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IMPORTANCE The incidence of detected thyroid cancer cases has been increasing in the
United States since 1975. The majority of thyroid cancers are differentiated cancers with
excellent prognosis and long-term survival.

OBJECTIVE To systematically review the benefits and harms associated with thyroid cancer
screening and treatment of early thyroid cancer in asymptomatic adults to inform
the US Preventive Services Task Force.

DATA SOURCES Searches of MEDLINE, PubMed, and the Cochrane Central Register of
Controlled Trials for relevant studies published from January 1966 through January 2016,
with active surveillance through December 2016.

STUDY SELECTION English-language studies conducted in asymptomatic adult populations.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently appraised the articles and
extracted relevant study data from fair- or good-quality studies. Random-effects
meta-analyses were conducted to pool surgical harms.

MAIN OUTCOMES AND MEASURES Thyroid cancer morbidity and mortality, test accuracy to
detect thyroid nodules or thyroid cancer, and harms resulting from screening (including
overdiagnosis) or treatment of thyroid cancer.

RESULTS Of 10 424 abstracts, 707 full-text articles were reviewed, and 67 studies were
included for this review. No fair- to good-quality studies directly examined the benefit of
thyroid cancer screening. In 2 studies (n = 354), neck palpation was not sensitive to detect
thyroid nodules. In 2 methodologically limited studies (n = 243), a combination of selected
high-risk sonographic features was specific for thyroid malignancy. Three studies (n = 5894)
directly addressed the harms of thyroid cancer screening, none of which suggested any
serious harms from screening or ultrasound-guided fine-needle aspiration. No screening
studies directly examined the risk of overdiagnosis. Two observational studies (n = 39 211)
included cohorts of persons treated for well-differentiated thyroid cancer and persons with
no surgery or surveillance; however, these studies did not adjust for confounders and
therefore were not designed to determine if earlier or immediate treatment vs delayed or no

surgical treatment improves patient outcomes. Based on 36 studies (n = 43 295), the 95% Cl

for the rate of surgical harm was 2.12 to 5.93 cases of permanent hypoparathyroidism per 100
thyroidectomies and 0.99 to 2.13 cases of recurrent laryngeal nerve palsy per 100 operations.
Based on 16 studies (n = 291796), treatment of differentiated thyroid cancer with radioactive

iodine is associated with a small increase in risk of second primary malignancies and with
increased risk of permanent adverse effects on the salivary gland, such as dry mouth.

CONCLUSIONS AND RELEVANCE Although ultrasonography of the neck using high-risk
sonographic characteristics plus follow-up cytology from fine-needle aspiration can identify

thyroid cancers, it is unclear if population-based or targeted screening can decrease mortality

rates or improve important patient health outcomes. Screening that results in the
identification of indolent thyroid cancers, and treatment of these overdiagnosed cancers,
may increase the risk of patient harms.
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heincidence of detected thyroid cancer cases has been ris-
ingin the United States for both men and women, from 4.9
cases per 100 000 persons in 1975 to 14.3 cases per
100 000 persons in 2014." However, mortality rates have re-
mained stable at about 0.5 per 100 000 persons per year. Differ-
entiated thyroid cancer generally has a very good prognosis and ac-
counts for about 90% of all cases of thyroid cancer.> Within this
category, papillary thyroid cancer accounts for about 70% to 80%
of thyroid cancer cases, and follicular cancer accounts for 10% to 15%.
The 10-year overall survival rates for papillary and follicular thyroid
cancer are 93% and 85%, respectively, for all stages of the disease.*
Screening for thyroid cancer can be performed with neck pal-
pation, ultrasonography, or both. Screening may have the poten-
tial for early detection of malignant thyroid nodules that could make
treatment more effective, with less harm, than if administered later.
However, screening also may result in overdiagnosis (identification
of a thyroid malignancy that likely would not have caused symp-
toms or death during a patient's lifetime), because it can detect very
small orindolent tumors that might never affect a person’s morbid-
ity or mortality.>®
No professional medical society recommends population-
based screening for thyroid cancer. South Korea appears to be the
only country that regularly practices screening for asymptomatic thy-
roid cancer using ultrasound; this practice arose opportunistically
as an add-on option for persons undergoing sanctioned screening
through an organized cancer screening program initiated in 1999.”
This article reports the findings from a systematic review con-
ducted to assist the US Preventive Services Task Force (USPSTF) in
its process of updating its 1996 "D" recommendation (screening
asymptomatic adults or children for thyroid cancer by neck palpa-
tion or ultrasound is not recommended).

Methods

Scope of Review

This review addressed 5 key questions (KQs) as shown in Figure 1.
Additional methodological details regarding search strategies,
detailed study inclusion criteria, quality assessment, excluded
studies, and description of data analyses, as well as detailed
results, are publicly available in the full evidence report available
at https://www.uspreventiveservicestaskforce.org/Page/Document
/final-evidence-review159/thyroid-cancer-screeningl.

Data Sources and Searches

MEDLINE, PubMed, and the Cochrane Central Register of Controlled
Trials were searched to locate primary studies that informed the KQs
and that were published from January 1966 through January 2016
(eMethods inthe Supplement). The database searches were supple-
mented with expert suggestions and by reviewing reference lists
from existing relevant systematic reviews. ClinicalTrials.gov and the
WHO International Clinical Trials Registry Platform were searched
for ongoing trials. Since January 2016, we continued to conduct on-
going surveillance through article alerts and targeted searches of
high-impact journals to identify major studies published in the in-
terim that may affect the conclusions or understanding of the evi-
dence and therefore the related USPSTF recommendation. The last
surveillance was conducted in December 2016. No studies were iden-
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tified that would substantively change this review's interpretation
of findings or conclusions.

Study Selection

Two investigators independently reviewed titles, abstracts, and full-
text articles against the specified inclusion criteria for studies of thy-
roid cancer screening, diagnostic accuracy, or treatment in screen-
relevant or asymptomatic adults. Discrepancies were resolved
through consensus and consultation with a third investigator.

For screening questions (KQ1 through KQ3), any studies of
asymptomatic adult populations were included, either those at
general risk (eg, unselected) or those with prior personal history
of radiation exposure. Populations were excluded if they were
selected based on high radiation exposure due to environmental
disasters, inherited genetic syndromes associated with a high risk
for developing thyroid cancer, or a personal history of thyroid
cancer. Diagnostic accuracy studies of palpation or ultrasound
had to include a reference standard (ultrasound for detection of
nodules on palpation; histopathology results from fine-needle
aspiration or surgery for detection of cancer on ultrasound),
applied to both screen-positive and screen-negative persons
(eg, all or a random subset of screen-negative persons). For
screening effectiveness (KQ1), any patient health outcome of
reduced morbidity or mortality associated with thyroid cancer
was included. For test performance (KQ2), cancer detection rates
and measures of diagnostic accuracy (eg, sensitivity, specificity,
positive and negative predictive values) were included. For harms
of screening (KQ3), direct harms of palpation and ultrasound,
subsequent harms of diagnostic fine-needle aspiration, and mea-
sures of overdiagnosis were included. For overdiagnosis, studies
that compared screened vs unscreened groups were sought.
Studies that examined the increasing incidence of thyroid can-
cers, studies of the incidence and natural history of thyroid nod-
ules and cancers, and autopsy studies were not included but are
summarized in the Discussion section.

