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Abstract

Background

It is estimated that one of the potential cause of the increasing prevalence of thyroid cancer

(TC) is the easier and widespread access to diagnostic tools. If an individual evaluates the

thyroid gland due to a mentioned mechanism without considering TC risk factors or symp-

toms, we can describe this phenomenon as cancer screening activity (CSA).

Aim of the study

We 1) estimated what types of TC were diagnosed due to CSA, 2) analyzed what clinico-

pathological features were characteristic of TCs diagnosed by CSA, 3) determined if these

features were characteristic of indolent cases, and finally we 4) assessed whether CSA

could have resulted in the increasing incidence of potentially indolent papillary thyroid can-

cer (PTC).

Materials and methods

A retrospective review of 4,701 medical records of patients admitted and surgically treated

at one surgical center between 2008 and 2017 was performed. Among the enrolled patients,

569 (12.1%) had thyroid malignancy, and 514 (10.9%) were diagnosed with PTC. We

divided these patients into two groups: 1) patients in whom TC diagnostics were performed

without considering any TC risk factors or symptoms (CSA-yes) and 2) those in whom TC

was diagnosed due to TC risk factors or symptoms (CSA-no). We then compared the clini-

copathological features of these two groups.

Results

The most common type of TC diagnosed in the CSA-group was PTC (p = 0.024). CSA-yes

patients showed a significantly lower degree of Tumor-Node-Metastasis (TNM) staging and

demonstrated a significantly lower rate of multifocality, but not of bilaterality (p<0.0001 and p
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= 0.198, respectively). In the CSA-yes group, the number of TC foci was significantly lower

than that in the CSA-no group (p<0.0001). All clinicopathological features characteristic of

aggressive cases of TC were absent in CSA-yes patients (p<0.0001), while all features

observed in CSA-yes patients were characteristic of indolent cases (p<0.0001).

Conclusions

The use of CSA results in the diagnosis of indolent cases of PTC and may be one of the

potential causes of overdiagnosis and overtreatment of this malignancy.

Introduction

In managing papillary thyroid cancer (PTC), there exists a basic question: where is the border

between evidence-based surgical management and overtreatment [1] Additionally, this

dilemma is also emphasized due to potential complications, which may appear after the surgi-

cal procedure [2]. Perhaps if we could cure patients of thyroid cancer (TC) without any risk of

iatrogenic injuries, this question might not be considered highly.

What exactly do we mean by overdiagnosis and overtreatment of PTC? In the case of this

specific malignancy, overdiagnosis and overtreatment are observed when the tumor is poten-

tially diagnosed and treated correctly but may result in an unfavorable balance between bene-

fits and adverse events [3, 4]. Specifically, in PTC management, overdiagnosed tumors are

those that did not require management or treatment because they would not have produced

any symptoms or even led to death [5].

Because of the increasing prevalence of PTC diagnosis but not its mortality in recent

decades [1, 5], we have focused our concerns on what is responsible for this epidemiological

situation.

Based on previous experience with other neoplasms in which a screening program was

introduced, a rapidly increasing rate of their prevalence without a concomitant increase in

their mortality is observed [6]. Such a situation exists in the case of a prostate cancer screening

program [6]; however, does PTC suffer from the same issue?

To date, there are no registered TC screening systems in Poland or even in Europe. How-

ever, what would be the value of a potential TC screening program? Would it only discovered

TC cases that are slow-growing and indolent or are the least likely to harm anyone? Would the

program have a lower ability to diagnose aggressive, fast-growing tumors, which cause TC

mortality? The answer to these questions may be that in the case of PTC management, a

screening program would cause overdiagnosis and overtreatment. However, omitting the

overall statistical results [7], it is extremely difficult to judge whether an individual diagnosed

with papillary thyroid microcarcinoma (PTMC) falls under the category of overdiagnosis [8].

Of course, we are aware of the potential excellent prognosis of PTC; however, in some cases,

highly aggressive entities might be observed [9]. If the patient undergoes surgical treatment,

we would not be able to determine what would have happened in the absence of surgery. Over-

diagnosis and overtreatment of PTC can be measured or statistically assessed only in a large,

untreated, prospective, randomized group. Thus, in diagnosing PTC, should everyone be

treated individually? Therefore, the next argument addresses the overdiagnosis and overtreat-

ment of PTC.

In the current epidemiological circumstances, it is estimated that the increasing prevalence

of PTC is also caused by easier and widespread access to diagnostic tools [1, 3–6]. When TC is
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diagnosed based on an established mechanism without considering TC risk factors or symp-

toms, we describe this phenomenon as cancer screening activity (CSA). By contrast, can we

subsequently say that this unofficial screening program achieves the fundamental goals for a

cancer screening system, i.e., reducing suffering and the number of deaths caused by TC, with-

out introducing any significant additional harm? As difficult as this question is, we decided to

give the best answer possible.

Here, we evaluated the fundamental topics concerning PTC management. First, we dis-

cussed the main potential reasons for CSA for TC and the increasing prevalence of this malig-

nancy. Second, we estimated what types of TCs were discovered due to CSA. Third, we

determined what clinicopathological features were characteristic of TCs diagnosed by CSA

and whether these features were characteristic of indolent or aggressive cases. Finally, we

assessed whether the behavior (CSA) of the diagnostician might have resulted in overdiagnosis

and overtreatment of TC.

Materials and methods

Our study protocol was approved by the Bioethics Committee of Wroclaw Medical University,

Poland (Signature number: KB-783/2017). We obtained verbal consent from the participants

instead of written consent, because the data were retrospectively and anonymously analyzed

from established medical records. Every verbal consent was witnessed by responsible physician

and documented in medical history. The authors did not have access to identifying patient

information or direct access to the study participants.

