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Context: Yearly incidence of thyroid cancer has nearly tripled in the past four decades, due to improvements in and better use of diagnostic procedures, enabling detection of smaller tumors, and notably micropapillary carcinoma (MPC: ≤10 mm).

Objectives:

The aim of our study was to confirm increasing incidence, to describe the characteristics and circumstances of discovery, and to examine the reasons for this rise in incidence of MPCs, based on the French Marne-Ardennes registry for 1975-2014. Design: This was a retrospective observational cohort study. Results: 2,671 patients with thyroid cancer were included for the period 1975-2014, with 966 (36.2%) MPCs. The percentage increased from 18.9% for 1975-1984 to 45.1% for 2005-2014. Standardized incidence per 100,000 patient-years increased from 0.86 for 1975-1984 to 6.20 for 2005-2014. Incidence was higher in women (ranging from 1.15 to 8.91) than in men (from 0.20 to 2.54). Incidence increased more in ≥50 year-olds (from 0.41 to 4.21) than in <50 year-olds (from 0.45 to 1.99).

Most MPCs (84.6%) were discovered incidentally on histology, and were mainly unifocal (79.4%). Incidental MPCs were smaller, affected older patients and were less multifocal than those suspected before surgery. MPCs were associated with excellent survival and low morbidity, with <1.9% progression.

Conclusion:

The present study confirmed the large rise in incidence of MPCs reported elsewhere. Most MPCs were discovered incidentally on histological examination in the context of surgery for benign pathology. Changes in access to health care and in physicians' and pathologists' practices are likely explanations for our findings.

Résumé

Contexte : L'incidence du cancer de la thyroïde a presque triplé au cours des quatre dernières décennies, grâce aux progrès dans les procédés et dans les pratiques diagnostiques, qui permettent de détecter des tumeurs de plus petite taille, et notamment les microcarcinomes de forme papillaire (MPC), définis par une taille égale ou inférieure à 10 cm.

Objectifs : L'objectif de notre étude était de valider l'augmentation du taux Almost the entire change has been attributed to the increasing incidence of small papillary thyroid cancer (PTC) called papillary microcarcinoma (MPC), defined as equal or less than 10 mm PTCs [START_REF] Chen | Increasing incidence of differentiated thyroid cancer in the United States, 1988-2005[END_REF][START_REF] Vecchia | Thyroid cancer mortality and incidence: a global overview[END_REF][START_REF] Colonna | Recent trends in incidence, geographical distribution, and survival of papillary thyroid cancer in France[END_REF][START_REF] Lin | Increased incidence of papillary thyroid microcarcinoma with decreased tumor size of thyroid cancer[END_REF].

The increasing use of neck ultrasonography, detection during highly sensitive imaging studies like FDG PET scans, early diagnosis, treatment and improved histological sampling can explain this tumor shift.

Small papillary carcinomas are associated with an excellent prognosis and a 10-year survival rate above 95% [START_REF] Vecchia | Thyroid cancer mortality and incidence: a global overview[END_REF][START_REF] Schvartz | Impact on overall survival of radioactive iodine in low-risk differentiated thyroid cancer patients[END_REF]. Nevertheless papillary thyroid cancer is associated with significant morbidity and societal burden [START_REF] Crevenna | Quality of life in patients with non-metastatic differentiated thyroid cancer under thyroxine supplementation therapy[END_REF][START_REF] Hedman | Anxiety and Fear of Recurrence Despite a Good Prognosis: An Interview Study with Differentiated Thyroid Cancer Patients[END_REF].

While usually useful in improving cancer prognosis, early screening can lead to overdiagnosis, resulting in overtreatment and unnecessary physical and emotional harm.

Overdiagnosis of cancer is defined as the detection of cancers unlikely to progress to a life threatening stage or cause any symptoms if left alone [START_REF] Vecchia | Thyroid cancer: The thyroid cancer epidemic -overdiagnosis or a real increase?[END_REF][START_REF] Vaccarella | Worldwide Thyroid-Cancer Epidemic? The Increasing Impact of Overdiagnosis[END_REF][START_REF] Ahn | Thyroid Cancer Screening in South Korea Increases Detection of Papillary Cancers with No Impact on Other Subtypes or Thyroid Cancer Mortality[END_REF]. cases in South Korea and more than 50% in other high income countries [START_REF] Ahn | Thyroid Cancer Screening in South Korea Increases Detection of Papillary Cancers with No Impact on Other Subtypes or Thyroid Cancer Mortality[END_REF][START_REF] Ahn | Korea's thyroid-cancer « epidemic »--screening and overdiagnosis[END_REF].

