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Abstract 
 

Debate continues on what is the best choice of treatment for 

well-differentiated papillary microcarcinoma (PMC) in patients 

with very low-risk: observation, lobectomy alone, or total 

thyroidectomy. Some surgeons recommend total thyroidectomy, 

followed by radioactive iodine (RAI) ablation for all patients with 

papillary thyroid carcinoma to avoid missing the very rare cases 

that may develop distant metastasis, while other surgeons may 

explain some more options to the patient with PMC, such as 

observation or lobectomy alone (without RAI ablation) to avoid 

operation-related complications and RAI-related second primary 

malignancy. Presence of this debate is because we do not have 

reliable methods to identify the rare aggressive tumors from the 

vast majority of very low-grade tumors. Under these 

circumstances, total thyroidectomy with neck dissection followed 

by RAI ablation should be applied only to the high-risk PMC 

patients who have gross lymph node metastasis, extrathyroid 

involvement, or distant metastasis at presentation, because these 

treatments have no prognostic benefits to the patients with 

incidental PMC. A thyroid function-conserving approach, 

lobectomy alone, may be a sufficient treatment for low-risk, 

unifocal, and intrathyroidal PMCs (T1N0M0, less than 1 cm in 

diameter, no lymph node metastasis, no extrathyroid invasion, and 

no distant metastasis). Even if any adverse events appear during 

the observation period, patients can still be managed with surgical 

treatment without increased risk of recurrence. Molecular analysis 

using samples obtained from aspiration cytology may help to 

identify the high-risk tumors that are required for immediate 

operation in the future. 
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Introduction 
 

Papillary microcarcinoma (PMC) is a small papillary thyroid 

carcinoma (PTC) measuring 1 cm or less in diameter (1). In the 

last few decades, the frequency of PTC has dramatically increased 

in many countries, with PMC exhibiting the highest rate of 
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increase. Most researchers have concluded that this increased 

incidence of PTC reflects an increase in the detection of subclinical 

diseases such as small and low-risk carcinomas with 

ultrasonography (US) and fine needle aspiration cytology (FNA) 

(1-7).  As a result, PMC has become the most common variant of 

PTC, accounting for nearly half of all surgically treated thyroid 

carcinomas (2-9). PMC is a malignant tumor that has been shown 

to have a rate of lymph node metastasis up to 50%, but it is a very 

low-grade malignancy with a 10-year cause-specific mortality rate 

being less than 1% (2, 3, 6-11). These small foci of carcinoma are 

often found as intrathyroid metastases or as multifocal PMCs in the 

thyroid gland outside of the index nodule and in the opposite lobe 

in patients with thyroid carcinoma. In a series of 105 patients with 

PTC, intrathyroidal metastases in the opposite lobe were found in 

61% of the patients (12). This extremely high incidence of 

intraglandular metastasis and multifocal PMCs in the residual 

thyroid tissue in patients treated for PTC justifies surgeons 

applying total thyroidectomy instead of lobectomy (4-15). It is 

natural to assume that the risk of recurrence might therefore be 

reduced by more extensive surgery than lobectomy. However, in a 

large patient series from the Mayo Clinic, the recurrence rates did 

not differ significantly between the patients treated with unilateral 

lobectomy and those treated with bilateral resection (8). In a report 

from the iodine-sufficient country Finland, PMC was found in 

more than one-third of the autopsy patients and PMC could be 

regarded as a normal finding in adult populations, which should 

not be treated when incidentally found (16-19). To avoid 

unnecessary operations, it has been suggested by Harach et al. that 

incidentally found small PMCs (less than 5 mm) should be called 

occult papillary tumors rather than carcinoma, a malignant 

terminology, and in a similar proposal by expert pathologists, 

PMCs (intrathyroidal and less than 1 cm in diameter) in adult 

patients have been termed papillary microtumors (19, 20).   

Furthermore, our group proposed a new classification of thyroid 

tumors in which we have suggested to class intrathyroidal PMCs 

(T1N0M0 and less than 1 cm) into borderline malignancy (21). 