For treatment questions (KQ4 and KQ5), any studies of thyroid
surgery (complete thyroidectomy, near-total thyroidectomy, lobec-
tomy), with or without lymph node dissection or with or without
radioactive iodine ablation, were included. Studies of chemo-
therapy, external beam radiation, and other nonsurgical ablative
treatment other than radioactive iodine were excluded. To approxi-
mate the treatment of screen-detected cancers, treatment studies
including persons with metastatic disease or anaplastic thyroid can-
cers were excluded. For treatment benefit (KQ4), studies had to
have a control group (eg, untreated, surveillance, delayed treat-
ment). To assess the benefit of treatment, the patient health out-
comes of recurrence, mortality, and quality of life were considered.
For treatment harms (KQ5), studies were not required to include a
control group for direct procedural harms (eg, hypoparathyroidism,
recurrent laryngeal nerve palsy) but needed a control group for
other types of harms (eg, second primary malignancies from radio-
active iodine therapy). The evolution of standard of care for the
diagnostic workup (eg, use of ultrasound-guided fine-needle aspi-
ration) and treatment of thyroid cancer over time has resulted in a
change in the case mix of patients getting surgery with or without
lymph node dissection or radioactive iodine therapy, as well as
improvements in surgical techniques and radioactive iodine admin-
istered activity (doses) over time. To identify the most applicable
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Figure 1. Analytic Framework and Key Questions
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Compared with not screening, does screening adults for thyroid cancer lead to a reduced risk of thyroid-specific mortality or morbidity,

reduced all-cause mortality, and/or improved quality of life?

What are the harms of screening adults for thyroid cancer?

Does treatment of screen-detected thyroid cancer reduce thyroid-specific mortality or morbidity, reduce all-cause mortality,

@ What are the test performance characteristics of screening tests for detecting malignant thyroid nodules in adults?

and/or improve quality of life?

What are the harms of treating screen-detected thyroid cancer?

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a

preventive service. The questions are depicted by linkages that relate
interventions and outcomes. Further details are available in the USPSTF
procedure manual.®

evidence, studies conducted before 1990 and single-surgeon case
series were excluded.

Data Extraction and Quality Assessment

Two reviewers independently critically appraised all articles that
met inclusion criteria using the USPSTF design-specific quality
criteria® supplemented by the Newcastle Ottawa Scales for co-
hort and case-control studies'® and by QUADAS (Quiality Assess-
ment of Diagnostic Accuracy Studies) and QUADAS Il for studies of
diagnostic accuracy™'? (eTable 1in the Supplement). Poor-quality
studies (those with a single fatal flaw or multiple important limi-
tations that could invalidate results) were excluded from this
review. Disagreements about critical appraisal were resolved by
consensus and, if needed, consultation with a third independent
reviewer. One reviewer extracted key data from included studies; a
second reviewer checked the data for accuracy. Tables generally
included details on study design and quality, setting and population
(eg, country, inclusion criteria, age, sex, race/ethnicity, risk factors
for thyroid cancer), screening and treatment details, reference
standard or comparator details (if applicable), length of follow-up,
and outcomes (eg, cancer yield, diagnostic accuracy, cancer mor-
bidity, mortality, and harms).

Data Synthesis and Analysis
For each KQ, the number and design of included studies, summary

of results, consistency and precision of results, reporting bias, sum-
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mary of study quality, limitations of the body of evidence, and ap-
plicability of the findings were summarized. Findings were synthe-
sized by KQ, screening test (eg, palpation, ultrasound) or treatment
(eg. type of surgery, radioactive iodine therapy), and type of out-
come. Because of the limited number of studies and the clinical
heterogeneity of studies, the analyses were largely descriptive.
Random-effects meta-analyses were conducted using the
restricted maximum likelihood estimation method to estimate
the harms of surgical treatment of thyroid cancer (permanent
hypoparathyroidism and permanent recurrent laryngeal nerve
palsy). In subgroup analysis when the number of studies was less
than 5, a fixed-effects model was used. The presence and magni-
tude of statistical heterogeneity were assessed among pooled
studies using the I? statistic. Visual inspection of plots stratified or
ordered by key study characteristics accounting for clinical hetero-
geneity among studies was conducted to see if these characteris-
tics affected rates of surgical complications. Key study characteris-
tics included the type of surgery (eg, partial or total thyroidectomy
with or without lymph node dissection; type of lymph node dissec-
tion), case mix of patients (eg, histology of thyroid cancer, average
tumor size, average age), setting (eg, country, year), and type and
definition of outcome (eg, criteria for permanent harm). It was not
possible to evaluate associations of surgical complications with
study quality (because all studies were fair quality) or surgical expe-
rience (because experience and surgical volume were not reported
in individual studies). Funnel plots and the Egger linear regression
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Figure 2. Literature Search Flow Diagram
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KQ indicates key question.

method were used to examine whether the distribution of the

effect sizes was symmetric with respect to effect precision.
Significance threshold was 2-sided P = .05. All analyses were per-

formed using R version 3.2.2 (R Project for Statistical Computing).

. |
Results

Atotal of 10 424 unique abstracts and 707 full-text articles were re-
viewed (Figure 2). Of these, 67 unique studies were included: 10
studies of screening test performance (n = 203 718), 3 studies of
screening harms (n = 5894), 2 studies of treatment benefits
(n =39211), and 52 studies of treatment harms (n = 335 091).

Screening Effectiveness or Accuracy

Key Question 1. Compared with not screening, does screening
adults for thyroid cancer lead to a reduced risk of thyroid-specific
morbidity or mortality, reduced all-cause mortality, and/or im-
proved quality of life?

No studies met the inclusion criteria for KQI. No randomized
clinical trials or controlled clinical trials evaluated the effect of thy-
roid cancer screening on patient morbidity or mortality compared
with no screening. Two cohort studies that compared screened
individuals vs a comparator group did not meet inclusion criteria
for KQ1.13™
Key Question 2. What are the test performance characteristics of
screening tests for detecting malignant thyroid nodules in adults?

jama.com

Ten fair-quality studies (n = 203 718) met the inclusion criteria
for KQ2 (Table 1). Only 2 studies (n = 354) reported on diag-
nostic accuracy of palpation to detect nodules'®"” and 2 (n = 243)
on diagnostic accuracy of ultrasound to detect cancer.'®° The ma-
jority of studies that examined the diagnostic accuracy of ultra-
sound to detect thyroid cancer were not (or were not reported
to be) conducted in screening populations and were excluded.
Therefore, evidence to inform the true diagnostic accuracy of screen-
ing using neck palpation or ultrasound to detect thyroid cancer is
limited. Among the included studies, 4 reported on cancer yield from
screening for thyroid cancer using palpation plus follow-up
ultrasound," another 4 on cancer yield from screening using ul-
trasound only,'®2' and 2 from the 1980s on cancer yield from screen-
ing of adults with a history of childhood irradiation.??%* Cancer yield
results are not discussed in this manuscript but are included in the
full evidence review.

