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Prognostic factors of minimally invasive follicular thyroid
carcinoma: Extensive vascular invasion significantly affects

patient prognosis
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Abstract. Follicular thyroid carcinoma (FTC) is divided into two categories: minimally and widely invasive FTC.
Generally, the prognosis of minimally invasive FTC is excellent, but patients showing certain characteristics have a dire
prognosis. In this study, we investigated the prognostic factors of minimally invasive FTC using a series of 292 patients.
On multivariate analysis, extensive (4 or more) vascular invasion, age > 45 years, and tumor size > 4 cm were independent
prognostic factors of patient disease-free survival (DFS). Distant metastasis at diagnosis (M 1) was the strongest prognostic
factor of cause-specific survival (CSS). Extensive vascular invasion and tumor size > 4 cm also independently affected
patient carcinoma death. Capsular invasion was not related to patient prognosis. The ten-year DFS rate of patients with
extensive vascular invasion was 80%, which was poorer than that of those having tumor size > 4 cm (91%) and aged 45
years or older (90%). These findings suggest that 1) M1 most strongly affects the CSS of patients, and 2) M0 patients with
extensive vascular invasion may be candidates for completion total thyroidectomy and radioactive iodine ablation.
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FOLLICULAR THYROID CARCINOMA (FTC)is
the second most common malignancy originating from
thyroid follicular cells. It is generally difficult to diag-
nose by preoperative cytology and the diagnosis of
FTC is usually confirmed on pathological examination
[1]. Although lymph node metastasis is uncommon,
FTC is likely to metastasize to distant organs such as
the lungs and bone.

There are two types of FTC based on the degree of
invasion, minimally and widely invasive FTC [2]. In
WHO classification [2], it is described that “minimally
invasive FTC have limited capsular and/or vascular
invasion and widely invasive FTC have widespread
infiltration of adjacent thyroid tissue and/or blood ves-
sels,” but it provides no concrete numbers for vascu-
lar invasion to discriminate between minimally and
widely invasive FTC. Both in WHO classification
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[2] and General Rules for the Description of Thyroid
Cancer edited by The Japanese Society of Thyroid
Surgery [3], there are no descriptions indicating that
preoperatively detectable distant metastasis is a diag-
nostic criterion of widely invasive FTC. Previous stud-
ies showed that widely invasive FTC displays a signifi-
cantly poorer prognosis than minimally invasive FTC
[4, 5]. To date, other conventional prognostic factors
of FTC such as distant metastasis at diagnosis (M1),
old age, and large tumor size have also been identi-
fied [5-22]. However, prognostic factors of minimally
invasive FTC have not been intensively investigated
and, to our knowledge, only one manuscript has been
published for a large series of patients [23]. In this
study, therefore, we investigated prognostic factors of
minimally invasive FTC using a series of 292 patients.

Patients and Methods

We enrolled 292 patients who underwent ini-
tial surgery for solitary or multiple nodules between
1983 and 2007. All available H & E sections of these



638 Ito et al.

patients were reviewed by a coauthor, who is a thyroid
pathologist (M.H.), and they were diagnosed as mini-
mally invasive FTC. Cases with poorly differentiated
lesions and other thyroid malignancies were excluded
from our series. They consisted of 44 males and 248
females and the average patient age was 46.7 years old
(13-92 years). The diagnosis of FTC was based on the
presence of capsular and/or vascular invasion and the
absence of nuclear features of papillary thyroid carci-
noma. Capsular invasion and vascular invasion were
evaluated based on the categories in the textbook writ-
ten by Chan [24], in which minimally invasive FTC
was divided into three categories: with capsular inva-
sion only, with limited (<4) vascular invasion, and with
extensive (>4) vascular invasion. The cutoff number
of vascular invasion was set at 4 based on the findings
of previous studies [25-27]. Widely invasive FTC was
defined as tumor with widespread invasion of adjacent
thyroid tissue and/or blood vessels and such cases were
not enrolled in this study under the diagnosis of our
coauthor (M.H.). Capsular invasion was diagnosed as
positive when definite capsular invasion was detected
or when duplication of the capsule and/or satellite nod-
ule was observed [24]. We counted the total number
of vascular invasion in all available H & E sections in
each case. Then, the number of H & E sections that
we examined depends on tumor size and varies accord-
ing to case. We classified cases with 4 or more vas-
cular invasion as having extensive vascular invasion.
Seven patients had distant metastasis at diagnosis and
they were classified as M1 (4 lung, 2 bone, and 1 Iung,
bone and liver metastases). The remaining 285 were
classified as MO, because no distant metastasis was
observed preoperatively. Two of these did not have
capsular or vascular invasion, but we included them in
our series as a previous study [23]. Table 1 summa-
rizes the background and clinicopathological features
of the 292 patients.