We performed retrospective chart reviews of 4,701 patients who were admitted and surgi-

cally treated due to thyroid tumors at a single medical center between 2008 and 2017. 20017–

2019 was the date upon which this clinical data was accessed. Thyroid malignancy was coded

according to the 3rd edition of the International Classification of Diseases for Oncology

(ICD-O-3). For our medical database, we used primary invasive TC cases (ICD-O-3: C73)

recorded in our Hospital’s Center Cancer Registry (HCCR) between 2008 and 2017. TCs were

staged in accordance with the Tumor-Node-Metastasis (TNM) staging criteria (Table 1) pro-

posed by the AJCC 8th Edition [10]. Preoperative thyroid ultrasonography, ultrasound-guided

fine needle aspiration biopsy (UG-FNAB) and cytological examinations were performed in all

cases. After surgery, the final histopathological classification was stated according to World

Health Organization guidelines [11]. The excised tissue specimens were fixed in 10% buffered

formalin and histopathologically diagnosed at the Department of Pathomorphology, Wroclaw

Medical University, Poland. Representative blocks were selected. Because PTC can be multifo-

cal, the adjacent and contralateral lobes were sampled, and all pale areas were processed. Serial

sectioning of the representative tissue samples was carefully performed. The specimens were

routinely process as follows. Sections were cut into 4-μm-thick slices, which were subjected to

conventional hematoxylin and eosin (H&E) staining. H&E-stained sections were evaluated by

two pathologists experienced in evaluating thyroid lesions to confirm the diagnosis, pathologi-

cal features of the tumor and extent of the malignancy. In individuals younger than 55 years of

age, stage I tumors were defined as early carcinoma, and stage II tumors were defined as

advanced carcinoma. In individuals aged 55 or older, stage I (T1N0M0) and stage II tumors

(T2N0M0) were defined as early carcinoma, whereas stage III (T3N0M0, T1-3N1aM0) and

stage IV (all undifferentiated carcinomas) tumors were defined as advanced carcinoma [11].

We performed the analysis according to recent oncology guidelines using the European Soci-

ety for Medical Oncology Classification (ESMO; www.esmo.org), National Comprehensive

Cancer Network (NCCN; www.nccn.org) and American Thyroid Association (ATA) guide-

lines [11].
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Table 1. The demographic, clinical and histopathological characteristics of thyroid cancer patients divided into the following two groups according to the imple-

mentation of cancer screening activity (CSA): CSA-yes and CSA-no. Descriptive data are presented as a number (percent) or mean ±SD.

Variable CSA-yes (n-248) CSA-no (n = 321) P-value

Gender: 0.974

Male 35 (14.1) 45 (14.0)

Female 213 (85.9) 276 (86.0)

Age (years) 49.6 ± 15.9 52.0 ± 14.7 0.059

Age: 0.453

<55 143 (57.7) 175 (54.5)

�55 105 (42.3) 146 (45.5)

Histopathological type: <0.0001

Papillary 244 (98.4) 263 (81.9)

Follicular 1 (0.4) 19 (5.9)

Medullary 3 (1.2) 16 (5.0)

Undifferentiated 0 (0.0) 11 (3.4)

Sarcoma 0 (0.0) 3 (0.9)

Secondary 0 (0.0) 3 (0.9)

Squamous 0 (0.0) 2 (0.6)

Lymphoma 0 (0.0) 3 (0.9)

Plasmocytoma 0 (0.0) 1 (0.3)

pTNM stage: <0.0001

I 244 (98.4) 194 (60.4)

II 2 (0.8) 73 (22.7)

III 2 (0.8) 26 (8.1)

IV 0 (0.0) 28 (8.7)

pT: <0.0001

T1a 107 (43.2) 96 (29.9)

T1b 137 (55.2) 117 (36.5)

T2 3 (1.2) 65 (20.2)

T3 1 (0.4) 15 (4.7)

T4a 0 (0.0) 11 (3.4)

T4b 0 (0.0) 17 (5.3)

pN: <0.0001

N0 198 (79.8) 134 (41.7)

N1a 33 (13.3) 114 (35.5)

N1b 1 (0.4) 16 (5.0)

Nx 16 (6.5) 57 (17.8)

pM: <0.0001

M0 241 (97.2) 242 (75.4)

M1 1 (0.4) 13 (4.0)

Mx 6 (2.4) 66 (20.6)

Minimum cN1a: <0.0001

Yes 30 (12.1) 110 (34.3)

No 218 (87.9) 211 (65.7)

Type of tumor: <0.0001

Solitary 225 (90.7) 179 (55.9)

Multifocal 23 (9.3) 141 (44.1)

Bilateral (n = 567): 0.200

Yes 14 (5.7) 27 (8.4)

(Continued)
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Among the 4,701 patients, 569 (12.1%) had a thyroid malignancy, and 514 (10.9%) were

diagnosed with PTC. All histopathological types of TC diagnosed in 2008–2017 are presented

in Table 2. Next, using the medical records of all patients with TC, we extracted these data,

which conveyed a diagnosis of TC after meeting the CSA criteria (Fig 1).

Cancer screening activity (CSA) inclusion criteria

• Initiation of thyroid gland diagnostics without any pathological signs of thyroid dysfunction

• Initiation of thyroid gland diagnostics in the absence of any TC risk factors or symptoms

• No family history of TC or multiple endocrine neoplasia syndrome

Table 1. (Continued)

Variable CSA-yes (n-248) CSA-no (n = 321) P-value

No 234 (94.4) 294 (91.6)

Presence of TC symptoms: <0.0001

Yes 0 (0.0) 194 (60.4)

No 248 (100.0) 127 (39.6)

Risk factors of TC: <0.0001

Yes 0 (0.0) 53 (16.5)

No 248 (100.0) 268 (83.5)

Presurgical diagnosis of multifocality: 0.936

Yes 12 (4.8) 16 (5.0)

No 236 (95.2) 305 (95.0)

Presurgical diagnosis of bilaterality 0.469

Yes 4 (1.6) 8 (2.5)

No 244 (98.4) 313 (97.5)

Thyroid malignancy: <0.0001

Before surgery 220 (88.7) 133 (41.4)

After surgery 28 (11.3) 188 (58.6)

Type of surgery: <0.0001

Total 216 (87.1) 182 (56.7)

No total 32 (12.9) 139 (43.3)

Reoperation needed: <0.0001

No 221 (89.1) 192 (59.8)

Yes 27 (10.9) 129 (40.2)

Number of foci (n = 559): <0.0001

1 224 (90.3) 236 (73.5)

2 12 (4.8) 76 (23.7)

3 12 (4.8) 9 (2.8)

Recurrence: <0.0001

Yes 0 (0.0) 57 (17.8)

No 248 (100.0) 264 (82.2)

Deaths due to TC: <0.0001

Yes 0 (0.0) 38 (11.8)

No 248 (100.0) 283 (88.2)

CSA: Cancer Screening Activity

https://doi.org/10.1371/journal.pone.0236257.t001
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In our study, we analyzed the cases that met all the criteria for CSA and additionally presented

a significant increase. Patients who, on their own, decided to undergo TC diagnostics without

any TC symptoms and without any TC risk factors were assigned to the CSA-yes group. Next,

we compared this group with the patients in whom TC was diagnosed but only due to the pres-

ence of at least one TC clinical symptom or risk factor (CSA-no group). On the basis of a med-

ical records review, we proposed the most common reasons for CSA (Fig 1).