Two studies (n = 354) conducted by the same investigator,
evaluating asingle examiner in Finland in the late 1980s, found that
neck palpation was not sensitive to detect thyroid nodules in
adults.'®" Only one of these studies reported the diagnostic accu-
racy of palpation for all screened persons.'® In that study of ran-
domly selected adults (n = 253), an abnormal result from neck pal-
pation (thyroid nodule or diffuse enlargement of the thyroid) was
found in 5.1% of participants, whereas an abnormal result from ul-
trasound was found in 27.3%. The sensitivity and specificity of pal-
pation to detect thyroid nodules (size not reported) were 11.6% (95%
Cl, 51%-21.6%) and 97.3% (95% Cl, 93.8%-99.1%), respectively.'®
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Table 1. Included Studies for Key Question 2—Test Performance Characteristics of Screening Tests for Detecting Malignant Thyroid Nodules in Adults

Country
Screening (Recruitment  Study Mean SIS HEROItet
Source? Method Years) Design Age,y TotalNo. Women, No. (%) Diagnostic Accuracy  Cancer Yield
Average-Risk Population
Suehiro,*® Palpation Japan Retrospective 49 46433 20895 (45°) I
2006 (1989-2005)
Brander et al,*® Palpation Finland Prospective 35 253 129 (51) P I
1991 (1989-1990)
Brander et al,*’ Palpation Finland Prospective 52 101 101 (100) P P
1989 (1988)
Ishida et al,** Palpation Japan Prospective NR 152651 152651 (100) e
1988 (1980-1986)
Kim et al,*® Ultrasonography South Korea Prospective 43 2079 43 (100) 7
2010 (2005-2007)
Kim et al,*° Ultrasonography South Korea Retrospective 53 16352 10956 (67) 17
2008 (2004-2006)
Lee et al,2° Ultrasonography South Korea Prospective 43 697 697 (100)
2003 (2003)
Chung et al,2* Ultrasonography South Korea Prospective 47 1401 1401 (100)
2001 (1997-1998)
High-Risk Population
Ron et al,?? Palpation + diagnostic  Israel Prospective 29 443 217 (49) 17
1984 follow-up© (NR)
Shimaoka et al,>>  Palpation + diagnostic ~ United States  Prospective 39 1500 960 (64) 7
1982 follow-up* (1977-1980)

Abbreviation: NR, not reported.
2 All studies were of fair quality.

< Diagnostic follow-up consisted of technitium-99m thyroid scan and thyroid
function tests.

b Percentage of examination visits that were women (calculated).

9 Diagnostic follow-up consisted of iodine 123 thyroid scan, blood tests, and
indirect laryngoscopy.

Table 2. Key Question 2 Results—Diagnostic Accuracy of Screening Ultrasonography for Thyroid Cancer

Analytic Sample, SIERSE)

Source? No. Characteristic Sensitivity Specificity

Kim et al,*® 113 persons >1 of following characteristics 94.3 55.0

AN Microcalcification 34.0 (21.5-48.3)°  83.3 (71.5-91.7)°
Irregular shape 88.7 (77.0-95.7)°  63.3 (49.9-75.4)°
Taller-than-wide shape 67.9 (53.7-80.1)> 80.0 (67.7-89.2)°
Ill-defined or microlobulated 86.8 (74.7-94.5)  68.3 (55.0-79.7)" _ ) )
margin 2 Both studies were of fair quality.
Marked hypoechogenicity 52.8 (38.6-66.7)°  86.7 (75.4-94.1) Both studies rep‘"ht a;C‘:jran’ °"'>;

among patients who had at least
. 5 . -
glonagt al,t 140 nodules© >2 of following characteristics 94.8 86.6 study-defined malignant ultrasound

Microcalcification

Taller-than-wide or irregular
shape

Spiculated margin
Marked hypoechogenicity
Solid

70.7 (57.3-81.9)
55.2 (41.5-68.3)

48.3 (35.0-61.8)
55.2 (41.5-68.3)
93.1 (83.3-98.0)

98.8 (93.4-99.8)
89.0 (80.2-94.8)

97.6 (91.4-99.6)
96.3 (89.7-99.2)
51.2 (39.9-62.4)

characteristic, providing no
follow-up on the majority

(n =18188) of screened individuals
who did not have these
characteristics.

b Calculated confidence intervals.

€ Reported in 130 persons.

In the other study of women presenting for screening mammogra-
phy (n = 101), palpation results were reported for the 36 patients with
abnormal ultrasound examination results; the sensitivity of palpa-
tion to detect nodules in persons with an abnormal ultrasound re-
sult was 27.8%."

In 2 methodologically limited studies conducted in South Korea
(n = 243), screening with ultrasound was very sensitive to detect
thyroid malignancy and can be specific for thyroid malignancy when
using selected high-risk sonographic features (Table 2).'81°
Both studies were conducted by the same investigators from 2004
to 2007 but had different study designs. The better-quality study
prospectively examined the diagnostic accuracy of screening for

JAMA May9,2017 Volume 317, Number 18

thyroid cancer by ultrasound in 113 women referred for fine-needle
aspiration (among 2079 screened). Seventy-seven of the an-
alyzed women had 1 or more high-risk sonographic characteristics
(presence of microcalcifications, irregular shape, ill-defined
or microlobulated margin, marked hypoechogenicity, taller-than-
wide orientation), and 36 had probable benign ultrasound findings
but were referred for fine-needle aspiration by the radiologist
or by request of their outpatient clinician.’® Among these 113 women,
53 were diagnosed with papillary thyroid cancer. The sensitivity and
specificity of having 1 or more malignant features on screening ul-
trasound were 94.3% (95% Cl, 84.3%-98.8%) and 55.0% (95% Cl,
41.6%-67.9%), respectively.

jama.com
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Table 3. Included Studies and Results for Key Question 3—Harms of Screening for Thyroid Cancer and Diagnostic Fine-Needle Aspiration

Country (Recruitment

Source? Years) No. of Women/Total (%) Mean Age,y  Study Aim Outcome
Hobbs et al,* United States 332/400 (83) 55 To determine the proportion of Persons undergoing fine-needle
2014 (2010-2011) thyroid nodules undergoing aspiration not meeting Society of
ultrasound-guided fine-needle Radiologists in Ultrasound
aspiration that do not meet recommendations:
Society of Radiologists in 96/400 (24.0%)
Ultrasound recommendations
from 2005°
Abu-Yousef et United States 413/582°¢ (71) 56 To determine whether there is a Major complications

al,2°> 2011 (2006-2007)
Ito et al,?® Japan NR/4912 (NR)® NR®
2005 (1990-2002)

(hospitalization or intervention
required): 0/582 (0%)
Postprocedural hematoma:
5/582 (0.9%)¢

significantly increased incidence
of bleeding complications from
ultrasound-guided fine-needle
aspiration of neck masses in
patients receiving antithrombotic
or anticoagulant therapy
(compared with patients not
receiving therapy)

To investigate the relationship
between needle tract implantation
of papillary thyroid cancer and
clinicopathological characteristics

Tumor implantation:
7/4912 (0.14%)

Abbreviation: NR, not reported.
2 All studies were of fair quality and retrospective design.

b Fine-needle aspiration is appropriate for nodules that have a maximum
diameter of 1cm or larger and have microcalcifications; nodules that are 1.5 cm
or larger and are solid or have coarse calcifications; nodules that are 2 cm or
larger and are mixed solid and cystic; and nodules with substantial growth
since the prior ultrasound.

¢ For thyroid masses only.

d Difference in incidence of hematomas between persons who were receiving
antiplatelet or anticoagulant therapy vs persons not receiving therapy not
statistically significant.

€ Data reported for 10 persons with outcomes: mean age 65 years and 90%
women.

