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Background: This study investigated the prevalence and clinicopathological characteristics of patients with
breast cancer and thyroid cancer to explore the possible mechanism underlying co-development of these two
cancers.

Methods: A retrospective study was performed in 486 female patients with thyroid cancer, among which
8 patients suffered from breast malignancies. The clinicopathological features, hormone receptor status of
the invasive breast cancer, and the expression of human mismatch repair genes were analyzed.

Results: The clinicopathological characteristics of thyroid cancer, such as age, clinical stage, lymph node
metastasis, and tumor size were not different between the group of patients with both breast and thyroid
cancer and the group with thyroid cancer alone. Four cases developed thyroid carcinoma after six months of
breast carcinoma diagnosis, three cases developed breast cancer and thyroid cancer simultaneously, and one
patient developed breast malignancy after three months of thyroid carcinoma diagnosis. All invasive breast
cancers were ER-positive and HER-2 negative. Mutations in human mismatch repair genes were not found
for both breast malignancies and thyroid carcinomas.

Conclusions: Co-occurrence of thyroid cancer and breast cancer in the same individual was more
frequently observed than expected. Increased surveillance of primary cancer patients may be a significant
factor behind the discovery of a second tumor. Estrogen receptor (ER) but not human mismatch repair
genes may be involved in the mechanism behind development of co-existing breast cancer and thyroid
cancer. Chemotherapy with docetaxel and cyclophosphamide for breast cancer patients might promote
the development of thyroid cancer, but some was not related with therapy. Close surveillance of breast and

thyroid cancer patients is essential to earlier detecting other secondary tumors.
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Introduction

Thyroid cancer is one of the most common malignant
tumors worldwide. In 2012, approximately 119,000 patients
were diagnosed with thyroid cancer in China, among which
90,000 patients (76%) were women (1). Therefore, thyroid
cancer has become the seventh most common cancer type
identified in Chinese women (2). A similar epidemiology
has been observed in the United States, where thyroid
cancer is the fifth most prevalent cancer, accounting for 6%
of new cancer diagnoses in women (3). However, although
thyroid cancer has a high incidence rate, it does have a
low mortality rate, and the overall 5-year survival rate of
thyroid cancer patients approximates 98%. Therefore, the
number of malignant disease survivors is increasing rapidly.
In addition, breast cancer is the most frequently diagnosed
malignancy in women worldwide, with the incidence in
China of 41.32 per 100,000 women and approximately
272,700 female breast cancer patients in 2012 (1). It has
been reported that thyroid cancer survivors have a greater
risk of developing breast cancer compared with the
general population (4-6). The relationship between the
two diseases might be related to treatment of the primary
malignancy, specifically radiation therapy, or it could also
be due to genetic and hormonal factors (7,8). However,
the exact relationship between the two cancer types is very
controversial. This paper attempts to examine the frequency
of co-existing breast and thyroid cancer while discussing
the clinicopathological features of patients and the putative
mechanism of association.

Methods
Patients

We retrospectively analyzed the medical records of thyroid
cancer patients diagnosed from January 2012 to May 2016
in the General Hospital of Jinan Military Command (Jinan,
China). A total of 486 female patients with thyroid cancer
(papillary, follicular, medullary or anaplastic carcinoma) who
underwent thyroidectomy with local or modified radical
lymphadenectomy were included. Of these, eight patients
suffered from breast malignancy either synchronously or
metachronously. This study received approval from the
Ethics Committee of the General Hospital of Jinan Military
Command (No. 2013ZD01). Written informed consent was
obtained from all patients.
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Clinicopatbological information

Characteristics and clinical information for the 486 patients
with thyroid cancer are presented in 7able 1. Ages ranged
from 19 to 78 years, and the median age was 48 years.
In total, 89.1% of thyroid tumors were papillary thyroid
carcinoma (PTC). The diameter of most tumors was
less than 2 cm. Local lymph node metastasis occurred in
37.0% of patients. TNM stage was utilized by the TNM-
union for International Cancer Control, 2002. The 34.8%
(169 cases) of patients were categorized as stage I, and
26.5%, 21.2%, and 17.5% of patients were categorized as
stage I, ITI, and IV, respectively. 53.7% of patients received
adjuvant radioactive iodine therapy.

Immunobistochemistry analysis

The hormone receptors [estrogen receptor (ER) and
progesterone receptor (PR)] and human epidermal
growth factor receptor 2 (HER-2) status of invasive
breast carcinoma were detected by immunohistochemical
method using the Ventana BenchMark XT system (Roche
Ltd, Basel, Switzerland). The expression status was
scored as previously described (9,10). In addition, MSH2,
MSH6, MLH1, and PMS2 expression were assessed by
immunohistochemistry in both breast cancers and thyroid
cancers. All antibodies were purchased from Roche Ltd.

