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Introduction

Calcitonin is the most specific marker for medullary thyroid carcinoma, thus, low detectable calcitonin values after surgery can conceal persistent disease. The present study aimed to explore the prognostic role of pre-operative and early calcitonin levels in patients without distant metastases at diagnosis.



Methods

A retrospective cohort of patients suffering from medullary thyroid carcinoma was considered (N=55). The final disease status, i.e. complete response (undetectable calcitonin levels and negative radiological assessments) or persistent disease (detectable calcitonin levels and/or positive radiological assessments), was deduced from the last available follow-up. Pre-operative and early calcitonin levels (i.e. six months after surgery) have been correlated to several clinical and histological features, according to the final disease status.



Results

Persistent disease patients showed higher pre-operative and early calcitonin values (p=0.028 and p<0.001, respectively), compared to complete response sub-cohort. Cox-regression models show that early detectable calcitonin increases up to 18-fold the risk of persistent disease, independently from tumour size and pre-operative calcitonin levels (p=0.006). Of note, when considering only patients who finally developed distant metastasis, ROC curve analysis shows that an early calcitonin level ≥16 pg/ml predicts the final disease status with a sensitivity of 89% and a specificity of 82% (AUC=0.911, CI95%: 0.819-1000, p<0.001).



Conclusion

Calcitonin levels six months after surgery represents an easy and effective predictor of persistent disease for medullary thyroid carcinoma without distant metastasis at diagnosis.
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Introduction

Medullary thyroid carcinoma (MTC) represents a rare and potentially aggressive thyroid cancer histotype, arising from the neuroendocrine parafollicular C-cells. Compared to follicular thyroid neoplasms, MTC accounts for only 5% of all thyroid cancers, and, despite the usually long survival (1), it is characterized by a high rate of metastasis to lymph nodes (from 50% to 90% of cases) (2–4) and by a prevalence of 10% of distant metastases, at diagnosis (1).

Although the large majority of cases are sporadic, up to 25% of MTC disclose a genetic predisposition, due to a germline RET gene mutation, which also drives other endocrinological tumours in the framework of the syndrome Multiple Endocrine Neoplasia type 2 (MEN2) (1). Out of syndromic MTC, molecular studies showed somatic RET mutations in almost 80% of cancer samples (5), resulting in more aggressive clinical behaviour. Radioiodine therapy is ineffective in MTC, while surgical radicalization, coupled with an extended lymph node resection, is considered the primary therapeutic option for this cancer (1, 2).

In the last years, several advancements have been made in terms of systemic therapies, thanks to the approval of large spectrum tyrosine-kinase inhibitors at first (vandetanib and cabozantinib) (6, 7), followed by direct anti-RET drugs, which recently entered within the therapeutic panorama (8). However, targeted therapies are intended for patients with progressive disease and higher metastatic load, to prolong survival and to reduce tumour-related adverse events. In contrast, the large majority of MTC patients undergo a long biochemical and instrumental follow-up, without active therapy. On the other hand, fewer advancements have been made in monitoring tools and in detecting new prognostic factors. The traditional management of MTC still relies on the serial measurement of calcitonin (CT) and carcinoembryonic antigen (CEA) and their doubling times, whose increase suggests disease progression and/or metastatic spread (1). In particular, CT determinations represent the most specific tumour marker for MTC, but their measurement is still influenced by differences in evaluation timing and by predictive cut-offs. Modern immunochemiluminometric assays have narrowed some analytical issues, making CT measurement more reliable and accurate (1). Metastatic disease is associated with higher CT levels and unfavourable outcome. In fact, according to current guidelines (1), there is a consensus about a negative prognostic value of high post-operative CT levels - i.e. more than 150 pg/ml - while no evidence is available about early detected lower levels.

Post-operative CT requires from a few days to several months to reach its nadir (1, 9). For this reason, several CT evaluations are necessary to catch the lowest value, which will be the reference during the follow-up. In the absence of clinically evident metastatic lesions, low CT levels are not necessarily related to MTC, but they can conceal a persistent disease, irrespective of negative radiological assessments.