The other study was a retrospective analysis of 130 asymptom-
atic persons selected from 1009 persons who underwent fine-
needle aspiration based on ultrasound findings (from 16 352 per-
sons who referred themselves to thyroid cancer screening).'®
The study sample included 58 of 150 lesions (38.7%) classified
by fine-needle aspiration results as malignant (all papillary thyroid
cancer) and 82 of 823 (10.0%) classified as benign, for a total of 140
nodules in 130 persons. Among these 140 nodules, the sensitivity
and specificity of having 2 or more high-risk sonographic character-
istics (presence of microcalcifications, spiculated margin, marked hy-
poechogenicity, taller-than-wide orientation or irregular shape, solid)
were 94.8% and 86.6%, respectively (95% Cl values could not be
calculated). The studies did not follow up on the majority (n = 18 188)
of screened individuals who were not referred for fine-needle aspi-
ration; therefore, the potential false-negative cases are unknown,
and estimates of sensitivity are likely overestimated.

Harms of Screening
Key Question 3. What are the harms of screening adults for thyroid
cancer?

Three studies (n = 5894) met inclusion criteria for KQ3 (Table 3).
No studies examined the harms of thyroid cancer screening with pal-
pation or ultrasound, and no studies directly examined the effect of
overdiagnosis in ascreened vs unscreened group. A number of other
study designs may indirectly inform the clinicalimportance and mag-
nitude of overdiagnosis in thyroid cancer screening; these studies
are summarized in the Discussion section. Overall, there is limited
evidence to evaluate the potential harms of screening for thyroid
cancer, including harms of diagnostic follow-up fine-needle aspira-
tion. One US study (n = 400) found that 24.0% of persons who had
undergone fine-needle aspiration of a thyroid nodule did not meet
the Society of Radiologists in Ultrasound recommendation for fine-
needle aspiration.?* Two fair-quality retrospective studies (n = 5494)

jama.com

evaluated the harms of fine-needle aspiration of thyroid nodules, in-
cluding hospitalization, postprocedural hematoma, and needle tract
implantation.?>2® These studies did not suggest serious harms to
patients from ultrasound-guided fine-needle aspiration.

Benefits of Treatment
Key Question 4. Does treatment of screen-detected thyroid can-
cer reduce thyroid-specific mortality or morbidity, reduce all-cause
mortality, and/or improve quality of life?

Two unique observational studies (n = 39 211) reported in
5 articles?”>" met inclusion criteria for KQ4 (Table 4). No trials were
designed to evaluate if earlier treatment or treatment of screen-
detected, well-differentiated thyroid cancer results in better pa-
tient outcomes compared with observation (ie, delayed or
no treatment). Because of major limitations in the designs of in-
cluded studies (eg, lack of adjustment for confounders), it is uncer-
tainif earlier orimmediate treatment vs delayed or no surgical treat-
ment improves patient outcomes for papillary carcinoma or papillary
microcarcinoma. One retrospective observational study using
US Surveillance, Epidemiology, and End Results (SEER) data from
1973 to 2005 compared survival rates of persons treated (surgery
with or without radioactive iodine therapy) or not treated for pap-
illary thyroid cancer.?” A total of 35 663 persons were analyzed; only
440 (1.2%) had not been treated. Overall, untreated persons had a
slightly worse 20-year survival rate compared with treated per-
sons (97% [95% Cl, 96%-100%] vs 99% [95% Cl, 93%-100%],
P <.001). One prospective study conducted from 1993 to 2013 in
Japan examined the recurrence of disease and the survival rate for
persons with papillary microcarcinoma who opted forimmediate sur-
gery vs those who opted for observation or active surveillance. 28"
From 1993 to 2004, 1395 persons were analyzed, 340 of whom
opted for observation with surveillance ultrasound.?® Thirty-two
percent (n = 109) who opted for observation ultimately had surgery.
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Figure 3. Key Question 5 Results—Permanent Hypoparathyroidism From Surgery (Event), Stratified by Type of Thyroidectomy

No. With Permanent

Tumor Hypoparathyroidism Event Rate per
Source Country Size, cm From Surgery/Total No. 100 (95% Cl)
Total thyroidectomy
Palestini et al,51 2008 Italy <1.0 4/148 2.70(0.74-6.78) ——
Kwan et al,40 2015 Hong Kong 1.1-2.0 1/51 1.96 (0.05-10.45)
Viola et al,3> 2015 Italy 1.1-2.0 7/88 7.95 (3.26-15.70)
Ahnetal,412014 South Korea 1.1-2.0 13/291 4.47 (2.40-7.52) ——
Conzo et al, 362014 Italy 1.1-2.0 4/390 1.03(0.28-2.61) --—
Tartaglia et al,32 2014 Italy 1.1-2.0 27/284 9.51(6.36-13.53) e —
Calo et al,*4 2013 Italy 1.1-2.0 8/169 4.73(2.07-9.11) —
Raffaelli et al,>2 2012 Italy 1.1-2.0 0/62 0.00(0.00-5.78)
Hartl et al,%8 2013 France 2.1-4.0 6/91 6.59 (2.46-13.80) —
Sywak et al,58 2006 Australia 2.1-4.0 2/391 0.51(0.06-1.84) -—
Chaplin et al,%> 1999 Australia 2.1-4.0 2/103 1.94 (0.24-6.84)
Boute et al,42 2013 France NR 2/22 9.09(1.12-29.16)
Giordano et al,%7 2012 Italy NR 25/394 6.35(4.15-9.22) ——
Random-effects model for subgroup 101/2484 3.85(2.23-6.56) >
Heterogeneity: 12=71.8%
Total or partial thyroidectomy
Yassa et al,59 2007 United States 2.1-4.0 2/296 0.68 (0.08-2.42) =
Shindo et al,>4 1995 United States NR 8/156 5.13(2.24-9.85) ——
Fixed-effects model for subgroup 10/452 3.40(1.83-6.21) <>
Heterogeneity: 12=85.2% i
Random-effects model for all studies 111/2936 3.57(2.12-5.93) <
Heterogeneity: 12=72.8% ‘ ‘ ‘ ‘
0 5.0 10.0 15.0 20.0

Event Rate per 100 (95% CI)

Tumor size indicates calculated mean tumor size. Size of the data markers indicates the weight used to calculate the pooled estimate. NR indicates not reported.

After approximately 6 years of follow-up, 2 persons in the immedi-
atesurgery group and no persons in the observation group had died.
An additional 2153 persons were diagnosed with papillary micro-
carcinoma from 2005 to 2013; of these, 1179 opted for active sur-
veillance and 974 opted for immediate surgery.>' Only 8% (n = 94)
who opted for observation ultimately had surgery. After approxi-
mately 4 years of follow-up, no patients in either group developed
distant metastases or died from thyroid cancer. In both studies,
there were several statistically significant differences between
groups; known and potential confounders between treated pa-
tients and patients receiving delayed treatment or no treatment were
not adjusted for, which limits the ability to compare the effect of
treatment on patient outcomes.

Harms of treatment
Key Question 5. What are the harms of treating screen-detected thy-
roid cancer?

