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Introduction
Well-differentiated thyroid cancer includes papil-
lary and follicular histotypes, and accounts for the 
vast majority (>90%) of all thyroid cancers 
(TCs).1 In the United States (US), the incidence 
of TC has tripled in recent times, from 4.9 per 
100,000 in 1975 to 14.3 per 100,000 in 2009.2 

Papillary thyroid cancer (PTC), the main culprit 
responsible for the constantly rising incidence of 
TC, has an excellent prognosis, with survival 
rates exceeding 97% at 5 years, and >90% at 
10 years.3,4 Given this low mortality rate for PTC, 
clinical and pathological factors affecting disease-
free survival – in other words, disease persistence 
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and recurrence – rather than disease-related death 
are the key elements to consider at diagnosis and 
during patient follow up in every day clinical 
practice.

So, while the AJCC/UICC staging system (8th 
edition) is the most powerful tool for predicting 
the mortality risk,5–8 a combination of tumor size 
and gross extrathyroidal extension, more or less 
aggressive histologies, the burden of metastatic 
lymph nodes, incomplete tumor resections, and 
particular molecular profiles have all emerged as 
significant factors influencing the risk of recurrent 
structural disease.

On the other hand, vascular invasion, capsular 
invasion, and multifocality (Mu) are less clear 
prognostic determinants, and any role they may 
have is still being debated.9

PTC can occur as single or multifocal tumors 
(involving two or more anatomically separate 
foci). The prevalence of Mu in PTC ranges from 
32% to 39%.10,11 Mu most often presents as mul-
tiple microPTC (maximum tumor size <10 mm), 
and only occasionally with lesions visible on ultra-
sound.12 The latest guidelines issued by the 
American and European Thyroid Associations 
(ATA and ETA) place patients with multifocal 
PTC in the category at low risk of persistence/
recurrence.13,14 Recent studies have found, how-
ever, that Mu is associated with lymph node 
metastases at diagnosis, and with persistent/
recurrent disease during follow-up.10,11,15,16 Mu in 
PTC is also often empirically interpreted by clini-
cians as a high-risk factor, and this prompts a 
more aggressive treatment.17

In the literature, Mu in PTC is associated with 
older age,15,18 male sex,18,19 and extrathyroidal 
extension.11,15,17 It is only in some studies that Mu 
seemed to be associated with vascular invasion, 
lymph node metastases, more advanced disease 
and higher Initial Risk Stratification System 
(IRSS) scores.16,18 Nevertheless, the real prognos-
tic significance of Mu in contributing to PTC per-
sistence/recurrence, or even mortality, remains 
controversial. As an example, two recent meta-
analyses reported opposite findings. The one con-
ducted by Guo et al. included 7048 patients from 
13 studies, and found Mu per se of no value in 
predicting recurrent disease.19 The other meta-
analysis, by Joseph et  al., concerned 178,550 
patients with PTC from five predominantly 

registry-based studies, found that Mu had an 
impact on disease recurrence with a hazard ratio 
(HR) of 2.81; no data on mortality were consid-
ered.15 An interesting paper by Qu et al. analyzed 
whether the number of single tumor foci affected 
the prognosis: Mu emerged as a risk factor for 
recurrence, with a strong linear effect: the more 
numerous the foci, the higher the risk of 
recurrence.20

In a very recent study by Geron et  al., on 1039 
consecutive PTC patients, Mu confirmed its asso-
ciation with a more aggressive disease in terms of 
baseline characteristics, intensity of treatment, per-
sistence/recurrence rates, and mortality. That said, 
after adjusting for confounding variables using a 
propensity score matching, Mu was no longer sig-
nificantly associated with recurrence, long-term 
outcome, and mortality rates. The authors thus 
concluded that Mu in PTC is a marker of more 
extensive disease on presentation, but not an inde-
pendent prognostic factor of disease outcome.18

As far as bilaterality is concerned, multifocal PTC 
may be bilateral in 13–71% of cases,11 and the 
prognostic significance of this characteristic is still 
debated. A study by Kim et al. found Mu, but not 
bilaterality, associated with disease persistence/
recurrence, and the authors judged that the num-
ber of tumor foci was of greater prognostic value 
than their location.11 Another retrospective study 
analyzing 496 PTC patients found instead that 
bilaterality, as opposed to unilateral Mu, was an 
independent risk factor for neck recurrence 
(HR = 4.052), distant metastasis (HR = 3.860), 
and cancer-related death (HR = 7.252).21

In the present study, we investigated the prognos-
tic value of Mu and bilaterality in PTC in a large 
consecutive series of patients treated at a single 
center. We also made an effort to fully character-
ize multifocal PTC from a clinical, histopatho-
logical and molecular point of view. Our aim was 
ultimately to establish whether the sum of the 
diameters of single foci (SDSF), the total number 
of foci (TNF), and primary tumor size (PTS) are 
of prognostic significance in multifocal PTC.