Against this background, a question arises: are all PMCs 

malignant tumors?  This review tries to answer this question and to 

find practical solutions to identify high-risk PMC patients who 

require radical treatments in order to establish personalized 

treatment for patients with PMC. Majority of the patients with this 

very low-risk thyroid tumor can be followed closely without 

immediate surgery, and we believe that this approach also makes it 

possible to save patients from unnecessary operation-related 

complications without sacrificing prognostic benefit (6-8, 11, 21-

29). 
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Diagnostic criteria for small PTC 

 

The nuclear features of papillary thyroid carcinoma (PTC-N) 

are among the most important diagnostic criteria of thyroid tumors, 

and PTC-N is a gold standard for the diagnosis of PTC, similar to 

papillary structure and invasive growth (1, 16-21, 26-32). The 

arbitrary evaluation of PTC-N enables pathologists to diagnose 

microscopic foci with PTC-N as PMC, even if they are less than 1 

mm in diameter (1, 16-21). PTC belongs to the low-grade 

malignant category, and its biological characteristics and clinical 

stage at diagnosis largely determine its clinical behavior; as a 

result, most PMCs limited to the thyroid gland have an excellent 

outcome as if they were benign (6-8, 16-25). Changes in the 

diagnostic approach to thyroid nodules on US and US-guided FNA 

may have resulted in the increase in the apparent incidence of 

thyroid cancer, particularly that of PMCs (2-9). 

 

Precursor lesions of papillary thyroid carcinoma 

 

From the definition and description in the WHO classification 

of thyroid tumors, there are no known precursor lesions of 

papillary thyroid carcinoma (1). Mori et al., from our group, 

analyzed 1044 cases of thyroid specimens and identified 20 cases 

(7%) of incidental PMCs in 277 cases with benign nodular lesions. 

They reported that small early PTC may be found in two different 

situations: in normal thyroid parenchyma (de novo cancer) or 

within thyroid nodule (cancer in adenoma) (30). PMC is usually 

applied to a small PTC in normal thyroid parenchyma or in non-

neoplastic thyroid lesions such as Hashimoto’s disease. Focal 

PTC-N in nodular thyroid lesions usually excludes PMC because 

the whole nodule is traditionally diagnosed as encapsulated 

papillary carcinoma (either common type or follicular variant) (31-

33) or so-called well-differentiated tumor of uncertain malignant 

potential (WDT-UMP) (29, 34). Therefore, PMCs, small tumors 

with PTC-N in non-nodular thyroid gland, could be an early phase 

of PTC or precursor lesions of PTC (precancerous, borderline 

lesion or grey zone lesion) leading to clinical PTC. In conclusion, 

PMC is one of the candidates of precursor lesions of PTC and not a 

well developed clinical cancer or genuine cancer with high 

mortality rate. An observation trial of PMCs with cytological 

evidence of PTC-type morphology may help to resolve this issue in 

the near future (22-25). 

 

Prognosis of PMC after surgical treatment 

 

Noguchi et al. analyzed 2070 cases of PMC (43%) among 

4840 cases treated for PTC, the largest series of PMCs with a long-

term follow-up in the literature; they found that PMC has a very 

good prognosis in general (7). In this study, PMCs recurred in only 

73 patients (3.5%) over a 35-year follow-up period and larger 

PMCs (6-10 mm) recurred in 14% versus 3.3% for the smaller 

PMCs (<5 mm) within 35 years. Of the 2070 patients who were 

followed up for 16.5 ± 7.3 years, only 12 patients (0.6%) died of 

thyroid cancer (7). Hay et al. analyzed 900 cases with PMC and 

emphasized that patients with PMC had an excellent prognosis; 

only three patients (0.3%) died of the disease and none of the 892 

patients with initial complete tumor resection developed metastatic 

spread during 20 postoperative years (8). The 20-year and 40-year 

tumor recurrence rates were 6% and 8%, respectively. Higher 

recurrence rates were seen in patients with multifocal tumors (P = 

0.004) and in patients with positive nodes (P < 0.001) (8).   