Seven M1 patients underwent total thyroidectomy.
Of 285 MO patients, 50 and 4 underwent total and sub-
total thyroidectomy, respectively, because they had
other pathological lesions in the contralateral lobe.
The remaining 231 patients underwent more limited
thyroidectomy such as lobectomy and isthmectomy.
Eighteen patients also underwent lymph node dissec-
tion because physicians suspected papillary carcinoma
at the time of surgery.

All patients were followed up once or twice per
year by US, chest roentogenography, and/or computed

Table 1 Backgrounds and clinicopathological features of the 292
patients (%)

Gender (M/F) 44 (15)/248 (85)
Age (> 45/ <45) 161 (55)/131 (45)
Tumor size (> 4 cm/ <4 cm) 126 (43)/166 (57)
M factor (M1/MO0) 7 (2)/285 (98)

Oxyphilic cell carcinoma (y/n) 50 (17)/242 (87)
Duplication of the capsule (y/n) 154 (53)/138 (47)
Satellite nodule (y/n) 58 (20)/234 (80)
Definite capsular invasion (y/n) 144 (49)/148 (51)
Extensive vascular invasion (y/n) 35 (12)/242 (88)

tomography (CT) to screen for recurrence in the lymph
nodes and distant organs. For 7 M1 patients, we per-
formed radioactive iodine (RAI) therapy after total
thyroidectomy. Also, after the confirmation of distant
recurrence during follow up, we performed completion
total thyroidectomy and RAI therapy.

We repeatedly sent questionnaires to survey patients
who were postoperatively referred to other hospitals
near their residences to obtain data on disease-free and
cause-specific survival. The mean follow-up time in
our series was 117 months (6-329 months). To date,
19 patients (7%) showed FTC recurrence. Lung and
bone recurrence were detected in 12 and 10 patients,
respectively. Recurrence to lymph nodes and peritra-
cheal tissue were detected in 3 and 1 patient, respec-
tively. Six patients showed recurrence to two or more
organs. Seven patients (2%) have died of FTC to date.
Four of these were M1 patients.

The Kaplan-Meier method and log rank test were
adopted to analyze time-dependent variables. The Cox-
regression model was also adopted for multivariate anal-
ysis. A p value less than 0.05 was regarded as signifi-
cant. We employed Stat View 5.0 for these analyses.

Results

We performed multivariate analysis of disease-free
survival (DFS) of 285 MO patients (Table 2). Extensive
vascular invasion, together with age 45 years or older
and tumor size larger than 4 cm, had an independent
prognostic value. Although p values of duplication
and/or satellite nodules and definite capsular invasion
were less than 0.05, they did not have prognostic value
because their odds ratios and 95% confidence intervals
(CIs) were less than 1.0.
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Table 2 Multivariate analysis of DFS in 285 MO patients

Variables p values Odds ratio (95% *CI)
Age > 45 yrs 0.0029 9.763 (2.177-43.780)
Male gender 0.5599 1.403 (0.449-4.545)
Oxyphilic 0.1181 0.194 (0.025-1.517)
Size >4 cm 0.0352 3.509 (1.092-11.364)
Duplication and/or satellite nodule 0.0145 0.155 (0.035-0.691)
Definite capsular invasion 0.0053 0.118 (0.026-0.530)
Extensive vascular invasion 0.0040 5.405 (1.715-16.95)

* Confidence interval

Table 3 Multivariate analysis of CSS in 292 patients

Variables p values Odds ratio (95% *CI)
Ml <0.0001 456.900 (47.619-1007.500)
Age > 45 yrs 0.4637 2.555(0.208-31.416)
Male gender 0.4707 0.413 (0.037-4.566)
Size >4 cm 0.0474 25.641 (1.037-50.000)
Duplication and/or satellite nodule 0.8719 1.213 (0.116-12.658)
Definite capsular invasion 0.5222 2.915(0.110-76.923)
Extensive vascular invasion 0.0430 13.699 (1.085-166.667)

None of the oxyphilic cell carcinoma patients died of FTC.

* Confidence interval

Table 4 Multivariate analysis of CSS in 285 MO patients

Variables p values Odds ratio (95% *CI)
Male gender 0.4507 2.618 (0.215-32.258)
Duplication and/or satellite nodule 0.9936 1.022 (0.004-200.000)
Definite capsular invasion 0.8425 0.575 (0.003-142.857)
Extensive vascular invasion 0.0448 16.949 (1.672-250.000)

None of the oxyphilic cell carcinoma patients died of FTC.
All patients who died of FTC had tumors > 4 cm and were aged 45 or older.

