.06-47.49)

aProportional hazards regression model adjusted for patient sex and age at diagnosis and stratified by medical center.

Figure 1. Kaplan-Meier Survival Curves of PTC-Specific Survival by BRAF V600OE Mutation Status

All patients Patients with conventional PTC
) )
i 2
k] k]
5 5
£ 0.64 £ 064
2 2
S o4 —— BRAF V600E positive S g4
o Ut ; o Ut
R N Bt BRAF VB00E negative -
K K
§ 0.21 § 029 | og-rank P=.001 (censored at 12 y)
@D Log-rank P<.001 (] Log-rank P<.001 (all follow-up)
0.0 T T T T T 1 0.0 T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Follow-up, y Follow-up, y
No. at risk No. at risk
BRAF VB00E positive 845 530 309 197 147 95 65 BRAF V600E positive 659 411 246 162 121 79 56
BRAF VB00E negative 1004 640 393 243 177 127 87 BRAF VB00E negative 574 375 240 143 101 80 61

Comparison of patient survival, represented by log-rank P values in each panel, was performed between BRAF V600E-negative and BRAF V600E—-positive groups for

all patients and for patients with conventional papillary thyroid cancer (PTC). Follow-up time is truncated at 12 years.
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dex was not statistically significant for ex-
trathyroidal invasion. As shown in
Table 3, deaths per 1000 person-years for
coexisting LNM and BRAF V600E were
26.26 (95% CI, 19.18-35.94), whereas
they were 5.93 (95% CI, 2.96-11.86) in
LNM-positive but BRAF V600E-
negative patients and 2.43 (95% CI, 0.91-
6.47) in LNM-negative but BRAF
V600E—positive patients. Deaths per
1000 person-years for coexisting dis-
tant metastatic disease and BRAF V60OE
were 87.72 (95% CI, 62.68-122.77),
whereas they were 32.28 (95% CI, 16.14-
64.55) in distant metastasis—positive but
BRAF V600E—negative patients and 3.54
(95% CI, 1.96-6.39) in distant metasta-
sis—negative but BRAF VO00E—positive
patients. Similarly, with coexistence of

BRAF V600E MUTATION AND MORTALITY IN PAPILLARY THYROID CANCER

stage IV disease and BRAF V60OE, deaths
per 1000 person-years were 69.97 (95%
CI, 50.91-96.16), whereas they were
32.38 (95% CI, 17.42-60.18) in BRAF
V600E—negative patients with stage IV
disease and 2.08 (95% CI, 0.93-4.62) in
BRAF V600E-positive patients without
stage IV disease. The common pattern of
these relationships is that the mortality
associated with coexistence of BRAF
V600E and a conventional risk factor was
higher than the addition of the 2 types
of mortality associated with either alone,
further supporting the synergistic addi-
tive interactions of BRAF VO0OE with
these risk factors demonstrated by the
synergy index test (eTable 2). This pat-
tern of interaction of BRAF V60OE with
clinicopathological factors in affecting

PTC-related mortality was also re-
flected in the Kaplan-Meier survival
curves (FIGURE 2).

BRAF V600E and Patient Age
in PTC-Related Mortality

As shown in Table 3, in both BRAF
V600E—positive and mutation-negative
patients, mortality increased with age,
and this was particularly evident in BRAF
V600E—positive patients. Specifically,
deaths per 1000 person-years in BRAF
VO00E—positive patients younger than 45
years and 45 years or older were 3.19
(95% CI,1.33-7.66) and 20.75 (95% CI,
15.22-28.29), respectively, vs 0.81 (95%
CI, 0.20-3.24) and 4.76 (95% CI, 2.48-
9.14) in BRAF V600E-negative pa-
tients in these age groups with a signifi-

|
Table 3. Papillary Thyroid Cancer—Related Mortality, Person-Years of Follow-up, and Hazard Ratios for BRAF V60OE Mutation-Positive vs
Mutation-Negative Patients in Various Clinicopathological Categories

Deaths per 1000
Mortality, No./Total (%) Person-Years (95% CI) Hazard Ratio (95% CI)
[ 1 Person- [ 1T 1
BRAF BRAF P Years of BRAF BRAF
Category V600E-Positive V600E-Negative Value Follow-up  V600E-Positive V600E-Negative Unadjusted Adjusted?

