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Background

The incidence of thyroid cancer is on the rise worldwide, with childhood exposure to radiation being the sole acknowledged catalyst for its emergence. Nonetheless, numerous other factors that may pose risks are awaiting thorough examination and validation. This retrospective study aims to explore the malignancies linked to thyroid cancer and contrast the survival rates of those afflicted with a solitary tumor versus those with multiple primary neoplasms (MPN).





Methods

This retrospective study examined data from King Hussein Cancer Center (KHCC), Jordan. Among 563 patients diagnosed with thyroid cancer, 30 patients had thyroid malignancy as part of MPN. For a 1:3 propensity score-matched analysis, 90 patients with only a primary thyroid malignancy were also enrolled.





Results

Hematologic and breast malignancies were among the most frequent observed cancers alongside thyroid neoplasm. Patients who had MPN were diagnosed at older age, had higher body mass index and presented with higher thyroglobulin antibody levels (p < 0.05 for each). Additionally, MPN patient displayed a stronger family history for cancers (p= 0.002). A median follow-up duration of 135 months unveiled that MPN patients faced a worse 5-year survival compared to their counterparts with a singular neoplasm (87% vs 100% respectively; p < 0.01). However, no distinction emerged in the 5-year event-free survival between these two groups.





Conclusion

MPN correlates with a significantly altered survival outcome of thyroid cancer patients. The diagnosis of thyroid carcinoma at an older age, accompanied by elevated initial thyroglobulin antibody levels and a notable familial predisposition, may raise concerns about the potential occurrence of synchronous or metachronous tumors.
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1 Introduction

Thyroid cancer (TC) constitutes 1% of all cancer cases (1–5). The incidence of TC has been increasing in most populations worldwide (6, 7). This increase may be attributed to advancements in clinical practices and/or changes in histological criteria, as well as potential alterations in environmental and hormonal factors (5, 8, 9). While TC is generally more prevalent in females, males have a higher likelihood of having a positive family history of malignancy (10). Treatment options for TC vary depending on the histology and extent of the disease, encompassing surgical intervention, radioactive iodine therapy, suppressive thyroid hormone therapy, and occasionally, external beam radiotherapy (11). Despite acknowledged ethnic variations, the prognosis for treated TC is favorable, with excellent overall survival (OS) rates (5, 12–14).

When considering the histologic subtypes, TC can be divided into five unique classifications: papillary TC (PTC), follicular TC (FTC), medullary TC (MTC), anaplastic TC, and miscellaneous subtypes (15). It is worth noting that the majority of TC, around 95%, originates from the follicular epithelium, manifesting in PTC, FTC, and anaplastic variations (16). In numerous surveyed countries, the most prevalent subtype is PTC, accounting for 70% or more of cases (14, 17, 18). The prognosis is highly favorable for PTC and FTC, whereas other histologic subtypes demonstrate a poorer prognosis and limited therapeutic options (19–22).

As the early cancer detection becomes more common, individuals who survive this disease are living longer, which may increase the risk of developing multiple primary neoplasms (MPN) (23). A limited number of investigations have been conducted to examine the potential risk of developing a second neoplasm following a diagnosis of TC, including comprehensive studies conducted in Europe and the United States (24–28). These studies have consistently demonstrated a rise in the occurrence of cancers subsequent to TC diagnosis. Additionally, it has been observed that TC can be diagnosed as a second primary neoplasm subsequent to other forms of cancer (25, 29–32).

The present study aimed to examine the cancers associated with TC and to compare survival rates between patients with thyroid-only cancers and patients with thyroid cancer as part of MPN. This may help shed light on common etiological factors affecting such a challenging group of patients.




2 Materials and methods



2.1 Data collection

The medical records of 563 patients diagnosed with TC between September 1998 and December 2021 were retrospectively enrolled. For these patients, demographic data were collected and included age at diagnosis and patient gender. In addition, pathological data included cancer site, cancer type, cancer grade, and cancer stage according to the American Joint Committee on Cancer 8th Edition (AJCC 8th) (33). Moreover, the baseline postoperative levels for serum thyroglobulin and thyroglobulin antibodies were collected (34). Other important details include a history of MPN.