We published previous results [START_REF] Saint-Martin | Overdiagnosis of thyroid cancer in the Marne and Ardennes Departments of France from 1975 to 2014[END_REF] showing that overdiagnosis in France represent 73% of "localized" papillary thyroid cancer in women over 50 years old, 65% in men. This proportion was estimated at 62% in women under 50 years old and 7% in men.

The aim of our study was to validate the increasing incidence rate, to describe the characteristics, the circumstances of discovery and to examine the reasons underlying the evolution of MPCs based on the Marne and Ardennes registry in France from 1975 to 2014.

Patients and methods

Study design and population

This was an observational, descriptive, longitudinal, historical cohort study using data from the specialized thyroid cancer registry of the Marne and Ardennes Departments in France.

We included all subjects living in the Marne or Ardennes Departments of France diagnosed with thyroid cancer between 1975 and 2014.

We recorded socio-demographic variables such as age at diagnosis and sex. Cancer characteristics were also recorded, mainly year of diagnosis, type of surgery, multifocality, size in mm, follow up and their vital status in 2017. The circumstances of discovery (incidental finding on histological examination for patient who underwent surgery for benign thyroid diseases, non-incidental for pre-surgical suspected malignant tumors) were collected.

We identified our cohort using the International Classification of Diseases (ICD) 10th revision code(13)associated with the papillary cancer, and the pTNM 2002 status [START_REF]Thyroid Cancer Stages[END_REF]. The MPC group includes patients with cancers classified as ICD-10 codes 8260/3, 8340, 8337/3/3, 8342/3, 8343/3, 8344/3, 8350/3and a thyroid cancer equal or less than 10 mm (classified as pT1a). Tumors less than 10 mm but with extrathyroidal extension (classified as pT3 at the time) were not considered MPCs.

Statistical analysis

Quantitative variables are described as mean ± standard deviation (SD) or median and qualitative variables as number (percentage).

Incidence rates were calculated per 100,000 person-years (PY) by 10-year periods (1975-1984, 1985-1994, 1995-2004 and 2005-2014). The numerator was the number of newly diagnosed cases of thyroid cancer, and the denominator was the population of the Marne and Ardennes Departments, by age category, by 10-year period, and by sex (population data from the National Institute of Statistics and Economic Studies, France ( 15) ). All calculations of incidence rates were stratified by sex. The number of person per-years was calculated as the sum of the population on 1st January of each of the 10 years. Direct age standardization was performed using the french population as reference [START_REF] Invs | [END_REF][START_REF] Waterhouse | Cancer incidence infive continents, Lyon[END_REF].

All analyses were performed using R version 3.4.4.

Results

MPC's standardized incidence rates

In total, 2671 patients with thyroid cancer between 1975 and 2014 were included, 966 were MPCs (36.2%). This percentage increases from 18.9% in the 1975-1984 period, 23.4% in the 1985-1994 period, 37.6% in the 1995-2004 period to 45.1% in the most recent period 2005-2014 (figure 1).

The MPC standardized incidence rates per 100,000 PY increased from 0.86 to 6.2 between the 1975-1984 and the 2005-2014 periods, a 7.2 fold increase (figure 2-1).

Excluding MPCs, standardized incidence rates per 100,000 PY for papillary thyroid cancer (>10 mm) increased from 4.33 to 7.47 between the 1975-1984 and the 2005-2014 periods, a 1.7 fold increase (figure 2-2).

Incidence of MPC was higher in women than in men with a standardized incidence rates per 100,000 PY increasing from 1.15 to 8.91 between 1975-1984 and 2005-2014 periods in the female population and from 0.2 to 2.54 in the male population (figure 2-1).

The MPC standardized incidence rates for patients aged under 50 years old increased from 0.45 to 1.99 between the 1975-1984 and the 2005-2014 periods, and from 0.41 to 4.21 for 50 years old or older patients.

We identified 33 thyroid tumors ≤10 mm with extraextrathyroidal extension (pT3), representing 3.3% (33/999) of all thyroid cancer ≤10 mm.

Characteristics of MPCs

Among the 966 patients with MPC, 775 (80.2%) were women and 191 (19.8%) were men.

