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Abstract

Background: Thyroid cancer (TC) is an increasingly prevalent malignancy
throughout the world. It has long been recognized that the incidence of TC is higher
in women which increases with age. However, the association of gender disparity
and age with TC aggressiveness and outcomes are still controversial. The aim of this
study was focused on the association of age and gender with histopathological
characteristics in TC. Methods: 153 patients who met the criteria, were selected.
The included cases were divided into four age groups (<24 years, 25-44 years, 45-64
years, and >65 years). Demographic, age and pathological parameters were
compared among them. The association of gender and age with histopathological
features were then evaluated. Results: Females were significantly more frequent in
almost all age groups with the highest female frequency found the age group of 25-
44 years old. Females are more susceptible for TC even when they are young. The
four groups showed highly significant differences regarding extrathyroidal extension
(ETE) which is more aggressive in older individuals’ tumor. However, there were no
significant differences regarding tumor size, multifocality, LV invasion and LN
metastasis. Moreover, increasing age was significantly associated with increases risk
of ETE. In addition, old patients and males were significantly more likely to have
larger tumor size. Nonetheless, both gender and age non-significantly associated
with multifocality and LV invasion. Conclusion: Our results confirmed that
increasing age could really exert a negative prognostic effect, at least in terms of
ETE risk and larger tumor size. In addition, TC risk in females was more frequent in
all age groups and significantly more likely than men to present at younger,
nonetheless, males represented larger tumor size.
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Introduction

Thyroid carcinoma (TC) is the most common type of the endocrine system malignancy. It
has been reported that women have a higher risk of developing thyroid cancer than men [1, 2].
According to the World Health Organization database, 586,202 new cases of TC were
reported and 43,645  died in 2020 [3]. The sharp increases in incidence may reflect an
increase in real incidence due to factors such as radiation and obesity [4, 5] or associated with
the detection of TC in preclinical stage due to the availability of sensitive diagnostic methods
such as thyroid ultrasound and fine-needle aspiration (FNA) [6, 7]. The majority of significant
guidelines, including those published in 2016 by the American Thyroid Association (ATA),
suggested complete thyroidectomy or near-total thyroidectomy as the initial operative
procedure of choice for TC, and radioiodine ablation (RAI) have been recommended for
patients with distant metastases or functioning remnants in the thyroid bed [8].

According to the AJCC staging cancer manual, age is an additional factor for determining
thyroid tumor stage besides TNM categories [9]. However, the connection between gender
and age in relation to the manifestation of TC is not clear. It has been reported that older age
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association with more aggressive thyroid pathology, including increased prevalence of
follicular histology, capsular and vascular invasion [10]. Older cancer patients present a high
level of comorbidity.

The cancer treatment choices during managing elderly patients that have a significant
comorbidity are restricted and hospitalization and non-cancer-related death and also a higher
in old patients [11]. Of note, tumor size, capsular infiltration and nodal metastasis are higher
in patients aged <18 years [12]. Some reports suggest that TC features are more aggressive in
men with TC than in women [13]. Other reports demonstrate that histopathological subgroups
are the significant factor for prognosis clinically for TC [14].

Despite the significant progress that has been made worldwide by many researchers so as
to define the exact molecular pathways related to the progression and development of thyroid
cancer [15, 16], the impact of age and gender on clinicopathological features of thyroid cancer
and prognosis is not clearly defined until now. The aim of this study was to indicate the
association of age and gender with the prognosis and histopathological characteristics of
thyroid cancer.

Patients and Methods

This study retrospectively reviewed the medical records and pathology reports of thyroid
cancer patients who underwent thyroidectomy between 2018 and early 2022 in Erbil private
and public hospitals. Since there wasn’t certain data entries for thyroid cancer in Erbil city, so
the data used in this study was derived from both private and public hospitals and private
pathology laboratories throughout Erbil city. The demographic and clinicopathological
characteristics over the 4-year period were analyzed. Clinicopathological characteristics of
thyroid cancer were made at the time of diagnosis with tumor size, lymph node (LN)
metastasis, evidence of extrathyroidal extension (ETE) and lymphovascular (LV) invasion
based on AJCC staging cancer manual, eighth edition [17].