Occasionally, PMC as an occult carcinoma represents the 

primary tumor for a large cervical lymph node metastasis and rare 

cases of PMC develop distant metastases and result in cancer death 

(6-11, 13-15, 35). PMC is a heterogeneous disease in terms of 

prognosis and most reports on the outcome after surgical treatment 

have proved its very low-grade malignancy (6-11, 35). Davies and 

Welch have pointed out that cancer mortality has been stable over 

several decades, while the incidence of thyroid cancer has 

increased dramatically, suggesting that the increase in the 

incidence of thyroid cancer is largely due to the very low-grade 

malignancy that may not contribute to mortality (3). 

 

Identification of high-risk patients with PMC 

 

A high prevalence (about 45–52%) of RET/PTC 

rearrangements has been reported not only in clinical PTCs but 

also in PMCs (36, 37), suggesting that the activation of this 

oncogene (RET/PTC) plays a role in the early stage in PTC 

development, however this finding does not seem to be a sign of 

cancer aggressiveness (37). BRAFV600E mutation, the most 

common genetic alteration in PTC, is present in many PMCs with 

extrathyroidal extension and lymph node metastasis (38-43). Lee et 

al. studied the clinico-pathological characteristics and the 

BRAFV600E mutation in 64 cases of PMC and they detected the 

mutation in 37.5% of the PMCs (43). The mutation-positive PMCs 

exhibited significantly more features of aggressiveness (advanced 

disease stages, extrathyroidal extension and nodal metastasis) than 

mutation-negative PMCs, indicating that BRAFV600E mutation 

may be a marker of tumor aggressiveness and progression from 

PMC to PTC (43). Niemeier et al. detected BRAFV600E mutation 

in 77% of the aggressive and 32% of the non-aggressive PMCs, 

suggesting that the BRAFV600E mutation may be a marker of 

invasiveness and, together with histopathologic features of 

aggressiveness, it may allow clinical risk stratification of PMCs 

(40). Soares and Sobrinho-Simoes recently suggested that genetic 

screening of the BRAFV600E mutation might help assess risk 

stratification and manage patients with PMC (39). PMCs without 

BRAFV600E may be conservatively managed unless other 

molecular markers or clinical risk stratification of poor prognosis 

indicates a more aggressive nature (38-43).  

Sugitani et al. analyzed 190 patients with PMC, including 34 

patients with gross metastatic lymphadenopathy, and they 

concluded that high Ki-67 labeling index and positive 

immunohistochemistry for TGFbeta3 in cancer cells were potential 

indicators of aggressive PMC (22). Khoo et al. reported that more 

than 90% of the metastasized PMCs expressed cyclin D1, which 

was higher than the rates reported previously for clinical PTCs 

(44). They demonstrated overexpression of cyclin D1 and 

underexpression of p27/Kip in the PMC with gross metastatic 

disease (44).  

Scoring systems and TNM stage classification system for 

thyroid carcinoma can also be adapted to PMC to identify high-risk 

patients. Hay et al. have stated that PMC represents a life-

threatening condition in only a tiny minority of patients, and those 

few patients can usually be identified at the time of diagnosis (8). 

Of the three patients who succumbed to thyroid cancer, one had 

evidence of distant metastases at the time of diagnosis; the other 

two fatal cases occurred in men who presented with extensive 

regional nodal metastases and developed widespread metastatic 

disease more than 25 years later (8). Sugitani et al. divided PMCs 

into three types clinically: Type I comprises incidentally detected 

PMC without any symptoms, which is harmless and the lowest-risk 

cancer. Conservative follow-up with US every 6 or 12 months is 

feasible in these cases. Type II involves the early stage of the usual 

low-risk papillary carcinoma. This type can be treated with 

lobectomy when an increase in size is noted during conservative 

follow-up. Type III comprises clinically symptomatic PMC, 
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representing high-risk cancers. For these cases, immediate wide 

resection followed by radioiodine treatment and suppression of 

thyroid-stimulating hormone is recommended (24). 