Materials and methods

Patients
We conducted a retrospective analysis on a con-
secutive series of 370 adult patients at a single 
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center with thyroid nodules found malignant or 
suspect for TC (TIR 4–5 according to the 
SIAPEC 2014 consensus statement)22 on fine-
needle aspiration cytology (FNAC). Between 
2007 and 2017, all patients underwent total thy-
roidectomy and were histologically confirmed as 
cases of PTC.23 Decisions regarding the extent of 
initial surgery in these patients (total thyroidec-
tomy with or without prophylactic neck compart-
ment dissection), 131I treatment and follow-up 
modalities have been reported elsewhere.23

The histological variants of these cases of PTC 
were identified in accordance with World Health 
Organization (WHO) criteria.24 Histological diag-
nostics and staging were managed according to 
the AJCC/UICC system (8th edition), and on the 
grounds of the first whole-body scan after 131I 
remnant ablation.5–8 The maximum diameter of 
the largest tumor focus was used to define pri-
mary tumor size (PTS) in each case. MicroPTC 
was diagnosed when the largest tumor was 
⩽1.0 cm in diameter. The methodology adopted 
for the molecular analysis to identify somatic 
TERT promoter and BRAF mutations has been 
described elsewhere.23

Patient outcome was defined as an excellent 
response (ER), indeterminate response (IR), bio-
chemically persistent disease (BPD), or structur-
ally-persistent disease (SPD), according to the 
ATA guidelines for patients given 131I therapy,13 
and the criteria proposed by Momesso et al. for 
non-radioiodine-treated patients.25

Considering the low mortality rate in our series, 
patients were divided for the purposes of our 
study into three possible outcome groups: 
“BPD + SPD + TC-related death (TCD)” or 
“IR” or “ER”. The median follow-up period was 
69 months (IQR: 42–92 months).

All studies were conducted in accordance with 
the guidelines of the Declaration of Helsinki. The 
present study was approved by the ethics commit-
tee of Azienda Ospedaliera di Padova (code N° 
AOP1303). All participants gave their written 
informed consent before enrolling for the study.

Unifocality, multifocality, bilaterality, and Mu-
related variables: definitions
Two experienced pathologists (F.G. and G.P.) 
reviewed all pathology specimens to confirm all 

diagnoses of PTC, their anatomopathological fea-
tures, cases of Mu, the number of tumor foci, and 
the diameter of each one. Unifocality was defined 
as a solitary focus of PTC, and Mu as the presence 
of two or more tumor foci in the pathological 
specimen of thyroid. Bilaterality was defined as 
the presence of tumor foci in both thyroid lobes.

In cases of multifocal PTC, the Mu-related vari-
ables of interest were defined as follows: (1) the 
SDSF was the sum of the largest diameters of all 
tumor foci; (2) the TNF was the total number of 
tumor foci; and (3) the PTS corresponded to the 
size of the PTC focus with the largest diameter.

Statistical analysis
The Kolmogorov–Smirnov test was used to assess 
the normal distribution of each variable. All data 
were expressed as mean ± standard deviation for 
normally distributed variables, and as median 
with interquartile range (IQR) for those not nor-
mally distributed. Mann–Whitney, and chi-
square tests were used to compare clinical and 
pathological features, molecular mutational sta-
tus, and oncological outcomes between the unifo-
cal and multifocal PTC groups, as appropriate. 
When a dichotomized oncological outcome was 
needed for statistical purposes [multivariate Cox 
proportional hazards regression analyses, receiver 
operating characteristic (ROC) curves and 
Kaplan–Meier analysis], we pooled ER and IR in 
a “good outcome” group, and BPD, SPD, TCD 
in a “worse outcome” group. The same statistical 
analyses were used to compare the unilateral mul-
tifocal PTC, and bilateral-multifocal PTC groups.

To examine the prognostic factors on univariate 
analysis in the subset of multifocal PTCs, the 
Mann–Whitney and Kruskal–Wallis tests (for non-
parametric variables), and Student’s t-test and 
one-way analysis of variance (for parametric varia-
bles) were used to correlate continuous  variables 
with final oncological outcomes, as appropriate; 
and categorical variables were compared with out-
come using the Chi-square test. Multivariate Cox 
proportional hazards regression analyses was used 
to identify the independent prognostic factors 
associated with outcome in the subset of multifocal 
PTCs, using a backward stepwise selection proce-
dure with all clinically relevant variable. Disease-
free survival (DFS) data were also analyzed using 
the Kaplan–Meier method. A p value < 0.05 was 
considered statistically significant.
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Results

Patient characteristics
This study included 370 patients with histologi-
cally confirmed PTC who underwent total thy-
roidectomy, 282 (76.2%) females and 88 (23.8%) 
males, with a median age of 47 years (IQR 38–
57 years). The median follow-up period was 
69 months (IQR: 42–92 months).

