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ABSTRACT

Background: The tall cell variant of papillary thyroid carcinoma (TCV-PTC) 

is an aggressive subtype with a poorer prognosis. Controversy persists 

regarding the surgical strategy for TCV-PTC.

Methods: Using the SEER database (2005-2017), we analyzed 1,463 

patients with pathologically confirmed TCV-PTC who underwent either total 

thyroidectomy (TT) (n=1,369) or lobectomy (n=94). Propensity score 

matching (PSM) was used to address confounding biases. The primary 

endpoint was cancer-specific survival (CSS), assessed using Kaplan-Meier 

analysis and Cox regression.

Results: After PSM (n=376), TT demonstrated superior CSS compared to 

lobectomy (p=0.019). The 5-year and 10-year CSS for TT were 97.8% and 

95.0% versus 90.7% and 89.1% for lobectomy in the matched cohort. This 

survival benefit of TT persisted regardless of radioiodine therapy (RAI) 

(p<0.05). Multivariable analysis identified lobectomy, tumor size >40 mm, 

extrathyroidal extension, and lymph node metastasis as independent risk 

factors for reduced CSS.

Conclusion: Total thyroidectomy is associated with improved CSS compared 

to lobectomy in TCV-PTC, independent of RAI. Greater caution should be 

considered in selecting lobectomy for TCV patients, especially for patients 
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with tumors >40 mm, lymph node metastasis, or extrathyroidal extension. 

Completion thyroidectomy may be beneficial for patients diagnosed with 

TCV-PTC after lobectomy.

Keywords: Papillary thyroid carcinoma; tall cell variant; surgery; 

SEER database; cancer-specific survival. 

Introduction

Papillary thyroid carcinoma (PTC) is the most common malignant tumor 

in the endocrine system, with its global incidence continuing to rise(1, 2). 

Most patients with PTC exhibit a long-term prognosis, the tall cell variant 

(TCV). It is classified as a highly aggressive subtype in the 2022 WHO 

classification. It also demonstrates stronger invasiveness and poorer 

outcomes(3). TCV-PTC is a subtype of PTC characterized by tall cells (with a 

height at least twice their width) comprising at least 30% of the tumor 

tissue(3, 4). First described in 1976, it is characterized by a high frequency 

of BRAF V600E mutations and resistance to radioiodine therapy (RAI), 

factors that may contribute to treatment resistance and increased risk of 

disease recurrence(5, 6).

Controversy persists regarding optimal surgical strategies for TCV. 

According to the 2015 American Thyroid Association (ATA) guidelines, 

aggressive PTC subtypes, including TCV, are categorized as intermediate 

risk for recurrence(7). The new 2025 ATA guidelines further classify TCV as 

intermediate to high risk which may be considered for RAI(8). However, 

regarding the initial surgical approach for TCV, the guidelines do not provide 

specific recommendations.

Recent studies revealed that RAI does not improve the prognosis of 

TCV(9). Total thyroidectomy (TT) also carries risks of complications such as 

hypoparathyroidism and recurrent laryngeal nerve injury(10, 11). A recent 

study suggested that lobectomy may be an appropriate treatment option for 

patients with T1-T2, node-negative TCV-PTC(12). Therefore, completion TT 

solely based on RAI considerations may lack sufficient evidence, and there 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



remains an ongoing controversy regarding whether patients with TCV 

following initial lobectomy should undergo completion TT. In this study, we 

analyzed survival outcomes of TT versus lobectomy in TCV using the 

Surveillance, Epidemiology, and End Results (SEER) database, aiming to 

provide evidence-based insights for surgical decision-making.

Results

Clinicopathological Characteristics

A total of 1,577 patients with TCV-PTC were initially identified from the 

SEER database. After excluding 114 patients who did not meet the inclusion 

criteria, 1,463 patients were included in the final analysis. Specifically, 1,369 

(93.6%) patients underwent TT and 94 (6.4%) received lobectomy (Figure 1). 

Compared to the lobectomy group, patients in the TT group exhibited a 

higher proportion of age ≥ 55 years (62.1% versus 48.9%, p = 0.011), larger 

tumor size (> 40 mm: 24.3% versus 12.8%, p < 0.001), and increased rates 

of lymph node metastasis (42.1% versus 28.7%, p = 0.007). RAI therapy was 

administered to 69.3% of patients treated with TT. Detailed baseline 

characteristics before and after PSM are summarized in Table 1.