Reasons for engaging in cancer screening activity (CSA)

• Easy access to thyroid gland diagnostics

• Curiosity/anxiety regarding thyroid gland condition

• Awareness of TC occurrence

• Private insurance’s proposal for thyroid gland examination

Table 2. Comparison of the histopathological types of thyroid cancer and cancer screening activity in thyroid cancer patients from 2008–2017. Descriptive data are

presented as numbers (percentages).

Histopathological type of TC 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total (n = 569)

PTC: N = 507:

CSA-yes 8 (28.6) 9 (23.1) 10 (25.0) 10 (31.3) 15 (25.0) 23 (36.5) 20 (55.6) 54 (66.7) 51 (69.9) 44 (80.0) 244 (48.1)

CSA-no 20 (71.4) 30 (76.9) 30 (75.0) 22 (68.7) 45 (75.0) 40 (63.5) 16 (44.4) 27 (33.3) 22 (30.1) 11 (20.0) 263 (51.9)

FTC: N = 20:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (20.0) 0 (0.0) 0 (0.0) 1 (5.0)

CSA-no 1 (100.0) 0 (0.0) 2 (100.0) 3 (100.0) 4 (100.0) 3 (100.0) 2 (100.0) 4 (80.0) 0 (0.0) 0 (0.0) 19 (95.0)

MTC: N = 19:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 3 (15.8)

CSA-no 1 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 2 (100.0) 6 (85.7) 3 (100.0) 1 (100.0) 16 (84.2)

UTC: N = 11:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 2 (100.0) 0 (0.0) 4 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (100.0) 11 (100.0)

Sarcoma: N = 3:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (100.0)

Secondary: N = 3:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 3 (100.0) 3 (100.0)

Squamous: N = 2:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (100.0) 2 (100.0)

Lymphoma: N = 3:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (100.0) 3 (100.0)

Plasmocytoma: N = 1:

CSA-yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

CSA-no 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (100.0)

PTC: papillary thyroid carcinoma; FTC: follicular thyroid carcinoma; MTC: medullary thyroid carcinoma; UTC: undifferentiated thyroid carcinoma; CSA: cancer

screening activity

https://doi.org/10.1371/journal.pone.0236257.t002
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• Diagnostic cascade for “general bad conditions” i.e. malaise, dizziness, shortness of breath,

choking, feeling of anatomical mass in the neck.

• Public actions for monitoring health conditions

The CSA-yes group comprised 248 (5.27%) patients, whereas the CSA-no group comprised

321 (6.82%) patients (Table 1). There were 35 (14.2%) males and 212 (85.8%) females in the

CSA-yes group and 45 (14.1%) males and 275 (85.9%) females in the CSA-no group

(p = 0.971). Next, we analyzed the numbers of patients with TC in 2008–2017 who were diag-

nosed via CSA (CSA-yes) and traditional methods (CSA-no) (Table 2). To determine the diag-

nosis of TC with potentially aggressive or indolent behaviors, we compared TC clinical and

histopathological features with the aggressiveness of the disease (8); features included echo-

genicity, tumor size at the time of diagnosis, microcalcifications, tumor shape, margins and

vascularity. Finally, we determined how many TCs were diagnosed before and after surgery in

the CSA-yes and CSA-no groups. We hypothesized that individuals in the CSA-yes group did

not confirm the malignant nature of their tumors when they finally underwent surgery after

TC diagnosis. We also investigated whether individuals in the CSA-yes group reported a

higher number of presurgically diagnosed TCs and whether these numbers were lower or

higher at the beginning and end of the time period. This observation additionally addressed

the quality of presurgical diagnostics during the time period (2008–2017).

Statistical analysis

Data were analyzed using Microsoft Excel 2016 and Statistica 13.3 (Tibco software Inc. CA,

USA). Descriptive data are presented as the number of observations and percentages or as the

mean and standard deviation (±SD). Qualitative variables were compared using chi-square

and Fisher exact tests, and quantitative variables were analyzed by Student’s t test. P-values

below 0.05 were considered statistically significant.

Fig 1. Cancer screening activity mechanism in patients with thyroid cancer diagnosed in 2008–2017. �[36] ��[41].

https://doi.org/10.1371/journal.pone.0236257.g001
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Results

The demographic characteristics of the CSA-yes (n = 248) and CSA-no (n = 321) groups are

presented in Table 1. We did not observe a statistically significant difference in age between

the two groups; however, there was a trend of younger patients (<55 years) in the CSA-yes

group (p = 0.453). Patients with TC in the CSA-yes group showed a significantly lower degree

of TNM staging (p<0.0001 for all features) (Table 1). In CSA-yes patients, we observed signifi-

cantly lower rates of multifocality, but not bilaterality (p<0.0001 and p = 0.198, respectively),

and a significantly lower number of TC foci than those in CSA-no patients (p<0.0001). We

did not notice any instances of TC recurrence among the patients in the CSA-yes group but

observed 57 cases of disease recurrence in the CSA-no group (p<0.0001). To date, none of the

248 patients in the “CSA-yes” group died due to TC. Based on questionnaire responses, we

confirmed that 38 patients in the CSA-no group died of TC disease (p<0.0001), and the major-

ity of deaths were caused by TC rather than PTC. As we show in Table 2, the increasing rate of

TC in the analyzed period (2008–2017) concerned mainly PTC (Table 2 and Fig 2). In 2008,

we observed 28 cases of PTC (8 were diagnosed due to CSA), while in 2015–2017, there were

81, 73 and 61 cases of PTC, respectively. We also noticed that the number of TCs diagnosed

due to CSA during the analyzed period (2008–2017) increased from 24.2% in 2008 to 69.8% in

2017 (Fig 3). During this time, the most common type of TC was PTC (Fig 4). We observed 4

cases of TC excluding PTC diagnosed due to CSA (follicular thyroid cancer (FTC), 1 case and

Fig 2. The number of patients with papillary thyroid cancer increased significantly compared to that of the patients with other types of thyroid cancer from 2008–

2017 (p = 0.024).

https://doi.org/10.1371/journal.pone.0236257.g002
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medullary thyroid cancer (MTC), 3 cases) (Table 2). All clinicopathological features that are

characteristic of potentially aggressive TC behavior were not observed in patients in the CSA-

yes group but were predominant in patients in the CSA-no group (p<0.0001 for all variables)

(Table 3). In the CSA-yes group, we observed small, low-risk tumors (Table 3). Finally, we per-

formed an analysis of TC presurgical diagnosis in the CSA-yes and CSA-no groups (CSA-yes

vs. CSA-no) (Table 4) and estimated that the number of patients with TC diagnosed before

Fig 3. Percent of thyroid cancer patients in the CSA-yes and CSA-no groups from 2008–2017.

https://doi.org/10.1371/journal.pone.0236257.g003

Fig 4. Percent of patients diagnosed with the histopathological types of thyroid cancer from 2008–2017.

https://doi.org/10.1371/journal.pone.0236257.g004
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surgery was lower in both groups at the beginning of the trial period and higher at the end of

this period. We confirmed this increase and observed that it occurred in both groups (Fig 5).