In detail, the PTCs were histologically classified 
as follows: 248/370 (67%) classical variant; 
24/370 (6.5%) follicular variant; 31/370 (8.4%) 
oxyphilic variant; and 67/370 (18.1%) were 
aggressive variants of PTC. Mu was seen in 
152/370 PTCs (41.1%), and bilaterality in 
111/370 (30%). Of the 152 multifocal PTCs, 41 
(27%) were unilateral, and 111/152 (73%) were 
bilateral. SDSF and TNF descriptive characteris-
tics of our population are shown in Table 1.

The median PTS in the study population as a 
whole was 14 mm (IQR 11–20 mm); 89/370 
patients (24%) had microPTCs. Histology showed 
vascular invasion in 123/196 PTCs (62.2%). 
Cervical lymph node metastases (globally N1a and 
N1b) were identified in 160/341 patients (46.9%). 
In particular, level VI lymph node metastases (N1a) 
were confirmed histologically in 99/341 patients 
(29%), and lateral neck lymph node metastases 
were present in 61/341 patients (17.9%). Distant 
metastases were identified in 8/370 patients (2.2%).

According to the 8th edition of the TNM classifica-
tion system (AJCC/UICC5–8), 314/370 patients 
(84.9%) with PTC were classified as stage I, 50/370 
(13.5%) in stage II, 1/370 (0.3%) in stage III, and 
5/370 (1.4%) in stage IV at diagnosis. As concerns 
T-categories, 90/370 patients (24.3%) were in T1a, 
181/370 (48.9%) in T1b, 69/370 (18.6%) in T2, 
17/370 (4.6%) in T3a, 6/370 (1.6%) in T3b, 7/370 
(1.9%) in T4a, and none in T4b.

BRAF mutations were identified in 232/368 
(63%) PTCs, and TERT promoter mutations in 
18/370 (4.9%).

According to the ATA guidelines, patients were 
IRSS scored as follows: 116/370 (31.4%) were at 
low risk; 234/370 (63.2%) were at intermediate 
risk; and 20/370 (5.4%) were at high risk.

At the end of follow up, 310/370 patients (83.8%) 
had an ER, 37/370 (10%) had an IR, 11/370 
(3.0%) had a BPD, 9/370 (2.4%) had a SPD, and 
3/370 (0.8%) had died of their disease (TCD).

For the purposes of our study, patients’ final 
oncological outcomes were grouped as follows: 
310/370 (83.8%) patients had an ER, 37/370 
(10%) patients an IR and 23/370 (6.2%) a BPD 
or SPD or TCD.

Comparing unifocal with multifocal PTC
The unifocal and multifocal PTC groups did not 
differ significantly in terms of age at diagnosis, sex, 
histological variants, PTS, microPTC, vascular 
invasion, cervical lymph node involvement (central 
and lateral neck), distant metastases, TNM stage, 
IRSS score, postoperative radioactive iodine (RAI) 
therapy, administered activity of RAI, second 
treatment, follow-up period or BRAF and TERT 
mutation status (Table 2). When the two groups 
were compared by T-categories, on the other hand, 

Table 1. Descriptive characteristics of multifocality in 
patients with PTC.

n %

TNF

 2 80/152 52.6%

 3 26/152 17.1%

 4 14/152 9.2%

 5 12/152 7.9%

 6–10 10/152 6.6%

 11–20 3/152 2%

 21–30 6/152 4%

 31–50 1/152 0.7%

SDSF (mm)

 5–10 12/152 7.9%

 11–20 54/152 35.5%

 21–30 44/152 29%

 31–40 19/152 12.5%

 41–50 8/152 5.2%

 51–70 10/152 6.6%

 71–116 5/152 3.3%

PTC, papillary thyroid cancer; SDSF, sum of diameters of 
single foci, TNF, total number of foci.
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Table 2. Comparison of characteristics of patients with unifocal versus multifocal PTC patients.

