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Context: Thyroid nodule size is routinely measured, although its impact on thyroid cancer risk is unclear.

Objective: Our objective was to evaluate the association of nodule size upon cancer risk.

Design, Setting, and Patients: We conducted a retrospective cohort analysis at an academic hos-
pital with 4955 consecutive patients evaluated between 1995 and 2009.

Intervention: Ultrasound and ultrasound-guided fine-needle aspiration of nodules �1 cm was done.
Indeterminate and malignant nodules were referred for surgery, and histopathology was reviewed.

Main Outcome Measure: The presence and histological subtype of cancer was evaluated.

Results: Of 7348 evaluated nodules, 927 (13%) were cancerous. Of those 1.0 to 1.9 cm in diameter,
10.5% were cancerous. In contrast, of those �2.0 cm, 15% were cancerous (P � .01). However,
nodules 2.0 to 2.9, 3.0 to 3.9, and �4 cm were cancerous in 14%, 16%, and 15% of cases (P � .14),
respectively, demonstrating no graded increase in risk beyond the 2-cm threshold. When malig-
nant, the proportion of papillary carcinoma decreased (nodules 1.0–1.9 cm, 92% of cases; 2.0–2.9
cm, 88%; 3.0–3.9 cm, 83%; �4 cm, 74% [P � .01]), while follicular carcinoma increased (1.0–1.9 cm,
6%; 2.0–2.9 cm, 7%; 3.0–3.9 cm, 12%; �4 cm, 16% [P � .01]) as nodules enlarged. Nodules size did
not influence cytology distribution or risk of false-negative aspirates.

Conclusions: Increasing thyroid nodule size impacts cancer risk in a nonlinear fashion. A threshold
is detected at 2.0 cm, beyond which cancer risk is unchanged. However, the risk of follicular
carcinomas and other rare thyroid malignancies increases as nodules enlarge. (J Clin Endocrinol
Metab 98: 564–570, 2013)

Thyroid nodules are common, and prevalence increases
with age (1). Although most are benign, �10%-15%

prove malignant. It is estimated that 56 000 new cases of
thyroid cancer will be diagnosed in the United States an-
nually, and over 2000 patients will die from this disease.
The goal of thyroid nodule evaluation is to accurately as-
sess the risk such a nodule is cancerous via methods that
are accurate and precise, yet also safe, cost-effective, and
without morbidity (2).

Fine-needle aspiration (FNA) is the primary diagnostic
methodology used for thyroid nodule evaluation. First in-
troduced over 50 years ago, thyroid nodule FNA has
proven to be of high value because nearly 70% of aspirates
return benign. These results are highly accurate and allow
for conservative management. However, FNA is imperfect
because 20%–25% of samples return indeterminate (3–
5). Such samples are cytologically abnormal reflecting an
increased risk of malignancy, although without diagnostic
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certainty. Most cytologically indeterminate aspirates are
referred for surgery, yet more than half prove to have be-
nign disease (1, 6, 7). These data confirm the need for
improved preoperative assessment.

Both clinical and sonographic variables have been in-
vestigated with regard to their ability to modify preoper-
ative risk. Young age and male sex increase the risk a
nodule may prove cancerous (8, 9). High-risk clinical fea-
tures such as new-onset hoarseness of voice (albeit rare)
also predict malignancy. Over the last 20 years, ultra-
sound assessment of thyroid nodules has demonstrated
similar ability to predict malignant disease. The sono-
graphic findings of microcalcifications, hypoechogenicity,
absence of a halo, and irregular nodular margins all in-
crease cancer risk (10). But although the clinical value in
detecting these features remains high, moderately poor
inter-rater reliability poses a challenge. Even among
blinded experts, congruent reporting of these findings is
suboptimal with only moderate interobserver agreement
(11). Only one widely used sonographic feature, the pro-
portion of cystic content within a thyroid nodule, appears
highly reproducible. Together, the above data confirm the
need to identify other variables that can influence preop-
erative risk assessment. One such hypothesized variable is
thyroid nodule size, which can be easily measured with
great accuracy and precision.

