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Context: Multifocality is often treated as a risk factor for papillary thyroid cancer (PTC), prompting
aggressive treatments, but its prognostic value remains unestablished.

Objective: To investigate the role of tumor multifocality in clinical outcomes of PTC.

Methods:Multicenter study of the relationship between multifocality and clinical outcomes of PTC
in 2638 patients (623men and 2015women)withmedian [interquartile range (IQR)] age of 46 (35 to
58) years and median (IQR) follow-up time of 58 (26 to 107) months at 11 medical centers in six
countries. Surveillance, Epidemiology and End Results (SEER) data were used for validation.

Results: Disease recurrence in multifocal and unifocal PTC was 198 of 1000 (19.8%) and 221 of 1624
(13.6%) (P , 0.001), with a hazard ratio of 1.55 [95% confidence interval (CI), 1.28 to 1.88], which
became insignificant at 1.13 (95% CI, 0.93 to 1.37) on multivariate adjustment. Similar results were
obtained in PTC variants: conventional PTC, follicular-variant PTC, tall-cell PTC, and papillary thyroid
microcarcinoma. There was no association between multifocality and mortality in any of these PTC
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settings,whereas therewas a strongassociation between classic risk factors and cancer recurrence or
mortality, which remained significant after multivariate adjustment. In 1423 patients with
intrathyroidal PTC, disease recurrence was 20 of 455 (4.4%) and 41 of 967 (4.2%) (P = 0.892)
and mortality was 0 of 455 (0.0%) and 3 of 967 (0.3%) (P = 0.556) in multifocal and unifocal PTC,
respectively. The results were reproduced in 89,680 patients with PTC in the SEER database.

Conclusions: Tumor multifocality has no independent risk prognostic value in clinical outcomes of
PTC; its indiscriminate use as an independent risk factor, prompting overtreatments of patients,
should be avoided. (J Clin Endocrinol Metab 102: 3241–3250, 2017)

Papillary thyroid cancer (PTC) is a common endocrine
malignancy with a rapid rise in incidence in recent

years (1–3). This cancer consists of several histological
variants, including mainly conventional PTC (CPTC),
follicular-variant PTC (FVPTC), and tall-cell PTC
(TCPTC), with a prevalence order of CPTC .
FVPTC .. TCPTC (4, 5). The standard treatment of
PTC is total thyroidectomy or hemithyroidectomy, fol-
lowed, in appropriately selected cases, by radioiodine
ablation and thyrotropin suppression (6–8). These
treatments, when used in appropriately defined patients,
can reduce disease recurrence and patient mortality but
can lead to treatment-associated adverse effects. It is thus
important to appropriately define the type and extent of
the treatment to maximize the benefit potential while
minimizing the adverse risk of the treatment. To this end,
accurate risk stratification is critical in helping define
appropriate treatments of PTC. This is currently achieved
primarily through the evaluation of clinicopathological
risk factors, such as advanced patient age, male sex,
lymph node metastasis, extrathyroidal extension, and
distant metastasis, whose association with poor out-
comes of PTC has been well established (8–10).

PTC can occur as a solitary tumor (unifocality) or as
multifocal tumors (multifocality). The prevalence of the
latter ranged from 32% to 39% in large series of PTC (5,
11, 12). Multifocality is often empirically treated as
a high-risk factor for progression of PTC, thereby
prompting more aggressive treatments. Yet results from
previous studies on the role of tumor multifocality in
clinical outcomes of PTC are inconsistent and even
contradictory (11–16). Consequently, the prognostic
value of multifocality of PTC remains controversial,
creating a major confusion and dilemma in the current
clinical management of PTC. Thus, overtreatment or
undertreatment of PTC may occur, depending on how a
clinician understands and uses multifocality as a prog-
nostic risk factor. In the current study, we used a large
international multicenter cohort of patients with PTC
and the Surveillance, Epidemiology and End Results
(SEER) database to definitively address the role of
multifocality in the clinical outcomes of PTC and its
prognostic value in managing this cancer.