The diagnosis of MPN relies on the criteria put forth by Warren et al. in 1933 (35), which require histopathological confirmation. Furthermore, each individual cancer included in MPN must be identifiable as separate from the surrounding normal mucosa (35). Last, the possibility of the second neoplasm being metastatic should be excluded (35). For those patients, another round of pathological analysis was performed for other cancer subtypes in addition to ranking each and every subtype along with labeling the date of diagnosis for each cancer. According to the criteria set forth by the International Association of Cancer Registries and the International Agency for Research on Cancer (IACR/IARC), synchronous MPN are defined as the diagnosis of two or more primary malignancies within a 6-month timeframe (36). In contrast, metachronous MPN pertain to the presence of more than two primary malignancies emerging beyond the 6-month timeframe (36).

To refine our investigation, the study cohort was further segmented into two distinct groups. The first group consisted of patients diagnosed with MPN who had TC as a component of their MPN (n = 30). A 1:3 propensity score matching strategy was utilized to select a comparable group of patients with only TC. This technique sought to identify individuals with similar characteristics, including gender, chronic diseases (namely diabetes mellitus, hypertension, and dyslipidemia), type of thyroid cancer, and stage. By employing this propensity score matching approach, our objective was to mitigate the influence of any factors that could potentially influence the outcomes. As a result, a cohort of 120 patients was obtained for subsequent analysis.

In light of the absence of a comprehensive genetic analysis within our examined cohort, a meticulous screening process of patient records was undertaken to eliminate subjects exhibiting indications of syndromic manifestations elucidated by Vânia Nosé (37). These manifestations encompass, among others, Multiple Endocrine Neoplasia Type 2, Cowden Syndrome, Familial Adenomatous Polyposis, Carney Complex, and Werner Syndrome (37). Notably, there were no instances of patients presenting with the mentioned syndromes in our studied population.




2.2 Ethics consideration

This retrospective study received its approval from the Institutional Review Board of King Hussein Cancer Center (KHCC) in Amman, Jordan (Registration number: 22 KHCC 131, 11 August 2022). Written informed consent for this study was not needed due to its retrospective nature.




2.3 Statistical analysis

The statistical analysis was conducted using Stata software version 17 (College Station, TX, USA). To determine the data distribution, a normality test called Shapiro Wilk was utilized. Normally distributed variables were presented as the mean ± standard deviation (SD). The median and interquartile range (IQR) were expressed for variables that did not have a normal distribution. Normally distributed variables are presented as the mean ± standard deviation (SD). The frequencies of categorical variables were represented by percentages (%). To analyze categorical variables, we used either the chi squared test or Fisher exact test while the nonparametric Mann Whitney U test or t-test were used to analyze continuous variables based on their appropriateness. Kaplan−Meier plots and log-rank tests were utilized to illustrate the survival curves. cancer-specific OS and event-free survival (EFS) were calculated. First, we conducted an analysis focused on cancer-specific OS and EFS. In this context, cancer-related OS was defined as the interval from the time of initial diagnosis to the point of death directly attributed to any cancer subtype. Instances of death resulting from unrelated causes were censored. In the same manner, cancer-specific EFS was delineated as the span from the time of diagnosis to the advent of advancing, or recurring cancer. Subsequently, an examination of univariate and multivariate Cox proportional hazard analysis was undertaken to investigate the predictive weight of diverse clinicopathologic factors. A significance threshold of less than 0.05 (p < 0.05) was deemed statistically significant.





3 Results

This retrospective study utilized KHCC cohort of TC patients to explore patients who had MPN. A total of 30 patients were identified with MPN. Those patients were observed to have 68 neoplasms in total. Thirty-one of these were thyroid neoplasms and the remaining 37 were other malignancies. Demographic and clinicopathologic characteristics are shown in Table 1.


Table 1 | Demographic and histopathologic characteristics for patients with multiple neoplasms.





3.1 Patients with multiple primary neoplasms



3.1.1 Incidence

Between September 1998 and December 2021, of 563 TC patients, 533 patients (95%) had a single thyroid neoplasm. The remaining 30 patients (5%) were diagnosed with MPN. For patients with MPN, a total of 24 patients had two primary neoplasms. In addition, a total of four patients presented with three neoplasms while only two patients had four neoplasms.