Previous studies suggested that nodule size may assist in
cancer risk assessment, although data are conflicting (12,
13). Most recently, a study from 2006 concluded that no
association exists (10). Large thyroid nodules (�4 cm) are
frequently referred for surgical removal because of con-
cern for cancer, even if they demonstrate no structural
impingement upon surrounding neck structures (14–16).
This may in part be due to the fact that size has proven to
be a powerful predictor of malignancy when masses are
discovered in other tissue types, such as the lung or adrenal
gland (17). If found to be similarly predictive of malignant
thyroid disease, such an easily performed, accurate, and
precise measurement could prove an important variable in
the preoperative assessment of affected patients.

Since 1995, we have prospectively cataloged all pa-
tients referred to the Brigham and Women’s Hospital thy-
roid nodule clinic (10). This clinic was designed to provide
an integrative assessment of thyroid cancer risk, as clini-
cal, sonographic, and cytologic assessment could be pro-
vided during a single visit. Patients are referred upon clin-
ical suspicion (or known detection) of a thyroid nodule.
Previous analyses confirm that 95% of thyroid nodules
evaluated within our hospital system are referred to this
clinic (5, 10), strongly suggesting no referral or selection
bias. From 1995 through 2009, this database has grown to
include nearly 5000 patients with over 9000 nodules.

These data provide an unparalleled means of assessing the
impact of nodule size on thyroid cancer risk. Furthermore,
by investigating such a large sample of unselected, con-
secutive nodules, we hypothesized that this investigation
may also provide insight into our understanding of thyroid
malignancy itself.

Materials and Methods

We reviewed the records of 4955 consecutive patients referred to
the Thyroid Nodule Clinic at the Brigham and Women’s hospital
from 1995–2009. All patients underwent thyroid ultrasonogra-
phy, with 3 measurements of all nodules over 5 mm in size
(length, width, anteroposterior dimension). Serum TSH was
measured, and if normal or elevated, patients with nodules �10
mm in diameter were advised to undergo ultrasound-guided
FNA. If serum TSH was �0.5 �U/mL, patients were referred
for thyroid scintigraphy to identify autonomously functioning
nodules.

One of 5 radiologists, each with expertise in thyroid sonog-
raphy, performed thyroid ultrasonography. A 10- to 17-mHz
transducer was used for the procedure. FNA was performed by
1 of 4 thyroidologists under ultrasound guidance. A 25-gauge
needle was used to obtain typically 3 needle samples per nodule.
With rare exception, a maximum of 2 nodules were aspirated
during a single visit. If FNA results were nondiagnostic, a reas-
piration was performed 1 or more times until a cytological di-
agnosis was successfully obtained or the patient elected surgical
resection prior to a cytological diagnosis.

FNA cytology slides were evaluated by a Brigham and Wom-
en’s Hospital cytopathologist. Results were classified based on
criteria and terminology analogous to those of the Bethesda Sys-
tem for Reporting Thyroid Cytopathology (18, 19). Specifically,
all thyroid FNAs were classified into one of the following cate-
gories: nondiagnostic, negative for malignant cells (benign),
atypical cells of undetermined significance, suggestive of a fol-
licular neoplasm, suggestive of a Hurthle cell neoplasm, suspi-
cious for malignancy, and positive for malignant cells. FNA re-
sults are tabulated here in the analogous Bethesda System for
Reporting Thyroid Cytopathology categories. Patients with in-
determinate or malignant cytology were recommended for hemi-
thyroidectomy or near-total thyroidectomy. In cases that under-
went surgery, the final diagnosis was based on histopathological
analysis of the surgical specimen by a staff pathologist. Although
all nodules evaluated were �1 cm sonographically, in rare cir-
cumstances, the histopathology measurement was �1 cm. In
such circumstances, the nodule was still included for study anal-
ysis so long as the referential integrity of the nodule could be
confirmed from ultrasound to histopathology.