* Confidence interval

Results of multivariate analysis of cause-specific
survival (CSS) of 292 FTC patients are summarized in
Table 3. None of the oxyphilic carcinoma patients died
of FTC and so it was deleted from the analysis. M1 was
the strongest predictor of carcinoma death. Extensive
vascular invasion and tumor size larger than 4 cm also
independently affected the CSS of patients.

We then performed multivariate analysis of CSS on
MO patients (Table 4). All patients who died of FTC
had tumors larger than 4 cm and were aged 45 years
or older and so these two factors were deleted from the
analysis. Extensive vascular invasion was also regarded
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as an independent predictor of carcinoma death.

We also performed these three multivariate analyses
by including the presence of vascular invasion regard-
less of its number, instead of extensive vascular inva-
sion, but it did not have an independent prognostic
value (data not shown).

Table 5 shows 10-year DFS rates of MO FTC patients
with and without independent prognostic factors. The
ten-year DFS rate of patients with extensive vascular
invasion was 80%, which was lower than that of those
aged 45 or older (90%) and having tumor size larger
than 4 cm (91%). As shown in Table 6, the 10-year



640 Ito et al.

Table 5 Ten-year DFS rates of MO FTC patients with and
without independent prognostic factors

90% / 98%
91% / 96%

Age >45 yrs/ <45 yrs
Size >4 cm/ <4 cm

Extensive vascular invasion

Yes / No 80% /95%

Table 6 Ten-year CSS rates of FTC patients with and without
independent prognostic factors

M factor
M1 / MO 21%/99%
Age >45 yrs/ <45 yrs 96% *(99%) / 98% (100%)

Size >4 cm/ <4 cm 96% (97%) / 98% (100%)

Extensive vascular invasion
Yes / No

*(): CSS of MO patients

96% (96%) / 97% (99%)

CSS rate of M1 patients was very low, at 21%. In the
subset of M0 patients, the 10-year CSS rate of patients
with extensive vascular invasion (96%) was lower than
that of those with tumors larger than 4 cm (97%) and
aged 45 year or older (99%).

Discussion

Similar to our previous study using an entire series
of FTC, we showed that M1 had the strongest prog-
nostic impact among minimally invasive FTC patients.
Furthermore, we demonstrated that extensive vascular
invasion, together with age 45 years or older and tumor
size larger than 4 cm had a significant prognostic value
not only of DFS, but also the CSS of patients.

Sugino et al. demonstrated that, in a series of 251
minimally invasive FTC patients, M1, tumor size
larger than 4 cm and age 45 years or older had sig-
nificant prognostic value [22, 23], which do not dis-
agree with our findings. They also showed that neither
capsular nor vascular invasion affected patient prog-
nosis. In our series, we subdivided capsular invasion
into three categories: duplication of the capsule, satel-
lite nodules, and definite capsular invasion. Although
p values of these factors were lower than 0.05 on mul-
tivariate analysis for DFS, their odd ratios and 95% Cls
were also lower than 1.0. Furthermore, their p values
were larger than 0.05 on multivariate analysis for CSS
of patients. We can therefore conclude that capsular
invasion does not have any prognostic significance, as
demonstrated by Sugino et al. [23].

Similar to the findings of Sugino er al. [23], the
presence of vascular invasion was not an independent
prognostic factor in our series. However, extensive
(4 or more) vascular invasion significantly affected
the DFS and CSS of patients on multivariate analysis.
Furthermore, as shown in Table 5, 10-year DFS rate
of patients with extensive vascular invasion was 80%,
which was poorer than that of those aged 45 years or
older (90%) and having tumors larger than 4 cm (91%).
It is therefore suggested that extensive capsular inva-
sion has a significant prognostic value for minimally
invasive FTC patients.

How to treat FTC patients remains an open question.
Most FTC patients first undergo hemithyroidectomy
under a diagnosis of follicular tumor and adenomatous
nodules. Since FTC is likely to show distant metas-
tasis, completion total thyroidectomy is preferable as
a second surgery for patients with clinicopathologi-
cal features predicting recurrence at a high incidence.
Then, if recurrence is noted in the early phase by thyro-
globulin monitoring. RAI therapy can be immediately
performed. In our institution, we perform completion
total thyroidectomy with RAI ablation for patients with
widely invasive FTC, because its 10-year recurrence
rate was high, at 35% [4], but not for minimally inva-
sive FTC. In this study, however, we demonstrated that
the 10-year recurrence rate of minimally invasive FTC
patients with extensive vascular invasion was also high,
at 20%. The acceptable recurrence rate varies accord-
ing to physicians and patients, but this incidence is con-
sidered high for us, and so we regard these patients as
possible candidates for completion total thyroidectomy
with RAT ablation.