 

Multifocality and nodal metastasis of PMC 

 

PTC is often multiple and bilateral in the thyroid and PMC is 

often found in the thyroid at a high incidence from patients with 

any thyroid surgery. In the series of PTC patients reported by 

Katoh et al., small foci of PTC have been found to distribute 

around the primary lesions and also frequently (61.0%) in the 

opposite lobe as bilateral disease (12). The investigators concluded 

that multiple involvements (intraglandular metastases and multiple 

PMCs) could be regarded as one of the most important biological 

characteristics of PTC (12). In the PMC patient series reported by 

Hay et al. from Mayo Clinic, multiple foci of PMC have been 

found in 23% of patients. At initial surgery, 273 patients (30%) 

had cervical lymph node involvement and only three patients 

(0.3%) had distant metastases at the time of initial presentation (8). 

Both multifocality and nodal involvement increased the risk of 

later nodal recurrence, with 11% of multifocal tumors exhibiting 

recurrence, compared with only 4% of unifocal tumors presenting 

recurrence. Higher recurrence rates were seen in the patients with 

multifocal tumors (P = 0.004) and in the patients with positive 

nodes (P < 0.001) (8). A literature review on PMC by Roti et al. 

summarized that bilateral and multiple foci were observed in 2.9% 

to 48% and 7.1% to 56.8% of cases with PMC, respectively (9).  

 

Extent of surgery for PMC 

 

A high incidence of nodal metastasis at surgery and 

multiplicity of PMCs prompted most surgeons to apply total 

thyroidectomy with prophylactic neck dissection followed by RAI 

ablation to patients with PMC. This radical treatment was once 

recommended for the treatment of PMC, with strongly supportive 

evidence in major clinical guidelines (6, 45-48). Mazzaferri et al. 

concluded that a near-total thyroidectomy followed by RAI 

ablation plus thyroid hormone therapy confers a distinct outcome 

advantage and this therapy reduces tumor recurrence and mortality 

in the patients with PTC (13, 14). This therapy may be one of the 

factors that contribute the low recurrence rate and low mortality 

rate in the patients surgically treated for PTC (6, 9, 10, 13-15). 

However, this extremely successful prognostic schema can also be 

achievable with thyroid function-conserving surgery (such as 

lobectomy alone), which has been reported by several other 

authors (6-8, 11, 22-25, 48-50). However, there is no consensus on 

the management of PMC, resulting in a wide spectrum of 

responses for this condition, ranging from observation to total 

thyroidectomy plus RAI treatment (6-11, 13-15, 22-25, 45-54). 

In a series of 403 patients with PMC studied by Pelizzo et al., 

although no significant prognostic factors were found with uni- 

and multivariate analyses, the authors commented that it was 

noteworthy that, in patients with a larger primary tumor (size ≥5 

mm) and treated by partial thyroidectomy alone, the prevalence of 

recurrent disease was higher than that in patients treated by total 

thyroidectomy and RAI administration (15). Their conclusion has 

been that it appears reasonable to perform total thyroidectomy 

(possibly associated with central compartment node dissection), 

RAI whole body scan (followed by RAI therapy when necessary), 

and TSH-suppressive hormonal therapy in patients with PMC (15). 

Roti et al. meta-analyzed the extent of surgery in 9259 patients 

with PMC in the literature, showing that 72% of the surgery were 

total/near-total thyroidectomy, 11% were subtotal thyroidectomy, 

and 17% were lobectomy (9).  

However, in a large patient series from the Mayo Clinic, 

recurrence rates did not differ statistically between patients treated 

with unilateral lobectomy and those treated with bilateral resection, 

as long as complete tumor resection was achieved (8) and this 

observation has been confirmed by several other authors (6, 7, 11, 

45-53). Noguchi et al. analyzed 2070 (43%) cases of PMC among 

4840 cases of PTC and found that PMC had a very good prognosis 

in general. Tumor recurred in only 73 patients (3.5%) over a 35-

year time span. Of the 2070 patients who were followed up for 

16.5 ± 7.3 years, only 12 patients (0.6%) died of thyroid cancer. 