Nodules �1 cm were considered benign if no abnormal cells
(benign cytology) were found on an adequate FNA, if no evi-
dence of cancer was found on histologic examination of the re-
sected nodule, if thyroid scintigraphy indicated the nodule func-
tioned autonomously, or if cystic, there was greater than a 50%
reduction in nodule diameter on follow-up ultrasound. In pa-
tients with more than one nodule, each nodule �1 cm was in-
dividually classified as benign or malignant based on the above
criteria. For each nodule, maximal size, corresponding FNA cy-
tology, and ultimate benign vs malignant categorization were
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determined. The influence of thyroid nodule size upon cancer
risk was evaluated.

Permission for this review and analysis was granted from the
Investigational Review Board at the Brigham and Women’s Hos-
pital. Results are presented according to nodule or according to
patient and compared using �2 or t test as appropriate. P values �
.05 were considered significant.

Results

A total of 4955 consecutive patients with 9339 thyroid
nodules �1 cm presented for evaluation between 1995
and 2009. Of these patients, 3842 (78%) underwent com-

plete evaluation of all nodules �1 cm. The remaining 1113
patients had at least one but not all nodules �1 cm eval-
uated, usually because of high cystic content or low-risk
features in a nodules of borderline size (10–15 mm).
Therefore, a total of 7348 nodules (79% of total detected)
from 4955 patients formed the basis for this evaluation.
Patient demographics and nodule characteristics are de-
picted in Table 1. The mean nodule diameter was 2.6 cm,
although 20%–25% of the cohort (n � 1838 total nod-
ules; n � 1771 evaluable) presented with nodules larger
than 3 cm, and 11% (n � 794 total nodules; n � 773
evaluable) with nodules larger than 4 cm. Most nodules
were solitary (54%) and solid (75%).

The distribution of FNA cytology is shown in Table
2. Thyroid nodule size had no influence upon the dis-
tribution of cytology aspirates in each Bethesda cate-
gory (P � .63). Specifically, 72% of nodules 1.0 to 1.9
cm were classified benign; 67% of nodules 2.0 to 2.9 cm
were classified benign; 65% of nodules 3.0 to 3.9 cm
were classified benign; and 64% of nodules �4 cm were
classified benign. Similar findings were found for inde-
terminate classifications (atypical cells of an undeter-
mined significance, suggestive of a follicular or Hurthle
cell neoplasm, and suspicious for malignancy) as well as
those positive for malignancy. Importantly, thyroid
nodule size also did not impact the risk of a nondiag-
nostic aspirate (P � .93).

Of 4955 patients, 813 (16%) were diagnosed with clin-
ically relevant thyroid cancer �1 cm as follows: 697 of 813
(86%) papillary carcinoma (including follicular variant),
66 of 813 (8%) follicular or Hurthle cell carcinoma, 42 of
813 (5%) other carcinoma (including medullary, anaplas-
tic carcinoma, follicular lymphoma, and metastatic dis-
ease), and 8 of 812 (1%) with two types of pathology.
Among all evaluated thyroid nodules �1 cm, 927 of 7348
(13%) proved cancerous, and 375 patients were found to
have 2 or more cancerous nodules simultaneously in their
multinodular gland.

Table 1. Study Cohort Depicting the Demographics
and Ultrasound Characteristics of 4955 Patients With
9339 Nodules �1 cm

Entire Cohort
Evaluated
Nodules

Patients, n 4955
Sex, n (%)

Male 696 (14)
Female 4259 (86)

Age, n (%)
18–30 y 511 (10)
31–40 y 787 (16)
41–50 y 1152 (23)
51–60 y 1150 (23)
61–70 y 843 (17)
71–99 y 512 (10)

Mean age, y 51.2
Median age, y 51.3
Nodules, n 9339 7348
Size, n (%)

1.0–1.9 cm 5343 (57) 3621 (49)
2.0–2.9 cm 2158 (23) 1956 (27)
3.0–3.9 cm 1044 (11) 998 (14)
�4.0 cm 794 (9) 773 (11)

Mean size, cm 2.6 2.3
Median size, cm 2.3 2.0
Cystic content, n (%)

Solid (�25%) 6900 (74) 5492 (75)
25–75% 1520 (16) 1227 (17)
�75% 919 (10) 629 (9)