Patients and Methods

With the approval of institutional review boards of the par-
ticipating institutions and, where required, informed written
subject consents, data from 2638 patients with PTC on clini-
copathological characteristics, tumor recurrence, and PTC-
specific patient death were pooled from 11 medical centers in
six countries (listed in Supplemental Table 1). These patients
included 623 (23.6%) men and 2015 (76.4%) women, with a
median [interquartile range (IQR)] age of 46 (35 to 58) years at
the diagnosis of PTC andmedian (IQR) follow-up time of 58 (26
to 107) months after the initial surgery (Supplemental Table 1
and Table 1). All the patients were treated with total or near-
total thyroidectomy for PTC and were consecutively selected.
Histopathological diagnoses of PTC variants were established
according to World Health Organization criteria (17). Uni-
focality of PTC was defined as a solitary cancer focus, and
multifocality of PTC was defined as two or more tumor foci.
The largest diameter of the largest tumor was used to define the
tumor size in each case. Papillary thyroid microcarcinoma
(PTMC) was defined as the largest tumor being #1.0 cm in
diameter. In this sense, multifocal PTMC meant that all the
tumor foci were #1.0 cm. Disease recurrence was defined as
recurrent or persistent PTC identified with standard bio-
chemical, cytological, histological, and radiographical criteria
as previously described (9, 10). Unless specifically indicated,
recurrence in this study was defined as combined biochemi-
cal (serum thyroglobulin) and structural tumor recurrences.
Structural tumor recurrence was defined as confirmed physical
tumor existence of recurrent or persistent disease, not just
positive serum thyroglobulin. A total of 89,680 patients from
the SEER database from 2004 to 2013, which started collecting
information onmultifocality of PTC in 2004, were used here for
replication and validation analyses. The study designs and
statistical analyses are presented in Supplemental Methods.

Results

Association between multifocality and high-risk
clinicopathological characteristics of PTC in
univariate analyses

Multifocality was seen in 1000 of 2624 (38.1%) PTC
cases, 731 of 1888 (38.7%) CPTC cases, 183 of 524
(34.9%) FVPTC cases, and 42 of 100 (42.0%) TCPTC
cases, with no difference between them (P = 0.203).

On the overall analysis of the 2638 cases of PTC
(Table 1), when compared with unifocality of PTC, mul-
tifocality was associated with extrathyroidal extension,
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lymph node metastasis, and, correspondingly, advanced
tumor stage III or IV. Multifocality was also associated
with more frequent use and higher dosage of radioiodine-
131 (131I) in the treatment of PTC. There was no difference
betweenmultifocality and unifocality in patient age, tumor
size, and BRAF mutation status (P . 0.05 in all). The
recurrence of PTC was moderately higher in multifocality
compared with unifocality, being 198 of 1000 (19.8%) in
the former and 221 of 1624 (13.6%) in the latter (P ,

0.001). This pattern was also seen when we examined
PTMC and non-PTMC (e.g., tumors.1.0 cm) separately,

with the recurrence in multifocal and unifocal PTMC and
non-PTMCbeing 35 of 297 (11.8%) and24of 484 (5.0%)
(P , 0.001) and 162 of 699 (23.2%) and 190 of 1121
(16.9%) (P = 0.001), respectively. The data from the Johns
Hopkins patients also had information on structural re-
currence of PTC, which was specifically analyzed and
found to be moderately higher in multifocality compared
with unifocality, being 75 of 398 (18.8%) in the former
and 92 of 653 (14.1%) in the latter (P = 0.041).

On the analysis of the 1893 patients with CPTC
(Supplemental Table 2), multifocality was similarly

Table 1. Comparison of the Clinicopathological Characteristics Between Unifocality and Multifocality of PTC

Characteristics All PTC Unifocal PTC Multifocal PTC P

Total cases, n (%)a 2638 1624 (61.9) 1000 (38.1)
Age at diagnosis, na 2638 1624 1000
Median (IQR), y 46 (35–58) 46 (34–58) 46 (36–57) 0.543

Age $45 y, n (%)a 1408/2638 (53.4) 863/1624 (53.1) 539/1000 (53.9) 0.705
Sex (male), n (%)a 623/2638 (23.6) 359/1624 (22.1) 26/11000 (26.1) 0.019
Tumor size, na 2601 1605 996
Median (IQR), cm 1.5 (1.0–2.5) 1.6 (1.0–2.6) 1.5 (1.0–2.5) 0.068