Discussion

Our analysis showed that the majority of patients with TC were diagnosed without presenting

any clinical symptoms, and all of them underwent an ultrasound test and subsequent UG-F-

NAB without showing any physical signs of TC. If these patients decided to have their thyroid

gland examined in the absence of any physical symptoms of thyroid pathology, we described

these behaviors as CSA. Every procedure was performed almost as in the unofficial cancer

screening program, which has examined a large population of relatively healthy people. The

tests that were used to identify these tumors were simple, cheap and easy to access. Despite the

fact that CSA may result in overdiagnosis and overtreatment, we admit that these early-stage

Table 3. Selected ultrasound features of thyroid cancer patients divided into two groups according cancer screening activity (CSA): CSA-yes and CSA-no. Descrip-

tive data are presented as numbers (percent).

Variable CSA-yes (n-248) CSA-no (n = 321) P-value

Hypoechogenicity: <0.0001

Yes 185 (74.6) 288 (89.7)

No 63 (25.4) 33 (10.3)

Tumor size: <0.0001

<5 mm 54 (21.8) 27 (8.4)

�5 mm 194 (78.2) 294 (91.6)

Microcalcifications: <0.0001

Yes 37 (14.9) 281 (87.5)

No 211 (85.1) 40 (12.5)

Tumor shape: <0.0001

Regular 210 (84.7) 42 (13.1)

Irregular 38 (15.3) 279 (86.9)

Sharpen margins: <0.0001

Yes 213 (85.9) 34 (10.6)

No 35 (14.1) 287 (89.4)

Vascularity: <0.0001

High 38 (15.3) 280 (87.2)

Low 210 (84.7) 41 (12.8)

CSA: Cancer Screening Activity

https://doi.org/10.1371/journal.pone.0236257.t003

Table 4. Comparison of thyroid cancer diagnosis (before surgery vs after surgery) and cancer screening activity in TC patients from 2008–2017. Descriptive data

are presented as numbers (percentages).

Thyroid malignancy 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total (n = 569)

Before surgery: N = 353:

CSA-yes 7 (46.7) 8 (47.1) 10 (45.5) 8 (47.1) 12 (37.5) 22 (47.8) 17 (56.7) 52 (70.3) 51 (94.4) 33 (71.7) 220 (62.3)

CSA-no 8 (53.3) 9 (52.9) 12 (54.5) 9 (52.9) 20 (62.5) 24 (52.2) 13 (43.3) 22 (29.7) 3 (5.6) 13 (28.3) 133 (37.7)

After surgery: N = 216:

CSA-yes 1 (5.6) 1 (4.5) 0 (0.0) 4 (19.0) 3 (8.3) 1 (4.3) 3 (25.0) 4 (21.1) 0 (0.0) 11 (64.7) 28 (13.0)

CSA-no 17 (94.4) 21 (95.5) 26 (100.0) 17 (81.0) 33 (91.7) 22 (95.7) 9 (75.0) 15 (78.9) 22 (100.0) 6 (35.3) 188 (87.0)

CSA: Cancer Screening Activity, TC: thyroid cancer

https://doi.org/10.1371/journal.pone.0236257.t004
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tumors were easier to treat and had excellent postsurgical prognosis. On this occasion, we

emphasize that although the use of CSA might be questionable for managing PTC, for MTC

CSA could result in its early diagnosis and subsequent treatment, leading to more favorable

outcomes. Although we confirmed this observation in our study, further analyses are needed.

Regarding PTC management, there are some doubts about the ultimate goal of this unoffi-

cial cancer screening system, i.e., reducing suffering and death. In the CSA-yes group, we did

not observe TC-related deaths, while in the CSA-no group, we observed 38 (11.8%) deaths due

to TC. It is estimated, that overdiagnosis can result in harm [5], so we discourage the use of

CSA for managing PTC because its leads to overtreatment. However, if PTC screening activity

causes overdiagnosis and overtreatment, we can say that it damages the positive link between

the purpose of screening systems and their ultimate goals. Therefore, in the end, if screening

activity for PTC produces high rates of overdiagnosis and overtreatment, it is more likely to

increase than decrease potential harm to patients. The main issue of PTC screening activity is

its long-term effects. In our study, we obtained unquestionable results showing that almost all

patients with TC discovered due to CSA had PTC without features associated with aggressive

behaviors. Rather, they very often had small tumors (<5 mm), no microcalcifications, regular

shapes, well-defined margins and low vascularity. Therefore, if CSA discovers only slow-grow-

ing, less aggressive PTC lesions, all diagnostic procedures leading to PTC findings might be

unreliable. It may also lead to observations, that these specific PTC entities are asymptomatic

for a very long time, so they are more likely to be caught by screening activity. On the other

hand, aggressive and fast-growing entities manifest symptoms more quickly and force the

patient to see a physician immediately. Therefore, there is the hypothesis that individuals with

PTC who require surgery are not discovered by CSA but, on the contrary, during a standard

physical examination between scheduled cancer screening visits [12]. This situation demon-

strates an incredibly important feature of PTC: although TC screening activity appears to

catch only dormant, indolent tumors, highly aggressive entities exist within this type of malig-

nancy [9]. They may grow so quickly that even frequent screenings may not be able to catch

them during the early stage. In our study, we estimated, that no patients with PTC diagnosed

by CSA died. By contrast, in the CSA-no group, we observed 38 deaths; however, 32 of them

were not diagnosed with PTC, but rather had more aggressive TC histological types. When

analyzing all the facts, there is no clear definition of how tumors are overdiagnosed. If we want

to confirm their overdiagnosis, we should follow such patients without any treatment unless

they die of other causes unrelated to TC. Of course, we can estimate the overdiagnosis indi-

rectly when we observe an increasing rate of TC but without concomitant increase in mortality