Impact of Surgical Extent on Cancer-Specific Survival

With a median follow-up of 83 months (range: 1–203 months; IQR: 54–

125 months), the overall 5- and 10-year cancer-specific survival (CSS) rates 

were 95.1% and 91.9%, respectively. Before PSM, no significant survival 

difference was observed between the TT and lobectomy groups (p = 0.230; 

Figure 2). After PSM (1:3 matched cohort, n = 376), TT demonstrated 

superior CSS outcomes (p = 0.019; Figure 2).

Effect of RAI Therapy on Survival

To evaluate the independent role of surgical extent, patients with TT 

were stratified by RAI administration. In the RAI-treated subgroup, the TT 

group achieved better CSS compared to the lobectomy group (p = 0.043; 

Figure 3). Without RAI, TT still demonstrated a similar survival advantage (p 

= 0.040; Figure 3). These findings suggest that the survival benefit 
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associated with TT persists regardless of adjuvant RAI administration.

Prognostic Factors for CSS

Multivariable Cox regression identified tumor size > 40 mm (hazard ratio 

[HR] = 53.164, 95% confidence interval [CI]: 5.704–495.493), extrathyroidal 

extension (HR = 4.072, 95% CI: 1.150–14.412), lymph node metastasis (HR = 

4.834, 95% CI: 1.278–18.160), and lobectomy (HR = 2.437, 95% CI: 1.138–

7.547) as independent risk factors for reduced CSS in the PSM cohort (all p 

< 0.05; Table 2). Similar trends were observed in the pre-PSM analysis.

Discussion

TCV-PTC, a histological subtype with inherently aggressive biological 

behavior, exhibits poorer disease-specific survival than the classical 

subtype(3, 13). Our analysis of a large population-based cohort from the 

SEER database revealed that TT was associated with improved CSS 

compared to lobectomy after PSM. The survival advantage of TT persisted 

across both 5-year (97.8% versus 90.7%) and 10-year (95.0% versus 89.1%) 

intervals in the matched cohort, suggesting a strong protective effect. These 

findings hold significant implications for surgical strategies in TCV 

management.

Regarding RAI therapy, the 2015 ATA guidelines suggest that RAI may 

improve the prognosis of TCV-PTC; hence, recommending total 

thyroidectomy followed by RAI(7). However, recent research has presented 

opposing results. For instance, Dai et al. reported that RAI did not improve 

outcomes in patients with TCV after total thyroidectomy(9). Our study 

revealed that the survival benefit persisted even after stratifying by RAI 

administration (Figure 3). This finding suggests that the extent of surgery 

independently contributes to oncologic outcomes beyond its role in enabling 

adjuvant therapy.  

Identifying which patients with TCV will benefit most from TT remains a 

critical clinical question. Our multivariate analysis in the PSM cohort 

identified lobectomy as an independent risk factor for CSS, alongside 
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established predictors like lymph node metastasis, extrathyroidal extension, 

and tumor size > 40 mm. Wu et al. reached similar conclusions, such as 

identifying positive surgical margins, node-positive disease (regional lymph 

node metastasis), and a tumor size of ≥ 3 cm as risk factors for 

recurrence(14). Additionally, BRAF and TERT mutations are associated with 

poor prognosis(15, 16). For patients harboring these risk factors, TT may be 

the preferred treatment option.

Several pathophysiological mechanisms could explain TT's superiority. 

First, TCV is an aggressive subtype with biological behavior distinct from 

classic PTC, and a more extensive surgical approach is safer. Studies have 

revealed that patients with TCV are more prone to extrathyroidal extension 

(ETE)(17, 18). In our study, the rate of extrathyroidal extension was 36.7%, 

which was significantly higher than that in classic PTC. Moreover, even after 

adjusting for ETE and other prognostic factors, only the TCV remained an 

independent predictor of prognosis(19). Second, TT enables the removal of 

occult contralateral carcinoma in the contralateral lobe. Studies have 

demonstrated that the incidence of occult contralateral carcinoma in patients 

with PTC reaches 16.7%–44.6%(20-22). As a more aggressive subtype, 

TCV-PTC may carry a higher risk of occult contralateral carcinoma. Third, TT 

facilitates serial thyroglobulin monitoring without interference from residual 

thyroid tissue. This enables accurate tracking of serum Tg and TgAb levels, 

allowing for early detection and management of potential recurrence or 

metastasis, thereby improving long-term patient outcomes. 