In all, 153 cases with TC that met the inclusion criteria were selected. Thus, only cases
recruited with clinical assessment, ultrasound, and evaluated thyroid nodules cytologically by
Fine Needle Aspiration (FNA) preoperatively and then confirmed by pathological
examination. 52 cases were excluded due to the absence of significant information, including
age, gender, and clinical pathological features (LV invasion, ETE, focality, and LN
metastasis). The cases recruited were divided into four age groups (<24 years, 25-44 years,
45-64 years and >65 years). Gender, age and pathological parameters were compared among
them. Then, the association of gender and age with histopathological features was evaluated.
The parameters and all important details about the patients and tumor characteristics were
recorded into a specific database (Microsoft Excel).

Statistical Analysis

Variables considered in the analysis included age at diagnosis (years), sex, year of
diagnosis, types of procedure (Total thyroidectomy and hemithyroidectomy), tumor size,
which was measured in centimeters, lymphovascular invasion, ETE, LN metastasis, and
tumor stage. The size of the unifocal tumor was defined and in case of multifocality, the size
of the largest tumor was taken into account among all other tumors for analysis. Both age and
tumor size information were expressed as median and range (25% percentile-75% percentile).
Categorical variables (histopathological parameters) were expressed as relative and absolute
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frequencies. Descriptive statistics were performed for qualitative variables to summarize data.
Kruskal-Wallis test was used for comparing age and tumor size, followed by post hoc analysis
(Dunn's). Moreover, for comparing the categorical variables, nonparametric chi-square test
was selected to compare these variables. To find the odds ratio (ORs) of age and gender,
binary logistic regression was used to manage the association of these variables with ETE, LN
metastasis, LV invasion, and multifocality. Whereas, multiple linear regression was used to
manage the association of age and gender with tumor size. A P-value < 0.05 was considered
statistically significant. MedCalc (version 20), GraphPad Prism 9 and SPSS (version 27) were
utilized for data extraction and statistical analyses.

Results
Summary Statistics

Totally, 153 cases with TC that met the inclusion criteria, were analyzed. Patient
demographics and pathology characteristics are shown in Table 1. Out of 153 cases, 123
patients (80.392%) were female. The female to male ratio was 4.1:1. The median age of
patients was 40 (31-50.5) years, ranging from 15-85 years and the median tumor size was 1.6
(0.73-2.9). Total thyroidectomy (TT) was done for 135 cases compared to hemithyroidectomy
(HT) which was done for 18 patients. Multifocality was present in 40 cases, whereas LV
invasion, LN metastasis and ETE were present in 11, 33, and 30 patients respectively.
88.235% of cases were in stage 1.

Table 1: Demographic and histopathological characteristics of patients
Characteristic Frequency

Age, median (Range) 40 (31-50.5)
Gender (Female:Male) 4.1:1
Tumor size, median (Range) cm 1.8 (0.73-2.9)
Types of procedure (TT/HT) 135/18
Multifocality 40/153 (26.143 %)
Lymphovascular invasion 11/153 (7.189 %)
Lymph node metastasis 33/153 (21.568 %)
ETE 30/153 (19.607 %)
T1 98/153 (64.052)
T2 25/153 (16.339 %)
T3 28/153 (18.3 %)
T4 2/153 (1.307 %)
TNM stage
| 135/153 (88.235 %)
I 11/153 (7.189 %)
i 6/153 (3.921 %)
\V} 1/153 (0.653 %)

Abbreviations: TT: Total thyroidectomy; HT: Hemithyroidectomy; ETE: Extrathyroidal
extension.
Median (25%-75% interquartile range) was used for age and tumor size.