3.1.2 Temporal presentation

The median interval between first and second primary neoplasms was 13 months with an IQR of 2–46 months. Of all 30 patients diagnosed with MPN, only one third (n= 10) had synchronous malignancies. The remaining 20 patients had metachronous MPN. TC was the first diagnosed neoplasm in eight patients. However, all remaining patients were diagnosed with TC subsequent to their initial primary neoplasm (Table 2).


Table 2 | Summary table for the identified cancer subtypes in patients with multiple neoplasms.






3.1.3 Thyroid cancer subtypes

In all 30 patients presented with MPN, a total of 31 TC neoplasms were observed. Approximately, 24 patients had an established diagnosis of PTC as the predominant histopathologic subtype (n= 24). Follicular and hurtle subtypes were found in 2 patients each. In addition, MTC was diagnosed in 3 patients (Table 1). It is noteworthy that one of our MPN patients had an established diagnosis of both synchronous Hurthle and papillary subtypes (Table 2).




3.1.4 Coexisting malignancies: by region

A total of 37 coexisting malignancies were observed. Notably, hematologic and breast malignancies were among the most common identifiable coexisting malignancies in patients with MPN (n=8 for each). This was followed by head and neck cancers (n=6). Then an equivalent number of patients who had gastrointestinal and genitourinary malignancies were identified (n= 5 for each). Other cancer subtypes followed in predominance (Table 3).


Table 3 | Region-based summarization of the identified cancer subtypes in patients with multiple neoplasms.







3.2 Propensity score matching

As stated before, 1:3 propensity score matching was performed to observe differences in clinical factors and survival outcomes between the two matched subgroups.



3.2.1 Differences between patients with single and multiple neoplasms

When comparing single thyroid neoplasm with MPN, patients who had TC as part of MPN were substantially older; the median age at diagnosis was 54 years vs 41 years for patients with single TC diagnosis (p= 0.04). They also had a higher body mass index (p= 0.003). In addition, they had a higher baseline thyroglobulin antibody (median value for MPN was 45.5 vs 11 for patients with single TC; p= 0.0003). Finally, a significantly higher percentage of patients had a positive family history of malignancy in patients diagnosed with MPN vs patients with a single TC (50% vs 20%; p= 0.002). Notably, the percentage of smokers, recurrence rates, mortality from TC, elapsed duration since postoperative thyroid markers conduction, and elapsed duration since initial TC diagnosis did not differ significantly when comparing both subgroups (Table 4).


Table 4 | Clinicopathologic characteristics for patients with multiple neoplasms compared to those who had single thyroid malignancy.






3.2.2 Impact on survival

With regards to cancer-specific OS, patients with MPN had worse OS than those with TC alone. At a median follow-up of 135 months, MPN patients were found to have a poorer 5-year survival than patients with TC alone (p < 0.01). However, the 5-year EFS was not significantly different between these two subcohorts (Figure 1). Both univariate and multivariable Cox hazard models (Table 5), suggest that the presence of MPN can have a negative effect on OS (p≤ 0.02).




Figure 1 | Kaplan Meir Survival curves comparing (A) the cancer specific overall survival and (B) event-free survival for patient with multiple neoplasms vs those who had single thyroid malignancy.




Table 5 | Univariate and multivariate survival analyses for overall survival.








4 Discussion

Our research underscores an important finding regarding patients with MPN, revealing a notably lower survival rate. According to our study, MPN patients were diagnosed at an older age, displayed an elevated body mass index, and presented with increased thyroglobulin antibody levels, along with a more pronounced familial history of cancer.

The global rise in TC incidence is a widely recognized trend, largely attributed to the progress in clinical procedures, biochemical knowledge, and imaging technologies (38). The evolution of medical guidelines and practices, such as more thorough evaluations of the thyroid gland, has resulted in higher rates of TC detection. Progress in understanding the biochemical aspects of TC, including the identification of new biomarkers and genetic mutations linked to the disease, has also been a significant factor (39). Additionally, the widespread use of advanced ultrasound technology has facilitated the identification of small thyroid nodules, including thyroid microcarcinomas (38). In our MPN subcohort, imaging played a crucial role in the initial detection and evaluation of TC, underscoring the importance of ongoing clinical monitoring and multidisciplinary care for both cancer survivors and sufferers. However, advancements in therapeutic and diagnostic techniques have drawbacks, as previous research has linked the occurrence of secondary cancer and MPN to exposure to radiation (40, 41). While radiation therapy is effective in treating various types of cancer, it is also associated with an increased risk of developing additional primary malignancies. The carcinogenic impact of radiation on the thyroid gland primarily stems from the DNA damage caused by ionizing radiation, leading to genetic mutations and chromosomal abnormalities that initiate cancer formation. Additionally, exposure to radiation significantly heightens the likelihood of developing thyroid cancer, with the risk increasing in proportion to the dosage received, even at lower levels (40).