Unifocal PTC n = 218 (%) Multifocal PTC n = 152 (%) p value

Age at diagnosis [median; (IQR)] 47 years old (38–56) 46 years old (36.5–58) NS

Gender NS

 Male 46 (21.1%) 42 (27.6%)

 Female 172 (78.9%) 110 (72.4%)

PTC histological classification NS

 Classical variant 146 (66.9%) 102 (67.2%)

 Follicular variant 15 (6.9%) 9 (5.9%)

 Oxyphilic variant 20 (9.2%) 11 (7.2%)

 Aggressive Variants 37 (17.0%) 30 (19.7%)

Primary tumor size [median; (IQR)] 15 mm (11–20.25) 13 mm (10–20) NS

Primary tumor size NS

 ⩽10 mm (microPTC) 45 (20.6%) 44 (28.9%)

 >10 mm 172 (79.4%) 108 (71.1%)

Vascular invasion 55 (57.3%) 68 (68%) NS

Extrathyroidal extension 115 (57.2%) 85 (58.6%) NS

Cervical lymph node involvement 88 (43.8%) 72 (51.4%) NS

Cervical lymph node involvement NS

 Central, N1a 57 (28.4%) 42 (30%)

 Lateral, N1b 31 (15.4%) 30 (21.4%)

Distant metastases 6 (2.8%) 2 (1.3%) NS

TNM stage (8th edition) NS

 Stage I 184 (84.4%) 130 (85.5)

 Stage II 29 (13.3%) 21 (13.8%)

 Stage III 0 1 (0.7%)

 Stage IV 5 (2.3%) 0

T-categories (TNM, 8th edition) 0.04

 T1a 47 (21.6%) 43 (28.3%)

 T1b 113 (51.8%) 68 (44.7%)

 T2 47 (21.6%) 22 (14.5%)

 T3a 6 (2.8%) 11 (7.2%)

 T3b 2 (0.9%) 4 (2.6%)

 T4a 3 (1.4%) 4 (2.6%)

 T4b 0 0

(Continued)
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there was a statistically significant difference 
between the multifocal and unifocal PTC groups, 
with a moderately higher frequency of cases in 
T3a, T3b, and T4a in the multifocal PTC group 
(p = 0.04). At the end of the follow up, the multifo-
cal and unifocal PTC groups did not differ in terms 
of final oncological outcome, however.

Comparing unilateral multifocal with bilateral 
multifocal PTC
The multifocal PTC groups with unilateral as 
opposed to bilateral disease did not differ signifi-
cantly in terms of age at diagnosis, sex, histological 

variants, vascular invasion, cervical lymph node 
involvement (central and lateral neck), distant 
metastases, TNM stage, IRSS score, postoperative 
RAI therapy, administered activity of RAI, second 
treatment, follow-up period or BRAF and TERT 
mutation status (Table 3). Patients with bilateral 
multifocal PTCs had a larger PTS (p = 0.01), and 
microPTCs were less frequent (p = 0.02) than in 
the group with unilateral multifocal PTCs. 
Comparing the two groups by T-categories, a sig-
nificant difference emerged, with higher 
T-categories in the bilateral multifocal PTC group 
(p = 0.04). Here again, at the end of the follow up, 
the groups with unilateral versus bilateral- multifocal 

Unifocal PTC n = 218 (%) Multifocal PTC n = 152 (%) p value

Postoperative RAI therapy NS

 Yes 208 (95.4%) 139 (91.4%)

 No 10 (4.6%) 13 (8.6%)

Administered activity of RAI [median; (IQR)] 100 mCi (100–150) 100 mCi (70–150) NS

Second treatment 20 (9.2%) 22 (14.5%) NS

Median follow-up period [median; (IQR)] 70.5 months (40–94) 65 months (44.5–87) NS

BRAF mutation (FNAC) 132 (60.8%) 100 (66.2%) NS

TERT promoter mutation (FNAC) 12 (5.5%) 6 (3.9%) NS

Initial risk stratification system scores NS

 Low 74 (33.9%) 41 (27%)

 Intermediate 135 (61.9%) 100 (65.8%)

 High 9 (4.1%) 11 (7.2%)

Disease status at latest follow-up (ongoing risk 
stratification)

NS

 ER 190 (87.2%) 120 (78.9%)

 IR 16 (7.3%) 21 (13.8%)

 BPD 5 (2.3%) 6 (3.9%)

 SPD 5 (2.3%) 4 (2.6%)

 TCD 2 (0.9%) 1 (0.7%)

Final oncological outcome NS

 ER 190 (87.2%) 120 (79.8%)

 IR 16 (7.3%) 21 (13.8%)

 BPD + SPD + TCD 12 (5.5%) 11 (7.2%)

BPD, biochemically persistent disease; ER, excellent response; FNAC, fine needle aspiration cytology; IQR, interquartile range; IR, indeterminate 
response; NS, not significant; PTC, papillary thyroid cancer; RAI, radioactive immunotherapy; SPD, structurally persistent disease; TCD, death due 
to thyroid cancer.

Table 2. (Continued)
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Table 3. Comparison between unilateral multifocal and bilateral multifocal PTC.