Bivariate Analysis

The peak occurrence of TC was between 25-44 years in which the distribution of cases by
age group was 7, 84, 43 and 19 among patient’s <24, 25-44, 45-64, and >65 years old
respectively (Table 2). We achieved the statistical significance in the comparison of genders
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with P value of 0.0057 in which females were more frequent in all age groups and the highest
female frequency was in the age group of 25-44 years old that comprised 85.71% of all cases
in this age group. Females are more susceptible for TC even when they are younger (<24
years old) as compared to males. Whereas, in age extremes (>65 years old), there is not a
significant difference in frequency of genders (Figure 1). Moreover, the four groups showed
highly significant differences in ETE (P = 0.0008). Older individuals’ tumors presented more
aggressive characteristics regarding the ETE. Of the comparison tested, the four groups
showed no significant differences regarding multifocality, tumor size, LV invasion and LN
metastasis. Nonetheless, multifocality, LV invasion and LN metastasis were observed with
higher frequency in patients aged between 25-44 years old compared to the other three
groups.

Table 2: Demographic and histopathological features of TC patients according to age groups

Age groups

<24 yrs 45-64 yrs >65 yrs Total

25-44 yrs

Age
Median (Range) 20 (17-24) 34 (30-37) 50 (47-55) 71 (69-76) 40 (31-50.5)

Tumor Size 1.5 (0.525-
Median (Range) 1.8 (0.55-3) 1.6 (0.725-3) 2.85) 2 (0.8-6.5) 1.6 (0.73-2.9) 0.5801

N % N % N % N % N %
0 0.0 12 14.28 9 20.93 9 4736 30 19.607

Male

*k*

7 100 72 8571 34 79.06 10 5263 123 8.39  0.0057

Female

Multifocality 2 2857 26 3095 7 16.27 5 2631 40 26.143 0.362
LV Invasion 0 0.0 5 5.95 3 6.97 3 15.78 11 717  0.4163

LN Metastasis 3 4285 12 1428 12 27.9 6 31.57 33 2156 0.0837

*khkxk

ETE 2 2857 10 11904 8 18.604 10 52.631 30 19.607 0.0008

Abbreviations: TC: Thyroid cancer; n: Frequencies; yrs: Years; LV: Lymphovascular; LN:
Lymph node; ETE: Extrathyroidal extension.

Note: Variables were expressed in absolute (N) and relative frequencies (%); Median (25%-
75% interquartile range) was used for age and tumor size. Kruskal-Wallis test was used for
comparing age and tumor size, followed by post hoc analysis (Dunn 's), and the
nonparametric chi-square test on the comparison of categorical variables.
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Figure 1: The frequency of males and females according to age groups (Chi-square test).

Multivariate Analysis

There was a highly significant association between age and ETE with an odds ratio of
1.04 (P = 0.004) in which the ETE increased with age (Table 3). In addition, increasing age
was highly associated with increasing tumor size (P = 0.008) (Table 4). Nonetheless, there
was a positive non-significant association of age with LN metastasis and LV invasion with
ORs of 1.008 (P = 0.557) and 1.015 (P = 0.463) respectively, and an inverse but non-
significant association with multifocality in which multifocality was higher for younger
patients. Gender was significantly associated with LN metastasis and tumor size in which
tumor size was larger in males compared to females with a P value of 0.002 (Table 4), while
males were less likely to have LN metastasis (ORs = 0.4, P = 0.046). However, the
association is non-significant, but males were less likely to have LV invasion with ORs of
0.710 and more likely to develop ETE and multifocality with odds ratio of 1.058 and 1.044,
respectively (Table 3).

Table 3: Association between age and gender with ETE, LN metastasis, LV invasion, and
multifocality: Binary logistic regression.
Dependent Variables Independent Variables

Age

0.056 0.523 0.915 1.058

Gender (1)
0.008 0.013 0.557 1.008
Age
LN etastasis -0.916 0.458 * 0.400
Gender (1) 0.046
0.015 0.020 0.463 1.015
Age
LV invasion -0.343 0.733 0.640 0.710
Gender (1)
-0.19 0.014 0.168 0.981
Age
Multifocality 0.043 0.491 0.93 1.044
Gender (1)
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The association of age and gender with one histopathological characteristic (ETE, LN
metastasis, LV invasion, and multifocality) at a time. Gender (1) considered male.

Table 4: The association of age and gender with tumor size: Multiple linear regression.