The present study aims to evaluate potential prognostic factors in a retrospective monocentric cohort of sporadic and syndromic MTC with variable follow-up lengths. To identify early and easier predictors of persistent disease, we specifically focused on the predictive role of pre-operative and early post-operative CT levels (i.e. at six months follow-up), exploring their relationship to the outcome and their ability to individuate cases requiring additional monitoring. Finally, to better evaluate the role of CT levels without known clinical interferences, we excluded patients with distant metastases at diagnosis.



Materials and methods

The present retrospective study considered a consecutive series of adult patients referred to the Endocrine Unit of Careggi Hospital from February 2003 to February 2022, and who provided an informed consent. Inclusion criteria are: i) total thyroidectomy with a diagnosis of MTC on histology; ii) availability of histological, clinical and biochemical data; iii) absence of distant metastasis (M0) at diagnosis (by negative preoperative thoracic and abdomen computer tomography evaluation). Exclusion criteria are: i) absence of histological or biochemical information; ii) follow-up performed outside from the Endocrine Unit of Careggi Hospital; iii) presence of significant comorbidities (i.e. chronic renal failure) and/or ongoing medications interfering with CT assessments (i.e. pump proton inhibitors).

For each patient, we collected all clinical (gender, age at diagnosis, follow-up length), histological (including tumour size, multifocality, vascularization, number of metastatic lymph nodes at diagnosis), biochemical (CT and CEA measurements at diagnosis and during follow-up) and radiological information. In particular, neck ultrasound (US) results were available for 79% and 77% of cases at six months and one-year follow-up, respectively.

Biochemical tests have been performed in Careggi Hospital and CT measurement has been performed by chemiluminescence immunoassay LIAISON® XL (DiaSorin).

According to the results of the last available follow-up, each patient has been classified as complete response (CR) if: undetectable CT values (CT values below the lower reference limit of 0.1 pg/ml), normal CEA values and negative radiological assessment; persistent disease (PD) if: detectable serum CT and/or radiological evidence of diseases.

All histology has been classified according to the AJCC VIII edition (10). Germline and/or somatic assessment of RET mutations have been collected, when available (91% and 51%, respectively).

The present study was approved by the Local Ethics Committee (Comitato Etico Area Vasta Centro-CEAVC, Florence, Tuscany, Italy) and conducted in compliance with the Declaration of Helsinki principles.


Statistical analysis

Continuous variables have been expressed as mean ± standard deviation (SD) if normally distributed or as median [quartile] when non-normally distributed. Categoric variables have been expressed as numbers and percentages. A complete response (CR) and persistent disease (PD) dummy variable have been built from patients’ outcomes at the last available follow-up.

According to the sample size, differences between the two subgroups were analysed using the T-test or Mann-Whitney test for continuous variables and the Chi-square test or Fisher-Yates test for dummy variables. The Receiver Operating Characteristic (ROC) curve analysis was applied to calculate threshold values, sensitivity and specificity. For each threshold, positive (PPV) and negative predictive values (NPV) have been calculated. According to the available sample size, a Cox proportional hazard regression model with stepwise selection based on the Akaike Information Criterion (AIC) has been used to select the best-fitting model, considering the most significative variables, and using the patients’ final disease status as the dependent variable. All the analysis has been performed using IBM SPSS Statistics for Windows version 28.01.0 (142), R version 4.1.2 (2021–11–01), and GraphPad Prism version 9.0.0 for Windows, GraphPad Software, San Diego, California USA, www.graphpad.com.