[4]. The second indirect evidence of TC overdiagnosis and subsequent overtreatment might be

Fig 5. Percent of patients with a diagnosis of thyroid cancer before surgery and after surgery from 2008–2017.

https://doi.org/10.1371/journal.pone.0236257.g005
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the fact that we observed only an increase in the rate of early-stage TC diagnosis but not of

advanced tumor diagnosis. Indeed, in our analysis, we estimated a large rise in the prevalence

of early-stage PTC, such as PTMC [13]. We did not observe a similar situation in the incidence

of the other types of TC. These observations support the hypothesis regarding the overdiagno-

sis and overtreatment of PTC. There are many studies that confirm a rapidly increasing rate of

PTC with a slight decrease in mortality in high-income countries [14, 15]. In our analysis, we

observed a growing proportion of operations performed due to TC, especially for PTC; this

was also observed by other authors several years before our analysis [16]. They reported that

the rate of thyroidectomies performed due to TC increased by 44% from 1999 to 2009. Some

other researchers estimated that the increasing rate of thyroidectomies performed due to some

other indications, such as goiter, were correlated with low-risk TC detection [17]. We

described the same situation on the basis of our own observation study [18].

In some European countries such as France or England and in the United States, 45 to 70% of

TCs were considered overdiagnosed [19] based on studies comparing the expected and observed

TC prevalence. However, the increasing rate of TC prevalence in some other countries might be

attributed to slightly different reasons. Since 1999, TC screening in South Korea has been com-

monly performed by general practitioners with ultrasound tests as a part of its National Cancer

Control Program [20], what makes this country the place with the highest incidence of TC in the

world. Interestingly, however, when in 2014 ultrasound screening in South Korea was discour-

aged, the incidence of TC and the number of its operations markedly decreased then [21]. Of

course, we do not observe this phenomenon in Europe and in the United States, where the num-

ber of total thyroidectomies or hemithyroidectomies due to TC diagnosis has still increased [22,

23]. However, in some other previous analyses of the overdiagnosis and overtreatment of PTC,

the authors go even further. Some have stated that the cancer screening program, as an unques-

tionable source of overdiagnosis and overtreatment, discovers tumors that may not progress or

may even regress [24]. Nevertheless, according to the accessible literature concerning PTC obser-

vation, there are no reports describing such observations worldwide. However, Brawley stated

that in some types of malignant tumors, specific lesions that become cancerous are only observed

under the microscope because they are clinically silent [25]. This opinion was based of breast can-

cer observations, but we think that this view fits better with PTC behavior.

The next argument for the overdiagnosis and overtreatment of PTC is its very low recurrence

rate after surgery [8]. In this study, we estimated that none of CSA-yes patients in whom PTC

was diagnosed after surgery showed any signs of disease recurrence, while 17.8% of patients

diagnosed with PTC based on clinical symptoms showed signs of TC recurrence. This is also

why some authors contest the balance between the benefits and harms of cancer screening pro-

grams [26]. Esserman et al. [27] noticed that cancer screening programs produce more overdi-

agnosed TC entities, and we think that the same situation applies to CSA. Regarding PTC, some

authors believe that the main contributor to the overdiagnosis and overtreatment of PTC is

ultrasound of the thyroid and adjacent structures [6]. Others noticed that during recent

decades, the prevalence of TC has markedly increased mainly in high-income countries [14].

Therefore, some authors predict that because TC has the fastest growing incidence among all

malignant tumors, by 2030, it will be the fourth most common cancer in the world if observed

trends are maintained [28]. However, in concordance with some other studies, we estimated

that the increasing prevalence of TC is limited to PTC [29]. During our observation period, we

noticed an increasing rate in only PTC, but not in FTC, MTC or undifferentiated TC.

The other issue regards the influence of the risk factors and increasing rate of PTC. We can-

not exclude external risk factors for TC, the most commonly known of which is radioactive

exposure; however, in Poland, we did not confirm the effects of this factor [30]. Although our

country is located in Eastern Europe, it is difficult to assess the real impact on the rate of TC
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increase after the nuclear power plant accident in Chernobyl in 1986. However, after this disas-

ter, there was an increase in the number of TC diagnoses in children and adolescents exposed

to radioactive iodine in Belarus, Russia, and Ukraine [31]. Additionally, after the Fukushima

Daiichi nuclear plant disaster in 2011, a large number of new TC diagnoses were estimated.

However, at that time, TC screening was introduced [32]. Therefore, the question remains that

if that increased rate was not the results of the screening itself, what was the cause?

The next estimated risk factor for TC is iodine deficiency. However, in 1996, under the aus-

pices of the Ministry of Health, the Polish Council for the Control of Iodine Deficiency Disor-

ders (PCCIDD) established a National Program for the Elimination of Iodine Deficiency

Disorders to monitor iodine status and develop a mandatory model of iodine prophylaxis [33].

Therefore, because of a sufficient supply, this factor did not have any influence on the increas-

ing rate of TC diagnosis observed in the study period. Other risk factors, such as hormone sup-

plementation, obesity, diet, environment and genetics, have also been reported; however, there

is no evidence to confirm their real impact on the increasing rate of TC diagnosis, but these

factors obviously cannot be definitively excluded [34]. In the current study, we did not per-

form an analysis with these factors.

The next likely cause of the increased rate of detection of early-stage TC is advances in detec-

tion protocols. Easy access to high-frequency ultrasound neck examination or to the other

imaging tests results in a high number of newly diagnosed cases of PTC. Many studies based on

autopsy evaluations confirm the high number of undiagnosed PTCs [5, 35] and have

highlighted three main estimated mechanisms that contribute to the increasing rate of newly

diagnosed TC entities: opportunistic screening, i.e., palpation of asymptomatic patients with

subclinical TC; diagnostic cascade performed in patients with general complaints, and inciden-

tal findings during neck imaging tests performed due to non-thyroid gland diseases [5, 36, 37].

In Poland, there are no recommendations for TC screening tests; however, ultrasound examina-

tions of the thyroid and subsequent UG-FNAB are commonly ordered [38]. General practition-

ers’ easy access to some high-quality imaging tests in their practices may also be responsible for

this situation. Additionally, in Poland, we also observed that easy access to healthcare, such as

additional private insurance, increases the rate of new diagnoses of small PTC tumors [8].