The sex ratio of males to females was estimated at 0.304. Most of MPCs were incidentally discovered (84.6%). The average age at diagnosis was 50.81 years (range from 16 to 85), with a median age of 51 years. The mean size of the tumor was 4.9±2.9 mm. The average size of MPC slightly decreased with the decades from 6. MPCs were associated with an excellent morbidity and survival rates. Indeed, less than 18 patients (1.9%) had evolutive events and no patient died from MPC (91 deaths due to other causes). These recurrences occurred in younger patients with an average age of 41.78 years old at diagnosis, the tumors were multifocal in 13 patients (72%) and 12 had an pN1 status (66%). Among the cancer recurrences 16 were a local lymph node metastasis, two were tumor recurrences and no distant metastasis were recorded. These patients were mostly treated in the 1970s and 1980s with thyroid lobectomies or partial thyroidectomies. Lymph node recurrence occurred between 7 and 30 years after the initial diagnosis.

All tumors ≤ 10 mm classified as pT3 (33 patients) received radioiodine treatment. Complete remission was reached in 30 patients, 2 patients had biochemical incomplete response and one patient became radioactive iodine refractory.

Differences between histological incidental and non-incidental MPCs

When MPCs were suspected before surgery (149 patients, 15.4%), the mean size was 8±1.9 mm, the age at diagnosis around 44 years old. Most of these tumors were multifocal (53%).

From the 43 pN1 patients in this group, 32 lymph node metastasis were diagnosed before thyroid surgery (cN1). All the recurrences [START_REF] Davies | AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND AMERICAN COLLEGE OF ENDOCRINOLOGY DISEASE STATE CLINICAL REVIEW: THE INCREASING INCIDENCE OF THYROID CANCER[END_REF] belong to this group. Histological incidental MPCs were smaller with a mean size of 4.4±2.7 mm, diagnosed in older patients with a mean age at diagnosis of 52 years old. In this group multifocality represented 14.6% of the cases and 10 patients had pN1 status; all of them were perithyroidal The large majority of these tumors were found in women and in patients above 50 years old. 50.81 years was the mean age of diagnosis and a majority of patients underwent total thyroidectomy which was the treatment of choice during the most recent decades for the initial non-malignant thyroid disease.

Most MPCs were unifocal and found incidentally by the pathologist. The average tumor size in the MPC group was evaluated around 5 mm. Histological incidental MPCs were smaller than those suspected before surgery (average size of 4.4 mm vs 8mm), diagnosed in older patients (average age at diagnostic of 52 vs 44 years old) and less multifocal (multifocality in 14.6% vs 53%).

Our retrospective study demonstrates a sharp rise in the incidence of thyroid cancer, confined to small papillary carcinoma. Less than 10 mm tumors represented almost half of the newly diagnosed thyroid cancer during the last decade of our study, MPCs showed an increase of 720%. These results are consistent with several studies showing a rapidly increasing thyroid cancer incidence in several highincome countries [START_REF] Chen | Increasing incidence of differentiated thyroid cancer in the United States, 1988-2005[END_REF][START_REF] Colonna | Recent trends in incidence, geographical distribution, and survival of papillary thyroid cancer in France[END_REF][START_REF] Lin | Increased incidence of papillary thyroid microcarcinoma with decreased tumor size of thyroid cancer[END_REF][START_REF] Davies | AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND AMERICAN COLLEGE OF ENDOCRINOLOGY DISEASE STATE CLINICAL REVIEW: THE INCREASING INCIDENCE OF THYROID CANCER[END_REF]. We also found a tendency to a global incidence increase in thyroid cancer and not only MPCs. We noticed a significant increase in thyroid cancers bigger than 10 mm in both women and men with an increase of 170%.

Of the 966 patients with MPC followed between 1975 and 2014, 18 presented a cancer recurrence, which represents less than 2%. No death was attributed to the thyroid cancer. These recurrent MPCs were diagnosed in younger patients, and had features like N1 status, subcapsular location and multifocality.