Unilateral multifocal 
PTC n = 41 (%)

Bilateral multifocal PTC 
n = 111 (%)

p value

Age at diagnosis (mean ± DS) 46 years old ± 14 48 years old ± 15 NS

Gender NS

 Male 12 (29.3%) 30 (27%)

 Female 29 (70.7%) 81 (73%)

PTC histological classification NS

 Classical variant 31 (75.6%) 71 (64%)

 Follicular variant 2 (4.9%) 7 (6.3%)

 Oxyphilic variant 1 (2.4%) 10 (9%)

 Aggressive Variants 7 (17.1%) 23 (20.7%)

Primary tumor size [median; (IQR)] 11 mm (8–16) 14 mm (11–21.75) 0.01

Primary tumor size 0.02

 ⩽10 mm (microPTC) 18 (43.9%) 26 (23.4%)

 >10 mm 23 (56.1%) 85 (76.6%)

Vascular invasion 21 (84%) 47 (62.7%) NS

Cervical lymph node involvement 17 (44.7%) 55 (53.9%) NS

Cervical lymph node involvement NS

 Central, N1a 9 (23.7%) 33 (32.4%)

 Lateral, N1b 8 (21.1%) 22 (21.6%)

Distant metastases 0 2 (1.8%) NS

TNM stage (8th edition) NS

 Stage I 37 (90.2%) 93 (83.3%)

 Stage II 3 (7.3%) 18 (16.2%)

 Stage III 1 (2.4%) 0

 Stage IV 0 0

T-categories (TNM, 8th edition) 0.04

 T1a 19 (46.3%) 24 (21.6%)

 T1b 15 (36.6%) 53 (47.7%)

 T2 5 (12.2%) 17 (15.3%)

 T3a 0 11 (9.9%)

 T3b 1 (2.4%) 3 (2.7%)

(Continued)
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PTCs did not differ in terms of final oncological 
outcome.

Risk factors for persistent/recurrent disease or 
disease-related death in multifocal PTC
We analyzed the factors that could predict per-
sistent/recurrent disease or disease-related death 

in the group of patients with multifocal PTC 
(Table 4).

On univariate analysis, PTS (p = 0.004), SDSF 
(p = 0.004), vascular invasion (p = 0.03), lymph 
node involvement (p = 0.03), with N1b carrying 
a higher risk than N1a (p = 0.001), distant metas-
tases (p < 0.0001), stage at diagnosis (p = 0.03), 

Unilateral multifocal 
PTC n = 41 (%)

Bilateral multifocal PTC 
n = 111 (%)

p value

 T4a 1 (2.4%) 3 (2.7%)

 T4b 0 0

Postoperative RAI therapy 35 (85.4%) 103 (93.6%) NS

Administered activity of RAI [median; 
(IQR)]

100 mCi (77.5–150) 100 mCi (70–150) NS

Second treatment 5 (12.2%) 17 (15.3%) NS

Follow-up period (mean ± DS) 71.5 months ± 35 65.5 months ± 30 NS

BRAF mutation (FNAC) 27 (65.9%) 73 (66.4%) NS

TERT promoter mutation (FNAC) 1 (2.4%) 5 (4.5%) NS

Initial risk stratification system scores NS

 Low 13 (31.3%) 28 (25.2%)

 Intermediate 25 (61%) 75 (67.6%)

 High 3 (7.3%) 8 (7.2%)

Disease status at latest follow-up 
(ongoing risk stratification)

NS

 ER 34 (82.9%) 86 (77.5%)

 IR 6 (14.6%) 15 (13.5%)

 BPD 1 (2.4%) 5 (4.5%)

 SPD 0 4 (3.6%)

 TCD 0 1 (0.9%)

Final oncological outcome NS

 ER 34 (82.9%) 86 (77.5%)

 IR 6 (14.6%) 15 (13.5%)

 BPD + SPD + TCD 1 (2.4%) 10 (9%)

BPD, biochemically persistent disease; ER, excellent response; FNAC, fine needle aspiration cytology; IQR, interquartile 
range; IR, indeterminate response; NS, not significant; PTC, papillary thyroid cancer; RAI, radioactive immunotherapy; 
SPD, structurally persistent disease; TCD, death due to thyroid cancer.

Table 3. (Continued)
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Table 4. Univariate analysis of prognostic factors for persistent/recurrent disease or disease-related death in patients with multifocal PTC.