As some authors state, CSAs such as registered, official cancer screening programs should

be constantly monitored to be absolutely sure that screening for these specific malignancies

provides more benefits than harm [39, 40]. Therefore, we think that assessments of protocols

that result in overdiagnosis and overtreatment are urgently needed (Fig 5). Because of the

harm potentially caused by overdiagnosis, the US Preventive Services Task Force has updated

its recommendation to prevent routine screening activity for TC (D level recommendation)

[5]. In addition, patients should be informed about their excellent prognosis, especially in

cases of PTMC, and potential adverse events, which may manifest after surgical treatment [8].

Our study has some limitations. First, this is a retrospective analysis, and access to some

necessary specific details was limited; this resulted in the exclusion of several cases. Second, the

analyzed data came from a single medical center. Multicenter analysis would be more reliable

for analysis. Third, although we confirmed that CSA may result in overdiagnosis and over-

treatment, we have provided only indirect evidence of this phenomenon. However, as we

stated previously, it is very difficult to confirm our observations unless some patients who do

not undergo surgery are followed until they die of other causes.

Conclusions

CSA discovers indolent cases of PTC and might be one of the causes of the overdiagnosis and

overtreatment of this malignancy. However, we revealed only indirect evidence of this
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phenomenon. To identify patients with PTC who are diagnosed at an early stage but are not

overdiagnosed and overtreated, some risk-based screening tools are needed. In this specific

cancer type, new approaches should be introduced.

Supporting information

S1 Data.

(XLS)

Acknowledgments

The authors are grateful to all the staff at the study center who contributed to this work.

Author Contributions

Conceptualization: Krzysztof Kaliszewski.

Data curation: Krzysztof Kaliszewski, Dorota Diakowska, Beata Wojtczak.

Formal analysis: Krzysztof Kaliszewski, Dorota Diakowska, Beata Wojtczak, Jerzy Rudnicki.

Funding acquisition: Krzysztof Kaliszewski.

Investigation: Krzysztof Kaliszewski.

Methodology: Krzysztof Kaliszewski.

Project administration: Krzysztof Kaliszewski.

Resources: Krzysztof Kaliszewski.

Software: Krzysztof Kaliszewski.

Supervision: Krzysztof Kaliszewski, Dorota Diakowska, Beata Wojtczak.

Validation: Krzysztof Kaliszewski, Dorota Diakowska.

Visualization: Krzysztof Kaliszewski, Beata Wojtczak, Jerzy Rudnicki.

Writing – original draft: Krzysztof Kaliszewski.

Writing – review & editing: Krzysztof Kaliszewski.

References
1. Schnadig VJ 2018 Overdiagnosis of thyroid cancer: is this not an ethical issue for pathologists as well

as radiologists and clinicians? Arch Pathol Lab Med 142:1018–1020. https://doi.org/10.5858/arpa.

2017-0510-ED PMID: 30141995

2. Kaliszewski K, Wojtczak B, Grzegrzolka J, Bronowicki J, Saeid S, Knychalski B, et al. 2018 Nontoxic

multinodular goitre and incidental thyroid cancer: what is the best surgical strategy?-A retrospective

study of 2032 patients. Int J Endocrinol 2018:4735436. https://doi.org/10.1155/2018/4735436 PMID:

29887888

3. Marcus PM, Prorok PC, Miller AB, DeVoto EJ, Kramer BS 2015 Conceptualizing overdiagnosis in can-

cer screening. J Natl Cancer Inst 107:djv014.

4. Welch HG, Black WC 2010 Overdiagnosis in cancer. J Natl Cancer Inst 102:605–613. https://doi.org/

10.1093/jnci/djq099 PMID: 20413742

5. Jegerlehner S, Bulliard JL, Aujesky D, Rodondi N, Germann S, Konzelmann I, et al. 2017 Overdiagnosis

and overtreatment of thyroid cancer: a population-based temporal trend study. PLoS One 12:

e0179387. https://doi.org/10.1371/journal.pone.0179387 PMID: 28614405

6. Carter SM, Barratt A 2017 What is overdiagnosis and why should we take it seriously in cancer screen-

ing? Public Health Res Pract 27:2731722. https://doi.org/10.17061/phrp2731722 PMID: 28765855

PLOS ONE Cancer screening activity and thyroid cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236257 July 21, 2020 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0236257.s001
https://doi.org/10.5858/arpa.2017-0510-ED
https://doi.org/10.5858/arpa.2017-0510-ED
http://www.ncbi.nlm.nih.gov/pubmed/30141995
https://doi.org/10.1155/2018/4735436
http://www.ncbi.nlm.nih.gov/pubmed/29887888
https://doi.org/10.1093/jnci/djq099
https://doi.org/10.1093/jnci/djq099
http://www.ncbi.nlm.nih.gov/pubmed/20413742
https://doi.org/10.1371/journal.pone.0179387
http://www.ncbi.nlm.nih.gov/pubmed/28614405
https://doi.org/10.17061/phrp2731722
http://www.ncbi.nlm.nih.gov/pubmed/28765855
https://doi.org/10.1371/journal.pone.0236257


7. Carter SM, Degeling C, Doust J, Barratt A 2016 A definition and ethical evaluation of overdiagnosis. J

Med Ethics 42:705–714. https://doi.org/10.1136/medethics-2015-102928 PMID: 27402883

8. Kaliszewski K, Diakowska D, Wojtczak B, Forkasiewicz Z, Pupka D, Nowak L, et al. 2019 Which papil-

lary thyroid microcarcinoma should be treated as "true cancer" and which as "precancer"? World J Surg

Oncol 17:91. https://doi.org/10.1186/s12957-019-1638-0 PMID: 31146753

9. Kaliszewski K 2019 Does every classical type of well-differentiated thyroid cancer have excellent prog-

nosis? A case series and literature review. Cancer Manag Res 11:2441–2448. https://doi.org/10.2147/

CMAR.S198514 PMID: 31118764

10. Perrier ND, Brierley JD, Tuttle RM 2018 Differentiated and anaplastic thyroid carcinoma: major changes

in the American Joint Committee on Cancer eighth edition cancer staging manual. CA Cancer J Clin

68:55–63. https://doi.org/10.3322/caac.21439 PMID: 29092098

11. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et al. 2016 2015 American

thyroid association management guidelines for adult patients with thyroid nodules and differentiated thy-

roid cancer: the American thyroid association guidelines task force on thyroid nodules and differentiated

thyroid cancer. Thyroid 26:1–133. https://doi.org/10.1089/thy.2015.0020 PMID: 26462967

12. Barratt A, Irwig L, Glasziou P, Cumming RG, Raffle A, Hicks N, et al. 1999 Users’ guides to the medical lit-

erature: XVII. How to use guidelines and recommendations about screening. Evidence-Based Medicine

Working Group. JAMA 281:2029–2034. https://doi.org/10.1001/jama.281.21.2029 PMID: 10359392

13. Kaliszewski K, Diakowska D, Wojtczak B, Migon J, Kasprzyk A, Rudnicki J 2019 The occurrence of and

predictive factors for multifocality and bilaterality in patients with papillary thyroid microcarcinoma. Medi-

cine (Baltimore) 98:e15609.