With regards to TC treatment, effective management strategies involve a multidisciplinary approach that incorporates surgical, oncological, medical, and radiological assessments (42). Surgical intervention has been found to reduce mortality and event rates in cases of operable TC, even when dealing with microcarcinomas (43). Furthermore, research has indicated that radioactive iodine therapy can significantly enhance survival outcomes for individuals with differentiated TC (44–47). For example, a large study involving 96,557 patients demonstrated that the use of radioactive iodine was linked to improved disease-specific survival in this population (48). Furthermore, radioactive iodine therapy has been shown to improve rates of recurrence-free survival, by eliminating residual thyroid tissue and microscopic disease (49). This treatment is particularly advantageous for patients with certain risk factors, such as extrathyroidal extension or lymph node involvement, as it reduces the likelihood of cancer recurrence (50).

MPN are infrequent, exhibiting a greater occurrence in older patients (51). The occurrence of MPN is predominantly noted in cancer survivors as well as in cancer subtypes that are associated with favorable outcomes. Therefore, the rising prevalence of TC and the favorable survival outcomes have resulted in a higher occurrence of MPN (52). However, MPN in survivors of TC may contribute significantly to mortality rates. This emphasizes the need for vigilant surveillance of MPN occurrence to enhance prognosis. In our study population consisting of 563 individuals, we identified 30 patients who developed MPNs, indicating a prevalence of approximately 5% at our institution, which closely aligns with prior findings from Taiwan (26). Lin et al. outlined that TC patients with MPN exhibit a lower female-to-male ratio, an older mean age, and more advanced TNM stages compared to those with only TC (26). These patients also receive higher doses of therapeutic radioactive iodine and have a higher total mortality rate (26). Notably, hematological malignancies and renal cell carcinoma are prevalent as secondary cancers in these patients, despite not being among the top ten common cancers in the general population of Taiwan, indicating a distinct pattern of secondary malignancies in thyroid cancer patients (26).

The possibility of being diagnosed with another neoplasm after surviving a first one is 14% higher for people who have previously had cancer compared to the general population (53). This percentage is anticipated to increase due to the growing number of cancer survivors. Consequently, there has been a rise in the occurrence of MPN among individuals who have overcome cancer, accounting for almost one-fifth of all newly diagnosed malignancies in recent studies (54).

With regards to MPN incidence, there is a notable variation in the reported incidence shared in current literature ranging from 1–37% (55). The variation observed in these findings can be attributed to the different methodologies used for calculations and the diverse ethnic populations studied. In the United States, the prevalence of primaries has been reported in percentages over time. For example, it was found to be 3.5% in New Mexico in 1977, 5.3% according to a study conducted in 1968, and finally 8% based on data from 1975–2001 (56–58). Similarly, in Western Europe, the occurrence of MPN varied across studies; it was recorded as 0.7% in a hospital registry in Scotland in 1972, 6.3% based on European cancer registries from 1995 to 1999, and reached up to 11.7% according to an autopsy series from Sweden in 1969 (59–61). The literature also shows variation in the numbers and types of multiple primaries in relation to the total number of cancer patients. For example, the incidence of three or more primaries ranged from 0.2% in a cancer center in Jordan (2006–2011) to 2.0% in a cancer center in France (1980–2009) (62–64). Similarly, metachronous primaries accounted for 3% in a recent study from the United States (2005–2012) which is equivalent to our obtained results (55).

Currently, there is a lack of a definitive risk factor that has been confirmed for the development of MPN. However, various factors have been previously investigated. It has been hypothesized that the presence of MPN in cancer survivors may be influenced by increased vigilance or can be a result of previous treatments, and could also be linked to mutual risk factors such as environmental factors, and genetic predisposition (60). In addition, ethnic background is a significant determinant of susceptibility to certain diseases (55). Various societies exhibit varying rates of occurrence for specific types of neoplasms (14). For instance, the Japanese population experiences a notable prevalence of gastric cancer, while having a relatively low incidence of prostate cancer (65). Conversely, the Jordanian population demonstrates a considerably higher occurrence of prostate and lung malignancies (66).

