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Summary

Background—It has previously been shown that higher serum TSH is associated with increased
thyroid cancer incidence and advanced-stage disease. In the healthy adult population, mean TSH
increases with age. As age over 45 years is a known prognostic indicator for thyroid cancer, it is
important to know whether higher TSH in patients with thyroid cancer occurs independent of age.

Objective—To determine the relationship between higher TSH, cancer and age.
Design—A retrospective cohort study.

Patients and methods—A total of 1361 patients underwent thyroid surgery between May 1994
and December 2007 at a single institution. Of these patients, 954 had pathological data, pre-
operative TSH and complete surgical history available. Data were analysed in relation to age and
TSH.

Results—Mean TSH was significantly higher in cancer patients regardless of age < 45 years or =
45 years (P=0:046 and P= 0-027, respectively). When examining age groups < 20, 20-44, 45-59
and > 60 years, there was a trend of rising mean TSH with age. Despite the rise in the benign
subgroups, mean TSH was consistently higher in those with cancer vs. those without. On
multivariate analysis, higher TSH was independently associated with cancer (P = 0-039) and
pathological features of Hashimoto’s thyroiditis (A=0-001) but not with age (P= 0-557). On
multivariate analysis of high-risk features associated with poor prognosis, there was a significant
association between higher TSH and extrathyroidal extension (2= 0-002), whereas there was no
clear relationship with age, tumour size > 4 cm, and distant metastases.

Correspondence: Megan Rist Haymart, Division of Metabolism, Endocrinology and Diabetes (MEND), University of Michigan, 300
North Ingalls, 3A17, Ann Arbor, M148109, USA; Tel.: (+1) 734 615 6745; Fax: (+1) 734 936 6684; meganhay@med.umich.edu.
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Conclusion—Independent of age, thyroid cancer incidence correlates with higher TSH. Higher
TSH is associated with extrathyroidal extension of disease.

Introduction

An association between higher serum TSH and both thyroid cancer incidence and advanced-
stage disease was recently revealed.12 Although the relationship between higher TSH and
thyroid cancer seems plausible given the role of TSH as a growth factor, the potential that
cancer is a confounder in an alternative relationship with high TSH has not been ruled out.
In addition, an explanation for the association between higher TSH and aggressive disease
has not been provided.

Unique among malignancies, age is an important prognostic indicator in staging systems for
differentiated thyroid cancer (DTC).34 Survival has a weak dependence on age when the
cancer is localized.>8 By contrast, patients with regional or distant metastases have a
survival rate that correlates strongly with age.>— The association between age and survival
is not dependent on different stage at diagnosis, tumour differentiation, treatment or
socioeconomic variables.>9

Our previously published data suggest that higher TSH is associated with advanced-stage
thyroid cancer.! Staging of thyroid cancer is heavily dependent on age as patients aged less
than 45 years can have distant metastases and a maximum TNM stage of Il. By contrast,
tumour size, extrathyroidal extension, local lymph-node metastases and distant metastases
play a role in determining stage I-1V disease in those patients aged over 45 years.* Our
previous analysis did not clarify whether TSH correlates with cancer stage independent of
age. Furthermore, if age is not the reason for higher TSH in advanced-stage patients, it is
unclear which high-risk cancer features (extrathyroidal extension, tumour size > 4 cm, or
distant metastases) correlate with higher TSH.

In addition, the previous finding of higher TSH and increased thyroid cancer incidencel-2
could also be explained by age. Given that there is a rise in TSH with age in the healthy
adult population1911 and an increased incidence of microcarcinomas in patients over age
45,12 it is not certain whether the correlation between higher TSH and thyroid cancer is
secondary to advanced age or TSH itself. In this study, we examined the relationship
between TSH, age and high-risk cancer features with the aim of clarifying the relationship
between higher TSH and thyroid cancer.

Subjects and methods

Between May 1994 and December 2007, 1361 patients underwent thyroid surgery at our
institution. Institutional Review Board (IRB) approval was obtained and demographic and
pathological data from 980 patients with preoperative TSH were collected. Eight patients
who did not have records from their first surgery available and 18 patients who had a thyroid
malignancy other than DTC were excluded from the analysis. This left a total of 954
patients, of whom 249 were patients with DTC and 705 were patients with benign thyroid
disease. The 705 patients with benign thyroid disease included patients with symptomatic
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goitres, follicular adenomas, large benign nodules, and rarely Graves’ disease. The cohort
included 772 women and 182 men.