Results


Population sample

From a total number of 60 available patients, 55 met the inclusion criteria and were considered in the final analysis. Thereafter five patients were excluded, because of the absence of required information. Considering the final outcome, patients with either biochemical (N=13) or metastatic disease [locoregional lymph nodes (LN) and/or distant metastases] (N=14) at the last available follow-up, have been considered as persistent disease (PD) patients (N=27). Table 1 shows an overview of the main population features, according to their final disease status (i.e. CR or PD). Briefly, 45% of the patients (25) were male with a mean age of 59 years, both without differences between CR and PD patients. Initial surgery included total thyroidectomy and 38 (67.9%) central compartment dissections, three (5.4%) central and right lateral-cervical dissections (levels II-V) and seven (12.5%) central and bilateral cervical dissections (levels II-V). No lymph node dissection was performed for eight cases (14.3%) due to negative preoperative investigations and sub-centimetric thyroid nodules. Among them, six patients disclosed incidental MTC and all belonged to the CR cohort (p=0.023). In ten cases (18%), concurrent differentiated thyroid cancer was present, without significant differences between groups CR and PD (p=0.446).


Table 1 | Patients’ overview according to disease status.



No significant differences were also observed in germinal or somatic molecular status. In particular, six CR and two PD patients disclosed germinal RET mutations (p=0.150), while two CR and eight PD disclosed somatic RET mutations (p=0.291) (Table 1). Considering histological features, differences in tumour size (p=0.002), vascular invasion (p=0.018) and multifocality (p=0.005) were observed between CR and PD.

At diagnosis, PD patients were characterized by a wider LN involvement (p=0.001) and by a more advanced stage (p=0.003), with 41% of cases classed as IVA stage disease (Table 1). In particular, 64% of CR patients were classed as N0 and the number of metastatic LN ranged from zero to two, at odds with PD patients, who were classed as N0 in the 26% of cases and showed a median number of four metastatic LN [0-41] (p<0.001) (Table 1).

After a median follow-up of 39.2 months [IQR: 16.3-83.7], 12 patients (21%) developed distant metastases, while six patients died, with non-significant differences between groups, i.e. one and five cases for CR and PD patients, respectively. Of note, the CR patient’s death was allocated to cardiovascular disease and, therefore, his death was not apparently related to MTC. In fact, at the last available follow-up, he was both radiologically and biochemically negative. Considering the metastatic patients, in half of the cases (50%) the initial recurrence was entirely out of the neck, i.e. sited in the liver, lungs and/or bone.



Biochemical and ultrasound features

Considering biochemical features, several differences were observed. PD patients showed higher CT and CEA values at pre-operative assessments (p=0.028 and p=0.011, respectively), and at post-surgical follow-up, i.e. six months (p<0.001 and p=0.010, respectively), while at one-year follow-up only CT levels resulted significantly different between groups (p<0.001) (Table 1). Considering the decreasing rate of CT levels from baseline (Figure 1), the accuracy of the relationship was 0.921 (CI95%:0.84-1.00, p<0.0001) (Figure 2). When CT level was reduced up to 99.4% the sensitivity and specificity for the final disease status were 87.5% and 91.3%, respectively. When CT level was reduced to 95% the sensitivity was very high (95.8%), but the specificity decreased to 56.5%. For the 95% cut-off, the PPV and NPV were 92.9% and 69.7%. For the 99.4% cut-off, the PPV and NPV were 91.3% and 87.5%, respectively. When both cut-offs of CT reduction (i.e. 99.4% and 95%) were iteratively introduced in a Cox regression analysis along with tumour size, multifocality (yes/no) and presence of positive lymph nodes (yes/no), the two cut-offs retained significance in predicting the final disease status [Exp(B)=0.108 (CI95%:0.022-0.525), p=0.006 and Exp(B)=0.241 (CI95%:0.086-0.678), p=0.007, respectively]. Interestingly, the other putative predictive factors lost significance when CT was reduced by 99.4%, while only tumour size remain significant (p=0.033) when CT was reduced by 95%.




Figure 1 | Scatter plot of the CT decreasing rate (%) from pre-operative values to the six months levels, according to the final disease status, i.e. complete response vs persistent disease. The final disease status was calculated considering the disease status at the last available follow-up. CT, calcitonin; CR, complete response; PD, persistent disease.






Figure 2 | ROC curve analysis considering the decreasing rate of calcitonin values from the baseline to the six months after surgery, according to the final disease status, i.e. complete response vs persistent disease.



Regarding US results, at six months only one CR and three PD patients showed doubtful findings, while none of the CR and five PD patients showed persistent disease (i.e. positive LN). At the one-year evaluation, 11 CR patients showed negative US imaging.