There is a strong correlation between obesity and the development of cancer in the general population, specifically in relation to breast cancer, genitourinary cancers, and gastrointestinal cancers (67). Therefore, obesity has been found to significantly increase the likelihood of developing MPN. This connection was observed in the current study, which found that patients with MPN were more likely to be obese than those with a single form of malignancy. In addition, the higher levels of baseline thyroglobulin antibodies in patients with MPN can point to the possibility of autoimmune thyroid disease. A recent cohort study by Chen et al. concluded that patients with autoimmune thyroid disease are more susceptible to developing various cancers, including breast, colorectal, and head and neck cancers (68). They also found that elderly patients with autoimmune thyroid disease can have an increased risk of developing thyroid and colorectal cancer compared with the general population (68). Therefore, clinicians must be aware of such associations in the clinical oncology care.

Family history is a significant risk factor for the development of MPN. There is a notable presence of familial clustering across almost all cancer sites, and this clustering is primarily observed in close relationships within families spanning multiple generations (69). The majority of hereditary cancers display an excess of multiple primary tumors and an early onset of the disease (67). This clustering phenomenon may be attributed to abnormal genes or gene variants. Various cancer predisposition genes, including BRCA1, BRCA2, and p16/CDKN2A, have already been identified in high-risk pedigrees (67, 69). Additionally, individuals with hereditary nonpolyposis colorectal cancer who have MPN often exhibit a higher frequency of mismatch repair genes, such as hMSH2 and hMLH1 (70). Moreover, cribriform variants of PTC were identified as being classically linked with familial adenomatous polyposis (71).

Breast cancer and TC are among the most prevalent forms of cancer in women (72). In our study, we found a higher incidence of breast cancer in MPN patients. Breast cancer was found to be the most common secondary cancer in patients with TC, occurring either simultaneously, prior to, or after the TC diagnosis. This bidirectional relationship between thyroid and breast cancer has been previously suggested in a retrospective study, which also found an increased risk of developing a MPN in patients with a history of breast or TC (73). Various factors, such as iodine transport, obesity, sex hormones, thyroid hormones, and cancer treatment, have been potentially implicated in the development of both types of cancer (73, 74). Lei et al. explored the prognosis of breast cancer patients who subsequently developed metachronous TC using information obtained from the Surveillance, Epidemiology, and End Results database (75). The study aimed to compare the prognosis of breast cancer patients who had a second primary thyroid cancer with those who did not, analyzing a wide range of clinicopathological and treatment characteristics, and evaluating the impact of second metachronous TC on breast cancer survival. The population studied included breast cancer patients diagnosed between 2000 and 2014, with a subset of these patients developing a second primary TC within this timeframe. The study found that the impact of other malignancies on TC prognosis (and vice versa) can vary depending on the type and timing of the secondary cancer, as well as the specific characteristics of the cancer itself. This study contributes significantly to understanding the complex interplay between primary and secondary malignancies, highlighting the importance of considering the type, timing, and specific characteristics of secondary cancers in the prognosis of the primary cancer (75).

The presentation of hematologic malignancy with a second primary neoplasm is most commonly observed during the follow-up period (76). Breast, lung, and TC are the most frequently occurring secondary tumors (76). Typically, secondary TC in these patients occurs at a later time. It has been established that radiotherapy administered at the early stages of lymphoma is linked to an increased risk of developing secondary TC (77). Another study demonstrated that prior radiotherapy of the head, neck, and upper diaphragm may also contribute to the development of TC (78). In lymphoma patients, a recent study found that diffuse large B-cell lymphoma was the most commonly observed hematologic malignancy alongside TC in MPN patients (76). Similar to our findings, PTC was the most coinciding malignancy discovered incidentally (76).

Based on our analysis, it was found that patients with MPN exhibited a lower survival rate. This is more in line with previous research findings, as MPN had shown a detrimental and statistically significant impact on the survival of patients with TC (52). Liou et al. found that the overall mortality rate in TC patients with MPN could be 4.4 times higher compared to those without MPN (79). Similarly, Lang et al. reported a considerable mortality rate of 43.5% in TC patients with nonsynchronous MPN (80).