All patients 45/845 (5.3) 11/1004 (1.1)  <.001 7856.75 12.87 (9.61-17.24) 2.52 (1.40-4.55) 5.31(2.74-10.30) 2.66 (1.30-5.43)
Age,y

<45 5/346 (1.4) 2/530 (0.4) 12 4037.67  3.19(1.33-7.66) 0.81(0.20-3.24) 3.85(0.74-20.02) 1.20(0.13-10.97)

=45 40/499 (8.0) 9/474 (1.9)  <.001 3819.08 20.75(15.22-28.29) 4.76 (2.48-9.14) 459 (2.22-9.48)  3.38 (1.59-7.21)

<60 14/617 (2.9) 5/819 (0.6) .009 6400.00 5.27 (3.12-8.89) 1.34 (0.56-3.21) 4.09 (1.46-11.45) 1.85(0.58-5.91)

=60 31/228 (13.6) 6/185(3.2) <.001 1456.75 37.03(26.04-52.65) 9.68 (4.35-21.56) 3.80(1.568-9.10)  3.76 (1.49-9.52)
Lymph node metastasis

No 4/410 (1.0) 3/623 (.5) 45 4363.83 2.43(0.91-6.47) 1.97 (0.38-10.35) 2.17(0.48-9.78)  1.97 (0.38-10.35)

Yes 39/351 (11.1) 8/307 (2.6) <.001 2834.58 26.26(19.18-35.94) 5.93 (2.96-11.86) 4.43(2.06-9.51)  1.46 (0.62-3.47)
Extrathyroidal invasion

No 12/497 (2.4) 2/770 (.9) <.001 5734.83 5.24(2.98-9.23) 0.58 (0.15-2.32) 9.38 (2.09-42.00) 7.90 (1.65-37.69)

Yes 32/336 (9.5) 9/209 (4.3) .03  1999.33 27.02(19.11-38.21) 11.04 (5.75-21.22) 2.12(1.00-4.49) 0.91 (0.39-2.11)
Distant metastasis

No 11/772 (1.4) 3/944 (.9) .01 7210.33  3.54 (1.96-6.39) 0.73(0.24-2.27) 4.28(1.18-156.57) 4.17 (1.06-16.40)

Yes 34/66 (51.5) 8/44 (18.2) <.001 63542 87.72(62.68-122.77) 32.28 (16.14-64.55) 2.63 (1.21-5.72)  0.84 (0.27-2.62)
Multifocality

No 30/495 (6.1) 8/630 (1.3)  <.001 4935.33 14.01(9.80-20.04) 2.86 (1.43-5.73) 5.09 (2.33-11.14) 1.87 (0.79-4.43)

Yes 14/345 (4.1) 3/355 (.8) .006 2815.00 10.43(6.18-17.61) 2.04 (0.66-6.32) 5.14 (1.48-17.91) 5.03 (1.26-20.11)
Stage IV disease

No 6/700 (0.9) 1/893 (.1) 048 6836.75 2.08(0.93-4.62) 0.25 (0.04-1.80) 9.48 (1.10-81.56) 10.38 (1.02-105.55)

Yes 38/121 (31.4) 10/77 (13.0) 004 851.92 69.97 (50.91-96.16) 32.38(17.42-60.18) 1.93(0.96-3.91)  1.66 (0.73-3.77)
Stage

| 1/443 (0.2) 1/664 (0.2) >.99 4926.83 0.52(0.07-3.67) 0.33(0.05-2.37) 1.51(0.09-24.14) 3.17 (0.11-92.20)

I 1/77 (1.3) 0127 .38 828.58  3.48(0.49-24.71) 0

Il 4/180 (2.2) 0/102 30 1081.33  5.99(2.25-15.96) 0
Tumor size, cm

=1.0 4/168 (2.4) 0/267 02 1701.83  6.55(2.46-17.46) 0

1.0-2.0 6/392 (1.5) 3/417 (0.7) 33 3596.25  3.69 (1.66-8.21) 1.52 (0.49-4.72) 2.562(0.63-10.18) 0.74 (0.12-4.32)