Tumor size .1.0 cm, n (%)a 1820/2601 (70.0) 1121/1605 (69.8) 699/996 (70.2) 0.856
Extrathyroidal extension, n (%)a 668/2634 (25.4) 355/1622 (21.9) 313/1000 (31.3) ,0.001
Lymph node metastasis, n (%)a 896/2613 (34.3) 459/1612 (28.5) 430/987 (43.6) ,0.001
Tumor stage, n (%)a 2618 1613 999
I 1819 (69.5) 1152 (71.4) 664 (66.5)
II 185 (7.1) 125 (7.7) 60 (6.0)
III 414 (15.8) 223 (13.8) 191 (19.1)
IV 200 (7.6) 113 (7.0) 84 (8.4) 0.001

Tumor stage III or IV, n (%)a 614/2618 (23.5) 336/1613 (20.8) 275/999 (27.5) ,0.001
Distant metastasis, n (%)a 118/2615 (4.5) 67/1609 (4.2) 50/999 (5.0) 0.313
131I treatment, n (%)b 1984/2559 (77.5) 1149/1553 (74.0) 82/9992 (83.6) ,0.001
131I dose, nb 2540 1545 982
Median (IQR), mCi 100 (30–100) 100 (0–100) 100 (50–103) ,0.001

Follow-up time (R), na 2638 1624 1000
Median (IQR), mo 51 (23–96) 53 (24–98) 48 (21–94) 0.009

Tumor recurrence, n (%)a 423/2638 (16.0) 221/1624 (13.6) 198/1000 (19.8) ,0.001
Structural recurrence, n (%)c 16/71051 (15.9) 92/653 (14.1) 75/398 (18.8) 0.041
Recurrence of intrathyroidal PTC, n (%)d 61/1423 (4.3) 41/967 (4.2) 20/455 (4.4) 0.892
Recurrence of PTMC, n (%)e 59/781 (7.6) 24/484 (5.0) 35/297 (11.8) ,0.001
Recurrence of non-PTMC, n (%)f 352/1820 (19.3) 190/1121 (16.9) 162/699 (23.2) 0.001
Mortality, n (%)a 58/2638 (2.2) 37/1624 (2.3) 20/1000 (2.0) 0.635
Mortality of intrathyroid PTC, n (%)d 3/1423 (0.2) 3/967 (0.3) 0/455 (0.0) 0.556
Follow-up time (M), na 2638 1624 1000
Median (IQR), mo 58 (26–107) 60 (28–108) 56 (24–107) 0.113

BRAF mutation, n (%)a 1094/2618 (41.8) 654/1615 (40.5) 438/989 (44.3) 0.057

In cases where the total patient number in the “All PTC” category is larger than the sum of the numbers of patients in corresponding “Unifocal PTC” and
“Multifocal PTC” categories, therewere one ormore patientswith the information available on the parameter under examination butmissing information
on tumor focus status.

Abbreviations: M, mortality; R, recurrence.
aThese data on characteristics were from 2638 patients from medical centers 1 to 11, with complete information on patient age and sex but missing
information on multifocality, tumor size, extrathyroidal extension, lymph node metastasis, tumor stage, distant metastasis, tumor recurrence, follow-up
time for R, M, follow-up time for M, and BRAF mutation status in 14, 37, 4, 25, 20, 23, 0, 0, 0, 0, and 20 cases, respectively.
bFor 131I treatment and radioiodine dosage, the data were from medical centers 1 to 5 and 7 to 11 with a total of 2562 cases, missing 3 and 22 cases,
respectively.
cStructural recurrence data were from medical center 1, with a total of 1051 cases.
dData on recurrence andmortality of patientswith intrathyroidal PTC defined as PTCwithout extrathyroidal extension, lymph nodemetastasis, and distant
metastasis were pooled from medical centers 1 to 11, with a total of 1423 cases.
eData on recurrence in PTMC defined as PTC #1.0 cm were pooled from medical centers 1 to 11, with a total of 781 cases.
fData on recurrence in non-PTMC were pooled from medical centers 1 to 11, with a total of 1820 cases.
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associated with extrathyroidal extension, lymph node
metastasis, and, correspondingly, advanced tumor stage
III or IV. Multifocality was also associated with more
frequent use and higher dosage of 131I in the treatment of
CPTC. No association was seen between multifocality
and other characteristics. Recurrence of CPTC was
moderately higher in multifocality compared with uni-
focality, being 155 of 731 (21.2%) in the former and 163
of 1157 (14.1%) in the latter (P , 0.001). This pattern
was similarly seen in PTMC and non-PTMC in the CPTC
cohort, with the recurrence in multifocal and unifocal
PTMC and non-PTMC being 30 of 237 (12.7%) and 20
of 395 (5.1%) (P = 0.001) and 124 of 493 (25.2%) and
137 of 748 (18.3%) (P = 0.004), respectively. Structural
recurrence of CPTC was not significantly different be-
tween multifocality and unifocality, being 59 of 305
(19.3%) in the former and 70 of 488 (14.3%) in the latter
(P = 0.063).