This study faces several limitations, chiefly due to its retrospective nature, a limited number of patients, and being conducted at a single institution. Moreover, despite attempts to mitigate confounding variables through propensity score matching and the exclusion of genetic conditions, the retrospective approach may have compromised accurate final selection due to the lack of exhaustive details on genetic testing, thyroid marker assays, and laboratory analyses, among other factors. Despite this, the present study is the first to address this topic using propensity score-matching among MPN patients of Middle-Eastern ethnicity.




5 Conclusion

The onset of MPN can significantly influence the survival outcome of TC patients. The diagnosis of thyroid carcinoma at an older age, accompanied by elevated initial thyroglobulin antibody levels and a notable familial predisposition, may raise concerns about the potential occurrence of synchronous or metachronous neoplastic manifestations. Further analysis with larger patient cohorts is necessary to confirm the results of this study.
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Age (in Years)

Median 54 years
Interquartile Range 42—
64 years

Gender (Number of Patients, Percentage)
Male 14, 47%

Female 16, 53%

Thyroid Cancer (Total Neoplasms= 31)

Histopathologic Subtype (Number of Thyroid Neo-
plasms, Percentage)

Papillary 24, 77.3%
Follicular 2,6.5%
Hurthle 2,6.5%
Medullary 3,9.7%

Cancer Stage (Number of Thyroid Neoplasms, Percentage)

Stage I 20, 64.5
Stage 11 10, 32.3%
Stage I1I 1,32%

Triggers for thyroid cancer discovery (Number of
Patients, Percentage)

Discovered following neck swelling 9, 30%
Discovered incidentally during whole-body imaging 8, 26.7%
Discovered before referral to our institute 4,13.3%
Diagnosed by an outside institute 4,13.3%
Incidental discovery on histopathologic examination after surgical 3,10%

removal of ipsilateral thyroid lobe adjacent to the resected tumor
of interest

Subclinical hypothyroidism and ultrasound finding of 2,6.7%
thyroid nodule

Prior radiation before thyroid cancer diagnosis (Number of
Patients, Percentage)

Neck Radiotherapy 3,10%
Diagnostic whole-body Computed tomography 16, 53.3%
Diagnostic whole-body Positron emission tomography/ 9, 30%

computed tomography

Surgical Intervention (Number of Patients, Percentage)
Total Thyroidectomy 25, 83.3%

Thyroid lobectomy followed by completion thyroidectomy 3,10%

Radioactive lodine (Number, Percentage)

Number of patients, percentage 27, 90%
Cumulative dose (Median, Interquartile Range) 2.4 GBq
(1.1-
5.9 GBq)
Doses Received (Mean, Standard Deviation) 1+1

Interval days between total thyroidectomy and radioac-
tive iodine

Median 29

Interquartile range 17-96

Other Malignancies (Total Neoplasms= 37)
Classification (Number of Patients, Percentage)

Synchronous only 10, 33.3%

Metachronous 20, 66.7%

Cancer Stage (Number of Neoplasms, Percentage)

Stage I 10, 27%

Stage II 11, 29.7%
Stage I1I 9, 24.3%

Stage IV 7, 19%
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Univariate Analysis

Variable Hazard 95%
Ratio Confidence
Interval
Age at diagnosis 1.1 0.9-1.2 0.78
Number of Neoplasms 25 1.1-5.1 0.001
Obesity 04 0.08-1.6 0.16
Smoking 1.7 0.4-8.3 0.52
Family History 0.1 0.1-65.3 0.37
Abnormal 1.1 0.2-8.1 0.89
Serum Thyroglobulin
Abnormal 12 0.2-10.9 0.91
Thyroglobulin Antibody
Multivariate Analysis
Variable Hazard 95% p-value
Ratio Confidence
Interval
Age At diagnosis 0.98 0.97-1.1 0.56
Number of Neoplasms 226 1.6-324.8 0.02
Obesity 0.09 0.003-2.8 0.18
Smoking 2.7 0.3-26.9 0.42
Family History 0.2 0.1-3.2 0.92
Abnormal 2.5 0.2-38.7 0.49
Serum Thyroglobulin
Abnormal 1.9 0.1-30.3 0.63

Thyroglobulin Antibody






