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Abstract

Aim Tall cell variant (TCV) of papillary thyroid carcinoma (PTC) shows a poorer prognosis than conventional PTC.
The World Health Organization (WHO) classification defines TCV as the tall cell component (TCC) in >50% of
PTC lesions. We investigated whether and how the proportion of TCC affects the prognosis of patients with PTC
with TCC.

Patients and methods Seventy patients with TCC in >30% of their PTC lesions and 210 age- and gender-matched
controls with no TCC who underwent locally curative surgery at Kuma Hospital (2006-2014) were enrolled. The 70
PTC patients were divided into two categories: TCC >50% (TCC-major, n = 19) and TCC 30—-49% (TCC-minor,
n = 51). We performed univariate and multivariate analyses of the relationships between disease-free survival (DFS)
and variables including the TCC proportion in 276 patients who had no distant metastases at surgery (median follow-
up 64 months).

Results In the univariate analysis, TCC-major, TCC-minor, old age (>65 years), clinical node metastasis, significant
extrathyroid extension (Ex), and high Ki-67 labeling index (>5%) significantly affected the DFS. In the multivariate
analysis, TCC-major and Ex independently affected the DFS, but TCC-minor did not. In an analysis excluding TCC-
major patients, TCC-minor was not an independent prognostic factor for DFS.

Conclusions Studies or larger patient series with longer follow-ups are necessary, but we speculate that in PTC with
TCC, TCC-major significantly and independently affects the DFS, whereas TCC-minor does not. Our findings
indicate that the WHO definition of TCV is appropriate and that the prognostic impact of TCC-minor is limited.

Introduction

Papillary thyroid carcinoma (PTC) is the most common
malignancy arising from thyroid follicular cells, and PTC
has several variants in addition to conventional PTC.
Although PTC generally shows an excellent prognosis, the
prognoses of its variants are not uniform. Tall cell variant
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(TCV) is a representative PTC variant that has a dire
prognosis, as shown in many studies [1-7] including an
international multicenter study [8]. TCV includes a com-
ponent of carcinoma cells that have a height that is
>3 x their width, that is the tall cell component (TCC).
The World Health Organization (WHO) provides a defi-
nition of TCV: The TCC component is >50% of the PTC
lesions [9].

Beninato et al. [10] investigated the relationship
between the proportion of TCC and clinicopathological
features, and they demonstrated that PTC with 10% TCC is
likely to show aggressive characteristics such as extrathy-
roid extension, lymph node metastasis, and advanced stage.
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To date, however, no studies have been published regard-
ing whether and how the proportion of the TCC affects the
prognosis of PTC patients. In this study, we enrolled
patients with PTCs with high and low proportions of the
TCC (=50 and 30-49% of the lesions, respectively) and
PTC patients without the TCC as a control group, and we
investigated the prognostic impact of TCC.

Patients and methods
Patients in the TCC group

Between 2006 and 2014, 6553 patients underwent initial
surgery for PTC at our institution. Of these, 70 cases
(1.1%) were diagnosed as TCV based on postoperative
pathological reports because the reports included the pro-
portion of tall cells, i.e., cells with a height that was
>3 x their width, in a considerably large portion of the
lesions (>30%). Other patients were diagnosed as having
conventional PTC or variants other than TCV, which did
not include TCC. For the present study, tissues of all 70 of
these patients were re-checked by one of our coauthors
(M.H.) and divided into two categories based on the pro-
portion of the TCC: the TCC-major group, with the TCC in
>50% of the lesions (19 patients), and the TCC-minor
group, with the TCC in 30-49% of the lesions (51
patients). Our definition of ‘“TCC-major’ is identical to that
of TCV in the WHO classification. Patients with a TCC
<30% and those having not only TCC but also components
of anaplastic carcinoma or squamous cell carcinoma in
primary lesions and/or lymph node metastases were
excluded from our study. All 70 of the patients underwent
locally curative surgery, but four patients (one TCC-major
and three TCC-minor patients) had distant metastasis to the
lung at surgery and were classified as M1.