In FVPTC, no high-risk clinicopathological charac-
teristic was associated with multifocality except for
lymph node metastasis (Supplemental Table 3). The re-
currence was marginally associated with multifocality
compared with unifocality, being 25 of 183 (13.7%) in
the former and 28 of 341 (8.2%) in the latter (P = 0.049).
In TCPTC, no association of any high-risk clinicopath-
ological characteristic with multifocality was observed,
including disease recurrence (Supplemental Table 4).
There was no association between multifocality and
distant metastasis in any of the PTC settings investigated
in this study (Table 1, Supplemental Tables 2 to 4).

Lack of an independent role of multifocality in
clinical outcomes of PTC

On univariate analyses, moderately significant hazard
ratios (HRs) of multifocality for recurrences were ob-
served in several settings of PTC (Supplemental Table 5).
However, on multivariate adjustment for classic clini-
copathological risk factors of patient age, male sex, tu-
mor size, extrathyroidal extension, and lymph node
metastasis, the significance of HRs of multifocality for
recurrence was lost in all the PTC settings (Table 2). In
contrast, the HRs of patient age, male sex, tumor size,
extrathyroidal extension, and lymph node metastasis for
PTC recurrence remained significant in most of these
settings after multivariate adjustment, consistent with
their well-established role in poor clinical outcomes of
PTC (6–8). Similar results were obtained when the three
PTC variants, CPTC, FVPTC, and TCPTC, were in-
dividually analyzed (Supplemental Table 6).

These results strongly suggest that multifocality has no
independent role in PTC recurrence and that its associ-
ation with recurrence observed on univariate analyses
reflects the effects of coexisting classic high-risk factors,

such as lymph node metastasis and extrathyroidal ex-
tension. To definitively test this supposition, we identified
and examined a special cohort of 1423 patients with
intrathyroidal PTC, defined as tumors lacking extra-
thyroidal extension, lymph node metastasis, and distant
metastasis. Among these patients, 455 of 1422 (32.0%)
cases had multifocality. The overall rate of intrathyroidal
multifocality among all PTC was 455 of 2624 (17.3%).
Even on univariate analysis, no association between
multifocality and disease recurrence was observed in
patients with intrathyroidal PTC. Specifically, recurrence
inmultifocal and unifocal PTC in these patients was 20 of
455 (4.4%) and 41 of 967 (4.2%) (P = 0.892) (Table 1),
with an HR of 1.08 [95% confidence interval (CI),
0.63 to 1.84] (Supplemental Table 5), which remained

Table 2. HRs of the Clinicopathological
Characteristics for Tumor Recurrence of PTC in
Multivariate Cox Proportional Hazards Analysis

Characteristics

All Variants of PTC

HR (95% CI) P

Recurrence in all PTC
Age at diagnosis 1.02 (1.01–1.03) ,0.001
Sex (male) 1.33 (1.08–1.64) 0.007
Tumor size 1.13 (1.08–1.17) ,0.001
Extrathyroidal extension 1.93 (1.56–2.39) ,0.001
Lymph node metastasis 5.40 (4.24–6.87) ,0.001
Multifocality 1.13 (0.93–1.37) 0.233