Prognostic analysis

Considering pre-operative CT, a series of curve regression modelling was performed to explore the potential correlation between tumour size and the number of pathologic LN. Figure 3 shows, as bubble plots, the linear correlation between preoperative Log[CT] and both tumour size (F=31.22, p<0.001) (Figure 3A) and the number of metastatic LN (F=8,14, p=0.007) (Figure 3B).




Figure 3 | Curve estimation plots show the linear relationship, between Log preoperative CT levels and both tumour size (F=31.22, p<0.001, A) and the number of positive lymph nodes (F=8,14, p=0.007, B). Log, logarithmic; CT, calcitonin; N°, number; LN, lymph nodes.



ROC curve analysis was performed to find the best CT threshold able to predict the final outcome at pre-operative evaluation (Figure 4). A pre-surgical CT value of 284 pg/ml showed a sensitivity and a PPV of 69.2%, a specificity and NPV of 68.0% in predicting the final outcome (AUC= 0.679, CI95:0.525-0.833, p=0.028) (Figure 4). In a similar ROC model, the lowest detectable CT value at six months follow-up (i.e. 0.7 pg/ml) of the present cohort was able to predict the final outcome with a sensitivity and a specificity of 95.8% and 80.0%, respectively (AUC= 0.958, CI95: 0.900-1.0, p<0.001) and a PPV and NPV of 82.1% and 95.2%, respectively.




Figure 4 | ROC curve analysis considering the preoperative calcitonin values, according to the final disease status, i.e. complete response vs persistent disease.



In particular, only five patients (9.1% of the population) with a final CR status showed a detectable CT value at the six-month follow-up (from 0.7 to 5.69 pg/ml), which gradually become undetectable.

Considering these results, a dummy variable of early detectable CT (yes/no) was built, according to the detectable or undetectable status of the six-month CT levels. Thereafter, a Cox proportional hazard regression analysis has been performed, using a stepwise selection based on AIC and the final disease status as readout. Due to the present population size (N=55), five simultaneous putative factors have been introduced, i.e. the two CT thresholds, the tumour size, the presence of lymph node metastases (yes/not), and the multifocality (yes/not). Table 2 shows that when including all these predictors, the best-fitting model finally retains only three prognostic factors, i.e. the tumour size, the early detectable CT, and the preoperative CT threshold ≥284 pg/mL. However, only the early detectable CT resulted significantly and independently associated with the final disease status, with an OR=18.53 (CI95%: 2.25-152.80, p=0.00669).


Table 2 | Cox proportional hazard regression model by stepwise selection based on AIC, considering the most performing prognostic factors and using the final disease outcome as readout.



In a sub-analysis, when only metastatic (M1) patients at the final follow-up were considered (N=12), a ROC curve analysis shows that a 16 pg/ml six-month CT was able to predict the development of distant metastasis with a sensitivity of 89% and a specificity of 82% (AUC=0.911, CI95%: 0.819-1000, p<0.001) and a PPV and a NPV of 100% and 73.5%, respectively (Figure 5).




Figure 5 | ROC curve analysis considering the calcitonin values at six months post-surgical evaluation of patients developing distant metastases during follow-up.






Discussion

The present study shows that an early CT evaluation at six months of follow-up is yet informative and cost-effective to predict the final disease status in a cohort of MTC patients without distant metastases at diagnosis. A timely decrease of CT levels of 99.4% from the baseline, reduces by nearly 90% the risk of persistent MTC, regardless of other known prognostic predictors. Furthermore, an early detectable CT value, i.e. any detectable CT value after six months from surgery, appears as a reliable alert of persistent disease, increasing by 18-fold the risk of recurrence, independently from the preoperative CT levels and the tumour size. Conversely, pre-operative CT levels were confirmed as associated with the tumour size and with the number of metastatic lymph nodes, but were less suited to estimate the medium-to-long-term disease status.