Patients in the age- and gender-matched control
group

We randomly selected 210 PTC patients who underwent
surgery during the same period as the TCV patients as a
control group. The control patients were pathologically
diagnosed as having PTC, and their ages and ganders were
matched with the patients in the TCC group. They were
also matched per year of diagnosis. None of the control
patients had the TCC, an anaplastic carcinoma lesion, or a
squamous cell carcinoma lesion.

Evaluation of clinicopathological features

We used several important clinicopathological features for
analyzing the prognostic impact of TCC. Tumor size and

clinical lymph node metastasis (N) were evaluated preop-
eratively on imaging studies. Extrathyroid extension (Ex)
was based on intraoperative findings. When a tumor inva-
ded the trachea requiring the resection of tracheal cartilage
or cartilage and mucosa, or it invaded the recurrent
laryngeal nerve requiring partial layer resection or com-
plete resection followed by nerve anastomosis, or the tumor
invaded the muscular layer of the esophagus, we regarded
the cases as having Ex.

In this study, we did not regard tumors invading anterior
strap muscles as having Ex. Tracheal invasion was also
pathologically confirmed. However, it was impossible to
clearly confirm invasion to the recurrent laryngeal nerve or
to the muscular layer of the esophagus on pathological
examination. In our previous study, we demonstrated that
the intraoperative evaluation of Ex significantly affected
patients’ prognoses [11] and we also adopted the intraop-
erative evaluation in the present study.

Ki-67 labeling index (LI) immunostaining

We performed Ki-67 immunostaining using 4-pm-thick
formalin-fixed, paraffin-embedded tissues and an antibody
against Ki-67 (MIB1, 1:200 dilution: Dako, Carpinteria,
CA, USA) for all patients except two requiring decalcifi-
cation to make paraffin-embedded tissues. The staining was
carried out using an Autostainer (Dako Japan, Tokyo) and
the Envision Kit (Dako Japan) according to the manufac-
turer’s recommendation.

To estimate the Ki-67 labeling index (LI), we counted at
least 500 carcinoma cells in the hot area observed under
400x magnification and calculated the percentage of nuclei
that stained positive. The Ki-67 LI was estimated by a
coauthor (M.H.) who did not know the prognoses of the
patients. We classified the results into two categories: Ki-
67 LI <5% (low) and Ki-67 LI >5% (high). Ki-67 staining
cannot be applied for cases that have high-grade calcifi-
cation that requires decalcification. For this reason, two
TCC-minor cases and 47 control cases lacked Ki-67 LI
data.

Surgical therapy and RAI ablation or RAI therapy

We performed total thyroidectomy for the PTC patients
whose tumors were multiple or solitary but >2 cm.
Regardless of tumor size, the patients with N1 or M1 PTC
or PTC with extrathyroid extension corresponding to T4a
in the UICC TNM classification underwent a total thy-
roidectomy. The other patients underwent a hemithy-
roidectomy. Level VI dissection was routinely performed
even though it is prophylactic. Level II-IV dissection was
performed therapeutically for N1b patients. We performed
level II-IV dissection prophylactically only when the
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tumors were >3 cm. Radioactive iodine (RAI) ablation
using 13-30 mCi was also performed, mainly for advanced
cases based on the physician’s preference and the patient’s
acceptance. RAI therapy was performed for M1 cases
unless the patient refused it.

Follow-up after surgery

The follow-up periods after surgery ranged from 4 to
131 months (median 64 months) in the entire group of
patients plus controls. We performed ultrasound and chest
computerized tomography (CT) or roentgenography once
or twice per year for each patient. When we detected
suspicious lymph nodes on ultrasound, we performed a
fine-needle aspiration biopsy for the nodes and measured
the thyroglobulin levels in the washout of the needle [12].
We monitored thyroglobulin and its antibody for the
patients who underwent a total thyroidectomy, but in this
study, we regarded patients as showing carcinoma recur-
rence only when recurred lesions were confirmed by
imaging studies such as ultrasound, CT, or positron emis-
sion computerized tomography.