They concluded that thyroid lobectomy or subtotal thyroidectomy 

without RAI ablation is sufficient if unifocal PMC is established 

(7). Davies and Welch, through analysis of the treatment data from 

the National Cancer Institute's Surveillance, Epidemiology, and 

End Results (SEER) program in the USA, stated that PTCs of any 

size that are limited to the thyroid gland (no extraglandular 

extension or lymph node metastases at presentation) have 

favorable outcomes whether or not they are treated in the first year 

after diagnosis and whether they are treated by lobectomy alone or 

total thyroidectomy (3).  

Recent modification of the guidelines, published in 2009 by 

the American Thyroid Association and others, has recommended 

that lobectomy alone may be sufficient treatment for small (<1 

cm), low-risk, unifocal, intrathyroid PTC (6, 45-48) and this 

recommendation is expanded to the larger (less than 4 cm) 

intrathyroidal (T1N0M0 and T2N0M0) PTC in the Japanese 

Clinical Guideline (48). It is assumed that multiple small papillary 

lesions (undetectable by US) in the contralateral lobe are mostly 

dormant lesions and do not become clinical carcinoma in most 

instances. At present, we have no reliable methods to distinguish 

the minority of aggressive PMC from the majority of dormant 

lesions clinically. Molecular analysis using FNA samples may help 

to identify the aggressive type in the future. Until that time comes, 

less differentiated cytological features, extrathyroid invasion by 

US image, and clinically apparent metastasis should be the most 

reliable landmarks for the application of total thyroidectomy with 

neck dissection, which could feasibly reduce overtreatment and 

unnecessary complications among patients with low-risk PMC. 

 

Does RAI ablation reduce recurrence and increase risk of second 

primary malignancy? 

 

Although Pellegriti et al. and some others have shown the role 

of RAI ablation in decreasing locoregional and lymph node 

recurrence of PMCs (6, 13-15, 55), the impact of RAI on reducing 

recurrence has not been demonstrated in other studies (6, 8, 45, 46, 

51, 56). The American Thyroid Association’s guidelines currently 

recommend the selective use of RAI therapy in patients with well-

differentiated thyroid cancer (6, 45). Despite these guidelines, RAI 

ablation has been used routinely in all but the very lowest-risk 

patients with well differentiated thyroid cancer over the last 30 

years in the Western countries. In the literature review by Roti et 

al., RAI treatment following surgical treatment was found to be 

carried out from 10.3% to 100%. In total, 1594 (17%) out of the 

9379 patients were treated with RAI (9). Based on the SEER 

database, Iyer et al. analyzed the trends for RAI use over time in 

the United States (57). Their analysis has shown that the second 

primary malignancies with significantly elevated risk are salivary 
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gland malignancies, and the excess risk of leukemia is significantly 

greater in younger patients (<45 years) than in older ones (57). 

Lang et al. from Hong Kong analyzed 1,106 patients with well-

differentiated thyroid carcinoma; they reported that 92 (8.3%) 

patients developed second primary malignancy and 40 (3.6%) 

patients died of second primary malignancy (58). Second primary 

malignancy accounted for 18.7% of all deaths in well differentiated 

thyroid carcinoma, but mortality was high (43.5%). For the 

occurrence of second primary malignancy, age at the diagnosis of 

well differentiated thyroid carcinoma (≥50 years old), cumulative 

RAI activity of 3.0-8.9 GBq, and external local radiotherapy were 

significant risk factors (58). In an analysis of the PTC patients 

treated in the Memorial Sloan Kettering Cancer Center, 

Ibrahimpasic et al. concluded that selective low- and intermediate-

risk patients who have undetectable thyroglobulin after total 

thyroidectomy for PTC can be managed safely without adjuvant 

RAI and with no increase in the risk of recurrence (59). Based on 

the above publications, the risk of second primary malignancy after 

RAI treatment is significant and evidence that adjuvant RAI 

treatment reduces the mortality rate in the PMC patients is not well 

established (6, 8, 45, 46, 51, 56-60). 
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