Recurrence in PTMC
Age at diagnosis 1.02 (1.00–1.04) 0.069
Sex (male) 1.63 (0.93–2.85) 0.089
Tumor size 2.93 (0.96–8.99) 0.060
Extrathyroidal extension 1.24 (0.67–2.28) 0.495
Lymph node metastasis 11.33 (5.97–21.51) ,0.001
Multifocality 1.43 (0.83–2.47) 0.194

Recurrence in non-PTMC
Age at diagnosis 1.02 (1.01–1.03) ,0.001
Sex (male) 1.31 (1.05–1.65) 0.017
Tumor size 1.10 (1.05–1.16) ,0.001
Extrathyroidal extension 1.97 (1.57–2.48) ,0.001
Lymph node metastasis 4.55 (3.51–5.89) ,0.001
Multifocality 1.10 (0.89–1.36) 0.400

Recurrence in intrathyroidal
PTC
Age at diagnosis 1.01 (0.99–1.03) 0.474
Sex (male) 1.75 (1.01–3.05) 0.048
Tumor size 1.21 (1.05–1.41) 0.011
Multifocality 1.14 (0.66–1.95) 0.643

Structural recurrence
Age at diagnosis 1.01 (1.00–1.02) 0.013
Sex (male) 1.20 (0.88–1.65) 0.256
Tumor size 1.22 (1.12–1.33) ,0.001
Extrathyroidal extension 2.37 (1.68–3.34) ,0.001
Lymph node metastasis 5.87 (3.97–8.68) ,0.001
Multifocality 1.10 (0.81–1.50) 0.547

For each clinicopathological risk factor, multivariate adjustment was
performed to adjust the effects of the remaining factors indicated in the
same section group.

Abbreviation: CI, confidence interval.
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insignificant at 1.14 (95% CI, 0.66 to 1.95) after mul-
tivariate adjustment (Table 2). Lack of association be-
tween multifocality and recurrence of intrathyroidal PTC
was similarly observed in CPTC (Supplemental Table 2),
FVPTC (Supplemental Table 3), and TCPTC (Supple-
mental Table 4), with insignificant HRs (Supplemental
Tables 5 and 6). In contrast, multifocality of intra-
thyroidal PTCwas significantly associated with increased
use and dosage of 131I (Supplemental Table 7). Specifi-
cally, patients with multifocality or unifocality received
131I treatment in 328 of 451 (72.7%) and 604 of 928
(65.1%) patients (P = 0.004) with dosages of 80 (IQR,
50 to 100) mCi and 55 (IQR, 0 to 100) mCi (P, 0.001),
respectively. Similar results were observed in intra-
thyroidal CPTC, FVPTC, and TCPTC. However, such
131I treatments did not affect disease recurrence or patient
mortality in intrathyroidal PTC, because the differences
in recurrence and mortality between multifocality and
unifocality remained insignificant on multivariate ad-
justments for the factors of 131I treatment and 131I dos-
age, whether on the analysis of all PTC or intrathyroidal
PTC (Supplemental Table 8).

There was no association between multifocality and
PTC-related patient mortality in any of the PTC settings
examined in this study, whether on univariate or multi-
variate analyses (Table 1, Table 3, Supplemental Tables 2
to 5, Supplemental Table 8). For example, on the uni-
variate analysis of the entire cohort of patients,mortality in
multifocal and unifocal PTC was 20 of 1000 (2.0%) and
37 of 1624 (2.3%) (P = 0.635) (Table 1), corresponding to
an HR of 0.90 (95% CI, 0.52 to 1.55) (Supplemental
Table 5), which remained insignificant at 0.88 (95% CI,
0.49 to 1.56) on multivariate adjustment (Table 3). A
similar lack of association between multifocality and

mortality was seen on analyses of CPTC (Supplemental
Table 2), FVPTC (Supplemental Table 3), and TCPTC
(Supplemental Table 4), with insignificant HRs (Table 3
and Supplemental Table 5). In the group of patients with
intrathyroidal PTC of all variants, the mortality was ex-
tremely low in multifocal PTC and unifocal PTC, being
0 of 455 (0.0%) in the former and 3 of 967 (0.3%) in the
latter (P = 0.556) (Table 1). Similar results were observed
in the individual PTC variants (Supplemental Tables 2 to
4). In all these PTC settings, HRs of multifocality for
mortality were insignificant (Table 3 and Supplemental
Table 5). In contrast, the classic clinicopathological risk
factors were associated with patient mortality, which
remained significant after multivariate adjustments
(Table 3). These results were replicated and validated in
the analysis of 89,680 patients with PTC in the SEER
database (Supplemental Table 9). Specifically, whereas the
classic clinicopathological risk factors were independently
associated with PTC-related mortality, multifocality did
not adversely affectmortality. Therewas also no difference
in mortality between multifocality and unifocality of
intrathyroidal PTC in the SEER data.