Despite the advantages in terms of systemic treatments, the traditional follow-up for MTC has not yet moved forward. It is recognized that undetectable postoperative CT values represent a favourable predictor of disease recovery (1, 9, 11–13). Conversely, the presence of distant metastases, even if infrequent at diagnosis, has a known negative prognostic value and it is associated with higher postoperative levels of CT (1). Between these extremes, a significant proportion of patients disclose a variable range of detectable low CT levels, falling within a wider field of prognostic uncertainty (14). CT is still the most specific marker of MTC, but the efforts in optimizing its sensitivity didn’t produce significant results. CT doubling time is advocated as an alert for progressive disease (1) when the marker swiftly increases in less than six months, but it requires subsequent CT evaluations over time and, accordingly, it doesn’t represent a systematic early predictor.

To date, several studies explored potential prognostic factors for MTC. According to those studies, the presence of lymph node involvement, distant metastasis and the disease extension at diagnosis were unanimously recognized as unfavourable prognostic factors (11, 15–20). On the other hand, the significance of clinical features, such as age and gender, are more controversial, at odds with differentiated thyroid cancer. Only one study on a small cohort of 31 patients showed a greater incidence of MTC in female patients (17). The role of age is even more controversial. Older patients appear to suffer from a worse prognosis, but with discordant results and without an accepted cut-off (17, 21, 22).

From a biochemical perspective, the role of early post-operative CT patients has not been fully explored. The available data are from relatively old studies, often biased by several methodological issues. For instance, Modigliani et al. (11) analysed a wide sample of 889 MTC from a French database of the French Calcitonin Tumors Study Group (GETC). The Authors found that only age and stage resulted as significant prognostic factors, while biochemical cures (i.e. normalization of CT and CEA values) predict about 98% of 10-year survival (11). In addition, different methods for CT evaluation were used, according to the centres and the period of diagnosis. Finally, in Modigliani et al. study no specific data about six months postoperative CT have been provided. A 2020 study by Kotwal et al. (16) on 163 MTC patients observed that, when the post-operative CT is detectable, the overall survival decreases with an HR of 1.00 for every 100 pg/ml of CT. Once again, no specific information on 6 months’ CT levels, nor cut-offs were provided; furthermore, this population included a significant proportion of M1 patients, as opposed to the present study (16). The importance of early disease evaluation has been observed in a multicentre study on 193 MTC (18), where the disease status (recovered/persistence) at one-year was associated with the one at the last available follow-up. The Authors found that the M1 status and the extra-thyroid extension at diagnosis were predictors of recurrence, but no biochemical data were analysed (18).

Current guidelines suggest performing an early CT evaluation three months after surgery (1). However, this timing may be too premature to evaluate the CT nadir, since different CT isoforms or aggregates from tumour deposits may persist in the bloodstream and require additional time to be cleared (9). The present study is the first to explore the clinical value of an early six months CT evaluation in patients with only locoregional disease at diagnosis, thus virtually eligible to surgical radicalization and biochemical cure. In line with the former evidence (11, 15–20), patients’ long-term prognosis is favourable when a timely biochemical cure is reached. On the other side, in non-M1 patients, the persistence of low detectable CT values, irrespective of their raw levels, may hide persistent disease and identify a potential intermediate-risk subgroup, requiring additional monitoring. In fact, in the present study, only less than 10% of patients with low CT levels at six-month evaluation showed a final CR at the end of available follow-up. The current guidelines suggest performing further radiological investigations when CT levels are >150 pg/ml (1). The present results are substantially in line with this indication since lower levels of CT often do not correspond to an evident morphologic disease. However, the early evaluation of CT values seems to be yet reliable of higher risk of recurrence and might select a specific subset of patients to be more strictly observed, for a concrete risk of metastatic disease.

We recognize that the sample size, the retrospective design and the monocentric population represent the main weaknesses of the present analysis. However, the present results are interesting because: they investigated a selected and rare population, with uniform clinical, biochemical and histological examinations and a valid medium- to long-term follow-up. In fact, the medium follow-up was about three years and 29% and 16% of the population was followed up for five and ten years, respectively.