Differential diagnosis of minimally and widely inva-
sive FTC varies according to pathologists, and there
may be those who would say that patients with exten-
sive vascular invasion in our series should be diag-
nosed as widely invasive FTC. However, to date, no
concrete criteria to discriminate between minimally
and widely invasive FTC regarding the degree of vas-
cular invasion are available. Further studies are nec-
essary to more clearly divide FTC into minimally and
widely invasive FTC.

One limitation to this study is we did not produce H
& E sections of all cut surfaces in each case. The cut-
off number of extensive vascular invasion may require
revision if sections of all cut surfaces are examined.
Further study is needed to decide on accurate defini-
tion of extensive vascular invasion of minimally inva-
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sive FTC.

In our series, similar to our previous results in an
entire series [3], the prognosis of oxyphilic cell carci-
noma did not differ from non-oxyphilic cell carcinoma.
Some studies from foreign countries showed higher
mortality with oxyphilic cell carcinoma [15, 28-30].
The reason for the discrepancy remains unclear, but at
least from our data, the therapeutic strategy for oxyph-
ilic cell carcinoma can be the same as that for non-

oxyphilic carcinoma.

In summary, we demonstrated that extensive vascu-
lar invasion, together with distant metastasis at diagno-
sis, old age, and large tumor size, significantly affected
DFS and CSS of minimally invasive FTC patients.
Since the 10-year recurrence rate of patients with exten-
sive vascular invasion was rather high, at 20%, these
patients should be considered candidates for comple-
tion total thyroidectomy with RAI ablation.

References

1. Mazafferi EL, Kloos RT (2005) Carcinoma of follicu-
lar epithelium: radioiodine and other treatments and
outcomes. In: Braverman LE and Utiger RD eds., The
Thyroid, Lippincott Williams & Wilkins, Philadelphia
PA, 934-966.

2. DelLellis RA, Lloyd RV, Heitz PU, Eng C (2004) WHO
Classification of Tumours, Pathology and Genetics
of Tumours of Endocrine Organs. IARC Press, Lyon,
73-76.

3. General Rules for the Description of Thyroid Cancer
(2005) The Japanese Society of Thyroid Surgery. 6™
Edition, Kanehara, Tokyo, 23-25.

4. TtoY, Hirokawa M, Higashiyama T, Takamura Y, Miya
A, Kobayashi K, Matuzuka F, Kuma K, Miyauchi A
(2007) Prognosis and prognostic factors of follicular
carcinoma in Japan: importance of postoperative patho-
logical examination. World J Surg 31: 1417-1424.

5. Asari K, Koperek O, Sceuba C, Riss P, Kaserer K,
Hoffmann M, Niederle B (2009) Follicular thyroid car-
cinoma in an iodine-replete endemic goiter region: a
prospectively collected, retrospectively analyzed clini-
cal trial. Ann Surg 249: 1023-1031.

6. Besic N, Zgajnar J, Hocevar M, Frkovic-Grazio S
(2005) Is patient’s age a prognostic factor for follicu-
lar thyroid carcinoma in the TNM classification system?
Thyroid 15: 439-448.

7. Segal K, Arad A, Lubin E, Shpitzer T, Hadar T,
Feinmesser R (1994) Follicular carcinoma of the thy-
roid. Head & Neck 16: 533-538.

8. Szanto J, Ringwald G, Karika Z, Liszka G, Peter I,
Daubner K (1991) Follicular cancer of the thyroid
gland. Oncology 48: 483-489.

9. Mueller-Gaertner HW, Brzac HT, Rehpenning W (1991)
Prognostic indices for tumor relapse and tumor mortal-
ity in follicular thyroid carcinoma. Cancer 67: 1903-
1911.

10. Brennan MD, Bergstralh EJ, van Heerden JA,
McConahey WM (1991) Follicular thyroid cancer
treated at the Mayo Clinic, 1946 through 1970: Initial
manifestations, pathologic findings, therapy, and out-
come. Mayo Clin Proc 66: 11-22.

11. Lin JD, Huang HS, Chen SC, Chao TC (1997) Factors
that predict metastasis of papillary and follicular thyroid
cancers in Taiwan. Otolaryngol Head Neck Surg 116:
475-482.

12.  Passler C, Scheuba C, Prager G, Kaczirek K, Kaserer
K, Zettinig G, Niederle B (2004) Prognostic factors of
papillary and follicular thyroid cancer: differences in
an iodine-replete endemic goiter region. Endocrine-
Related Cancer 11: 131-139.