All analysis was completed with SPSS statistical software version 10-0 (SPSS Inc., Chicago,
IL, USA). The variables age and TSH were compared for thyroid cancer vs. benign disease.
TSH was evaluated as a continuous variable and as a mean. Age was evaluated as a
continuous variable and categorically within age ranges < 45 vs. = 45 years and then < 20,
20-44, 45-59 and = 60 years. The age 45 was used as a cut-off because the same extent of
disease results in worse prognosis in patients > 45 years vs. < 45 years.* The categories of
age ranges < 20 and = 60 years were used because the likelihood of cancer recurrence is
higher in patients less than age 20 or = 60 years.13 Variables such as gender, age, nodule
size, nodule number, cancer and pathological features of Hashimoto’s disease were
examined in relation to TSH.

High-risk cancer features such as tumour size > 4 cm, distant metastases and extrathyroidal
extension were also analysed in relation to TSH. Lymph-node involvement was not included
as a high-risk feature for the following reasons. First, there is no agreement about the
prognostic value of lymph-node metastases.3 Second, central neck dissection is not routine
at our institution and thus analysis would probably exclude patients with undetected lymph-
node metastases. All analyses was repeated excluding the 118 patients on preoperative
levothyroxine (LT4) because treatment with LT4 leads to an artificially determined TSH
value. Values were reported as mean + SEM. Univariate and multivariate analyses were used
to determine the relationship between age and cancer with respect to higher TSH and then to
analyse the relationship between high-risk cancer features and TSH. £<0-05was considered
significant.

This analysis is a follow-up study to our previous work that evaluated TSH as a cancer
predictor.! The current analysis includes an updated number of patients and evaluates TSH
as the dependent variable on multivariate analysis instead of cancer as the dependent
variable. This is a separate analysis as there are several variables that are known cancer
predictors but are not predictors of high TSH. The current analysis also looks more
extensively at stage in order to determine which high-risk feature accounts for the
association between higher TSH and advanced-stage disease. Evaluating specific high-risk
features has implications for the pathogenesis of the association between higher TSH and
thyroid cancer.

Patient and tumour characteristics based on age

Patients less than age 45 differed significantly from those aged 45 and older in multiple
categories. The younger patients were more likely to have DTC, a smaller nodule size and a
solitary nodule. Surgical patients under age 45 had a 31% (118/383) incidence of DTC vs.
those > 45 who had a 23% (131/571) likelihood of DTC (P=0-004). The primary nodule
resulting in surgery was 2-37 + 0-01 cm in the younger patients vs. 2:74 + 0-01 cm in the
older subset (2= 0:007). On final pathology, multiple nodules were detected in 173/383
(46%) of the patients aged < 45 vs. 302/571 (53%) of those = 45 (P=0:012). Mean TSH
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was also substantially higher in older patients vs. younger. In patients aged = 45, mean TSH
was 2-24 + 0-24 mlU/I and in patients aged < 45, mean TSH was 1:52 £ 0-11 mIU/I
(P=0-018). Of note, even the male to female ratio differed in those patients over age 45 vs.
less than 45. There were 53/383 (14%) male patients in the younger age group vs. 129/571
(22%) male patients in the older age group.

The only demographic or pathological variable that did not differ significantly between
groups was Hashimoto’s thyroiditis on final pathology. There was a 21% (83/383) incidence
of Hashimoto’s in the patients aged < 45 years and a 19% (107/571) incidence in patients
aged = 45 years (Table 1). The prevalence of Hashimoto’s thyroiditis was the same in
patients with cancer and with benign thyroid disease. Two of the cancer patients did not have
detailed pathology reports, but of those 247 who did have a comprehensive pathology report,
51 had Hashimoto’s thyroiditis (20-6%). Four of the patients with benign thyroid disease did
not have detailed pathology reports, but of the remaining 701 cases, 139 had Hashimoto’s
thyroiditis (19-8%), P-value=0-424.