Conclusion

MTC is a rare and insidious tumour, where prognostic and effective predictive tools are still tough to be found. An early six months CT evaluation may represent a useful and economic screening test for sporadic and familiar MTC populations, without distant metastases at diagnosis, but at risk of persistent/recurrent disease. Whether confirmed in a wider and multicentre prospective population, an early CT alert threshold could identify a subset of the population, who need awareness during follow-up.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation. The access is available upon specific request to the corresponding author due to privacy restrictions.



Ethics statement

The studies involving human participants were reviewed and approved by Comitato Etico Area Vasta Centro-CEAVC, Florence, Tuscany, Italy. The patients/participants provided their written informed consent to participate in this study.



Author contributions

Conceptualization, CS. Data collection, EZ, VA and MP. Writing original manuscript and performed statistical analysis CS, LP and MM. Review and editing, CS, LP, MM, EZ, VA, MP, GP, BB and RS. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Wells, SA, Asa, SL, Dralle, H, Elisei, R, Evans, DB, Gagel, RF, et al. Revised American thyroid association guidelines for the management of medullary thyroid carcinoma. Thyroid Off J Am Thyroid Assoc (2015) 25(6):567–610. doi: 10.1089/thy.2014.0335

2. Scollo, C, Baudin, E, Travagli, JP, Caillou, B, Bellon, N, Leboulleux, S, et al. Rationale for central and bilateral lymph node dissection in sporadic and hereditary medullary thyroid cancer. J Clin Endocrinol Metab (2003) 88(5):2070–5. doi: 10.1210/jc.2002-021713

3. Machens, A, Hinze, R, Thomusch, O, and Dralle, H. Pattern of nodal metastasis for primary and reoperative thyroid cancer. World J Surg (2002) 26(1):22–8. doi: 10.1007/s00268-001-0176-3

4. Raue, F, and Frank-Raue, K. Epidemiology and clinical presentation of medullary thyroid carcinoma. Recent Results Cancer Res Fortschr Krebsforsch Progres Dans Rech Sur Cancer. (2015) 204:61–90. doi: 10.1007/978-3-319-22542-5_3

5. Elisei, R, Cosci, B, Romei, C, Bottici, V, Renzini, G, Molinaro, E, et al. Prognostic significance of somatic RET oncogene mutations in sporadic medullary thyroid cancer: a 10-year follow-up study. J Clin Endocrinol Metab (2008) 93(3):682–7. doi: 10.1210/jc.2007-1714

6. Wells, SA, Robinson, BG, Gagel, RF, Dralle, H, Fagin, JA, Santoro, M, et al. Vandetanib in patients with locally advanced or metastatic medullary thyroid cancer: A randomized, double-blind phase III trial. J Clin Oncol (2012) 30(2):134–41. doi: 10.1200/JCO.2011.35.5040

7. Elisei, R, Schlumberger, MJ, Müller, SP, Schöffski, P, Brose, MS, Shah, MH, et al. Cabozantinib in progressive medullary thyroid cancer. J Clin Oncol (2013) 31(29):3639–46. doi: 10.1200/JCO.2012.48.4659

8. Wirth, LJ, Brose, MS, Elisei, R, Capdevila, J, Hoff, AO, Hu, MI, et al. LIBRETTO-531: a phase III study of selpercatinib in multikinase inhibitor-naïve RET-mutant medullary thyroid cancer. Future Oncol Lond Engl (2022) 18(28):3143–50. doi: 10.2217/fon-2022-0657

9. Fugazzola, L, Pinchera, A, Luchetti, F, Iacconi, P, Miccoli, P, Romei, C, et al. Disappearance rate of serum calcitonin after total thyroidectomy for medullary thyroid carcinoma. Int J Biol Markers. (1994) 9(1):21–4. doi: 10.1177/172460089400900104

10. MB Amin, S Edge, F Greene, DR Byrd, RK Brookland, MK Washington, et al eds. AJCC cancer staging manual. 8th ed. Springer International Publishing (2017). Available at: https://www.springer.com/gp/book/9783319406176.