Excellent response 
n = 120 (%)

Indeterminate 
response n = 21 (%)

BPD + SPD + TCD 
n = 11 (%)

p value

Age at diagnosis (mean ± SD) 48 years ± 14 47 years ± 15 46 years ± 23 NS

Gender NS

 Male 33 (27.5%) 4 (19%) 5 (45.5%)

 Female 87 (72.5%) 17 (81%) 6 (54.5%)

PTC histological classification NS

 Classical variant 81 (67.5%) 15 (71.4%) 6 (54.5%)

 Follicular variant 7 (5.8%) 1 (4.8%) 1 (9.1%)

 Oxyphilic variant 9 (7.5%) 1 (4.8%) 1 (9.1%)

 Aggressive variants 23 (19.2%) 4 (19%) 3 (27.3%)

PTS [median; (IQR)] 13 mm (9–20) 12 mm (10.5–15) 25 mm (16.25–
41.5)

0.004

Primary tumor size NS

 ⩽10 mm (microPTC) 39 (32.5%) 5 (23.8%) 0

 >10 mm 81 (67.5%) 16 (76.2%) 11 (100%)

TNF [median; (IQR)] 2 (2–4) 3 (2–6.25) 3 (2–3) NS

SDSF [median; (IQR)] 21 mm (14–30) 23 mm (15.5–32.75) 62 mm (24–67.5) 0.004

Vascular invasion 46 (61.3%) 15 (83.3%) 7 (100%) 0.03

Cervical lymph node involvement 51 (45.9%) 13 (68.4%) 8 (80%) 0.03

Cervical lymph node involvement 0.001

 Central, N1a 33 (29.7%) 8 (42.1%) 1 (10%)

 Lateral, N1b 18 (16.2%) 5 (26.3%) 7 (70%)

Distant metastases 0 0 2 (18.2%) <0.0001

Bilaterality 86 (71.7%) 15 (71.4%) 10 (90.9%) NS

TNM stage (8th edition) 0.03

 Stage I 105 (87.5%) 19 (90.5%) 6 (54.5%)

 Stage II 14 (11.7%) 2 (9.5%) 5 (45.5%)

 Stage III 1 (0.8%) 0 0

 Stage IV 0 0 0

T-categories based on PTS (TNM, 8th edition) 0.004

 T1a 37 (30.8%) 5 (23.8%) 0

 T1b 53 (44.5%) 14 (66.7%) 4 (36.4%)

(Continued)
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Excellent response 
n = 120 (%)

Indeterminate 
response n = 21 (%)

BPD + SPD + TCD 
n = 11 (%)

p value

 T2 17 (14.2%) 1 (4.8%) 2 (18.2%)

 T3a 7 (5.8%) 1 (4.8%) 3 (27.3%)

 T3b 4 (3.3%) 0 0

 T4a 2 (1.7%) 0 2 (18.2%)

 T4b 0 0 0

T-categories based on SDSF (TNM, 8th edition) 0.0003

 T1a 12 (10%) 2 (9.5%) 0

 T1b 42 (35%) 7 (33.3%) 1 (9.1%)

 T2 48 (40%) 10 (47.6%) 2 (18.2%)

 T3a 12 (10%) 2 (9.5%) 6 (54.5%)

 T3b 4 (3.3%) 0 0

 T4a 2 (1.7%) 0 2 (18.2%)

 T4b 0 0 0

Postoperative RAI therapy 109 (91.6%) 19 (90.5%) 10 (90.9%) NS

Administered activity of RAI [median; (IQR)] 100 mCi (70–150) 125 mCi (50–150) 150 mCi (150–150) 0.03

Follow-up period (mean ± DS) 69 months ± 30 68 months ± 31 46 months ± 40 NS

Second treatment 6 (5%) 8 (38.1%) 8 (72.7%) <0.0001

BRAF mutation (FNAC) 78 (65.5%) 13 (61.9%) 9 (81.8%) NS

TERT promoter mutation (FNAC) 4 (3.3%) 0 2 (18.2%) 0.03

Initial risk stratification system scores 0.0003

 Low 37 (31.1%) 2 (9.5%) 2 (18.2%)

 Intermediate 78 (65.5%) 16 (76.2%) 5 (45.5%)

 High 4 (3.4%) 3 (14.3%) 4 (36.4%)

BPD, biochemical persistent disease; FNAC, fine needle aspiration cytology; IQR, interquartile range; NS, not significant; PTS, primary tumor size; 
RAI, radioactive immunotherapy; SDSF, sum of diameters of single foci; SPD, structural persistent disease; TCD, death due to thyroid cancer; TNF, 
total number of foci.

Table 4. (Continued)

T-categories (p = 0.004), IRSS score (p = 0.0003), 
administered activity of RAI (p = 0.03), second 
treatment (p < 0.0001) and TERT promoter 
mutation (p = 0.03) all correlated significantly 
with the risk of persistent/recurrent disease  
or disease-related death in the multifocal  
PTC group. When we reclassified patients’ 

T-categories based on SDSF instead of PTS, 
T-categories was even more strongly associated 
with PTC persistence/recurrence or death 
(p = 0.0003).

On multivariate Cox proportional hazards 
regression analyses, only distant metastases 
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(HR 39.4761, 95% CI 6.4794–240.5100, 
p = 0.0001), and SDSF (HR 1.0734, 95% CI 
1.0212–1.128, p = 0.0056) independently pre-
dicted persistent/recurrent disease or disease-
related death in multifocal PTC patients.