Statistical analysis

SPSS software, version 17.0 (SPSS, Inc., Chicago, IL,
USA) was used for statistical analysis. Considering the
effect of different operative approaches, matching analysis
with the rate of 1:4 was used by the similar operation
date and the same surgeon. Chi square and Fisher’s exact
tests were carried out to compare the clinicopathological
characteristics of patients with two co-existing cancers and
patients with thyroid cancer alone. A value of P<0.05 was
considered as a statistically significant difference.

Results
Clinicopatbological characteristics

Among 486 thyroid cancer patients, eight patients suffered
from breast malignancies synchronously or metachronously

(Tuble 2). The thyroid diseases were diagnosed as PTC
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Table 1 Clinicopathological characteristics of thyroid cancer patients with or without breast cancer
Clinical Thyroid cancer with breast cancer Thyroid cancer alone Matching control group * 5
characteristics (n=8) (n=478) (n=32) x P
Age (years)' 0.625 0.695
<45 225 15
>45 3 253 17
TNM stage 4.230 0.238
I 5 164 11
I 0 129 10
M 1 102 6
\Y 2 83 5
Tumor size, cm 3.329 0.189
<1 7 251 17
1-2 1 149 10
>2 0 78 5
Lymphatic metastasis 1.823 0.236
Yes 1 179 12
No 7 299 20
Radioactive iodine therapy
Yes 1 260
No 7 218
Pathological type
Papillary 8 425
Follicular 0 35
Medullary 0 11
Anaplastic 0 7

', the age was according to the age of occurrence of thyroid cancer;

operation date and the same surgeon.

in all 8 patients; breast malignancies involved invasive
ductal carcinoma, invasive lobular carcinoma, intraductal
carcinoma 7 situ and Paget’s disease. Of these 8 patients
suffering from primary thyroid cancer, the ages ranged
from 33 to 50 years, and the median age was 45.5 years.
The diameter of most (87.5%) thyroid tumors was less than
1 cm, while that was 52.5 % in patients with thyroid cancer
alone. However, this was not statistically different (P=0.189).
Lymphatic metastasis from thyroid cancer was observed in
only one (12.5%) patient in the group where two cancers
were present, while it was 37.4% in patients had thyroid
cancer alone (P=0.236). Moreover, five patients were stage
I by the thyroid cancer TNM staging system, one patient
was stage III, and two were stage IV. These patients were
not significantly different from the group where thyroid
cancer alone had been diagnosed (P=0.238). For the
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¥, matching analysis with the rate of 1:4 was used by the similar

treatment of thyroid cancer, only one patient with two
co-existing cancers received radioactive iodine treatment
(case 3), while the number in the control group to receive
such treatment was 260 of 478 cases. Six patients with
invasive breast carcinoma received 6 cycles of chemotherapy,
of which one patient (case 5) receiving radiotherapy at
the same time as surgery and chemotherapy. One patient
(case 2) with intraductal carcinoma in situ underwent
2 cycles of neoadjuvant chemotherapy before mastectomy.
In our study, 4 patients (including case 8) experienced
two types of cancer within 6 months, which could be
considered as synchronous diseases. Of these, 2 cases
(case 6 and case 7) were admitted for masses in the breast
and thyroid that were found simultaneously, and thyroid
nodules were detected in one patient during follow-up
for breast cancer. Although case 8 had left breast lesions
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Table 2 Clinicopathologic characteristics of patients with breast carcinoma and thyroid carcinoma

Lymphatic node
metastasis (n)

(cm)
0.6
0.3
0.8

0.8

Thyroid cancer
0.5

Tumor size

TNM/clinical
stage
T3N1TMO/IN

ER PR HER-2

Breast cancer
Histopathologic type

metastasis (n)

Tumor size Lymphatic node
(cm)

Clinical
stage

Interval
time*
(years)

Age'
(years)

Patient

2/12

1+

Invasive ductal carcinoma 2+

0/13
0/5

33
44

0/22
8/30
0/9

TINOMO/I

DCIS
Invasive ductal carcinoma 2+ 3+

3.5
0.9
0.6
0.4

T1N1bMO/IV
T1NOMO/I
T1NOMO/I
T1NOMO/I

0/14
0/2
0/9

2.5
1.8
15

46

1+

1+

Invasive ductal carcinoma 3+

34

0/23
0/18

Invasive ductal carcinoma 3+ 2+

33
49

1.0
1.5

Invasive ductal carcinoma 2+ 2+

0/18

0.7

4/11

T3N1bMO/IV

Invasive ductal and lobular 3+ 3+ 2+

1/42

44

carcinoma

0.6 0/7

T1NOMO/I

T, age was according to the date of the initial breast cancer diagnosis; *, the interval time of two types of cancers was calculated according to breast cancer as the first

cancer. DCIS, ductal carcinoma in situ.

1+

Paget’s disease and DCIS

0/2

52
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excised after 3 years of subtotal thyroidectomy, the signs
and symptom of Paget’s disease appeared three months after
PTC. Four cases experienced subsequent PTC more than
6 months after invasive breast cancer or ductal carcinoma in
situ (DCIS).