Fifty-two studies (n = 335 091) met inclusion criteria for KQ5.
There were 36 studies (n = 43 295 [64 study groups]) of surgical
harms, 32 studies (n = 15 811) of permanent hypoparathyroidism
(hypocalcemia),?"-¢? 28 studies (n = 20 125) of permanent recurrent
laryngeal nerve palsy (vocal cord paralysis),32-3436-4244-6163 5 ot d-
ies (n = 19438) of surgical mortality,®*®° and 15 studies (n = 27 533)
Of Other major SUrgical harmS.31.36,37,40,43,44,46.56-58,60,61,64-66
The majority of studies of surgical harms were retrospective observa-
tional studies, ranging from 76 to 13 854 persons. The main opera-
tions evaluated were total or partial thyroidectomy, with or without
lymph node dissection (unilateral, bilateral, or not specified; and pro-
phylactic, therapeutic, or not specified).

jama.com

Permanent harm was generally defined as an adverse out-
come persisting beyond 6 months. There was large variation in
the rate of permanent hypoparathyroidism attributable to total or
partial thyroidectomy without lymph node dissection: the 95% Cl
of the pooled estimate (15 study groups) was 2.12 to 5.93 events
per 100 operations (I = 73%) (Figure 3). The rate of permanent
hypoparathyroidism from thyroidectomy with lymph node dis-
section was more varied: the 95% ClI for unilateral neck dissection
(10 study groups) was 0.84 to 4.04 events per 100 operations
(? = 73%), and the 95% Cl for bilateral neck dissection (9 study
groups) was 1.20 to 9.56 events per 100 operations (I = 91%)
(Figure 4). However, the high degree of statistical heterogeneity
may limit the validity of these estimates. The rate of hypoparathy-
roidism did not seem to vary by year, setting, country, study-level
proxies for more advanced tumors, indication for lymph node dis-
section, or definition of permanent outcomes. Statistical testing
suggested biased estimates due to smaller studies, such that
smaller studies reported fewer events.

In contrast, there was little variation in the rates of permanent
recurrent laryngeal nerve palsy due to thyroidectomy, with or with-
out lymph node dissection. The 95% Cl for recurrent laryngeal nerve
palsy from thyroidectomy without lymph node dissection (14 study
groups) was 0.99 to 2.13 events per 100 operations (1> = 13%)
(Figure5). Estimates were similar for thyroidectomy with lymph node
dissection (33 study groups) (Figure 6).

Sixteen studies (n = 291796) reported harms of radioactive
iodine therapy. Eight studies with overlapping populations ad-
dressed the risk of second primary malignancies,®””# 6 (n = 830)
addressed the permanent adverse effects on salivary glands,”>8°
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Figure 4. Key Question 5 Results—Permanent Hypoparathyroidism From Surgery (Event), Stratified by Type of Lymph Node Dissection (Unilateral,

Bilateral, Laterality Not Specified)

No. With Permanent

Tumor Hypoparathyroidism Event Rate per
Source Country Size, cm From Surgery/Total No. 100 (95% Cl)
Unilateral lymph node dissection
Caliskan et al,43 2012 South Korea <1.0 11/428 2.57(1.29-4.55) *
Caliskan et al,43 2012 South Korea <1.0 0/414 0.00 (0.00-0.89) i
Kim et al,61 2011 South Korea <1.0 4/138 2.90 (0.80-7.26) -
Raffaelli et al,52 2012 Italy 1.1-2.0 0/62 0.00 (0.00-5.78) -
Lee et al, 492010 South Korea 1.1-2.0 3/513 0.58 (0.12-1.70)
Palestini et al,51 2008 Italy 1.1-2.0 0/93 0.00 (0.00-3.89) —
Son et al,34 2008 South Korea 1.1-2.0 1/56 1.79 (0.05-9.55) i
Sywak et al, 58 2006 Australia 1.1-2.0 1/56 1.79(0.05-9.55) W
Giordano et al,47 2012 Italy NR 27/385 7.01 (4.67-10.04) ——
Moo et al,>0 2009 United States NR 0/12 0.00 (0.00-26.46) |
Random-effects model for subgroup 47/2157 1.86 (0.84-4.04) ¢
Heterogeneity: 12=73.4%
Bilateral lymph node dissection
So et al,>6 2010 South Korea <1.0 6/551 1.09 (0.40-2.35) | ¥
Viola et al,3% 2015 Italy 1.1-2.0 18/93 19.35(11.89-28.85) ——
Conzoetal, 352014 Italy 1.1-2.0 13/362 3.59(1.93-6.06) -l
Raffaelli et al,>2 2012 Italy 1.1-2.0 1/62 1.61 (0.04-8.66) .
Lee etal, 492010 South Korea 1.1-2.0 1/97 1.03(0.03-5.61) Iii
Moo et al,>0 2009 United States 1.1-2.0 0/104 0.00 (0.00-3.48) :
Son et al,34 2008 South Korea 1.1-2.0 3/58 5.17 (1.08-14.38) .
Palestini et al,51 2008 Italy 2.1-4.0 0/64 0.00 (0.00-5.60) E
Giordano et al,47 2012 Italy NR 50/308 16.23 (12.30-20.84) E ——
Random-effects model for subgroup 92/1699 3.46 (1.20-9.56) ':>
Heterogeneity: 12=90.8%
Lymph node dissection laterality not specified
Odaetal, 312016 Japan <1.0 16/974 1.64 (0.94-2.65) =I
Chang et al,37 2015 South Korea <1.0 2/613 0.33(0.04-1.17) i
Donatini et al,39 2015 France <1.0 5/251 1.99 (0.65-4.59) -
Donatini et al,39 2015 France <1.0 0/69 0.00 (0.00-5.21) —
Kim et al,50 2014 South Korea <1.0 0/392 0.00 (0.00-0.94)
Lee etal, 492010 South Korea <1.0 0/636 0.00 (0.00-0.58)
Lee etal, 492010 South Korea <1.0 4/1390 0.29 (0.08-0.74)
Del Rio et al,38 2015 Italy 1.1-2.0 0/105 0.00 (0.00-3.45) =
Tartaglia et al,32 2014 Italy 1.1-2.0 16/63 25.40(15.27-37.94) ——
Cald et al,44 2013 Italy 1.1-2.0 5/46 10.87 (3.62-23.57) —
Cirocchi et al,46 2012 Italy 1.1-2.0 2/120 1.67 (0.20-5.89) -
Kwan et al,40 2015 Hong Kong 2.1-4.0 2/53 3.77 (0.46-12.98) ——
Ahnetal,412014 South Korea 2.1-4.0 8/70 11.43(5.07-21.28) —a—
Hartl et al, %8 2013 France 2.1-4.0 4/155 2.58(0.71-6.48) Jlf
Spear et al,57 2008 United States 2.1-4.0 2/81 2.47 (0.30-8.64) -
Boute et al,422013 France NR 4/61 6.56 (1.82-15.95) —
Raj et al,532010 Australia NR 0/125 0.00(0.00-2.91) [ o
Shah et al,62 2006 Canada NR 12/65 18.46 (9.92-30.03) —
Sim and So0,5° 1998 Singapore NR 4/141 2.84(0.78-7.10) -
Random-effects model for subgroup 86/5410 2.25(1.02-4.90) <I>
Heterogeneity: 12=89.8% !
Random-effects model for all studies 225/9266 2.38(1.48-3.81) <I>

T
0 5 10 15 20 25 30
Event Rate per 100 (95% Cl)

Tumor size indicates calculated mean tumor size. Size of the data markers indicates the weight used to calculate the pooled estimate. NR indicates not reported.