2.0-3.0 13/237 (5.5) 3/236 (1.3) 02 2179.00 13.32(7.73-22.93) 2.49(0.80-7.73) 5.51(1.566-19.40) 2.51 (0.61-10.41)

3.0-4.0 9/120 (7.5) 4/154 (2.6) .08 117017 17.54 (9.13-33.71) 6.09 (2.28-16.22) 2.81(0.86-9.14)  1.38(0.35-5.46)

=4.0 13/99 (13.1) 5/137 (3.6) 01 1021.75 29.20(16.96-50.29)  8.67 (3.61-20.83) 3.31(1.18-9.32)  1.96 (0.30-12.84)

2Proportional hazards regression model adjusted for patient sex and age at diagnosis and stratified by medical center, except for age categories, which were adjusted only for sex and

medical center.

©2013 American Medical Association. All rights reserved.
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cant synergistic interaction (synergy
index, 3.15;95% CI, 1.37-7.27) (eTable
2). Deaths per 1000 person-years in
BRAF V600E—positive patients younger
than 60 years and 60 years or older were
5.27 (95% CI, 3.12-8.89) and 37.03 (95%
CI, 26.04-52.65), respectively, vs 1.34
(95% CI, 0.56-3.21) and 9.68 (95% CI,

4.35-21.56) in BRAF V600E—negative pa-
tients in these age groups, with a signifi-
cant synergistic interaction (synergy in-
dex, 3.40; 95% CI, 1.52-7.62). Thus,
these results showed a significant addi-
tive interaction of BRAF V60OE with
older patient age on mortality due to
PTC. This positive interaction of BRAF

VO600E with patient age in affecting PTC
mortality was also shown in Kaplan-
Meier survival curves (FIGURE 3).
When analyzing patients with the
conventional PTC variant, BRAF V600OE
was similarly associated with higher pa-
tient mortality within various clinico-
pathological risk categories (eTable 3).

Figure 2. Kaplan-Meier Survival Curves of the Interaction of BRAF V600E Mutation With Clinicopathological Risk Factors in Affecting
Disease-Specific Survival of Patients With Papillary Thyroid Cancer
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Lymph node metastasis positive Extrathyroidal invasion positive
BRAF VB00E positive 351 227 123 84 64 42 30 BRAF VB00E positive 336 206 100 61 42 23 17
BRAF VB00E negative 307 203 122 76 49 35 26 BRAF V600E negative 209 148 82 41 28 16 6
Lymph node metastasis negative Extrathyroidal invasion negative
BRAF VB600E positive 410 258 153 85 64 41 29 BRAF V600E positive 497 319 208 135 105 72 48
BRAF VB00E negative 623 398 243 150 113 82 56 BRAF VB00E negative 770 479 307 198 146 108 78
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Distant metastasis negative
BRAF VB600E positive 772 486 277 170 122 7 54
BRAF VB00E negative 944 608 373 229 166 121 81

In all panels, follow-up time is truncated at 12 years. In each panel, P values are from the log-rank test adjusted for multiple comparisons comparing each stratum with
patients negative for both the BRAF V60OE mutation and the indicated clinicopathological factor.
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Figure 3. Kaplan-Meier Survival Curves of the Interaction of BRAF V60OE Mutation With Age in Affecting Disease-Specific Survival of Patients

With Papillary Thyroid Cancer
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Age <45y Age <60y
BRAF VB0OE positive 346 226 131 89 72 46 37 BRAF V600E positive 617 384 224 149 17 79 58
BRAF V600E negative 530 347 224 142 102 76 56 BRAF V600E negative 819 535 339 212 154 117 81

In all panels, follow-up time is truncated at 12 years. In each panel, P values are from the log-rank test adjusted for multiple comparisons comparing each stratum with
patients negative for both the BRAF V60OE mutation and younger than 45 years (panel A) or younger than 60 years (panel B).