Patients who are overdiagnosed with thyroid cancer are harmed by the psycho-social impact of a cancer diagnosis, as well as treatment interventions, lifelong thyroid replacement hormone, monitoring, surgical complications and other side effects [START_REF] Crevenna | Quality of life in patients with non-metastatic differentiated thyroid cancer under thyroxine supplementation therapy[END_REF][START_REF] Hedman | Anxiety and Fear of Recurrence Despite a Good Prognosis: An Interview Study with Differentiated Thyroid Cancer Patients[END_REF][START_REF] Ukrainski | Increasing Incidence of Thyroid Nodules and Thyroid Cancer: Does Increased Detection of a Subclinical Reservoir Justify the Associated Anxiety and Treatment?[END_REF]. These harms seem to outweigh any putative benefit of knowing about a cancer that would not have caused problems if left undiscovered. In addition thyroid cancer overdiagnosis leads to significant opportunity costs at a societal level, due to costs of diagnosis and treatment [START_REF] Davies | Overdiagnosis of thyroid cancer[END_REF].

We should pay more attention on the impact that these incidentally discovered papillary microcarcinomas might have on our patients' quality of life. Indeed, several studies showed that "Vitality", "Mental Health", and "Social functioning" are significantly impaired especially during the first year after diagnosis [START_REF] Crevenna | Quality of life in patients with non-metastatic differentiated thyroid cancer under thyroxine supplementation therapy[END_REF].

Proposals have been made in the past suggesting to designate this small lesion as nonencapsulated thyroid tumor, or as "occult papillary tumor" in order to avoid unnecessary surgeries, overtreatment and serious psychologic effects on patients [START_REF] Rosai | Renaming papillary microcarcinoma of the thyroid gland: the Porto proposal[END_REF]. However, these tumors are not necessarily non-encapsulated, and are increasingly being found at ultrasound examination and therefore not always occult. Also, the "Porto proposal" brought the idea of renaming the small incidental lesions as "papillary microtumor PMiT" [START_REF] Rosai | Renaming papillary microcarcinoma of the thyroid gland: the Porto proposal[END_REF].

In conclusion, this study confirmed an increase in the incidence of thyroid cancer over 4 decades. This increase is largely due to an increase in the diagnosis of small papillary carcinomas incidentally found in thyroid glands removed for benign thyroid conditions.
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  d'incidence des MPCs, de décrire les caractéristiques, les circonstances de découverte et d'examiner les raisons de cette évolution d'après les données du registre des cancers thyroïdiens Marne-Ardennes en France de 1975 à 2014. Méthodes : Il s'agit d'une étude de cohorte rétrospective et observationnelle. Résultats : 2671 patients atteints d'un cancer de la thyroïde entre 1975 et 2014 ont été inclus, parmi lesquels 966 (36,2 %) étaient des MCPs. Ce pourcentage passe de 18,9 % à 45,1 % entre les périodes 1975-1984 et 2005-2014. Le taux d'incidence standardisée pour 100 000 patients-année augmente de 0,86 à 6,20 entre 1975-1984 et 2005-2014. L'incidence était plus élevée chez les femmes (de 1,15 à 8,91) que chez les hommes (de 0,20 à 2,54). Les taux d'incidence ont augmenté davantage chez les personnes de 50 ans et plus (de 0,41 à 4,21) par rapport à la population de moins de 50 ans (de 0,45 à 1,99). La plupart des MCPs (84,6 %) sont de découverte histologique fortuite et sont unifocaux (79,4 %). Les MCPs fortuits étaient plus petits, diagnostiqués chez des patients plus âgés et moins multifocaux que les MCPs suspectés avant la chirurgie. Les MCPs étaient associés à une Introduction Differentiated thyroid cancer is becoming increasingly prevalent(1-3). The yearly incidence has nearly tripled in the past four decades(1-3).

  lymph node micro-metastasis discovered during histological examination with no recurrences during the follow-up. Incidental MPCs represented all the 1975-1984 MPCs (55/55), 85% of the 1985-1994 MPCs (93/109), 82% of the 1995-2004 MPCs (255/309) and 84% of the last decade (414/493). Discussion 2671 thyroid cancer between 1975 and 2014 were included in our work, 36.2% were MPC.