11. Modigliani, E, Cohen, R, Campos, JM, Conte-Devolx, B, Maes, B, Boneu, A, et al. Prognostic factors for survival and for biochemical cure in medullary thyroid carcinoma: results in 899 patients. GETC Study Group Groupe d’étude Des tumeurs à calcitonine. Clin Endocrinol (Oxf) (1998) 48(3):265–73. doi: 10.1046/j.1365-2265.1998.00392.x

12. Pellegriti, G, Leboulleux, S, Baudin, E, Bellon, N, Scollo, C, Travagli, JP, et al. Long-term outcome of medullary thyroid carcinoma in patients with normal postoperative medical imaging. Br J Cancer (2003) 88(10):1537–42. doi: 10.1038/sj.bjc.6600930

13. Ismailov, SI, and Piulatova, NR. Postoperative calcitonin study in medullary thyroid carcinoma. Endocr Relat Cancer. (2004) 11(2):357–63. doi: 10.1677/erc.0.0110357

14. Rowland, KJ, Jin, LX, and Moley, JF. Biochemical cure after reoperations for medullary thyroid carcinoma: a meta-analysis. Ann Surg Oncol (2015) 22(1):96–102. doi: 10.1245/s10434-014-4102-y

15. Miccoli, P, Minuto, MN, Ugolini, C, Molinaro, E, Basolo, F, Berti, P, et al. Clinically unpredictable prognostic factors in the outcome of medullary thyroid cancer. Endocr Relat Cancer. (2007) 14(4):1099–105. doi: 10.1677/ERC-07-0128

16. Kotwal, A, Erickson, D, Geske, JR, Hay, ID, and Castro, MR. Predicting outcomes in sporadic and hereditary medullary thyroid carcinoma over two decades. Thyroid Off J Am Thyroid Assoc (2021) 31(4):616–26. doi: 10.1089/thy.2020.0167

17. Hamdy, O, Awny, S, and Metwally, IH. Medullary thyroid cancer: epidemiological pattern and factors contributing to recurrence and metastasis. Ann R Coll Surg Engl (2020) 102(7):499–503. doi: 10.1308/rcsann.2020.0056

18. Twito, O, Grozinsky-Glasberg, S, Levy, S, Bachar, G, Gross, DJ, Benbassat, C, et al. Clinico-pathologic and dynamic prognostic factors in sporadic and familial medullary thyroid carcinoma: an Israeli multi-center study. Eur J Endocrinol (2019) 181(1):13–21. doi: 10.1530/EJE-18-1008

19. Wu, X, Li, B, and Zheng, C. Clinical characteristics, surgical management, and prognostic factors of medullary thyroid carcinoma: A retrospective, single-center study. Technol Cancer Res Treat (2022) 21:15330338221078436. doi: 10.1177/15330338221078435

20. Machens, A, Lorenz, K, and Dralle, H. Prediction of biochemical cure in patients with medullary thyroid cancer. Br J Surg (2020) 107(6):695–704. doi: 10.1002/bjs.11444

21. Matrone, A, Gambale, C, Prete, A, Piaggi, P, Cappagli, V, Bottici, V, et al. Impact of advanced age on the clinical presentation and outcome of sporadic medullary thyroid carcinoma. Cancers (2020) 13(1):E94. doi: 10.3390/cancers13010094

22. Sahli, ZT, Canner, JK, Zeiger, MA, and Mathur, A. Association between age and disease specific mortality in medullary thyroid cancer. Am J Surg (2021) 221(2):478–84. doi: 10.1016/j.amjsurg.2020.09.025


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Sparano, Adornato, Puccioni, Zago, Perigli, Badii, Santoro, Maggi and Petrone. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Early calcitonin levels in medullary thyroid carcinoma: Prognostic role in patients without distant metastases at diagnosis

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Population sample

          



          		

            Biochemical and ultrasound features

          



          		

            Prognostic analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1120799_cover.jpg
, frontiers ‘ Frontiers in Oncology

Early calcitonin levels in
medullary thyroid carcinoma:
Prognostic role in patients
without distant metastases
at diagnosis





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1120799-g002.jpg
Sensitivity

1.0

=
o

0.0

0.0

0.5
1 - Specificity

1.0





OEBPS/Images/table2.jpg
Confidence
interval 95%

Lower  Upper

Early detectable CT 18.53 225 152.8 0.00669
Preoperative CT 2284 pg/ml 0.36 0.1 129 0.1164
Tumour size (mm) 1.03 0.99 1.07 0.06956

Bold numbers highlight significant values.
OR, odds ratio; CT, calcitonin.