Mortality in BRAF V600OE
Mutation-Negative

Conventionally Low-Risk Patients
As shown in Table 3, the overall mor-
tality was low in conventionally low-
risk patients; ie, those with tumor size
of 1.0 cm or smaller, stage I to III dis-
eases, or age younger than 45 years. Mor-
tality was lowest in the BRAF V600E—
negative patients of these groups, ranging
from 0 to 0.81 (95% CI, 0.20-3.24)
deaths per 1000 person-years. A uni-
form O mortality was observed in BRAF
V600E—negative patients in these groups
when the analysis was restricted to only
conventional PTC (eTable 3). A moder-
ate increase in mortality was seen in the
presence of BRAF V60OE in some of these
groups but was not statistically signifi-
cant (Table 3 and eTable 3).

DISCUSSION

In this multicenter study, we found a sig-
nificant association of BRAF V60OE mu-
tation with PTC-related mortality, both
in patients with all types of PTC and in
patients with conventional PTC. The ma-
jority of the mortality cases (80.4%) har-
bored this mutation. These results sug-

gest the importance of BRAF V60OE in
PTC-related mortality. We also ob-
served a significant additive interaction
between BRAF V60OE and several con-
ventional clinicopathological factors af-
fecting the magnitude of PTC-related
mortality, including older patient age at
diagnosis, LNM, distant metastasis, and
advanced disease (stage IV). Most of
these factors alone had only a modest
mortality risk, which was significantly in-
creased by coexisting BRAF V600E.
Thus, the widely known mortality risk
associated with the conventional high-
risk clinicopathological factors of PTC
is closely related to the coexisting BRAF
V600E mutation.

The significance of the association of
BRAF V600E with mortality needs to
be interpreted from the perspective of
absolute risk. For example, as shown
in Table 3, BRAF V600E in patients
without distant metastasis was associ-
ated with an increase in mortality from
0.3% (3/944) t0 1.4% (11/772) (P=.01),
whereas it was increased in patients
with distant metastasis from 18.2% (8/
44) to 51.5% (34/66) (P<<.001). Al-
though the difference was statistically

©2013 American Medical Association. All rights reserved.
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significant in both situations, there was
only 1 additional patient death in the
former vs 33 additional deaths in the
latter associated with BRAF V60OE in
100 patients. In some of the conven-
tionally low-risk categories, such as tu-
mors of 1.0 cm or smaller, BRAF V600OE
was also associated with mortality, con-
sistent with previous findings that this
mutation could be associated with ag-
gressive tumor features even in con-
ventionally low-risk patients.'*!®3! In
such low-risk categories, however, the
absolute mortality rate is low. It is also
clinically important to note that ab-
sence of the BRAF V60OE mutation was
associated with a mortality of nearly 0%
in conventionally low-risk patients.
The explanation for a role of BRAF
V600E in PTC-related mortality likely lies
in the molecular mechanisms by which
BRAF V600E promotes aggressive mo-
lecular pathogenesis of PTC. For example,
BRAF V600E causes dedifferentiation of
PTC, resulting in the loss of expression
of thyroid genes involved in thyroid io-
dide concentration and, hence, failure of
radioiodine treatment.'*'> BRAF V600OE
strongly up-regulates many classic angio-
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genic and tumor-promoting molecules
(eg, vascular endothelial growth factor,
matrix metalloproteinases, c-MET, and
nuclear transcription factor kB) and is as-
sociated with hypermethylation and,
hence, inactivation of tumor suppressor
genes (eg, tissue inhibitor of matrix me-
talloproteinase 3, death-associated pro-
tein kinase, and SLC5A8)'**!' as well as
extracellular pro-tumor microenviron-
mental changes.*> BRAF V600E causes
genome-wide alterations in methylation
and, hence, aberrant expression of promi-
nent genes in thyroid cancer” as well as
inmelanoma.* There are also other mo-
lecular derangements and signaling path-
way aberrations caused by BRAF V60OE
in thyroid cancer.”