Statistical analyses

Variables were compared by Fisher’s exact test. The
Kaplan—Meier method and log-rank tests were used for the
analysis of time-dependent variables. The Cox regression
model was also used for the multivariate analysis. A p value
<0.05 was regarded as significant. We used StatView 5.0
software for these analyses.

Results
Initial treatment

In the TCC group, a total thyroidectomy was performed for
58 patients, including four M1 patients, and the remaining
12 patients underwent a hemithyroidectomy. In the control
group, 157 patients underwent a total thyroidectomy and
the remaining 53 underwent a more limited thyroidectomy
(subtotal thyroidectomy or hemithyroidectomy). Level VI
dissection was performed in all patients enrolled in this
study. Unilateral or bilateral level II-IV dissection was
performed in 47 TCC patients and 84 control patients.
Three of the four M1 patients in the TCC group underwent
RAI therapy using 100 mCi, and the remaining patient did
not undergo RAI therapy because the patient refused it.
Twenty-one and 12 patients in the TCC group and control
group underwent RAI ablation, respectively.
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Recurrence and carcinoma death

In the TCC group, 21 patients showed carcinoma recur-
rence. The organs in which the carcinoma recurred were
regional lymph nodes in 13 patients, subcutaneous tissue in
six patients, another local lesion in one patient, lung in
eight patients, bone in three patients, liver in one patient,
and brain in two patients. Nine patients showed carcinoma
recurrence in two or more organs. One TCC-major patient
and one TCC-minor patient died due to their PTC.

In the control group, carcinoma recurred in eight
patients. Lymph node recurrence was observed in seven
patients, and lung and bone recurrence was detected in
three patients and one patient, respectively. Two patients
showed recurrence in two or more organs. None of the
patients in the control group died of PTC during the follow-

up.
Clinicopathological features
The results of our assessment of clinicopathological fea-

tures in the TCC and control groups are summarized in
Table 1. The tumor size in the TCC group (consisting of

Table 1 Relationships between TCC-major and TCC-minor and
control groups and various clinicopathological features

Variable TCC-major TCC-minor Control Total p value*
M factor
0 18 48 210 276 0.0022
1 1 3 0 4
Ki-67
<5% 5 19 126 150  <0.0001
>5% 14 30 37 81
Unknown 0 2 47 49
Tumor size
4 cm 13 40 192 245 0.0014
>4 cm 6 11 18 35
Ex
No 14 35 180 229 0.0114
Yes 5 16 30 51
N factor
0 11 33 145 189 0.5461
8 18 65 91
Age
<65 years 10 29 117 156 0.951
>65 years 9 22 93 124
Gender
Female 17 41 174 232 0.6691
Male 2 10 36 48

* TCC group (TCC-major and TCC-minor) versus control group
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Fig. 1 Kaplan—Meier curves for the disease-free survival (DFS) of the patients in the TCC-major, TCC-minor, and control groups

Table 2 Univariate and multivariate analysis results for disease-free survival (DFS) of MO patients in the entire series

Variable Univariate Multivariate Hazard ratio (95% CI)
TCC-major (>50%) <0.0001 0.0037 5.529 (1.742-17.544)
TCC-minor (30-49%) 0.0041 0.3641 1.667 (0.552-5.025)
Age >65 years 0.0005 0.0671 2.695 (0.932-7.813)
Male gender 0.4619 0.3638 0.540 (0.143-2.041)
N1 0.0182 0.1333 1.984 (0.811-4.854)
Tumor size >4 cm 0.0004 0.8631 1.095 (0.388-3.096)
Significant extrathyroid extension <0.0001 0.0017 4.808 (1.808-12.821)
Ki-67 LI >5% <0.0001 0.0723 2.833 (0.910-8.850)

Bold values indicate statistical significance on multivariate analysis

the two subgroups: the TCC-major and TCC-minor
patients) (mean 31, 6-100 mm) was significantly larger
(p < 0.0001) than that in the control group (mean 21,
7-100 mm). The incidences of positive extrathyroid
extension, and high Ki-67 LI were significantly higher in
the TCC group than in the control group.