Age and TSH

In both age groups, < 45 years and = 45 years, mean TSH was significantly higher in
patients with cancer compared to those without (P = 0-046 and 0-027, respectively) (Fig. 1).
When the patients were further subdivided by age < 20, 20-44, 45-59 and = 60 years, there
was a nonsignificant trend towards a rise in TSH with age in the benign subgroups and a
parallel but more rapid increase in TSH in the groups with cancer (Fig. 2a). The difference
between cancer vs. no cancer within each subgroup was statistically significant in those aged
20-44 and 45-59 years (P = 0-039 and 0-035, respectively). Of note, significance was
established in the two groups with the largest number of patients. There were 48 patients, 14
of these with malignancy, in the age group < 20 years. There were 335 patients, 104 of these
with malignancy, in the 20-44-year age group. There were 334 patients, 82 of these with
malignancy, in the 45-59-year age group. In the age group = 60 years, there were 237
patients, ofwhom49 had cancer (Fig. 2a).

As treatment with LT4 leads to an artificially set TSH, all 118 patients receiving
preoperative LT4 were excluded and the analysis was repeated. Again, the same trend of
higher mean TSH in cancer patients was seen, with a significant difference in the age groups
20-44 and 45-59 years (P=0:019 and 0-027, respectively) (Fig. 2b). Of note, although the
mean TSH was higher in the cancer subgroups, it was consistently within the normal range.

On multivariate analysis, higher TSH had a significant association with thyroid cancer
incidence. There was a trend for an association between higher TSH and advanced age when
only age and cancer were compared (cancer A= 0:-01, age A= 0-124). However, once
patients on preoperative LT4 were excluded and the analysis expanded to include gender,
nodule size, nodule number and Hashimoto’s thyroiditis, only Hashimoto’s (= 0-001) and
thyroid cancer (P = 0-039) were independently associated with higher TSH (Table 2).

TSH and aggressive cancer

We previously examined the relationship between advanced-stage disease and mean TSH1
but did not control for age, a prognostic indicator. In this current analysis, we only staged
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patients aged = 45 years. These older patients exhibited a nonsignificant trend for higher
mean TSH in those with stage 11 and 1V disease vs. those with stage | and 11 disease (P=
0-125) (Fig. 3).

High-risk features such as age, extrathyroidal extension, tumour size > 4 cm and distant
metastases were then analysed in relation to mean TSH in cancer patients. The high-risk
feature extrathyroidal extension was associated with higher mean TSH on univariate and
multivariate analysis (£=0-004 and 0-002, respectively). When only the patients aged = 45
years were evaluated, again extrathyroidal extension was the only high-risk feature
associated with higher TSH (P=0-008) (Tables 3 and 4).

Discussion

The incidence of DTC is rising, and 49% of the increase is due to cancers measuring 1 cm or
less.24 Tumours less than 1 cm are more common in older patients.12 Given the increased
prevalence of small tumours, the association between higher TSH and increased cancer
incidencel2 and the relationship between rising mean TSH with age,10:11 we examined the
relationship between age, cancer and TSH to determine which variable was independently
associated with higher TSH.

Multiple population-based studies, including the National Cancer Database Report and the
Surveillance, Epidemiology and End Results, have shown age to be an important prognostic
indicator for well-differentiated thyroid cancer (WDTC).5® Patients over age 45 can have
the same degree of disease but a distinctly different prognosis than those under age 45.4 The
reason for this discrepancy is not entirely clear, but it does imply that there is either
something intrinsic to the cancer or to the treatment that is age dependent. Our previously
published study found an association between higher TSH and advanced-stage disease.
Because advanced-stage disease is age dependent, we wanted to determine whether age, a
known prognostic indicator, was the explanation for this relationship.

As illustrated in Table 1, the patient and tumour characteristics in patients less than age 45
vs. age 45 and older are inherently different. Given the higher incidence of thyroid nodules
in older patients,1° as a group, older patients are more likely to have benign, large nodules.
Thus, the increased incidence of large nodules and surgery for benign nodules in patients
aged 45 and older is not surprising. In addition, the increased likelihood of multiple nodules
in older patients is also expected. However, despite these marked differences in patient
characteristics, the association between higher TSH and cancer incidence persists in every
age group. The association is only significant in the two groups with the largest number of
patients, aged 20-44 and 45-59 years, but the trend is present in patients aged<20 and = 60
years.