Table 2. Distribution of FNA Cytology

Cytology, n (%)

Thyroid Nodule Size, cm

1.0–1.9 2.0–2.9 3.0–3.9 >4.0
No malignant cells 2595 (72) 1317 (67) 648 (65) 494 (64)
Atypica of undetermined significance 159 (4) 111 (6) 51 (5) 60 (7)
Suspicious for a follicular or Hurthle

cell neoplasm
203 (6) 147 (8) 112 (11) 70 (9)

Suspicious for papillary carcinoma 221 (6) 154 (8) 85 (9) 61 (8)
Positive for malignancy 186 (5) 106 (5) 49 (5) 40 (5)
Nondiagnostic 257 (7) 121 (6) 53 (5) 58 (7)

Total (n � 7348) 3621 1956 998 773
FNA not performed 1722 202 46 21

All nodules (n � 9339) 5343 2158 1044 794
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For the purposes of this investigation, thyroid nod-
ules 1.0 to 1.9 cm in diameter provided baseline cancer
risk for comparison (10.5% risk of cancer). The overall
prevalence of cancer in nodules 2.0 to 2.9 cm was
13.5%; in nodules 3.0 to 3.9 cm, 16.3%; and in nodules
�4.0 cm, 15.0%. This was statistically significant (P �
.01). However, the primary influence of this association
was the low malignancy rate in nodules 1.0 to 1.9 cm.
When comparing nodules 2.0 to 2.9 cm, 3.0 to 3.9 cm,
or �4.0 cm, no difference in malignancy rate was dem-
onstrated (P � .14). This suggests a possible threshold
effect (Table 3).

Importantly, the proportion of cytologically benign
nodules that proved cancerous after surgical removal
(false-negative aspirates) was not different between
groups. A total of 1502 nodules were surgically removed
despite benign FNA. In these circumstances, clinical con-
cern (based on all available clinical, biologic, and sono-
graphic data) was used to decide upon need for nodule
removal, or they were removed as part of a multinodular
goiter. Of these nodules, 79 of 7348 (1.1%) proved to be
malignant on final histology as follows: for nodules 1.0 to
1.9 cm, 41 of 3621 (1.1%) were false-negative aspirates;
for those 2.0 to 2.9 cm, 13 of 1956 (0.7%) were false-
negative aspirates; for those 3.0 to 3.9, 15 of 998 (1.5%)
were false-negative aspirates; and for those �4 cm, 10 of
773 (1.3%) were false-negative aspirates (P � .15 for dif-
ference between group). We note that neither surgery nor
repeat FNA was performed on most cytologically benign
nodules during follow-up assessment.

When analysis of nodule size was compared with the
type and distribution of thyroid malignancy, discordance
was detected (Table 4 and Figure 1). Specifically, increas-
ing nodule size was associated with a lower proportion of
of papillary carcinomas (P � .01). In contrast, the pro-
portion of follicular or Hurthle cell carcinomas increased
linearly as diameter increased (P � .01). Only 7% of can-
cers in nodules �4 cm were follicular or Hurthle cell car-
cinoma (6% for nodules 1.0–1.9 cm, 7% for nodules 2.0–
2.9, and 12% for nodules 3.0–3.9), whereas 16% of
cancerous nodules �4 cm were follicular or Hurthle cell
carcinoma (P � .03). A similar increase in the proportion

of other rare cancers (such as medullary and anaplastic
carcinoma, thyroid lymphoma, and metastatic disease
from other organs) was also noted with increasing nodule
size.

Because cystic fluid can significantly influence nodule
size even though it is felt to be a benign characteristic, we
also considered whether the proportion of cystic content
in nodules influenced the above findings of size and ma-
lignancy. No association was found. Specifically, of the
383 thyroid cancers measuring 1.0 to 1.9 cm in diameter,
29 (7.6%) were �50% cystic; of 265 cancers measuring
2.0 to 2.9 cm in diameter, 11 (4.2%) were �50% cystic;
of 163 cancers measuring 3.0 to 3.9 cm in diameter, 10
(6.1%) were �50% cystic; and of 116 cancers measuring
�4 cm, 9 (8.0%) were �50% cystic (P � .91 for
difference).