OEBPS/Images/fonc-13-1120799-g004.jpg
Sensitivity

1.0

o
o

0.0

0.0

0.5
1 - Specificity

1.0





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1120799-g001.jpg
o o o

aseaJoap 19 JoY%

(=]
0





OEBPS/Images/fonc-13-1120799-g005.jpg
Sensitivity

1.0

=
o

0.0

0.0

0.5
1 - Specificity

1.0





OEBPS/Images/table1.jpg
Factor Final disease status*

Complete response Persistent disease
Total=28 Total=27
Female 19 (67.9) 11 (40.7)
Gender (%) 0.060
Male 9(32.1) 16 (59.3)
Age (years) Mean (SD) 58.63 (16.18) 60.15 (14.54) 0.720
Absent 21 (75.0) 21 (77.8)
Germinal RET mutation (%) Present 6(21.4) 2(74) 0.150
Unknown 1(3.6) 4 (14.3)
Absent 9(32.1) 9(333)
Somatic RET mutation (%) 0291
Present 2(7.1) 8 (29.6)
Tumour size (mm) Median (IQR) 10.00 [6.00, 19.50] 22.00 [13.00, 31.00] 0.002
Absent 17 (60.7) 11 (40.7)
Vascular invasion (%) 0.018
<4 foci 0(0.0) 3 (1L1)
>4 foci 0(0.0) 2(7.5)
Unknown 11 (39.3) 11 (40.7)
Absent 21 (75.0) 8 (29.6)
Multifocality (%) Present 7 (25.0) 15 (55.6) 0.005
Unknown 0 4(14.8)
Incidental (%) 6 (20.7) 0(0.0) 0.023
Tla 15 (51.7) 4 (16.0)
T1b 6(20.7) 5(20.0)
T (%) T2 7 (24.1) 10 (40.0) 0.023
T3 1(3.4) 5(20.0)
T4 0 (0.0) 1(4.0)
No 18 (64.3) 7 (25.9)
Nla 3(107) 8(29.6)
N (%) 0.001
Nib 1(3.6) 10 (37.0)
Nx 6 (21.4) 2(7.4)
STAGE [ 1 18 (64.4) 4(14.8) <0.001
i 6(21.4) 5(18.5)
biid 2(7.1) 7(25.9)
VA 2(7.1) 11 (40.7)
Preoperative CT Median (IQR) 122.00 [72.70, 460.00] 1016.50 [213.10, 2000.0] 0.028
Preoperative CEA Median (IQR) 7.95 [4.05, 13.82] 34.00 [15.00, 67.50) 0.011
CT at 6 months FU Median (IQR) 0.00 [0.00, 0.00] 25.40 [4.88, 346.25) <0.001
CEA at 6 months FU Median (IQR) 220 [1.17, 2.45] 4.95 [2.25, 6.65] 0.01
CT at one-year FU Median (IQR) 0.00 [0.00, 0.00] 31.75 [5.50, 431.25] <0.001
CEA at one-year FU Median (IQR) 1.45 [1.00, 3.25] 4.50 [1.38, 7.35] 0.093
Dead (%) 1(34) 5(19.2) 0.101

Bold numbers highlight significant p-values.
*Final disease status has been determined according to the last available follow-up.
CT, calcitonin; CEA, carcinoembryonic antigen; FU, follow-up; SD, standard deviation; IQR, interquartile range.





OEBPS/Images/fonc-13-1120799-g003.jpg
>

Tumour Size (mm)

N°positive LN

Fy
o

N
o

o

Log[preCT]

-® Tumour Size (mm)

-~ LN