Lack of independent effects of multifocality on
Kaplan-Meier survival curves of patients with PTC

Compared with unifocality, multifocality was asso-
ciated with a moderate decline in recurrence-free survival
curves of patients in the analysis of the entire cohort of
patients [Fig. 1(a)] or those with CPTC [Supplemental
Fig. 1(A)] or FVPTC [Supplemental Fig. 1(B)]. In striking
contrast, there was no difference in recurrence-free sur-
vival curves in patients between multifocality and uni-
focality when intrathyroidal PTC was analyzed, either
in intrathyroidal PTC of all variants [Fig. 1(b)],

Table 3. HRs of the Clinicopathological Characteristics for PTC-Associated Patient Mortality in Multivariate
Cox Proportional Hazards Analysis

Characteristics

All Variants CPTC FVPTC TCPTC

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Mortality in all PTC
Age at diagnosis 1.09 (1.07–1.11) ,0.001 1.10 (1.07–1.13) ,0.001 1.11 (1.00–1.24) 0.060 1.01 (0.95–1.06) 0.830
Sex (male) 1.53 (0.89–2.64) 0.128 2.30 (1.19–4.45) 0.014 0.21 (0.02–2.58) 0.221 4.91 (0.67–36.15) 0.119
Tumor size 1.23 (1.14–1.40) ,0.001 1.14 (0.96–1.36) 0.137 1.08 (0.55–2.13) 0.830 2.10 (1.38–3.20) ,0.001
Extrathyroidal extension 2.73 (1.43–5.22) 0.002 3.44 (1.58–7.51) 0.002 2.67 (0.23–31.03) 0.433 0.23 (0.03–1.97) 0.181
Lymph node metastasis 6.06 (2.96–12.38) ,0.001 5.22 (2.30–11.83) ,0.001 —

a 0.932 13.91 (1.00–194.30) 0.050
Multifocality 0.88 (0.49–1.56) 0.653 0.69 (0.34–1.43) 0.317 0.74 (0.10–5.76) 0.772 0.46 (0.08–2.61) 0.381

Mortality in intrathyroidal PTC
Age at diagnosis 1.07 (0.98–1.17) 0.151 4.80 (0.18–125.26) 0.346 —

b
—

b 1.28 (0.02–111.60) 0.915
Sex (male) 5.05 (0.42–60.89) 0.202 —

a 0.904 —
b

—
b

—
a 0.918

Tumor size 1.40 (0.86–2.28) 0.172 5.33 (0.06–512.24) 0.473 —
b

—
b

—
a 0.843

Multifocality —
a 0.976 —

a 0.756 —
b

—
b

—
a 0.940

For each clinicopathological risk factor, multivariate adjustment was performed to adjust the effects of the remaining factors indicated in the same section
group.
aBecause of the low death number, HR could not be calculated.
bHR and P value could not be calculated because of the zero death in unifocal and multifocal FVPTC in the intrathyroidal cohort.
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intrathyroidal CPTC [Fig. 1(c)], or intrathyroidal
FVPTC [Fig. 1(d)]. There was no difference in PTC-
specific survival curves of patients between multifocality
and unifocality, either in general PTC of all variants
[Fig. 2(a)], intrathyroidal PTC of all variants [Fig. 2(b)],
general CPTC [Fig. 2(c)], or general FVPTC [Fig. 2(d)].
Thus, these results clearly demonstrated that multi-
focality had no effects on the survival curves of patients
with PTC.

