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Abstract
Purpose Whether thyroid nodules 4 cm or larger with benign cytology carry a higher risk of malignancy, and should be
managed differently than smaller nodules remains controversial. We aimed to evaluate the malignancy rate and benign
cytology false-negative rate in thyroid nodules ≥4 cm compared with those <4 cm.
Methods All thyroidectomies between January 2010 and December 2014 were reviewed. Patient demographics, pre-
operative sonographic nodule size, fine needle aspiration cytology (FNAC), and final surgical pathology results were
compared for index nodules ≥4 vs. <4 cm.
Results A total of 490 index nodules with preoperative FNAC were identified. A total of 137 nodules were ≥4 cm and 353
nodules were <4 cm. The prevalence of carcinoma was lower (23 vs. 53%) in nodules ≥4 vs. <4 cm (p < 0.0001). The false-
negative rate of benign FNAC for ≥4 and <4 cm index nodule was 5.2% and 5.9%, respectively (p= 1.000).
Conclusions This study shows that thyroid nodules ≥4 cm do not have a higher malignancy rate at surgery nor higher benign
cytology false-negative rate than smaller nodules. Thyroid nodules over 4 cm do not require resection, to rule out malig-
nancy, based on size alone.
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Introduction

The prevalence of thyroid nodule varies depending on the
mode of examination, from about 6% by palpation to
65–68% by autopsy or high frequency (13MHz) ultrasound
(US) [1, 2]. Current thyroid cancer diagnostic guidelines
recommend fine needle aspiration cytology (FNAC), to
determine risk of malignancy, based on sonographic patterns
combined with nodule size [3, 4]. Some studies have con-
cluded that nodules ≥4 cm have a higher malignancy [5–9]
and false-negative rate at FNAC [5, 6, 9–15]. Some authors
recommend excision of nodules ≥4 cm regardless of cytol-
ogy result [6, 10, 16–18]. Others state this is not necessary
[5, 7–9, 11–15, 19–31]. Eleven of the past studies did not

have a control group [6, 14, 16–19, 21, 24, 26, 27, 31]. The
2015 ATA Guidelines state “Based on the evidence, it is still
unclear if patients with thyroid nodules ≥4 cm and benign
cytology carry a higher risk of malignancy and should be
managed differently than those with smaller nodules” [3].
Whether the presence of a thyroid nodule 4 cm or larger,
regardless of FNAC, should be an independent indication for
thyroidectomy remains controversial. In this regard, we
aimed to evaluate the overall risk of malignancy and the
performance of FNAC in patients with thyroid nodules
≥4 cm who underwent surgical resection.

Material and methods

This study was approved by the University of Minnesota
Institutional Review Board. All thyroidectomies performed at
the University of Minnesota Medical Center between January
2010 and December 2014 were retrospectively reviewed,
identifying 590 subjects. Pediatric (age < 18 years), hyper-
thyroid cases (with solitary hot nodule or surgery performed
only for treatment of hyperthyroidism due to lack of biopsied
thyroid nodule), and nodules without well documented
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FNAC prior to thyroid surgery were excluded (100 patients).
To be considered well documented, the actual FNAC report
had to be available for review. We did not exclude subjects
who had Graves’ disease or toxic multinodular goiter but also
had discovery of thyroid nodule which led to FNAC and
surgery. Each individual is represented once, even if they had
more than one thyroid operation.

All patients underwent US-guided FNAC of index
thyroid nodules, chosen by the treating providers based on
sonographic appearance or size, prior to thyroid surgery. All
FNACs were classified according to 2008 Bethesda criteria
[32]. All thyroidectomies and histologic interpretation
occurred at the University of Minnesota Medical Center.

Data were recorded from preoperative thyroid US and
FNAC results, correlating index nodule sonographic size,
cytology, and surgical histology. If a patient had more than
one biopsy of the same nodule, the first FNAC, was used in
the analysis. If more than one nodule was biopsied in a
given subject, the largest nodule greater than 4 cm was
selected as the index nodule, or, if all nodules were under
4 cm, the nodule with most abnormal cytology was selected
as the index nodule. All FNAC were classified by 2008
Bethesda categories: nondiagnostic, benign, atypia of
undetermined significance/follicular lesion of undetermined
significance, follicular neoplasm (FN), suspicious for
malignancy and malignant [32].

In the analysis, only malignancy diagnosed in the index
nodule subjected to FNAC was counted as thyroid cancer
for an individual subject. Incidentally discovered occult
malignancy was not counted as malignant since the focus of
the study was to correlate cytology and histology. Benign
histopathology included follicular adenoma and hurthle cell
adenoma.

Thyroidectomy indications were determined by the
treating physicians in all cases and may have been in
response to FNAC results or for other less apparent reasons.
It is not an institutional policy to operate on all nodules over
4 cm, regardless of cytology results. The reasons for surgery
were tabulated and compared by 4-cm size category in
patients with benign or nondiagnostic FNAC, using the
following categories: large nodule size, interval growth or
suspicious US features, compressive symptoms or appear-
ance, cosmetic reasons or patient preference.