Disease-free survival (DFS)

Figure 1 provides the Kaplan—Meier curves for the DFS of
the TCC-major and TCC-minor patients and the controls.
One TCC-major and three TCC-minor patients were
excluded because they were classified as M1, and none of
the controls were classified as M 1. The 5-year DFS rates of
the TCC-major patients, TCC-minor patients, and patients
in the control group were 58, 89, and 93%, respectively,
which is significantly poorer from the control group to the
TCC-major patients (p = 0.0041 for the control group vs.

the TCC-minor patients; p = 0.0047 for the TCC-minor
patients vs. the TCC-major patients). RAI ablation and the
extent of thyroidectomy did not affect the patients’ DFS
(data not shown).

Multivariate analysis for DFS

We performed a multivariate analysis for DFS for the high-
and low-TCC groups with various clinicopathological
features, which were recognized as having prognostic
impacts in previous studies [13—16]. As shown in Table 2,
TCC-major (p = 0.0037) was recognized as an indepen-
dent prognostic factor together with significant extrathy-
roid extension (p = 0.0017), while TCC-minor was not.
Table 3 shows the results of a multivariate analysis after
excluding TCC-minor from the variables; here too, TCC-
major was recognized as an independent prognostic impact
for the patients’ DFS (p = 0.0038). We excluded TCC-
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Table 3 Multivariate analysis for DFS of MO patients in the entire
series (TCC-minor was excluded from variables)

Variable Multivariate Hazard ratio (95%
CI)
TCC-major (>50%) 0.0038 4.237 (1.595-11.236)
Age >65 years 0.0628 2.747 (0.950-7.937)
Male gender 0.4428 0.600 (0.162-2.212)
N1 0.1481 1.923 (0.792-4.673)
Tumor size >4 cm 0.8631 1.109 (0.387-3.165)
Significant extrathyroid 0.0014 4.878 (1.845-12.987)
extension
Ki-67 LI >5% 0.0517 3.067 (0.992-9.524)

Bold values indicate statistical significance on multivariate analysis

major patients and conducted another multivariate analysis,
and the results indicated that TCC-minor did not inde-
pendently affect the DFS (data not shown).

We could not evaluate the prognostic impact of the TCC
on the cause-specific survival (CSS), because the number
of patients who died of PTC was small.

Micro-PTC in the TCC-major, TCC-minor,
and control groups

The number of micro-PTC patients was 47 in the control
group, two in the TCC-major group, and one in the TCC-
minor group. None of the micro-PTC patients in the control
group showed recurrence or died of PTC. Of the three
micro-PTC patients in the TCC-major and TCC-minor
groups, one TCC-major patient and one TCC-minor patient
were N- and Ex-negative and are still alive without
recurrence. The other TCC-major patient with micro-PTC
had large and extensive node metastases, although the
primary lesion was small. This patient died of PTC
51 months after surgery because of anaplastic transforma-
tion of a recurred node.

Discussion

The results of the present study demonstrated that, in PTC,
(1) the cases with TCC (>30%) had more aggressive
characteristics than those without TCC; (2) the cases with a
high proportion of the TCC (>50%) harbored a poor DFS,
and high TCC was an independent prognostic factor for
DFS; and (3) a low proportion of the TCC (30-49%) was
not an independent prognostic factor for DFS.

In our series, the patients with TCV >30% more fre-
quently had distant metastasis-positivity, high cell-prolif-
erating activity, large tumor size, and Ex-positivity
compared to the other patients. These findings coincide
with those of a study reported by Beninato et al. [10],
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although in the present study, cases with a low proportion
of the TCC (<30%) were excluded.