It is likely that through these unique
molecular mechanisms and others as yet
unknown, BRAF V600E promotes
aggressive tumor behaviors such as
LNM, tumor invasion, and distant
metastasis; silences thyroid iodide-
metabolizing genes and renders the tu-
mor resistant to radioiodine treatment;
and expedites tumor progression, hence
aggravating the risk of PTC-related mor-
tality, which is ultimately caused by these
aggressive tumor behaviors. Thus, BRAF
V600E cannot be independent of such
tumor behaviors in affecting patient mor-
tality. In fact, when we adjusted for these
tumor behaviors, the association with
BRAF V600E was no longer statistically
significant, indicating that these tumor
behaviors may lie in a causal pathway.
In contrast, stratification by center and
adjustment for patient age and sex did
not remove the significant association of
BRAF V600E with mortality in either the
overall analysis of all PTC or the analy-
sis of conventional PTC.

The large number of cases and mul-
ticenter design with worldwide geo-
graphic reach represent a major strength
of this study. The treatments, including
total thyroidectomy, therapeutic neck
dissection, and appropriate postopera-
tive thyrotropin suppression, were pur-
sued following accepted standards at the
participating centers, and the pathologi-
cal diagnoses of tumors were formally
documented.'** Although patient fol-
low-up durations after the initial treat-

1500 JAMA, April 10, 2013—Vol 309, No. 14

ment varied between centers, this was not
different by BRAF VO0OE status within
centers and in the overall analysis. More-
over, we used Cox proportional haz-
ards regression and Kaplan-Meier sur-
vival analysis as well as person-year
mortality rates to account for different
durations. Most of the known relation-
ship patterns of conventional clinico-
pathological risk factors with PTC-
related mortality were accurately
reproduced in the present study, sup-
porting its validity. At some centers,
BRAF V600E patients received higher
doses of radioiodine treatments when ret-
rospectively analyzed after BRAF V600OE
testing. This likely reflects that BRAF
V600E patients tended to present with
more aggressive clinicopathological be-
haviors of PTC, prompting more aggres-
sive radioiodine treatment. This may
have caused an underestimate of the as-
sociation of BRAF V600E with PTC mor-
tality in the present study, as radioio-
dine treatment has been associated with
decreased mortality of thyroid cancer in
conventionally high-risk patients,?
which, as the present study showed, is
where BRAF V600E has the most sig-
nificant association with mortality.
There are a few limitations of the pres-
entstudy. First, the low number of PTC-
specific deaths, as is generally seen for
PTC, reduced the power to find associa-
tions and resulted in wide confidence in-
tervals for some of the subcategory esti-
mates. This was particularly an issue in
the stratified analyses. In fact, adjusted HRs
lostsignificance in some stratified subcat-
egories (Table 3). This, however, partially
reflects that BRAF VOOOE synergistically
interacts with patient age in its associa-
tion with mortality and the effect of BRAF
V600E would therefore be attenuated
when patient age was adjusted in the
model. Additionally, stratified analyses
were performed with no adjustment for
multiple comparisons because of a rela-
tively small number of cases. Therefore,
these stratified analyses should be con-
sidered exploratory and hypothesis gen-
erating. Second, many patients had arela-
tively short clinical follow-up. This may
have led to an incomplete representation
by the present study of the natural mor-

tality course of PTC and, hence, an inac-
curate picture of the relationship of BRAF
V600E and PTC-related mortality. This
seems to be suggested by the observation
that the association became clearer after
longer follow-up. Another limitation is
thatwe captured only PTC-specific deaths
in our data, censoring patients who died
of other causes at the time of last follow-
up. Therefore, we could not look at all-
cause mortality.

Insummary, in this multicenter study,
the presence of the BRAF V60OE muta-
tion was significantly associated with in-
creased cancer-related mortality among
patients with PTC. However, overall mor-
tality in PTC is low, and the association
was notindependent of tumor behaviors.
Therefore, how to use BRAF V60OE for
the management of mortality risk among
patients with PTCisnot clear. These find-
ings support further investigation of the
prognostic and therapeutic implications
of BRAF V600E status in PTC.
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