14. La Vecchia C, Malvezzi M, Bosetti C, Garavello W, Bertuccio P, Levi F, et al. 2015 Thyroid cancer mor-

tality and incidence: a global overview. Int J Cancer 136:2187–2195. https://doi.org/10.1002/ijc.29251

PMID: 25284703

15. Bosetti C, Bertuccio P, Malvezzi M, Levi F, Chatenoud L, Negri E, et al. 2013 Cancer mortality in

Europe, 2005–2009, and an overview of trends since 1980. Ann Oncol 24:2657–2671. https://doi.org/

10.1093/annonc/mdt301 PMID: 23921790

16. Cherenfant J, Gage M, Mangold K, Du H, Moo-Young T, Winchester DJ, et al. 2013 Trends in thyroid

surgery in Illinois. Surgery 154:1016–1023. https://doi.org/10.1016/j.surg.2013.04.055 PMID:

24008085

17. Van den Bruel A, Francart J, Dubois C, Adam M, Vlayen J, De Schutter H, et al. 2013 Regional variation

in thyroid cancer incidence in Belgium is associated with variation in thyroid imaging and thyroid disease

management. J Clin Endocrinol Metab 98:4063–4071. https://doi.org/10.1210/jc.2013-1705 PMID:

23966243

18. Kaliszewski K, Strutynska-Karpinska M, Zubkiewicz-Kucharska A, Wojtczak B, Domoslawski P, Balcer-

zak W, et al. 2016 Should the prevalence of incidental thyroid cancer determine the extent of surgery in

multinodular goiter? PLoS One 11:e0168654. https://doi.org/10.1371/journal.pone.0168654 PMID:

28005977

19. Fagin JA, Wells SA 2016 Biologic and clinical perspectives on thyroid cancer. N Engl J Med 375:1054–

1067. https://doi.org/10.1056/NEJMra1501993 PMID: 27626519

20. Ahn HS, Kim HJ, Kim KH, Lee YS, Han SJ, Kim Y, et al. 2016 Thyroid cancer screening in South Korea

increases detection of papillary cancers with no impact on other subtypes or thyroid cancer mortality.

Thyroid 26:1535–1540. https://doi.org/10.1089/thy.2016.0075 PMID: 27627550

21. Ahn HS, Welch HG 2015 South Korea’s Thyroid-Cancer "Epidemic"-Turning the Tide. N Engl J Med

373:2389–2390. https://doi.org/10.1056/NEJMc1507622 PMID: 26650173

22. Sosa JA, Hanna JW, Robinson KA, Lanman RB 2013 Increases in thyroid nodule fine-needle aspira-

tions, operations, and diagnoses of thyroid cancer in the United States. Surgery 154:1420–1426; dis-

cussion 1426–1427. https://doi.org/10.1016/j.surg.2013.07.006 PMID: 24094448

23. Loyo M, Tufano RP, Gourin CG 2013 National trends in thyroid surgery and the effect of volume on

short-term outcomes. Laryngoscope 123:2056–2063. https://doi.org/10.1002/lary.23923 PMID:

23737403

24. Zahl PH, Maehlen J, Welch HG 2008 The natural history of invasive breast cancers detected by screen-

ing mammography. Arch Intern Med 168:2311–2316. https://doi.org/10.1001/archinte.168.21.2311

PMID: 19029493

25. Brawley OW 2017 Accepting the existence of breast cancer overdiagnosis. Ann Intern Med 166:364–

365. https://doi.org/10.7326/M16-2850 PMID: 28114628

26. Carter SM, Williams J, Parker L, Pickles K, Jacklyn G, Rychetnik L, et al. 2015 Screening for cervical,

prostate, and breast cancer: interpreting the evidence. Am J Prev Med 49:274–285. https://doi.org/10.

1016/j.amepre.2015.01.009 PMID: 26091929

PLOS ONE Cancer screening activity and thyroid cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236257 July 21, 2020 15 / 16

https://doi.org/10.1136/medethics-2015-102928
http://www.ncbi.nlm.nih.gov/pubmed/27402883
https://doi.org/10.1186/s12957-019-1638-0
http://www.ncbi.nlm.nih.gov/pubmed/31146753
https://doi.org/10.2147/CMAR.S198514
https://doi.org/10.2147/CMAR.S198514
http://www.ncbi.nlm.nih.gov/pubmed/31118764
https://doi.org/10.3322/caac.21439
http://www.ncbi.nlm.nih.gov/pubmed/29092098
https://doi.org/10.1089/thy.2015.0020
http://www.ncbi.nlm.nih.gov/pubmed/26462967
https://doi.org/10.1001/jama.281.21.2029
http://www.ncbi.nlm.nih.gov/pubmed/10359392
https://doi.org/10.1002/ijc.29251
http://www.ncbi.nlm.nih.gov/pubmed/25284703
https://doi.org/10.1093/annonc/mdt301
https://doi.org/10.1093/annonc/mdt301
http://www.ncbi.nlm.nih.gov/pubmed/23921790
https://doi.org/10.1016/j.surg.2013.04.055
http://www.ncbi.nlm.nih.gov/pubmed/24008085
https://doi.org/10.1210/jc.2013-1705
http://www.ncbi.nlm.nih.gov/pubmed/23966243
https://doi.org/10.1371/journal.pone.0168654
http://www.ncbi.nlm.nih.gov/pubmed/28005977
https://doi.org/10.1056/NEJMra1501993
http://www.ncbi.nlm.nih.gov/pubmed/27626519
https://doi.org/10.1089/thy.2016.0075
http://www.ncbi.nlm.nih.gov/pubmed/27627550
https://doi.org/10.1056/NEJMc1507622
http://www.ncbi.nlm.nih.gov/pubmed/26650173
https://doi.org/10.1016/j.surg.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/24094448
https://doi.org/10.1002/lary.23923
http://www.ncbi.nlm.nih.gov/pubmed/23737403
https://doi.org/10.1001/archinte.168.21.2311
http://www.ncbi.nlm.nih.gov/pubmed/19029493
https://doi.org/10.7326/M16-2850
http://www.ncbi.nlm.nih.gov/pubmed/28114628
https://doi.org/10.1016/j.amepre.2015.01.009
https://doi.org/10.1016/j.amepre.2015.01.009
http://www.ncbi.nlm.nih.gov/pubmed/26091929
https://doi.org/10.1371/journal.pone.0236257