Discussion

Appropriate clinicopathological risk stratification is
important in the clinical management of PTC to optimize
the balance between treatment-associated benefits and
risk of adverse complications. This is achieved primarily
by evaluating clinicopathological risk factors. In this
context, tumor multifocality is often empirically treated

by clinicians in practice as a risk factor for poor prognosis
of PTC, prompting more aggressive treatments. How-
ever, there is no established evidence to support this
practice. In fact, previous studies have been controversial
on the prognostic value of multifocality in PTC (11–16,
18–21), leaving clinicians with a dilemma on how to use
multifocality as a risk factor to assist inmanaging patients
with PTC. A general limitation of the previous studies is
that they used mostly single-institution cohorts; many
were small and used only univariate analyses. Moreover,
few studies investigated the effect of multifocality on
PTC-related mortality, the most concerning clinical
outcome of PTC. The recent clinical guidelines on the
management of thyroid cancer from theAmericanThyroid
Association recommended no more aggressive treatments,
such as radioiodine ablation, for multifocality only in
PTMC, but they were unable to make specific recom-
mendations on multifocality in PTC.1.0 cm (8). Thus, a

Figure 1. Kaplan-Meier survival curve analysis of the effect of multifocality on disease recurrence–free probability in patients with various types
of PTC. Shown are comparisons of recurrence-free survival probabilities between multifocality and unifocality in patients with (a) all PTC of the
entire cohort, (b) intrathyroidal PTC of all variants, (c) intrathyroidal CPTC, and (d) intrathyroidal FVPTC. Log-rank test was performed to compare
multifocality and unifocality in each group pair, with corresponding P values shown in each panel. The follow-up time is truncated at 20 years.
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major practical challenge in the current management of
PTC is how to understand and use tumormultifocality as a
risk factor in the treatment of patients, particularly pa-
tients with multifocality of tumors .1.0 cm.

In this study of a large multicenter cohort of patients,
complemented with the SEER database, we extensively
investigated the prognostic value of multifocality in
clinical outcomes of PTC. As found in previous studies
(11, 12, 18, 19, 21), our univariate analyses revealed an
association between multifocality and lymph node me-
tastasis and extrathyroidal extension as well as PTC
recurrence. However, on multivariate adjustment for
classic clinicopathological risk factors, the association
between multifocality and disease recurrence was lost
in all PTC settings. In contrast, the association between
the established clinicopathological risk factors and
recurrence of PTC remained significant even after

multivariate adjustments. When only intrathyroidal PTC
was analyzed, there was no association between multi-
focality and recurrence, whether on univariate analysis or
multivariate analysis. This was true whether the entire
cohort of 1423 cases of intrathyroidal PTC of all variants
or individual variants of intrathyroidal CPTC, FVPTC,
or TCPTC were examined. These results clearly dem-
onstrate no independent role of multifocality in PTC
recurrence.

We also found no association between multifocality
and distant metastasis in PTC, even in univariate ana-
lyses. This finding is worth noting because distant
metastasis is the most aggressive tumor risk factor for
PTC-related mortality. In fact, whether on univariate or
multivariate analyses, there was no association between
multifocality and patient mortality in any of the PTC
settings investigated. As in unifocal intrathyroidal PTC,

Figure 2. Kaplan-Meier survival curve analysis of the effect of multifocality on disease-specific survival probability of patients with various types of
PTC. Shown are comparisons of disease-specific survival probabilities between multifocality and unifocality in patients with (a) all PTC of the
entire cohort, (b) intrathyroidal PTC of all variants, (c) CPTC, and (d) FVPTC. Log-rank test was performed to compare multifocality and unifocality
in each group pair, with corresponding P values shown in each panel. The follow-up time is truncated at 20 years.
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the mortality was also extremely low in multifocal
intrathyroidal PTC, being 0.3% in the former and 0.0%
in the latter. Importantly, all these results were replicated
and validated in the large SEER database.

The findings of this study may have important clinical
implications at two levels: the preoperative level and the
postoperative level. For the former, knowledge of PTC
multifocality from preoperative diagnostic efforts may
favor a more aggressive surgical approach in appropri-
ately selected patients, given the association of multi-
focality with lymph node metastasis and extrathyroidal
extension. For the latter, multifocality itself should not
affect defining postoperative treatments, such as the need
for radioiodine ablation and thyrotropin suppression,
which should be dictated instead by the status of classic
clinicopathological risk factors. Similarly, intrathyroidal
multifocality localized in one thyroid lobe may not justify
total thyroidectomy for the treatment of PTC, as it oth-
erwise could in current clinical practice. This conservative
approach to the treatment of multifocal intrathyroidal
PTC may have a general application, as supported by the
current study, including tumors.1.0 cm, not just PTMC,
as suggested by the recent American Thyroid Association
guidelines (8).