Considering the prognostic impact of SDSF in 
multifocal PTCs, we were able to identify a cut-
off of 40 mm using ROC curve analysis 
(p = 0.0002, area under the curve 0.792; Figure 
1). In other words, SDSF > 40 mm in cases of 
multifocal PTC can predict a worse prognosis 
with a sensitivity of 63.6% and specificity of 
88.7%. The cut-off also showed a very high neg-
ative predictive value of 96.9%. Adopting this 
SDSF cut-off of 40 mm, we analyzed DFS using 
the Kaplan–Meier method, and dividing multi-
focal PTC patients by SDSF ⩾40 mm or 
<40 mm (Figure 2). The 5-year DFS rates were 
71.1% in multifocal PTC patients with 
SDSF ⩾40 mm and 96.8% in those with 
SDSF < 40 mm. A log-rank test showed that the 
DFS rate was significantly lower (p < 0.0001) in 
patients with SDSF ⩾40 mm.

Discussion
Proper risk stratification is the mainstay of appro-
priate clinical management for patients with 
PTC. In this scenario, Mu is often empirically 
considered by clinicians as a factor suggesting a 
poor prognosis, prompting them to opt for more 
aggressive treatments and follow up, although the 
ATA’s IRSS includes Mu as a low-risk feature 
with an estimated risk of 4–6% of persistent/
recurrent disease. The recent ATA guidelines 
only recommend considering Mu in cases of 
microPTC, however, and offer no specific recom-
mendations on Mu in patients with PTCs larger 
than 10 mm.13 In short, the prognostic signifi-
cance of Mu in PTC has often been investigated, 
but remains an open question.

In our study, the prevalence of Mu was 41.1% – a 
figure consistent with the literature.10,11 In previ-
ous studies, Mu in PTC was associated with older 
age,15,18 male sex,18,19 and extrathyroidal exten-
sion.11,15,17 It is only in some studies that it was 
also associated with macroPTC, vascular inva-
sion, lymph node involvement, more advanced 
disease and higher IRSS scores on presenta-
tion.16,18,26 In our series, patients with multifocal 
as opposed to unifocal PTCs were not dissimilar 
in terms of age at diagnosis, sex, histological 

Figure 1. ROC curve analysis on the sum of the 
diameters of single foci and persistent/recurrent 
disease or death in multifocal PTC.
AUC, area under the curve; NPV, negative predictive value; 
PPV, positive predictive value; PTC, papillary thyroid cancer; 
ROC, receiver operating characteristic.

Figure 2. Kaplan–Meier curves estimating disease-
free survival for patients with multifocal PTC based 
on a SDSF ⩾40 mm or < 0.0001.
PTC, papillary thyroid cancer; SDSF, sum of the diameters 
of single foci.
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variants, PTS, presence of microPTC, vascular 
invasion, cervical lymph node involvement (cen-
tral and lateral neck), distant metastases, TNM 
stage, IRSS score, or BRAF and TERT muta-
tional status. On the other hand, more advanced 
T-categories (on TNM staging) were more fre-
quently associated with multifocality, as reported 
by other groups.10,16,18

Bilaterality was seen in 30% of our whole popula-
tion of PTC patients, and in 73% of those with 
multifocal PTC; these proportions are similar to 
those found in other series.11,21 Only a few studies 
have investigated bilateral multifocal PTC char-
acteristics.11,21 In our population, bilaterality was 
associated with more aggressive features, such as 
larger PTS, fewer cases of microPTC and more 
advanced T-categories on TNM staging. This is 
consistent with previous studies by Qu et al., and 
Hwang et al., who found that bilateral multifocal-
ity tended to be associated with more aggressive 
tumor characteristics.21,27

How Mu and bilaterality correlate with oncologi-
cal outcome in PTC is a more complicated issue, 
however.

A powerful multicenter study by Wang et al. inves-
tigated the prognostic value of Mu in 2638 patients 
from 11 centers, whose data were fully replicated 
and validated in a complementary database of 
89,680 patients. As found in previous studies, uni-
variate analyses confirmed an association between 
Mu and lymph node involvement, extrathyroidal 
extension, T-categories, and recurrence. On mul-
tivariate analysis, however, after adjusting for clas-
sical clinicopathological risk factors, Mu was no 
longer associated with disease recurrence. The 
authors concluded that Mu had no independent 
role in predicting PTC recurrence, nor any prog-
nostic impact on patient mortality, on univariate 
or multivariate analysis.17 In contrast, another 
meta-analysis involving 178,550 patients with 
PTC from five studies concluded that Mu could 
predict disease recurrence with an HR of 2.81.15 
Two separate Korean groups also found in retro-
spective series that Mu was an independent risk 
factor for disease persistence/recurrence of PTCs 
larger than 10 mm.10,28 As far as Mu-related vari-
ables are concerned, an interesting paper by Qu 
et al. analyzed the possible prognostic significance 
of TNF, finding that having more numerous 
tumor foci had a strong linear correlation with the 
probability of recurrent disease.20

In our study population, neither Mu nor bilateral-
ity per se had any prognostic impact on PTC per-
sistence/recurrence or mortality. We therefore 
wondered whether we could identify any prog-
nostic factors in the setting of multifocal PTC 
that would enable us to customize patient follow-
up based on the risk of persistence/recurrence or 
death.