In the WHO classification, TCV is defined as PTC with
the component of tall cells (height/width ratio 3 or more) at
50% or more of the carcinoma lesions [9], which is con-
sistent with TCC-major in the present study. However, the
diagnosis varies according to pathologists, probably due to
the difference, in the interpretation of the pathology crite-
ria. In our previous study, we showed that the incidence of
TCV based on the WHO classification was 3.7% in a series
of patients operated on between 1987 and 1995 [13] and
that incidence is higher than that observed in the present
study. In this study, our thyroid pathologist coauthor
applied the diagnostic criteria of TCV much more rigor-
ously than in the previous study, which may be the reason
for the difference in the incidences of TCV. A recent
international multicenter study analyzed 6,282 PTC cases,
including 239 TCV (3.8%) cases [8]. However, since that
was a multicenter study, there may have been discrepancies
among the pathologists’ interpretation of the diagnosis
criteria.

Here we observed that TCC-major consistent with TCV
in the WHO classification [9] independently affected the
early recurrence of PTC (median follow-up time
63 months). Although our TCC-minor patients showed a
poorer prognosis than that of the control group, TCC-minor
was not recognized as an independent prognostic factor
both in the entire series and in the series excluding TCC-
major patients. It is therefore suggested that a small amount
of TCC does not affect the biological characteristic or
make the prognosis of patients poorer, at least in the early
phase after surgery. TCC-major patients require extensive
therapies, including a total thyroidectomy (if the initial
surgery was not total thyroidectomy, a completion total
thyroidectomy should be performed as a second surgery)
followed by RAI ablation and TSH suppression.

Our present median follow-up period was short at
63 months, which is a limitation of this study. Although
four patients died of PTC during the follow-up period, we
could not analyze whether the proportion of TCC and other
factors can be predictors of carcinoma death. Another study
limitation is that we analyzed patients with local recur-
rences and those with distant recurrences as a single group,
because of the small number of patients, but the predictors
of distant and local recurrences may not be the same.
Further studies are needed to elucidate these points.

In this study, micro-PTC patients were present in both
the TCC group and the control group. Low-risk micro-
PTCs lacking Ex, N, and M factors are very indolent, and
an active surveillance without immediate surgery is an
important therapeutic strategy for these patients [17, 18].
However, micro-PTCs with Ex, N or M are aggressive and
have a dire prognosis. Of the three micro-PTC patients in



World J Surg (2017) 41:742-747

747

the present TCC group, one patient in the TCC-major
group died due to PTC after showing recurrence in the
early phase after surgery. However, this patient had mul-
tiple node metastases with large sizes (>3 cm) [14], indi-
cating that although the primary lesion was small, this
patient’s PTC had a very aggressive character. The other
two patients (one TCC-major and one TCC-minor) were
alive without any evidence of recurrence, although they did
not undergo a completion total thyroidectomy or RAI
ablation. Therefore, we have no evidence that low-risk
micro-TCV requires any special and additional therapies
compared with low-risk conventional PTC.

Our earlier study demonstrated that a Ki-67 LI greater than
3% was an independent prognostic factor for the CSS of PTC
patients [15]. The present study enrolled patients who under-
went surgery between 1996 and 1997. Since the sensitivity of
Ki-67 immunostaining has increased due to the improvement
of paraffin-embedded tissue specimens, we now set the cutoff
ratio at 5%. In 2013, we reported the relationships between the
Ki-67 LI (cutoffs at 5 and 10%) and persistent disease, the
thyroglobulin doubling time, and DFS [16]. In the present
study too, Ki-67 had a prognostic impact, although it was not
revealed to have independent prognostic significance.

In summary, it is important to accurately evaluate the
proportion of TCC in PTCs containing a TCC, because (1)
the PTC patients with a TCC >50% showed significantly
poorer DFS than the PTC patients with a TCC 30-49% and
the control group, and (2) a TCC >50% independently
predicted PTC recurrence, and a TCC 30-49% did not.
Studies with larger numbers of patients and longer follow-
up periods should be conducted to further clarify the
prognostic impact of the proportion of the tall cell com-
ponent in PTCs.
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