More aggressive treatments of multifocality over uni-
focality, such as more frequent and higher-dose radio-
iodine treatments, were commonly reported in previous
studies (11, 12) and observed in the current study. It is
likely that in many cases such multifocality-associated
aggressive treatments were empirically prompted by the
multifocality status itself. This speculation is directly
supported by the finding in the current study that even in
patients with intrathyroidal PTC without classic high-risk
factors, those with tumor multifocality were treated with
131I more often and with higher doses than patients with
unifocality. This could theoretically be a cofounding factor
for the comparability of clinical outcomes of patients
between multifocal and unifocal intrathyroidal PTC in the
current study. In reality, however, this was not the case
because the increased use of 131I did not actually affect the
clinical outcomes of PTC in the current study, as dem-
onstrated by the fact that on multivariate adjustment for
131I treatments there was still no difference in disease re-
currence and patient mortality between multifocal and
unifocal PTC. Consistent with the finding of the extremely
low patient mortality associated with intrathyroidal PTC
in the current study, intrathyroidal PTC is generally of
low-risk stage I or II disease, for which it has been well
established that high-dose 131I has no additional thera-
peutic benefit comparedwith low-dose 131I, as exemplified
by the demonstration that 100 mCi and 30 mCi 131I had
comparable effects on clinical outcomes of such PTC (22,
23). It is likely that multifocality may also empirically

prompt more aggressive thyrotropin suppression, which
could be theoretically also a cofounding factor for the
comparability of clinical outcomes of patients between
multifocal and unifocal intrathyroidal PTC in the current
study. This, in reality, was not the case because large
studies have generally shown no therapeutic benefit of
aggressive thyrotropin suppression and radioiodine
treatments for PTC of stage I or II disease (24–27). Thus,
more aggressive treatments of PTC empirically prompted
by multifocality did not improve clinical outcomes and
played no role in the comparability of clinical outcomes
between multifocality and unifocality observed in the
current study. More aggressive treatments for multifocal
intrathyroidal PTC are unnecessary overtreatments and
may increase the risk of treatment-associated adverse
complications.

Although its multicenter nature is a strength of this
study, it is also potentially associated with the problem
of inherent data heterogeneity between centers. This
problem is minimized by several factors, however: The
participating centers are world-renowned thyroid tumor
centers that have been closely following contemporary
standard guidelines to treat patients with thyroid cancer;
only patients with total or nearly total thyroidectomy
were included in the study; the main parameter studied,
multifocality, is simply defined by the number of cancer
foci and should not cause variations between centers; all
participating centers used the same predesigned protocol
to collect data according to the same criteria for this
study; and this was a large cohort, and in fact the largest
multicenter one to provide a large power to study mul-
tifocality. These and other strengths should ably mini-
mize the heterogeneity issue and help reach solid
conclusions. The fact that the findings from the analyses
of these multicenter data were completely replicated in
the analysis of the SEER data provides additional support
for their reliability.

Conclusions

This large, comprehensive multicenter study, com-
plemented by the SEER data analyses, provides definitive
evidence reconciling the controversies on the role and
prognostic value of tumor multifocality in clinical out-
comes of PTC. Although multifocality is associated with
lymph node metastasis and extrathyroidal invasion and
can therefore be potentially useful in facilitating pre-
operative surgical decision making for PTC, it has no
independent impact on the ultimate clinical outcomes of
disease recurrence and patient mortality. Postoperatively
discovered multifocality of PTC itself has limited role in
guiding the management of these patients; it is the
established classic clinicopathological risk factors, if
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present, that can help facilitate decision making for the
postoperative treatment of PTC. In particular, post-
operatively confirmed intrathyroidal multifocal PTC
bears no increased risk and should not prompt more
aggressive treatments for patients. Given the common
occurrence of tumor multifocality, seen in 32.0% of
intrathyroidal PTC or 38.1% of all PTC patients, this
study will probably have a broad impact on the current
clinical management of PTC.
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