The mean TSH in patients aged = 45 years is significantly higher than in those aged < 45.
However, when we subdivide patients into cancer vs. no cancer, the predictive value of age
weakens. Similar to data from the National Health and Nutrition Examination Survey
(NHANES 111) on a healthy population with no known thyroid disease, 0 our data from the
benign subgroups show a trend for rising mean TSH with age. Yet when patients with
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thyroid cancer are compared to those with benign nodular disease, cancer patients have a
higher mean TSH within every age group. The mean TSH in the cancer population rises in
parallel, but is consistently higher than the mean TSH in the benign nodular population.
These data suggest that the association between higher TSH and increased thyroid cancer
incidence cannot be explained by age alone. Further supporting the independent relationship
between TSH and thyroid cancer incidence, on multivariate analysis, thyroid cancer, not age,
has a significant association with higher TSH. Although the trend we observe supports the
NHANES data on rising TSH with age, the relationship between cancer and high TSH
dominates in the studied population.

Our previous publication showed that advanced-stage disease was associated with higher
mean TSH.1 Our current analysis shows this trend persists when patients aged > 45 are
selected, again suggesting that age is not the explanation. If age cannot explain the
relationship between higher TSH and advanced-stage disease, what can? In multiple staging
systems, including TNM, AMES, AGES and MACIS, extrathyroidal extension, distant
metastases, large tumour size and advanced age are associated with poor prognosis.3 For our
study, the definition of extrathyroidal extension is based on pathology report. When we
examine the previously mentioned high-risk features in relationship to TSH, extrathyroidal
extension is the only risk factor with a significant association with higher TSH both on
univariate and multivariate analysis.

A limitation of this current study is that all patients studied were status post-thyroid surgery
and this population may not be representative of the population at large. Another limitation
is that this analysis is a retrospective cohort study and not all patients had preoperative TSH
levels drawn. Five different surgeons performed thyroid surgery during this 13-5-year time-
span. Preoperative TSH measurement was not available for all patients because some
surgeons did not routinely order this laboratory test. In addition, six patients had an
incomplete pathology report. These patients either had reports that stated “papillary thyroid
cancer’ but then did not give details on the tumour or they had reports of ‘benign thyroid’
but no further characterization and classification of the nodule.

However, as this is a study group post-surgery, this patient population has pathology
confirming thyroid cancer and Hashimoto’s in addition to providing information about high-
risk features such as tumour size and extrathyroidal extension. Thus, although being a
population post-surgery is a limitation in regard to selection bias, it is also a strength in
regard to access to complete pathology data. Despite the limitations in design, this study has
a large sample of patients and analysis reveals an independent relationship between thyroid
cancer and higher TSH. More importantly, this study offers an explanation for the
association between advanced-stage disease and higher TSH. Based on our data, there is a
clear relationship between higher mean TSH and extrathyroidal extension, a known high-
risk feature in thyroid cancer patients.

The pathogenesis behind mean TSH being elevated in cancer patients across all age groups
is unclear. It is well known that individual thyroid hormone concentrations are maintained
within narrow limits!® and that the heritable contribution to serum TSH is as high as 65%.17
One possibility is that patients with higher TSH have a genetic predisposition to both higher
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TSH and cancer.18 However, if the increased cancer incidence was secondary to a TSH
receptor polymorphism, similar to the TSHR-GIu727 allele associated with lower TSH,° or
a polymorphism in the thyroid hormone pathway genes,?0 a clear genetic predisposition for
thyroid cancer would be expected. Instead, only 3-6% of nonmedullary thyroid cancer is
familial 2122

There are alternative explanations for the association between higher TSH and thyroid
cancer. There may be resistance to TSH at the level of the malignancy due to TSH receptor
silencing in the setting of aberrant DNA methylation,23 but even in this situation the
remaining healthy thyrocytes would be expected to compensate, and for the relationship
between higher TSH and cancer to not exist. If TSH was truly carcinogenic, as suggested in
a mouse model,2425 we would expect the absolute TSH to be consistently elevated to a
threshold, not to rise with age parallel to benign thyroid disease. The likelihood of early end-
organ damage leading to relative TSH resistance seems reasonable, but the absence of a
clear relationship between pathologic Hashimoto’s, higher TSH and cancer weakens this
hypothesis.1-26 In the current study, thyroid cancer was independently associated with higher
TSH whereas the association between age and higher TSH weakened when variables such as
gender and Hashimoto’s were included in the multivariate analysis.