Figure 1 -

 1 Figure 1 -Evolution of % of MPC among thyroid cancers from 1975-1984 to 2005-2014

  1 mm in the 1975-1984 period, 5.2 mm in the 1985-1994 period, 4.9 mm in the 1995-2004 period to 4.8 mm in the most recent decade 2005-2014. MPCs were mainly unifocal (79.4%), unilateral multifocal in 13.7% and bilateral multifocal in 6.9%, (Table 1). Unifocal MPCs were detected after a thyroid lobectomy in 19.7% and after total or subtotal thyroidectomy in 80.3%. As for multifocal MPCs, total thyroidectomy

	represented 83% of the surgeries.
	721 (74.8%) patients underwent total thyroidectomies, 47 (4.9%) subtotal thyroidectomies
	and 196 (20.3%) patients thyroid lobectomies only. The percentage of total thyroidectomies
	increased from 56.4% (1975-1984) to 90% (2005-2014), unlike thyroid lobectomies,
	decreasing from 36.4% (1975-1984) to 9.2% (2005-2014) and subtotal thyroidectomies from
	7.2% (1975-1984) to 0.8% (2005-2014).
	53 patients had nodal metastasis (pN1) at diagnosis (5.5%) and MPC was multifocal in 21 of
	them. 32 patients had a lymph node involvement suspected before neck dissection (cN1). For
	the remaining 21 patients with pN1 status, lymph node micro-metastasis were discovered
	during histological examination, 11 of them had suspected cancer before surgery.
	199 patients received radioiodine treatment (20.6%) mainly during the 1975-1984 and 1985-
	1994 periods.

Table 1 :

 1 Evolution of MPC's standardized incidence rates per 100,000 PY from 1975-1984 to 2005-2014 Figure 2-2 -Evolution of MPC's and non MPC's (papillary thyroid cancer >10 mm) standardized incidence rates per 100,000 PY from 1975-1984 to 2005-2014 Characteristics of the MPC group

	100%			
	90%			
	80%			
	70%			
	60%			
	50%				Non-MPC
	40%				MPC
	30%			
	20%			37.6%	45.1%
	10%	18.9%	23.4%	
	0%			
		1975-1984	1985-1994	1995-2004	2005-2014

A low and stable associated overall mortality suggest that a substantial and growing part of detected thyroid cancers are overdiagnosed and therefore probably overtreated.

We cannot exclude that unfavorable trends in risk factors for thyroid cancer could explain our observations like iodine deficiency, predisposing to goiter and thyroid nodules. The impacts on thyroid cancer rate of diagnostic radiation and the nuclear accident of Chernobyl in 1986 are difficult to assess [START_REF] Schlumberger | Nuclear-power-plant accidents: thyroid cancer incidence and radiation-related health effects from the Chernobyl accident[END_REF]. Role of endocrine disruptors, overweight, diabetes, menopause and other conditions is still unclear [START_REF] Oberman | Relationship between obesity, diabetes and the risk of thyroid cancer[END_REF].

Changes in physicians' practices, in access to health care, use of neck ultrasonography, ultrasound-guided fine needle aspiration and the extent of intentional histopathologic inspection of the thyroid gland are therefore the most likely explanations of our findings [START_REF] Midorikawa | Comparative Analysis of the Growth Pattern of Thyroid Cancer in Young Patients Screened by Ultrasonography in Japan After a Nuclear Accident: The Fukushima Health Management Survey[END_REF][START_REF] Adam | Extent of surgery for papillary thyroid cancer is not associated with survival: an analysis of 61,775 patients[END_REF].

It is important to bear in mind that the vast majority of small papillary carcinomas were discovered incidentally (84.6%) during histological examination. Thyroidectomies were initially indicated for a non-malignant thyroid disease such as multinodular goiter, resistant Graves' disease or toxic thyroid adenoma. Should these histological incidental tumors be considered as overdiagnosed?

Many studies showed that this increase is directly associated with an increase in histological sampling as pathologists have examined more blocks of tissue over the time. Also, it is well established that there is a large reservoir of subclinical thyroid malignancy in the wider population [START_REF] Bramley | Papillary microcarcinoma of the thyroid gland[END_REF][START_REF] Grodski | Increasing incidence of thyroid cancer is due to increased pathologic detection[END_REF].

Major guidelines for thyroid nodule management recommend against general fine needle aspiration and cytological analysis of nodules less than 1 cm in size [START_REF] Haugen | American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer[END_REF]. Data supporting the safety of active surveillance management approach of low-risk thyroid cancers is now recognized especially in older patients [START_REF] Leboulleux | Papillary thyroid microcarcinoma: time to shift from surgery to active surveillance?[END_REF][START_REF] Ito | Nonoperative management of low-risk differentiated thyroid carcinoma[END_REF][START_REF] Ito | Revisiting Low-Risk Thyroid Papillary Microcarcinomas Resected Without Observation: Was Immediate Surgery Necessary?[END_REF].