Patients were divided into two groups according to the
size of the index nodule on ultrasound, ≥4 cm or under
4 cm. FNAC results were compared with final surgical
histopathology, stratified by 4 cm nodule size cut-off at the
time of the FNAC.

Statistical analysis

Statistical analysis was performed using JMP Pro v.
13 software (SAS Institute, Cary, NC). Continuous data

were reported as the mean ± standard deviation and cate-
gorical data as count and proportions.

Chi square or Fisher exact test was used to compare
categorical data, including malignancy rates across cytolo-
gic categories by index nodule maximum diameter size < or
≥4 cm category. All tests were two-sided. A p value of less
than or equal to 0.05 was considered significant.

Results

During the study period, 590 patients underwent thyr-
oidectomy in which 490 patients with preoperative FNAC
were identified for analysis, after exclusion of 100. The
study population had an average (SD) age of 49 ± 15 years
at the time of operation. There were 391 (80%) females and
99 (20%) males. Totally, 45% (219/490) of the index
nodules proved malignant on final histopathology, and 55%
benign (271/490) (Table 1).

The demographics and results distribution of the
whole-study population and the subpopulations defined
by index nodule size less than or greater than 4 cm cut-off
are further shown in Table 1. The index nodule size was
<4 cm in 353 (72%) and ≥4 cm in 137 (28%) of the
thyroidectomy patients. The ≥4-cm population had a sig-
nificantly higher percentage of males and a higher average
BMI than the <4-cm population. Significantly different
distribution of both preoperative cytologic and final his-
topathologic diagnosis was found in the index nodules
<4 cm compared with ≥4 cm (p < 0.0001). There was a
higher benign, nondiagnostic and lower suspicious for
malignancy cytology rate in the ≥4 vs. <4 cm nodule
group. Malignancy was present in 53% (188/353) of the
index nodules <4 cm and in 23% (31/137) of the index
nodules ≥4 cm (p < 0.0001).

A higher percentage of benign nodules ≥4 cm (77/137,
56%) than <4 cm (68/353, 19%) nodules were removed.
There was no difference in the distribution of histopatho-
logic diagnosis by 4-cm size cut off group within each
cytologic subcategory analyzed (Table 2). In the benign
cytology group, eight false-negative results were identified
based on final histopathology. Of these, 37.5% (3/8) proved
to be follicular thyroid carcinoma and 25% (2/8) were fol-
licular variant papillary thyroid carcinoma. The false-
negative for malignancy rate did not differ between the
<4 and ≥4 cm benign cytology groups (5.9 vs. 5.2%, p=
1.0000).

Subjective symptoms and/or imaged mass effect was the
most common reason for surgery and was more frequent
with nodules ≥4 cm (67%, 52/77) than in 43% (29/68)
<4 cm, p= 0.0042. Other reasons for surgery were not
different between the 4 cm size cut-off groups, including
imaging demonstrated growth, patient anxiety, repeat FNA

250 Endocrine (2019) 66:249–253



with different cytologic diagnosis, other changes in sono-
graphic features (Table 3).

Discussion

In this retrospective surgical series of 490 consecutive
thyroidectomies over a 5-year period comparing index
nodules smaller or larger than 4 cm in size, a higher (53 vs.
22%) surgical prevalence of thyroid cancer in the <4-cm
group, and a comparable benign cytology false-negative
rate (5.9 vs. 5.2%) was found. More nodules ≥4 cm were
benign than malignant, compared to the distribution in the
<4 cm group.

The 22% malignancy rate prevalence for the over 4 cm
nodule group reported here is similar to that reported by

Table 1 Comparison of
characteristics according to
index nodule size

Whole population <4 cm ≥4 cm p

No. of total population 490 353 (72%) 137 (28%)

Age, mean (SEM), years 49 48 (0.8) 51 (1.3) 0.0953

Sex (male), n (%) 99 (20%) 55 (16%) 44 (32%) <0.001

BMI (kg/m2) (SEM) 29.3 28.7 (0.4) 30.9 (0.7) 0.0025

Cytology result

Nondiagnostic 16 8 (2.3%) 8 (5.8%) <0.0001

Benign 145 68 (19%) 77 (56%)

Atypia of undetermined significance 101 78 (22 %) 23 (17%)

Follicular neoplasm 62 50 (14%) 12 (8.8%)

Suspicious 59 54 (15%) 5 (3.7%)

Malignant 107 95 (27%) 12 (8.8%)

Pathology result

Benign 271 (55%) 165 (47%) 106 (77%) <0.0001

Malignant 219 (45%) 188 (53%) 31 (23%)

Nodule size >4 cm was associated with male sex, higher BMI, different FNAC distribution, and lower
malignancy rate on final histopathology. For sex, cytology, and pathology result analysis, the p statistic
represents chi square Fisher’s exact test (two-tailed) comparing subcategory distribution per <4 vs. ≥4 cm
nodule size.