Discussion

This analysis of nearly 5000 patients with over 7000
clinically relevant thyroid nodules provides the largest
unbiased assessment of thyroid nodule size and risk of
cancer. Greater nodule size influences cancer risk, al-
though the increase in absolute risk between small (1.0 –
1.9 cm) and large (�4.0 cm) nodules is modest. Nota-
bly, a threshold effect is detected at approximately 2.0
cm in nodule diameter. Thereafter, larger nodule size
imparts no further malignant risk, even if 4.0 cm or
larger. However, larger nodules, if cancerous, are sig-
nificantly more likely to be follicular or Hurthle cell
carcinomas (or other rare malignancies) in comparison
with smaller nodules. This was not influenced by the
cystic content. These data clarify previously conflicting
reports as to whether nodule size influences thyroid can-
cer risk (10, 12, 13, 20 –23) and impact clinical care
recommendations. Equally important, theses data dem-
onstrate the reliability and accuracy of diagnostic FNA
for the evaluation of nodules regardless of size, while

Table 3. Thyroid Nodule Size and Risk of Cancer,
Demonstrating a Threshold Effect

Nodule
Size

No. of
Nodules

No. Cancerous
(%) P

1.0–1.9 cm 3621 383 (11) �.01
�2.0 cm 3727 544 (15)

2.0–2.9 cm 1956 265 (14)
3.0–3.9 cm 998 163 (16) .14
�4.0 cm 773 116 (15)

Table 4. Thyroid Cancer Size and the Distribution and
Histologic Subtype of Malignancy

Nodule
size Cancer

Type of Thyroid Carcinoma, n (%)

Papillary
Carcinoma

Follicular/
Hurthle

Cell
Carcinoma

Other
Malignancy

1.0–1.9 cm 383 353 (92) 22 (6) 8 (2)
2.0–2.9 cm 265 235 (88) 18 (7) 12 (5)
3.0–3.9 cm 163 135 (83) 20 (12) 8 (5)
�4.0 cm 116 85 (74)a 18 (16)a 12 (10)
a P � .01 for trend.
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also providing insight into the biology of thyroid cancer
itself.

Sixteen percent of patients (and 13% of thyroid nod-
ules) in our population proved to have clinically relevant
(�1 cm) thyroid cancer. Although this prevalence was in-
creased once nodules grew larger than 2 cm, a notable
finding is that the distribution of follicular and Hurthle
cell carcinoma increased linearly from 6% in nodules 1 to
1.9 cm to 15% in nodules �4 cm in diameter (Table 4 and
Figure 1). This implies that the most common form of
thyroid malignancy (papillary carcinoma) is largely pre-
determined at its inception and does not transform with
growth. A similar phenotype correlation applies to benign
thyroid nodules. In contrast, the increasing proportion of
follicular and Hurthle cell carcinoma in larger nodules
confers a different meaning. One explanation is that nod-
ule growth increases the risk of secondary genomic mu-
tations that transform a benign nodule (such as a follicular
adenoma) into a malignant nodule (such as a follicular
carcinoma).Althoughpossible, analternative explanation
seems more plausible. The histologic hallmarks of follic-
ular carcinoma (capsular and/or vascular invasion) may
occur only once a nodule expands beyond a certain size (or
cellular number), even if oncogenic mutations are present
at its inception. Indeed, several prior investigators have
argued that histologically benign nodules that harbor
known oncogenic mutations (such as RAS or PAX8:
PPARg mutations) may be best characterized as carci-
noma in situ (24). Our large-scale, epidemiologic data sup-
port this hypothesis. This finding must be contrasted with
papillary carcinoma, in which malignancy is histologically
determined on the basis of nuclear and cellular morpho-

logic changes. Such findings would
likely be apparent in thyroid nodules
regardless of their size.