13.  Witte J, Goretzki PE, Dieken J, Simon D, Roher HD
(2002) Importance of lymph node metastasis in follicu-
lar thyroid cancer. World J Surg 26: 1017-1022.

14. Shaha AR, Loree TR, Shah JP (1995) Prognostic factors
and risk group analysis in follicular carcinoma of the
thyroid. Surgery 118: 1131-1138.

15. Haigh PI, Urbach DR (2005) The treatment and prog-
nosis of Hurthle cell follicular thyroid carcinoma com-
pared with its non-Hurthle cell counterpart. Surgery
138: 1152-1158.

16. Lang W, Choritz H, Hundeshagen H (1986) Risk factors
in follicular thyroid carcinomas. Am J Surg Pathol 10:
246-255.

17.  Crile G, Pontius KI, Hawk WA (1985) Factors influenc-
ing the survival of patients with follicular carcinoma of
the thyroid glands. Surg Gynecol Obstet 160: 409-413.

18. Joensuu H, Klemi PJ, Paul R, Tuominen J (1986)
Survival and prognostic factors in thyroid carcinoma.
Acta Radiologica Oncology 25: 243-248.

19. Eichhorn W, Tabler H, Lippold R, Lochmann M,
Schreckenberger M, Bartenstein P (2003) Prognostic
factors determining long-term survival in well-differ-
entiated thyroid cancer: An analysis of four hundred
eighty-four patients undergoing therapy and aftercare at
the same institution. Thyroid 13: 949-958.

20. Tsang WR, Brierley JD, Simpson WJ, Panzarella T,
Gospodarowicz MK, Sutcliffe SB (1998) The effects of
surgery, radioiodine, and external radiation therapy on
the clinical outcome of patients with differentiated thy-
roid carcinoma. Cancer 82: 375-388.

21. Simpson WJ, McKinney SE, Carruthers JS,
Gospodarowicz MK, Sutcliffe SB, Panzarella T (1987)



642

22.

23.

24.

25.

26.

Ito et al.

Papillary and follicular thyroid cancer. Prognostic fac-
tors in 1,578 patients. Am J Med 83: 479-488.

Grebe SKG, and Hay ID (1995) Follicular thyroid can-
cer. Endocrinol Metab Clin North Am 24: 761-801.
Sugino K, Kameyama K, Ito K, Nagahama M, Kitagawa
W, Shibuya H, Ohkuwa K, Yano Y, Uruno T, Akaishi J,
Suzuki A, Masaki C, Ito K (2012) Outcomes and prog-
nostic factors of 251 patients with minimally invasive
follicular thyroid carcinoma. Thyroid 22: 798-804.
Chan JKC. Follicular neoplasms (follicular adenoma
and follicular carcinoma), including Hurthle cell neo-
plasms. In: Diagnostic Histopathology of Tumors. 3™
edition. (2007) Elsevier, Livingstone, 1015-1029.

Lang W, Choritz H, Hundeshagen H (1986) Risk factors
in follicular thyroid carcinomas. A retrospective fol-
low-up study covering a 14-year period with emphasis
on morphological findings. Am J Surg Pathol 10: 246-
255.

Collini P, Sampietro G, Pilotti S (2004) Extensive vas-
cular invasion is a marker of risk of relapse in encap-

27.

28.

29.

30.

sulated non-Hurthle cell follicular carcinoma of the
thyroid gland: a clinicopathological study of 18 con-
secutive cases from a single institution with a 11-year
median follow-up. Histopathology 44: 35-39.

Ghossein BA, Hiltzik DH, Carison DL, Patel S, Shaha
A, Shah JP, Tuttle RM, Singh B (2006) Prognostic fac-
tors of recurrence in encapsulated Hurthle cell carci-
noma of the thyroid gland: a clinicopathologic study of
50 cases. Cancer 106: 1669-1675.

Sanders LE, Silverman M (1998) Follicular and Hurthle
cell carcinoma: predicting outcome and directing ther-
apy. Surgery 124: 967-974.

Hundahl SA, Fleming ID, Fremgen AM, Menck HR
(1998) A national Cancer Data Base report on 53,856
cases of thyroid carcinoma treated in the US, 1985-
1995. Cancer 83: 2638-2648.

Lopez-Penabad L, Chiu AC, Hoff AO, Schultz P,
Gaztambide S, Ordofiez NG, Sheman SI (2003)
Prognostic factors in patients with Hurthle cell neo-
plasms of the thyroid. Cancer 97: 1186-1194.