27. Esserman LJ, Thompson IM, Reid B 2013 Overdiagnosis and overtreatment in cancer: an opportunity

for improvement. JAMA 310:797–798. https://doi.org/10.1001/jama.2013.108415 PMID: 23896967

28. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM 2014 Projecting cancer

incidence and deaths to 2030: the unexpected burden of thyroid, liver, and pancreas cancers in the

United States. Cancer Res 74:2913–2921. https://doi.org/10.1158/0008-5472.CAN-14-0155 PMID:

24840647

29. Davies L, Ouellette M, Hunter M, Welch HG 2010 The increasing incidence of small thyroid cancers:

where are the cases coming from? Laryngoscope 120:2446–2451. https://doi.org/10.1002/lary.21076

PMID: 21108428

30. Hall P, Holm LE 1998 Radiation-associated thyroid cancer—facts and fiction. Acta Oncol 37:325–330.

https://doi.org/10.1080/028418698430539 PMID: 9743453

31. UN Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 2011 UNSCEAR 2008 Report

Volume II. Report to the General Assembly with Scientific Annexes: Sources and Effects of Ionizing

Radiation. United Nations, New York.

32. Takamura N, Orita M, Saenko V, Yamashita S, Nagataki S, Demidchik Y 2016 Radiation and risk of thy-

roid cancer: Fukushima and Chernobyl. Lancet Diabetes Endocrinol 4:647. https://doi.org/10.1016/

S2213-8587(16)30112-7 PMID: 27450402

33. Lewinski A, Zygmunt A 2014 Iodine prophylaxis in Poland—new, old challenges. Ann Agric Environ

Med 21:1–4. PMID: 24720252

34. Kaliszewski K, Diakowska D, Wojtczak B, Sutkowski K, Knychalski B, Forkasiewicz Z 2019 Patients

with III and IV category of the Bethesda system under levothyroxine non-suppressive therapy have a

lower rate of thyroid malignancy. Sci Rep 9:8409. https://doi.org/10.1038/s41598-019-44931-8 PMID:

31182752

35. Brito JP, Morris JC, Montori VM 2013 Thyroid cancer: zealous imaging has increased detection and

treatment of low risk tumours. BMJ 347:f4706. https://doi.org/10.1136/bmj.f4706 PMID: 23982465

36. Kaliszewski K, Diakowska D, Zietek M, Knychalski B, Aporowicz M, Sutkowski K, et al. 2018 Thyroid

incidentaloma as a "PAIN" phenomenon- does it always require surgery? Medicine (Baltimore) 97:

e13339.

37. Davies L, Welch HG 2014 Current thyroid cancer trends in the United States. JAMA Otolaryngol Head

Neck Surg 140:317–322. https://doi.org/10.1001/jamaoto.2014.1 PMID: 24557566

38. Kaliszewski K, Diakowska D, Wojtczak B, Strutynska-Karpinska M, Domoslawski P, Sutkowski K, et al.

2016 Fine-needle aspiration biopsy as a preoperative procedure in patients with malignancy in solitary

and multiple thyroid nodules. PLoS One 11:e0146883. https://doi.org/10.1371/journal.pone.0146883

PMID: 26784518

39. Pharoah PD, Sewell B, Fitzsimmons D, Bennett HS, Pashayan N 2013 Cost effectiveness of the NHS

breast screening programme: life table model. BMJ 346:f2618. https://doi.org/10.1136/bmj.f2618

PMID: 23661112

40. Francis A, Thomas J, Fallowfield L, Wallis M, Bartlett JM, Brookes C, et al. 2015 Addressing overtreat-

ment of screen detected DCIS; the LORIS trial. Eur J Cancer 51:2296–2303. https://doi.org/10.1016/j.

ejca.2015.07.017 PMID: 26296293

41. Evans DG, Barwell J, Eccles DM, Collins A, Izatt L, Jacobs C, et al. 2014 The Angelina Jolie effect: how

high celebrity profile can have a major impact on provision of cancer related services. Breast Cancer

Res 16(5): 442. https://doi.org/10.1186/s13058-014-0442-6 PMID: 25510853

PLOS ONE Cancer screening activity and thyroid cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236257 July 21, 2020 16 / 16

https://doi.org/10.1001/jama.2013.108415
http://www.ncbi.nlm.nih.gov/pubmed/23896967
https://doi.org/10.1158/0008-5472.CAN-14-0155
http://www.ncbi.nlm.nih.gov/pubmed/24840647
https://doi.org/10.1002/lary.21076
http://www.ncbi.nlm.nih.gov/pubmed/21108428
https://doi.org/10.1080/028418698430539
http://www.ncbi.nlm.nih.gov/pubmed/9743453
https://doi.org/10.1016/S2213-8587(16)30112-7
https://doi.org/10.1016/S2213-8587(16)30112-7
http://www.ncbi.nlm.nih.gov/pubmed/27450402
http://www.ncbi.nlm.nih.gov/pubmed/24720252
https://doi.org/10.1038/s41598-019-44931-8
http://www.ncbi.nlm.nih.gov/pubmed/31182752
https://doi.org/10.1136/bmj.f4706
http://www.ncbi.nlm.nih.gov/pubmed/23982465
https://doi.org/10.1001/jamaoto.2014.1
http://www.ncbi.nlm.nih.gov/pubmed/24557566
https://doi.org/10.1371/journal.pone.0146883
http://www.ncbi.nlm.nih.gov/pubmed/26784518
https://doi.org/10.1136/bmj.f2618
http://www.ncbi.nlm.nih.gov/pubmed/23661112
https://doi.org/10.1016/j.ejca.2015.07.017
https://doi.org/10.1016/j.ejca.2015.07.017
http://www.ncbi.nlm.nih.gov/pubmed/26296293
https://doi.org/10.1186/s13058-014-0442-6
http://www.ncbi.nlm.nih.gov/pubmed/25510853
https://doi.org/10.1371/journal.pone.0236257