Unstandardized Standardized

Coefficients Coefficients t Sig.

B SEM Beta
(CO”)Sta”t 0.707 0.412 1.716 0.089
Age 0.025 0.009 0.238 2.719 0.008
Gea‘)’er 1.106 0.352 0.275 3.144 0.002

Dependent variable: Tumor size. Gender (1): Male

Discussion

In our study, we found that thyroid cancer was more prevalent in females than males as in
the case of breast cancer, and the peak occurrence of TC was between 25-44 years which is
consistent with other studies [10, 18, 19]. Our study confirmed that the incidence of ETE
increases with age and, hence, older patients showed larger tumor size [10, 20]. Moreover,
previous studies reported the association of increasing age with advanced stage and vascular
and capsular invasion [10]. Adaptive immunity is restrained in the tumor microenvironment
that may lead to the development of cancer with more aggressive phenotypes, such as
advanced ETE and larger tumor size [21]. It has also been confirmed that multifocality in TC
is a risk factor for disease recurrence and poorer prognosis [22]. We found out that there is a
reverse relationship between age and multifocality in which decreasing age was non-
significantly a risk factor for multifocality. This study detected that there was no significant
association between age and LN metastasis and LV invasion that contradicted the results of
the other two studies, possibly due to the larger sample size they retrospectively analyzed [23,
24]. Despite non-significant association, the rate of multifocality, LV invasion and LN
metastasis was higher in patients aged between 25-44 years old.

Despite the higher incidence of TC in females, the association of gender with thyroid
cancer features is still controversial. The higher estrogen and thyroid-stimulating hormone
(TSH) levels, especially during pregnancy or menstrual cycle, may contribute to increase the
risk of females for thyroid cancer and other cancers development such as endometrial cancer
[25, 26] since estrogen and TSH stimulate thyroid follicular cells to proliferate [27, 28].
However, Jonklaas, et al. [29] reported that both males and females represent same outcomes
when getting TC at the same age [29].

In our study, gender was not a significant factor in patients that had more aggressive
tumor features, except for LN metastasis and tumor size in which females were more at risk of
having LN metastasis. Whereas, males were at risk to have larger tumor sizes that should be
taken account as larger tumor may subsequently lead to more aggressive features. In males,
the larger tumor size may be due to not taking this case seriously because of low TC
frequency. However, the higher frequency of TC in females makes them seek medical care
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and investigations and also striking specialists to write thyroid function tests less frequently
for males, leading to later diagnosis with larger tumor sizes [30, 31].

Our research had several limitations as we only collected the pathology reports in Erbil
city, thus making it small sample size that might have also affected the results. In addition,
we excluded many samples because of the absence of some of the pathological characteristics.
Moreover, distal metastasis for most of the patients was not identified which could be linked
with age and gender. For future study, we recommend identifying the family history of
thyroid cancer, distal metastasis, and whether the patients suffered from any other thyroid
problems and autoimmune diseases.

Conclusion

Thyroid cancer, unlike most malignancies, is unique because the majority of staging
systems identify age as a significant prognostic indication, and that the incidence of thyroid
cancer is higher in women than men. In conclusion, this study found that increasing age could
exert a negative prognostic role, at least in terms of risk of extrathyroidal extension and larger
tumor size, in patients with TC. In addition, females were more frequent in all age groups and
significantly more likely than men to present at younger. Nonetheless, males represented
larger tumor size. The pathophysiological mechanisms require further studies to be clarified.
At the present state of our knowledge, age and ETE are the two additional factors that could
be recommended for clinical care and precisely should be identified and mentioned in both
operative and pathology reports when the diagnosis of TC occurs in old patients and males as
they are at risk to have larger tumor size. In addition, old patients are more predisposed to
have positive ETE that should be considered as these additional factors may subsequently lead
to more aggressive outcomes and features.

Acknowledgment
The authors would like to warmly thank Dr. Saman S. Abdulla and Dr. Mukhlis H. Ali for
helpful discussion, suggestions and comments.

Declaration
Funding and Conflict of Interest:

The authors would like to declare that there was no specific funding received for
conducting this research and there is no conflict of interest to influence or bias the work.