These results partially contrast with recent trends advocating 

de-escalation in low-risk PTC. The new 2025 ATA guidelines classify TCV as 

an intermediate to high risk for recurrence, our findings also suggest that its 

biological behavior may warrant a more aggressive initial surgical approach 

than conventional PTC(8). This supports emerging consensus in the 2022 

WHO classification that TCV requires distinct management paradigms(3). 

Therefore, in clinical practice, it has been observed that the selection of 
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lobectomy for TCV-PTC should be approached with greater caution, even 

though total thyroidectomy may lead to an increase in postoperative 

complications.

Several limitations remain in this study. First, the retrospective design 

inherently introduces selection biases, although PSM mitigates measurable 

confounders. Second, critical clinicopathological variables such as BRAF 

V600E mutation status, surgical margin status, and completion 

thyroidectomy were unavailable in the SEER database, potentially 

influencing outcome interpretation. Third, the relatively small sample size of 

the lobectomy (n = 94), despite a 13-year inclusion period, limited the 

subgroup analyses. Furthermore, recurrence data and quality-of-life 

outcomes were unavailable, preventing cost-benefit assessments of 

complication risks versus survival benefits.

In conclusion, for patients with TCV-PTC, total thyroidectomy 

demonstrated superior cancer-specific survival compared to lobectomy. 

These findings strengthen the evidence supporting greater caution in 

selecting lobectomy for TCV patients, particularly those with tumors > 40 

mm, lymph node involvement, or extrathyroidal extension. Patients 

diagnosed with TCV subtype after lobectomy may benefit from the option of 

completing TT.

Methods

Study Population

The data were obtained from the SEER database, maintained by the 

National Cancer Institute. This database provides comprehensive clinical and 

pathological information on cancer patients, offering robust support for our 

analysis. The study cohort comprised patients diagnosed with TCV-PTC 

(ICD-O-3 code: 8344/3) between 2005 and 2017.

The inclusion criteria were as follows: Pathologically confirmed TCV-PTC; 

and surgical treatment with either lobectomy (SEER surgery code: 30) or TT 

(SEER surgery code: 40). The exclusion criteria were as follows: Age < 18 or > 
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80 years; follow-up duration < 1 month; or incomplete clinicopathological 

records.

Demographic and clinicopathological variables were extracted, including 

age (categorized as ≥ 55 or < 55 years), sex, race, tumor size (stratified into 

≤ 20 mm, > 20–40 mm, > 40 mm), extrathyroidal extension, multifocality, 

lymph node metastasis, distant metastasis, surgical method, and RAI therapy. 

The primary endpoint was cancer-specific survival (CSS), defined as the time 

from diagnosis to death attributable to thyroid cancer.

Statistical Analysis

All analyses were performed using the Statistical Product and Service 

Solutions (SPSS; version 27.0; URL: 

https://www.ibm.com/products/spss-statistics) and the R Project for 

Statistical Computing (version 4.4.1; URL: https://www.r-project.org). To 

address potential confounding biases, propensity score matching (PSM) was 

implemented through a 1:n nearest neighbor algorithm with a caliper width 

of 0.3. Covariates included age, sex, tumor size, extrathyroidal extension, 

and nodal status. Descriptive statistics are reported as frequencies (%) for 

categorical variables and compared using chi-square or Fisher's exact test 

before and after PSM. Survival curves were generated using the Kaplan–

Meier method, and differences between groups were assessed using log-rank 

tests. Multivariable Cox proportional hazards models identified independent 

prognostic factors. A two-sided p < 0.05 was considered statistically 

significant.
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Figure Legends

Figure 1. Patient screening flowchart. TT: total thyroidectomy; LT: 

lobectomy.

Figure 2. Kaplan–Meier curves of cancer-specific survival between the tall 

cell variant of papillary thyroid carcinoma (TCV-PTC) patients with total 

thyroidectomy (TT) and those with lobectomy (LT) in the entire and 

propensity score matching (PSM) cohorts. (A) Entire cohort. (B) PSM cohort.

Figure 3. Kaplan-Meier cancer-specific survival curves in TCV-PTC patients: 

total thyroidectomy (TT) with or without radioiodine therapy (RAI) compared 

to lobectomy (LT). (A)TT with RAI. (B) TT without RAI.