BMI body mass index

Table 2 Distribution of surgical
histopathology by cytology and
size cut-off groups

Cytologic category Surgical histopathology n (% of cytologic size category)

Benign Malignant

Benign < 4 cm Benign ≥ 4 cm <4 cm ≥4 cm p

Benign n= 145 64/68 (94%) 73/77 (95%) 4/68 (5.9%) 4/77 (5.2%) 1.000

AUS and FN n= 163 87/128 (68%) 25/35 (71%) 41/128 (32%) 10/35 (29%) 0.8376

Suspicious for malignancy
n= 59

6/54 (11%) 0/5 (0%) 48/54 (89%) 5/5 (100%) 1.000

Histopathology distribution was not different by 4 cm size cut-off across within a given cytology category.
The false-negative for malignancy rate did not differ between the <4 and ≥4 cm benign cytology groups
(5.9% vs. 5.2%, p= 1.0000).

The p statistic represents chi square Fisher’s exact test (two-tailed) comparing malignancy rate by size <4 vs.
≥4 cm across the cytologic category row.

AUS atypia of undetermined significance, FN follicular neoplasm

Table 3 Reasons for surgery in the benign cytology index
nodule group

<4 cm
(n= 68)

≥4 cm
(n= 77)

p

Subjective symptoms or
mass effect of goiter

29/68 (43%) 52/77 (67%) 0.0042

Other 19/68 (28%) 13/77 (17%) 0.1595

Growth by US 13/68 (19%) 14/77 (18%) 1.0000

Second FNAC with other
diagnosis

10/68 (15%) 4/77 (5.2%) 0.0882

Anxiety 9/68 (13%) 4/77 (5.2%) 0.1436

US change (new nodules,
change in nonindex nodule)

4/68 (5.9%) 1/77 (1.3%) 0.1865

Cosmetic 0 0

The “other” group includes asymptomatic nodules that were removed
due to size alone
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others [6, 8, 9, 15, 18, 19, 28, 30, 31]. Rates as high as
28.6–58.5% [22, 24, 29, 33] and as low as 2.1–17.3% have
also been reported [11, 13, 14, 16, 17, 20, 21, 23, 25, 26, 34].
Likewise, the rate of malignancy in the nodules ≥4 cm was
lower than that of smaller nodules. This pattern of higher
malignancy rate in smaller vs. ≥4 cm nodules was also
reported in some surgical series [7, 11, 13, 20, 22, 28, 29],
and a recent meta-analysis [15], while others showed similar
[25, 33] or lower rates [8, 9, 30].

A similar benign cytology false-negative rate was
demonstrated in nodules <4 cm (5.9%) compared with
≥4 cm (5.2%). Several surgical series reported false-
negative range between 3.6 and 7.7% for nodules >4 cm
[8, 11, 13, 16, 19, 20, 31, 33], a range similar to our study.
Others reported higher false-negative rates (9.7–20%)
[5, 6, 9, 10, 12, 14, 18, 22, 24]. Five studies reported rates
<2.1% [21, 23, 25–27]. Five surgical series including <4 cm
nodule control groups, like our study, did not find sig-
nificant differences in the false-negative rates of benign
cytology by 4 cm nodule size cut-off [11, 12, 20, 22, 25]. A
meta-analysis, not including the present study, concluded
higher false-negative rate of 6.7% for nodules >4 cm and
4.5% for nodules <4 cm [15].

Five of our eight benign cytology false-negative for
malignancy index nodules harbored either follicular carci-
noma or follicular variant papillary thyroid carcinoma,
tumor types which lack features essential for the cytologic
diagnosis of malignancy [32]. This pattern has also been
observed by Wharry and Rosario in their >4 cm benign
cytology false-negative groups [18, 19].

This study has some limitations. First, it is a single center
retrospective surgical series which included analysis of only
those index nodules selected for surgery, not all nodules.
Factors beyond what we analyzed may have gone into the
decision-making for surgery. This is a limitation for all such
studies. Second, we cannot exclude selection bias to send
larger benign nodules to surgery, increasing the benign
denominator for this group. Specifically, 56% (76/145) of
operated nodules with benign cytology were ≥4 cm, whereas
only 22% (69/145) were under 4 cm. In addition, the ≥4 cm
group comprised 28% of the study, a higher rate than
observed in reports of larger nodule populations [23]. This
bias would tend to reduce the false-negative for malignancy
rate unless the rate of malignancy in nodules >4 cm is
actually higher than those <4 cm. Still, we believe we have a
comparable population to those previously reported.

The study findings add to the number of reports showing
that FNAC results in nodules ≥4 cm can be used to guide the
management of asymptomatic patients with thyroid nodules
just as they do for smaller nodule size. The rate of malig-
nancy in nodules and the benign cytology false-negative
rate for malignancy in ≥4 cm nodules is not higher than that

of smaller nodules. The decision for surgery in large
nodules should be individualized to the patient and the size
of nodule should not be the only criteria for such
recommendation.
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