References

[1] J. Salazar-Vega et al., "Thyroid Cancer in Ecuador, a 16 years population-based analysis (2001-
2016)," (in eng), BMC Cancer, vol. 19, no. 1, p. 294, Apr 2 2019.

[2] R. L. Siegel, K. D. Miller, and A. Jemal, "Cancer statistics, 2019," (in eng), CA Cancer J Clin,
vol. 69, no. 1, pp. 7-34, Jan 2019.

[3] H. Sung et al., "Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries,” (in eng), CA Cancer J Clin, vol. 71, no. 3,
pp. 209-249, May 2021.

[4] J. M. Han et al., "Obesity is a risk factor for thyroid cancer in a large, ultrasonographically
screened population,” (in eng), Eur J Endocrinol, vol. 168, no. 6, pp. 879-86, Jun 2013.

[5] F. de Vathaire et al., "Thyroid Radiation Dose and Other Risk Factors of Thyroid Carcinoma
Following Childhood Cancer,” (in eng), J Clin Endocrinol Metab, vol. 100, no. 11, pp. 4282-90,
Nov 2015.

5561



Awla and Saleh Iraqi Journal of Science, 2023, Vol. 64, No. 11, pp: 5554- 5563

[6] P. W. Wiest et al., "Thyroid palpation versus high-resolution thyroid ultrasonography in the
detection of nodules," (in eng), J Ultrasound Med, vol. 17, no. 8, pp. 487-96, Aug 1998.

[7]1 J. Feldkamp, D. Flhrer, M. Luster, T. J. Musholt, C. Spitzweg, and M. Schott, "Fine Needle
Aspiration in the Investigation of Thyroid Nodules," (in eng), Dtsch Arztebl Int, vol. 113, no. 20,
pp. 353-9, May 20 2016.

[8] B. R. Haugen et al., "2015 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," (in
eng), Thyroid, vol. 26, no. 1, pp. 1-133, Jan 2016.

[9] N. D. Perrier, J. D. Brierley, and R. M. Tuttle, "Differentiated and anaplastic thyroid carcinoma:
Major changes in the American Joint Committee on Cancer eighth edition cancer staging
manual," (in eng), CA Cancer J Clin, vol. 68, no. 1, pp. 55-63, Jan 2018.

[10] H. S. Park, S. A. Roman, and J. A. Sosa, "Treatment patterns of aging Americans with
differentiated thyroid cancer,"” (in eng), Cancer, vol. 116, no. 1, pp. 20-30, Jan 1 2010.

[11] M. Extermann, "Measurement and impact of comorbidity in older cancer patients,” (in eng), Crit
Rev Oncol Hematol, vol. 35, no. 3, pp. 181-200, Sep 2000.

[12] P. Miccoli et al., "Papillary thyroid cancer: pathological parameters as prognostic factors in
different classes of age,” (in eng), Otolaryngol Head Neck Surg, vol. 138, no. 2, pp. 200-3, Feb
2008.

[13] A. Gajowiec et al., "Is Male Sex A Prognostic Factor in Papillary Thyroid Cancer?,” (in eng), J
Clin Med, vol. 10, no. 11, May 31 2021.

[14] X. Shi et al., "Differential Clinicopathological Risk and Prognosis of Major Papillary Thyroid
Cancer Variants," (in eng), J Clin Endocrinol Metab, vol. 101, no. 1, pp. 264-74, Jan 2016.

[15] M. Xing, "Molecular pathogenesis and mechanisms of thyroid cancer,” (in eng), Nat Rev Cancer,
vol. 13, no. 3, pp. 184-99, Mar 2013.

[16] R. L. Shi et al., "Expression, clinical significance and mechanism of Slit2 in papillary thyroid
cancer," (in eng), Int J Oncol, vol. 48, no. 5, pp. 2055-62, May 2016.

[17] M. B. Amin, AJCC cancer staging manual, Eighth edition / American Joint Committee on Cancer
; editor-in-chief, Mahul B. Amin. ed. (Cancer staging manual). New York, NY: Springer, 2017.