1(n = 8946) focused on hyperparathyroidism,® and 1(n = 18 850)
examined reproductive harms®? (Table 5). Three of the 8 studies
examining risk of second primary malignancy due to radioactive
iodine therapy used SEER data, none of which reported the in-
dication for or the dose of radiation from radioactive iodine
therapy.®”%%74 Two SEER studies using similar study methods

JAMA May9,2017 Volume 317, Number 18

(ie, years studied, definition of second primary malignancy, num-
ber of years of follow-up, reference cohort, outcome measures)
found that persons who received radioactive iodine therapy for
papillary or follicular thyroid cancer had an excess absolute risk of
11.9 to 13.3 cancers per 10 000 person-years compared with a ref-
erence cohort.®”° The third SEER study had a different study aim
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Figure 5. Key Question 5 Results—Permanent Recurrent Laryngeal Nerve Palsy From Surgery (Event), Stratified by Type of Thyroidectomy

No. With Permanent
Recurrent Laryngeal

Tumor Nerve Palsy From Event Rate per
Source Country Size, cm Surgery/Total No. 100 (95% CI)
Total thyroidectomy
Palestini et al,>! 2008 Italy <1.0 2/148 1.35(0.16-4.80) —
Kwan et al,40 2015 Hong Kong 1.1-2.0 1/51 1.96 (0.05-10.45)
Ahn et al,41 2014 South Korea 1.1-2.0 8/291 2.75(1.19-5.34) -
Conzo et al,36 2014 Italy 1.1-2.0 3/390 0.77 (0.16-2.23) -
Tartaglia et al,32 2014 Italy 1.1-2.0 8/284 2.82(1.22-5.47) ——
Caloetal, 442013 Italy 1.1-2.0 0/169 0.00(0.00-2.16) W——
Raffaelli et al,52 2012 Italy 1.1-2.0 0/62 0.00 (0.00-5.78)
Hartl et al,%8 2013 France 2.1-4.0 2/91 2.20(0.27-7.71) S —
Sywak et al,>8 2006 Australia 2.1-4.0 4/391 1.02 (0.28-2.60) -
Chaplin et al,%5 1999 Australia 2.1-4.0 1/103 0.97 (0.02-5.29)
Boute et al,#22013 France NR 1/22 4.55(0.12-22.84)
Giordano et al,#7 2012 Italy NR 4/394 1.02(0.28-2.58) .
Random-effects model for subgroup 34/2396 1.63(1.11-2.40) .:>
Heterogeneity: 12=3.5% !
Total or partial tyroidectomy i
Yassa et al,59 2007 United States 2.1-4.0 1/296 0.34(0.01-1.87) |
Shindo et al, 54 1995 United States  NR 3/326 0.92(0.19-2.67)  |-WH—
Fixed-effects model for subgroup 4/622 0.72(0.27-1.89) C§>
Heterogeneity: 12=0% !
Random-effects model for all studies 38/3018 1.46 (0.99-2.13) <>
Heterogeneity: 12=13.4% !

0 20 40 6.0 8.0 10.0 120
Event Rate per 100 (95% CI)

Tumor size indicates calculated mean tumor size. Size of the data markers indicates the weight used to calculate the pooled estimate. NR indicates not reported.

and thus did not report the number of excess cancers by radioac-
tive iodine exposure status.”*

Nonetheless, this study did not find an association between
exposure to radioactive iodine therapy and second primary malig-
nancy using a standardized incidence ratio. However, this study
was not limited to differentiated thyroid cancers, included thyroid
cancer as a second primary malignancy, and had shorter follow-up
for assessment of second primary malignancy. Five smaller studies
not conducted in the United States also examined the incidence of
second primary malignancies in persons with differentiated thy-
roid cancer being treated or not treated with radioactive iodine
therapy.®8707383 These studies generally reported the cumulative
radiation doses in GBq units. Radiation doses in clinical practice vary
and generally correspond to the indication for radioactive iodine
therapy, such that lower doses (1.11 GBq) are used for ablation and
higher doses (up to 5.5 GBQq) are used for adjuvant therapy for known
or suspected residual disease.®* Study results are difficult to com-
pare, given differences in study design, populations, radiation doses,
and outcomes. Overall, they demonstrate that use of radioactive io-
dine is generally associated with an excess risk of second primary
malignancy across a range of doses used in clinical practice.

Oneretrospective study’® and 5 prospective studies (n = 830)
assessed the permanent harms of radioactive iodine therapy on the
salivary glands.”>788% The studies were generally small, and the
mean radiation dose from radioactive iodine ranged from11t0 5.3
GBg. The most common adverse effect of radioactive iodine on the
salivary glands was xerostomia (dry mouth), which ranged from 2.3%
to35%. Dry mouth can adversely affect quality of life and vocal func-
tion and increase the risk of dental disease.

jama.com

|
Discussion

A summary of evidence for all KQs is presented in Table 6. No trials
or well-designed observational studies evaluated the net benefit of
thyroid cancer screening. Very limited studies evaluated the true
screening accuracy of palpation or neck ultrasound. Ultrasound is
very sensitive to detect thyroid nodules, and studies in screening and
nonscreening populations have demonstrated that specific high-
risk sonographic characteristics can improve sensitivity and speci-
ficity for thyroid malignancy.®*® Although there was no evidence
of serious direct harms from screening and diagnostic follow-up with
fine-needle aspiration, screening can result in overdiagnosis; SEER
datahave demonstrated that almost all persons diagnosed with pap-
illary thyroid cancer receive treatment, so there is the potential of
adverse effects from unnecessary treatment. No studies evaluated
if treatment of screen-detected cancers compared with sympto-
matic cancers improves patient health outcomes. It is unclear if im-
mediate surgery, compared with active surveillance, improves pa-
tient health outcomes for small or well-differentiated thyroid cancers.
Although thyroidectomy is considered a relatively benign opera-
tion, permanent hypoparathyroidism and recurrent laryngeal nerve
palsy are not uncommon. Additionally, treatment with radioactive
iodine is independently associated with a small increase in second
primary malignancies, as well as permanent adverse effects on the
salivary gland, such as dry mouth.

To accurately estimate the magnitude or effect of overdiag-
nosis, studies must compare screened and unscreened groups.®”
However, this review found no trials or observational studies

JAMA May9, 2017 Volume 317, Number 18
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Figure 6. Key Question 5 Results—Permanent Recurrent Laryngeal Nerve Palsy From Surgery (Event), Stratified by Type of Lymph Node Dissection

(Unilateral, Bilateral, Laterality Not Specified)