In multifocal PTC, the classical prognostic fac-
tors such as vascular invasion, cervical lymph 
node involvement, distant metastases, TERT 
mutation, IRSS score, TNM stage and T-categories 
all confirmed their significance in predicting 
 persistent/recurrent disease.9,10,25,28 Interestingly, 
among the Mu-related variables, only SDSF and 
PTS correlated with the risk of persistence/recur-
rence or TCD, while TNF failed to predict recur-
rent/persistent disease.

Only few studies have investigated the role of 
SDSF in multifocal PTC. In particular, a recent 
paper by Feng et  al. found that multifocal 
microPTC with SDSF > 10 mm tend to behave 
like the multifocal macroPTC in terms of clin-
icopathological features and prognosis.29 
Another paper by Liu et al. reached similar con-
clusions observing that multifocal PTC with 
SDSF > 10 mm showed a lower DFS than that 
with SDSF ⩽ 10 mm.30 However, authors ana-
lyzed SDSF only as a categorical variable using 
10 mm as a cut-off.

Another interesting work by Tam et al. tackles the 
topic from a different point of view.31 They inves-
tigated the role of the tumor diameter ratio (ratio 
of primary tumor diameter to total tumor diame-
ter) in identifying multifocal PTCs with more 
aggressive characteristics. In their study a 
decreased tumor diameter ratio was associated 
with capsular invasion, extrathyroidal extension 
and lymph node metastasis in patients with mul-
tifocal microPTC and PTC, but they did not ana-
lyze its impact on final prognosis.

Instead, we investigated the impact of SDSF on 
prognosis as a continuous variable for the first 
time in literature. In our opinion, the prognostic 
importance of SDSF is particularly noteworthy 
because this novel anatomopathological factor 
emerged as an independent predictor of persis-
tence/recurrence or death in multifocal PTC. 
SDSF might represent what we could call the 
total tumor burden of multifocal PTC. There is 
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certainly plenty of evidence to suggest that tumor 
burden has prognostic value in numerous human 
tumors.32–37 In the particular case of multifocal 
PTC, SDSF may reflect the tumor burden better 
than the size of the largest focus, that is, PTS. 
This impression is supported by the SDSF-
revised T-categories showing an even stronger 
association with persistence/recurrence (p = 0.0003 
versus p = 0.01) in our series than the T-categories 
based on PTS.

Using ROC curve analysis, we identified a cut-off 
of 40 mm for SDSF as capable of distinguishing 
between multifocal PTC patients at higher or 
lower risk of persistence/recurrence or TCD. This 
is remarkably consistent with the well-known 
prognostic significance of tumor size larger than 
4 cm, even in unifocal PTC.9,25 The strength of 
such a cut-off is confirmed by its high negative 
predictive value (96.9%). In short, SDSF can be 
useful as a rule-out test: multifocal PTC patients 
with SDSF < 40 mm are at very low risk of persis-
tent/recurrent disease or TCD. This new param-
eter could be useful for proper risk stratification 
and for customizing the frequency of follow-up 
for multifocal PTC patients.

As further confirmation, the DFS rate in multifo-
cal PTCs with SDSF ⩾40 mm was also signifi-
cantly lower.

Our study has some limitations to bear in mind, 
including: its retrospective nature and the rela-
tively short follow-up period; the relatively low 
rate of persistent/recurrent disease or cancer-
related death in our series; and the small number 
of patients, which could have affected the chances 
of finding substantial differences between multi-
focal and unifocal PTC (although the small size 
of our series of multifocal PTCs enabled us to 
conduct a careful and extensive pathological 
review to define the tumor burden accurately).

In conclusion, multifocality and bilaterality per 
se seemed to have no prognostic impact on PTC 
persistence/recurrence or cancer-related death 
in the present study. To our knowledge, this is 
the first study to investigate the prognostic role 
of SDSF as a continuous variable in multifocal 
PTC, which emerged as a novel independent 
predictor of tumor persistence/recurrence or 
cancer-related death. SDSF might better repre-
sent the tumor burden in cases of multifocal 

PTC. A cut-off of 40 mm enabled us to identify 
multifocal PTC patients with a good prognosis, 
making SDSF a useful tool for risk stratification 
in patients with multifocal PTC.
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