[18] F. M. Girardi, "Thyroid Carcinoma Pattern Presentation According to Age," (in eng), Int Arch
Otorhinolaryngol, vol. 21, no. 1, pp. 38-41, Jan 2017.

[19] P. Del Rio et al., "Multifocality in patients treated for papillary Thyroid Carcinoma: a preliminary
analysis of related risk factors," (in eng), Acta Biomed, vol. 92, no. 5, p. €2021017, Nov 3 2021.

[20] C. Y. Kuo, P. S. Yang, M. N. Chien, and S. P. Cheng, "Preoperative Factors Associated with
Extrathyroidal Extension in Papillary Thyroid Cancer," (in eng), Eur Thyroid J, vol. 9, no. 5, pp.
256-262, Sep 2020.

[21] Y. Wu et al., "Comprehensive transcriptome profiling in elderly cancer patients reveals aging-
altered immune cells and immune checkpoints,” (in eng), Int J Cancer, vol. 144, no. 7, pp. 1657-
1663, Apr 1 20109.

[22] L. Genpeng et al., "Independent predictors and lymph node metastasis characteristics of
multifocal papillary thyroid cancer,” (in eng), Medicine (Baltimore), vol. 97, no. 5, p. 9619, Feb
2018.

[23] S. P. Cheng, J. J. Lee, M. N. Chien, C. Y. Kuo, J. Y. Jhuang, and C. L. Liu, "Lymphovascular
invasion of papillary thyroid carcinoma revisited in the era of active surveillance,” (in eng), Eur J
Surg Oncol, vol. 46, no. 10 Pt A, pp. 1814-1819, Oct 2020.

[24] N. Shukla, N. Osazuwa-Peters, and U. C. Megwalu, "Association Between Age and Nodal
Metastasis in Papillary Thyroid Carcinoma,” (in eng), Otolaryngol Head Neck Surg, vol. 165, no.
1, pp. 43-49, Jul 2021.

[25] J. Tarannum, P. Manaswini, C. Deekshitha, B. P. Reddy, and A. S. Sunder, "Elucidative
Histopathological Study in Female Cancer Patients: Histopathology in Female cancers,” Iraqi
Journal of Science, vol. 61, no. 4, pp. 720-726, 04/26 2020.

5562



Awla and Saleh Iraqi Journal of Science, 2023, Vol. 64, No. 11, pp: 5554- 5563

[26] N. A. Mahmood, N. Thamer, A. H. J. I. J. 0. C. Mahdi, and M. G. Volume, "Re-evaluation of
cancer incidence for gender in Irag," Iragi Journal of Cancer and Medical Genetics, vol. 12, no.
1-2019, p. 14, 2019.

[27] G. Vannucchi et al., "Clinical and molecular features of differentiated thyroid cancer diagnosed
during pregnancy," (in eng), Eur J Endocrinol, vol. 162, no. 1, pp. 145-51, Jan 2010.

[28] R. Yao, C. G. Chiu, S. S. Strugnell, S. Gill, and S. M. Wiseman, "Gender differences in thyroid
cancer: a critical review," (in eng), Expert Rev Endocrinol Metab, vol. 6, no. 2, pp. 215-243, Mar
2011.

[29] J. Jonklaas et al., "The impact of age and gender on papillary thyroid cancer survival," (in eng), J
Clin Endocrinol Metab, vol. 97, no. 6, pp. E878-87, Jun 2012.

[30] A. Machens and H. Dralle, "Age disparities in referrals to specialist surgical care for papillary
thyroid cancer," (in eng), Eur J Surg Oncol, vol. 35, no. 12, pp. 1312-7, Dec 2009.

[31] S. Vaccarella, L. Dal Maso, M. Laversanne, F. Bray, M. Plummer, and S. Franceschi, "The
Impact of Diagnostic Changes on the Rise in Thyroid Cancer Incidence: A Population-Based
Study in Selected High-Resource Countries,” (in eng), Thyroid, vol. 25, no. 10, pp. 1127-36, Oct
2015.

5563