Many clinicians currently recom-
mend surgical resection when nodules
grow larger than 4 cm. This is primarily
because of a heightened concern for
malignancy and false-negative aspira-
tion (which in a large nodule would al-
low undetected, yet later-stage disease
to remain untreated) or separately be-
cause of mass effect from the nodule
itself. Our data refine the former recom-
mendation, demonstrating that nodules
larger than 2 cm are at increased risk for
cancer compared with those measuring
1.0 to 1.9 cm, although further risk is not
imparted if the nodules measure 2, 3, or
�4 cm in diameter. Furthermore, we
documented false-negative aspirates in
only 1.3% of nodules �4 cm. This rate

was similar to nodules measuring 1 to 1.9, 2 to 2.9, or 3
to 3.9 cm (1.1%, 0.7%, or 1.5% false-negative rates,
respectively), although we note that only selected thy-
roid nodules were subject to repeat FNA or surgical
resection to define these calculations. Translation of
these data to clinical practice must therefore be done
cautiously. Other data have demonstrated a higher rate
of false-negative aspirates in larger nodules, which may
reflect a clinician’s ability to incorporate multiple vari-
ables (such as ultrasound and clinical characteristics)
into care decisions, even if cytology is benign. There-
fore, we acknowledge that a large nodule (even if cyto-
logically benign) may require resection based on cos-
metic, symptomatic, or clinical concerns alone. This
approach remains reasonable, although such a recom-
mendation given to a patient with a nonmalignant, low-
risk lesion must be weighed against the small but not
inconsequential risk of surgical complications (25).
This concern is amplified in centers where thyroid sur-
gery is performed infrequently (26).

Our data refine the recommended diagnostic evalua-
tion of patients with multiple thyroid nodules. Tradition-
ally, the largest (or so-called dominant) nodule is recom-
mended for aspiration. Our above findings confirm that
preferentially aspirating solid or partially cystic nodules
�2.0 cm may enhance detection of malignancy. However,
if multiple nodules �2 cm are present, our data support
the continued use of sonographic criteria (such as hy-
poechoic parenchyma, microcalcifications, and irregular
margins) to guide selection of nodules for aspiration. We
also note that our data demonstrate the reliability and

Figure 1. Thyroid nodule size and the types and distribution of thyroid malignancy. Data
from 7348 evaluated nodules are presented.
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accuracy of diagnostic FNA regardless of thyroid nodule
size, because the distribution of cytologic results is not
influenced by nodule diameter (including the proportion
of nondiagnostic aspirates).

We acknowledge limitations to this study. Our data
are from a single institution and retrospective in nature.
Furthermore, only 79% of nodules were completely
evaluated. Nonetheless, this cohort represents the larg-
est available analysis of consecutive patients referred
for ultrasound assessment and ultrasound-guided FNA
of all clinically relevant nodules. We have also detected
no evidence of selection or referral bias within our sam-
ple cohort, because �95% of all patients with thyroid
nodules in our healthcare system are evaluated in our
multidisciplinary center and are accounted for in this
analysis. We also acknowledge that cytologically be-
nign nodules were classified as benign although in most
cases did not undergo repeat FNA or surgical resection
to confirm the accuracy of this cytologic diagnosis.
However, the low but consistent rate of false-negative
aspirates among all size categories argues against an
intrinsic error otherwise unaccounted for, and it is also
not feasible to expect removal of all such nodules given
their benign cytology results.

In summary, these data provide strong evidence that
thyroid nodule size �2 cm is associated with an in-
creased risk of well-differentiated thyroid cancer. How-
ever, further growth beyond 2 cm no longer influences
malignant risk, suggesting a threshold effect. Sepa-
rately, however, our findings also suggest that large
nodule size, when cancerous, influences the specific type
of thyroid carcinoma itself. Papillary carcinoma is
largely predetermined at its inception and not influ-
enced by growth or cellular expansion. In contrast, fol-
licular carcinoma is much more likely in larger nodules.
Although the significance of this remains uncertain, this
implies the current histologic parameters used to dis-
tinguish follicular adenomas and carcinomas may be an
incomplete assessment of malignant potential. This
lends further support for the use of molecular analysis
to better understand the underlying mechanisms of dis-
ease and to improve the accuracy of thyroid cancer
diagnosis.
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