No. With Permanent
Recurrent Laryngeal

Tumor Nerve Palsy From Event Rate per
Source Country Size, cm Surgery/Total No. 100 (95% CI)
Unilateral lymph node dissection
Kim et al,61 2011 South Korea <1.0 0/138 0.00 (0.00-2.64) —
Raffaelli et al,52 2012 Italy 1.1-2.0 1/62 1.61 (0.04-8.66) e
Lee et al, 492010 South Korea 1.1-2.0 1/513 0.19(0.00-1.08)
Palestini et al,51 2008 Italy 1.1-2.0 0/93 0.00 (0.00-3.89)
Son et al,34 2008 South Korea 1.1-2.0 0/56 0.00 (0.00-6.38)
Sywak et al,58 2006 Australia 1.1-2.0 0/56 0.00 (0.00-6.38)
Giordano et al,47 2012 Italy NR 2/385 0.52 (0.06-1.86) Lo
Moo et al,>0 2009 United States NR 0/12 0.00 (0.00-26.46)
Random-effects model for subgroup 4/1315 0.65(0.32-1.34) <
Heterogeneity: 12=0%
Bilateral lymph node dissection
Soetal,56 2010 South Korea <1.0 7/551 1.27 (0.51-2.60) -
Conzo et al, 36 2014 Italy 1.1-2.0 6/362 1.66 (0.61-3.57) -l
Raffaelli et al,>2 2012 Italy 1.1-2.0 0/62 0.00 (0.00-5.78)
Moo et al,>0 2009 United States 1.1-2.0 0/104 0.00 (0.00-3.48) —
Son et al,34 2008 South Korea 1.1-2.0 1/58 1.72 (0.04-9.24) il
Palestini et al,>1 2008 Italy 2.1-4.0 0/64 0.00 (0.00-5.60) ————
Giordano et al,47 2012 Italy NR 7/308 2.27(0.92-4.63) il
Random-effects model for subgroup 21/1509 1.59(1.14-2.21) <>
Heterogeneity: 12=0%
Lymph node dissection laterality not specified
Odaetal, 312016 Japan <1.0 2/974 0.21(0.02-0.74)
Changet al,37 2015 South Korea <1.0 2/613 0.33(0.04-1.17)
Donatini et al,3% 2015 France <1.0 3/251 1.20 (0.25-3.45) B —
Donatini et al,39 2015 France <1.0 0/69 0.00 (0.00-5.21)
Kim et al,50 2014 South Korea <1.0 1/392 0.26(0.01-1.41) —
Lee etal,492010 South Korea <1.0 3/1390 0.22 (0.04-0.63)
Tartaglia et al,32 2014 Italy 1.1-2.0 1/63 1.59 (0.04-8.53) g
Caloetal, 442013 Italy 1.1-2.0 0/46 0.00(0.00-7.71)
Cirocchi et al, %6 2012 Italy 1.1-2.0 2/120 1.67 (0.20-5.89) i
Kwan et al,40 2015 Hong Kong 2.1-4.0 0/53 0.00(0.00-6.72)
Ahnetal,41 2014 South Korea 2.1-4.0 1/70 1.43(0.04-7.70) 4;.7
Hartlet al,%8 2013 France 2.1-4.0 2/155 1.29(0.16-4.58) B —
Spear et al,>7 2008 United States 2.1-4.0 1/81 1.23(0.03-6.69) 4..7
Francis et al,63 2014 United States NR 119/5670 2.10(1.74-2.51) =
Boute et al,42 2013 France NR 2/61 3.28(0.40-11.35) I
Raj et al,>3 2010 Australia NR 1/125 0.80 (0.02-4.38) 4!7
Sim and Soo,55 1998 Singapore NR 4/141 2.84(0.78-7.10) ——
Random-effects model for subgroup 144/10274 1.00(0.62-1.61) <'>
Heterogeneity: 12=59.9% i
Random-effects model for all studies 169/13098 1.06 (0.78-1.44) é
o 2 4 6 8 10

Event Rate per 100 (95% Cl)

Tumor size indicates calculated mean tumor size. Size of the data markers indicates the weight used to calculate the pooled estimate. NR indicates not reported.

comparing thyroid cancer screening with no screening. However,
there are ecologic data on the trend of incidence and mortality of
thyroid cancer, autopsy data, and limited natural history data to
suggest that overdiagnosis of thyroid cancer is a problem. Mul-
tiple studies have shown an increase in the incidence in thyroid
cancer detection over time, with no change in the mortality
rate."”-2788-90 Seyeral studies by Davies and Welch"?”°© have
used SEER data to estimate the incidence of thyroid cancer and
cancer-related mortality in the United States since the 1970s. The
absolute increase in the incidence of thyroid cancer from 1975 to

JAMA May9,2017 Volume 317, Number 18

2009 in the United States was 9.4 (95% Cl, 8.9-9.9) cases per
100 000 persons, of which 9.1 (95% Cl, 8.6-9.6) cases per
100 000 persons were papillary cancers.! Data from other coun-
tries have shown similar findings. Data from the Cancer Incidence
in Five Continents database showed steady increases in thyroid
cancer incidence in 12 selected countries from 1960 to 2007, pri-
marily due to an increase in papillary carcinoma diagnoses.®8
South Korea has had an organized cancer screening program
since 1999.7 Although the program did not officially include thy-
roid cancer screening, physicians frequently offered thyroid

jama.com
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Table 5. Included Studies for Key Question 5—Harms of Radioactive lodine Treatment of Screen-Detected Thyroid Cancer

Reported
Second
Country Primary Salivary
Source? (Recruitment Years)  Study Design No. Women, No. (%) Mean Age, y Malignancy Gland Harms
Hakala et al,”® 2015 Finland Retrospective 910 746 (82) 49 P
(1981-2002) observational
Khang et al,”* 2015 South Korea, Retrospective 2468 2073 (84) 46 174
(1976-2010) observational
Linetal,”?2015 Taiwan Prospective 10361 10361 (100) 46 P
(2000-2008) observational
Seoetal,” 2015 South Korea Retrospective 211360 173315 (82) 48 P
(2008-2013) observational
Lang et al,®® 2012 Hong Kong Retrospective 895 725 (81) 47 e
Lang and Wong, 3 2011 (1971-2009) observational
lyer et al,®° 2011 United States Retrospective 37176 NR NR e
(1973-2006) observational
Brown et al,%” 2008 United States Retrospective 28286° 21497 (76) 42¢ e
(1973-2002) observational
Ronckers et al,”* 2005 United States Prospective 29456 22092 (75) 43¢ P
(1973-2000) observational
Ryu et al,®° 2015 South Korea Prospective 160 130 (81) 49 P
(2010) observational
Jeongetal,”” 2013 South Korea Prospective 213 194 (91) 47 P
(2003-2006) observational
Grewal et al,”® 2009 United States Retrospective 262 173 (66) 45 P
(1995-2003) observational
Ish-Shalom et al,”® 2008 Israel Prospective 40 40 (100) 48 P
(NR) observational
Hyer et al,”> 2007 United Kingdom Prospective 76 57 (75) 51 e
(NR) observational
Solans et al,”® 2001 Spain Prospective 79 68 (86) 46 o
(1990-1995) observational
Wu et al,82 2015¢ United States Retrospective 18 850f 18850 (100) 47
(1999-2008) observational
Lin et al,®* 20149 Taiwan Retrospective 8946 7246 (81) 44

(1997-2008) observational

Abbreviations: NR, not reported.
2 Lin et al study®2 was of good quality; all other studies were of fair quality.

b Total number included in the radioactive iodine analysis, 28 286; total N for
study, 30 278.

€ Median.

dStudy also reported dry eyes.

€ Study reported adverse reproductive outcomes related to birthrate and
median time to first delivery as serious harms.

f Total cohort included 25 333 persons; the reproductive outcomes subset
included 18 850 women.