Perhaps the most probable explanation for the relationship between higher TSH and thyroid
cancer incidence is that TSH, a growth factor, leads to increased cancer detection. More than
one-third of patients have occult microcarcinomas on thorough autopsy reports,2” and yet
only a small number of individuals are diagnosed with thyroid cancer each year.28 TSH
stimulation may cause occult microcarcinomas to grow to a detectable size.

Our data also suggest that TSH facilitates extrathyroidal extension of disease. Previous /in
vitro studies have indicated a relationship between TSH stimulation and cancer
invasion.29:30 /n vitro, TSH stimulates invasion and growth of human thyroid cancer cell
lines by protein kinase C (PKC) stimulation.2® Activation of matrix metalloproteinases plays
a key role in this invasion,3! and the impact of TSH on the metalloproteinases in healthy
surrounding thyroid tissue and the cancer foci has not been determined.32 Further studies are
needed to define this relationship as understanding it may be pivotal in understanding the
pathogenesis of this disease.

Despite unclear pathogenesis, independent of age, there is an association between thyroid
cancer and higher TSH. When evaluating specific high-risk features, extrathyroidal
extension correlates with higher TSH on both univariate and multivariate analyses.
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Fig. 1.

In the age categories < 45 years and = 45 years, patients with thyroid cancer have a

significantly higher mean TSH than those without cancer.
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Thyroid cancer and age
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Fig. 2.

(a§J Across all age categories, patients with thyroid cancer have a higher mean TSH.
Significance is established in the age categories 20-44 years and 45-59 years. *P < 0-05. (b)
When the 118 patients on preoperative LT4 are excluded from analysis, the same pattern of
higher mean TSH in cancer patients versus those without cancer persists. Significance is
established in age categories 20-44 and 45-59 years. *P < 0-05.
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Age = 45 and thyroid cancer stage
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Fig. 3.
When only patients over age 45 were staged, there was a trend for higher mean TSH in those

with advanced stage disease (P = 0-125). Of the patients over age 45, there were 43 patients
with stage 111 and 1V disease and 86 with stage | and 11 disease. Two patients could not be
staged because of incomplete pathology reports.
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Table 1
Patient and tumour characteristics
Age (years)
<45 >45 P-value
N 383 571
DTC, 1 (%) 118 (31) 131 (23) 0-004
Mean TSH (mIU/1) 1.52+011 224+024 0018
Gender
Male, 77 (%) 53 (14) 129 (22) 0-001
Female, 17 (%) 330 (86) 442 (77)
Mean nodule size (cm) 2:37+0.01 274+001 0-007
> 1 Nodule, 77 (%) 173 (46) 302 (53) 0012
Hashimoto’s thyroiditis on pathology, 7(%) 83 (21) 107 (19) 0-155
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Table 2

Multivariate analysis of variables associated with higher TSH (V= 836; excludes 118 patients on preoperative
LT4)

Variable P-value

Age 0-557
Thyroid cancer  (.039*
Hashimoto’s 0.001%
Male gender 0-079

Nodule size 0-708
> 1 Nodule 0529

*
P<0:05.
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Table 3

Variation in mean TSH with high-risk features in patients with cancer

Mean TSH (mlU/I)

High-risk feature present  High-risk feature absent N  P-value

All patients

Extrathyroidal extension ~ 5:58 + 2-89 1.99 +£0-22 31/247  g.004%*

Tumour size >4 cm 2:66 + 0-45 243+ 044 15/247  0-89

Distant metastases 219071 2:45+0-43 8/247 0913
Patients aged = 45 years

Extrathyroidal extension  7-60 + 4.45 2:13+0:32 20/129  g.008*

Tumour size >4 cm 2:61+0:48 3:03+0-84 14/129  0-862

Distant metastases 2:.02+1.12 3:02+0-78 5/129 0-797

*
P<0-05.
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Table 4

Multivariate analysis with TSH as a dependent variable (cancer patients V= 247)

Age Tumour size >4 cm  Distant metastases  Extrathyroidal extension

Pvalue  0-905  0-446 0508 0.002%

*
P<0-05.
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