Table 1. Demographic and clinicopathologic characteristics at 
baseline for TCV-PTC patients in entire and PSM cohorts. 

Characteristi
c Entire cohort 　 PSM cohort

Lobect
omy

Total 
thyroidecto
my

P 
valu
e

Lobect
omy 

Total 
thyroidecto
my

P 
valu
e

　
NO.(%
) NO.(%) 　 　

NO.(%
) NO.(%) 　

Total
94(6.4
) 1369(93.6)

94(50.
0) 282(75.0)

Age(years)
0.02
8

0.71
9

<55
40(42.
6) 743(54.3)

40(42.
6) 128(45.5)

≥55
54(57.
4) 626(45.7)

54(57.
4) 154(54.6)

Gender
0.78
2

0.89
4

Female
68(72.
3) 972(71.0)

68(72.
3) 206(73.1)

Male
26(27.
7) 397(29.0)

26(27.
7) 76(26.9)

Race
0.76
1

0.81
5

White 79(84. 1152(84.1) 79(84. 244(86.5)
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0) 0)

Black 6(6.4) 67(4.9) 6(6.4) 14(5.0)
Others 9(9.6) 150(11.0) 9(9.6) 24(8.5)
Tumor 
size(mm)

0.26
8

0.38
0

≤20
57(60.
6) 713(52.1)

57(60.
6) 183(64.9)

21-40
24(25.
5) 438(32.0)

24(25.
5) 74(26.2)

＞40
13(13.
8) 218(15.9)

13(13.
8) 25(11.7)

ETE 0.06
0.68
2

No
68(72.
3) 858(62.7)

68(72.
3) 212(75.2)

Yes
26(27.
7) 511(37.3)

26(27.
7) 70(24.8)

Mutifocality
0.00
1

0.95
0

No
62(66.
0) 663(48.4)

62(66.
0) 187(66.3)

Yes
32(34.
0) 706(51.6)

32(34.
0) 95(33.7)

Lymph node 
metastases

<0.
001

0.92
8

No
82(87.
2) 850(62.1)

82(87.
2) 247(87.6)

Yes
12(12.
8) 519(37.9)

12(12.
8) 35(12.4)

Distant 
metastases

0.67
2

0.68
0

No
91(96.
8) 1335(97.5)

91(96.
8) 277(98.2)

Yes 3(3.2) 34(2.5) 　 　 3(3.2) 5(1.8)
RAI
No NA 420(30.6) NA NA 120(42.6) NA
Yes NA 949(69.3) NA 162(57.4)

Table 2. Cox proportional hazards model for cancer-specific survival 
in entire and PSM cohorts

Characteristic Entire cohort 　 PSM cohort 　
　 HR (95%CI) P 　 HR (95%CI) P 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



value value

Age(years)
<55 Ref Ref

≥55
3.981 
(2.322,6.826)

<0.00
1

7.437 
(2.322,6.826) 0.066

Gender
Female Ref Ref

Male
1.072 
(0.704,1.631) 0.747

1.939 
(0.647,5.807) 0.237

Race
White Ref Ref

Black
1.129 
(0.347,3.678) 0.840

0.948 
(0.116,7.771) 0.960

Others
1.263 
(0.676,2.361) 0.464

2.225 
(0.385,12.859) 0.371

Tumor size(mm)
≤20 Ref Ref

21-40
6.931 
(3.082,15.586)

<0.00
1

8.856 
(0.919,85.334) 0.059

＞40
15.896 
(7.041,35.889)

<0.00
1

53.164 
(5.704,495.493)

<0.00
1

ETE
No Ref Ref

Yes
2.146 
(1.360,3.386) 0.001

4.072 
(1.150,14.412) 0.029

Mutifocality
No Ref Ref

Yes
0.854 
(0.557,1.309) 0.469

0.878 
(0.161,4.758) 0.878

Lymph node 
metastases
No Ref Ref

Yes
1.932 
(1.236,3.021) 0.004

4.834 
(1.278,18.160) 0.020

Distant metastases
No Ref Ref

Yes
6.382 
(3.806,10.702)

<0.00
1

3.637 
(0.770,17.173) 0.103

Surgery
Total 
thyroidectomy Ref Ref
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Lobectomy
2.090 
(1.002,4.360) 0.049 　

2.437 
(1.138,7.547) 0.043

Figure 1 

Figure 2 

Figure 3 
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