8Study reported hyperparathyroidism as a serious harm.

screening with ultrasound for a small additional cost. The rate of
thyroid cancer diagnoses increased from 5 cases per 100 000
persons in 1993 to 70 cases per 100 000 persons in 2011.”
Autopsy studies have provided additional evidence on overdi-
agnosis of thyroid cancer. A 2014 review by Lee et al®' summarized
15 studies published between 1969 and 2005 on latent thyroid can-
cer discovered at autopsy. Of 8619 thyroid glands obtained at au-
topsy, 989 (11.5%) were positive for papillary thyroid carcinoma.
The proportion of papillary thyroid cancers varied widely, from 1.0%
to 35.6%. Studies describing the natural history of thyroid nodules
and malignancies also lend evidence to the problem of overdiagno-
sis of thyroid cancer. Durante et al®2 described a 5-year follow-up
of 992 patients with benign thyroid nodules (0.4 cmto 4 cm).In 686
patients (69%), the size of the nodules remained stable; in 184
(18.5%), the size of 1or more nodules decreased; and in 153 (15.4%),
the size of Tor more nodules increased by 20% or more (the groups
were not mutually exclusive, because some persons had more than
1 nodule). No studies had follow-up of benign nodules beyond 5
years. The studies included in this review, as well as other studies,
demonstrate the slow-growing nature of thyroid tumors and the low

jama.com

potential for recurrence or mortality due to papillary tumors and
microcarcinomas.?”%93-95 However, data on the survival of pa-
tients who never receive treatment are very limited.

Limitations

This evidence review focused on screening practices relevant to
general US practice in adults and therefore did not include studies
primarily focused on cohorts exposed to high doses of radiation via
environmental disasters or treated with radiation for childhood can-
cers. Additionally, it did not systematically review the diagnostic
accuracy of ultrasound to detect thyroid cancer in nonscreening
populations. The review of harms was limited to those directly re-
lated to surgery or radioactive iodine therapy (eg, excluded harms from
suppressive doses of thyroxine). Older studies of harms were ex-
cluded because over time surgery, radioactive iodine doses, and the
case mix of persons undergoing treatment have changed.

Although population-based screening trials for thyroid cancer
are unlikely, trials or well-designed observational studies to address
the benefit of screening in higher-risk populations (eg, those with a
personal history of irradiation or a family history of differentiated
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Table 6. Summary of Evidence, by Key Question

Test or Body of Evidence

Intervention No. Studies (Design) Summary of Findings® Limitations® Quality  Applicability
KQ1: Effectiveness

NA 0 No trials have evaluated effect of NA NA NA

screening for thyroid cancer on patient
morbidity or mortality.

KQ2: Diagnostic Accuracy

Palpation
accuracy [n = 354])
4 (prospective and
retrospective cohort
[n =201027])

Ultrasound 2

(prospective/retrospective

diagnostic accuracy
[n =243])

2 (prospective and
retrospective cohort
[n =2094])

2 (prospective diagnostic

Neck palpation not sensitive (11.6% to
27.8%) in detecting nodules compared
with ultrasound.

Yield of cancers ranged from O to 4.3 per
1000 persons. Yield of cancers in adults
with history of irradiation ranged from

0 to 11.3 cancers per 1000 persons.

Using any 1 of several malignant
sonographic characteristics can be highly
sensitive (94.3%) for detecting cancers;
using a combination (22) of these
characteristics can be both highly
sensitive (94.8%) and specific (86.6%).
Yield of cancers ranged from 9.2

to 30.3 cancers per 1000 persons.

Two small studies reported  Fair
diagnostic accuracy, 1 study

did not follow up all persons

with neck palpations. No

evidence of reporting bias.

Two small studies reported  Fair
diagnostic accuracy, neither

of which followed up with

the majority of screened
individuals, such that the

reported sensitivities are

likely overestimates. No

evidence of reporting bias.

Poor: diagnostic accuracy
studies are old and use
a single examiner in Finland

Fair: both diagnostic
accuracy studies conducted
in South Korea by the same
investigators, 1 of which
included women only

KQ3: Screening Harms

Ultrasound 1 (retrospective cohort
[n = 400])

Ultrasound- 2 (retrospective cohort

guided [n = 5494])

fine-needle

aspiration

Twenty-four percent of persons
underwent fine-needle aspiration

of a nodule that did not meet the
Society of Radiologists in Ultrasound
criteria for fine-needle aspiration.

One study (n = 4912) observed 7 cases
of needle tract implantation of papillary
thyroid cancer with fine-needle
aspiration. It is unclear what effect if any
this had on patient outcomes.

One study observed hematomas but no
major bleeding complications requiring
hospitalization from fine-needle
aspiration.

Only 1 study Fair

One study for each type Fair
of harm; possible
reporting bias

Poor: single-institution;
standards for referral to
fine-needle aspiration have
changed

Fair: both single-institution
studies

KQ4: Treatment Benefit

Surgery 2 (prospective and
retrospective cohort

[n=39211])

US SEER data demonstrate that, overall,
untreated persons with papillary thyroid
cancer had a slightly worse 20-y survival
rate (97%) than treated persons (99%)
(P <.001).

One Japanese study found no deaths in
persons with papillary microcarcinoma
who opted for ultrasound observation
compared with 2 deaths in persons who
opted for immediate surgery.

Studies were not designed Fair to
to evaluate the comparative  poor
benefit of treatment

vs no or delayed treatment.

Lack of adjustment for

confounders such that

itis unclear if differences

in survival are due to

differences in treatment

Vs case mix of persons.

No evidence of

reporting bias.

Fair: US study includes
persons treated in 1970s
and 1980s; Japanese study
includes persons with
papillary microcarcinoma

KQ5: Treatment Harms

Surgery 36 (prospective and
retrospective cohort

[n =43295])

Radioactive iodine 16 (prospective/
retrospective cohort
[n=291796])°

The rate of permanent
hypoparathyroidism varied widely;

best estimates were between 2 to 6
events per 100 thyroidectomies and
were more variable with lymph node
dissection. The rate of recurrent
laryngeal nerve palsy was less variable,
estimated at 1 to 2 events per 100
operations (with or without lymph node
dissection).

Treatment with radioactive iodine for
differentiated thyroid cancer is
associated with a small increase in
primary second malignancies:
approximately 12 to 13 excess cancers
per 10 000 patients. Smaller studies
demonstrate an association of excess
cancers at clinically used doses.

Other commonly reported permanent
harms from radioactive iodine include
dry mouth, ranging from 2.3% to 35%
of persons.

Possible publication bias for  Fair
hypoparathyroidism but not
recurrent laryngeal nerve

palsy outcomes. Reasons for

the wide variation in

estimates is unclear.

Differences in study designs  Fair
and variable reporting on

radiation doses limits
understanding of the

magnitude and precision

around risk of second

primary malignancies.

No evidence-reporting bias

for commonly reported

adverse outcomes.

Fair: indication for type of
surgery and case mix of
patients going on to surgery
have changed over time

Fair: indication and radiation
dose of radioactive iodine
have changed over time

Abbreviations: NA, not applicable; SEER, Surveillance, Epidemiology,

and End Results.
2 Includes consistency and precision.

®Includes reporting bias.

€ Calculated sample size includes only the largest study using SEER data so as to
avoid double-counting studies with overlapping populations.
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thyroid cancers) would be helpful to understand if there is any role
for screening for thyroid cancer. Given the indolent nature of many

US Preventive Services Task Force Clinical Review & Education

Conclusions

thyroid cancers and the risks associated with treatment, trials or

well-designed observational studies examining the benefit of early
treatment vs observation or surveillance for patients with (smaller)
well-differentiated thyroid cancers are also needed. The net ben-
efit of screening hinges on minimizing overdiagnosis and overtreat-
ment; therefore, for screening to be of benefit, studies are needed
to determine which set of prognostic indicators predict aggressive

vs indolent disease.
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