Case 1 underwent wide resection of breast cancer lesion
and sentinel lymph nodes excision biopsy. In addition,
6 cycles of adjuvant chemotherapy with docetaxel (120 mg)
and cyclophosphamide (0.8 g) was used. The patient had
also been taking tamoxifen for a long period. Five years
later, a thyroid nodule in the left lobe was found with a
diameter of 0.6 cm. Total thyroidectomy and left cervical
regional lymph node dissection was performed. Papillary
thyroid microcarcinoma (PTMC) with metastasis to the
left tracheoesophageal groove lymph nodes and thymus
tissue infiltration were confirmed. Case 2 was admitted
because of a right breast mass discovered 4 years previously.
Needle core biopsy showed high-grade intraductal
carcinoma. Two cycles of neoadjuvant chemotherapy
were immediately accepted by the patient. Next, regional
resection of the right breast lesion was performed while
sentinel lymph nodes were excised. After 3.5 years, the
patient was admitted for thyroid nodules. Postoperative
pathology revealed PTMC with a diameter of 0.3 c¢cm but
was negative for lymph node metastasis. Case 3 received
right modified radical mastectomy and 6 cycles of adjuvant
chemotherapy (docetaxel and cyclophosphamide) due to
right breast infiltrating ductal carcinoma with a diameter
of 2.5 cm. Nine months after surgery, i.e., five months after
chemotherapy completion, the patient underwent total
thyroidectomy and dissection of the left cervical and central
regional lymph nodes for PTMC with a diameter of 0.8 cm.
The case also had metastasis to the local lymph nodes (8/30).
Subsequently, two cycles of iodine therapy were performed.
Resection of the right breast and dissection of the right
axillary lymph nodes was performed in case 4. A diagnosis
of infiltrating ductal carcinoma with a diameter of 1.8 cm
was confirmed. Subsequently, 6 cycles of chemotherapy
were used with docetaxel and cyclophosphamide. During
the second chemotherapy session, i.e., one month after
surgery, the patient could occasionally feel a right cervical
lump with a diameter of 1.5 cm. Subsequently, the mass
increased gradually. After 6 months, the patient received
surgical treatment with subtotal thyroidectomy and
dissection of the right cervical regional lymph nodes.
Pathology showed PTMC (a diameter of 0.8 cm) and
follicular thyroid adenoma (a diameter of 3.0 cm) without
lymph node metastasis. We postulate that the mass found

Transl Cancer Res 2017;6(2):393-401



Translational Cancer Research, Vol 6, No 2 April 2017

during chemotherapy might have been a thyroid adenoma.

Owing to invasive breast carcinoma identified by
Mammotome excision biopsy, extensive resection of the
left breast lesion and sentinel lymph nodes biopsy were
conducted in case 5. During surgery, radiotherapy using
20 Gy for 45 minutes was performed. Then, 6 cycles of
chemotherapy with pharmorubicin, cyclophosphamide, and
capecitabine were employed. Meanwhile, local radiotherapy
of the left breast (200 cGy x20) was performed after the
fourth chemotherapy session. Unfortunately, 5 months
after surgery i.e., less than a month after the completion
of chemotherapy, thyroid nodule lesion was found. This
was confirmed as PTMC with a diameter of 0.5 cm by
postoperative histopathology. For case 6, although the
interval time between breast cancer surgery and thyroid
cancer surgery exceeded 8 months, the patient was admitted
after 2 years for thyroid nodule lesions with a right breast
mass detected within one week. Color Doppler ultrasound
examination revealed that both lesions were considered as
malignancies. Considering that breast cancer has a higher
malignancy rate, modified radical mastectomy of the right
breast cancer was conducted as a first step. Infiltrating
ductal carcinoma with a diameter of 5 cm and negative
lymph node metastasis was confirmed by postoperative
pathology. Then, EC-T (epirubicin, cytoxan and taxol)
chemotherapy regimens were adopted. Three months after
completion of chemotherapy, the patient underwent total
thyroidectomy and dissection of bilateral cervical regional
lymph nodes. PTCs with a diameter of 1.0 cm were found in
the bilateral thyroid lobes, respectively. Case 7 complained
of thyroid nodules and a breast mass that were found
simultaneously. As ultrasound examination results revealed
multiple thyroid nodules with enlarged cervical lymph
nodes, total thyroidectomy and dissection of the bilateral
cervical regional lymph nodes were the first treatment
regimens. Ten days later, the patient underwent modified
radical mastectomy. A diagnosis of invasive ductal and
lobular carcinoma was confirmed. Subsequently, 6 cycles of
chemotherapy with docetaxel and cyclophosphamide were
conducted.

Case 8 underwent subtotal thyroidectomy and dissection
of the right cervical lymph nodes because of PTC of the
right thyroid lobe. As the patient was negative for lymph
node metastasis, she did not receive any treatment except
for oral euthyrox. Three months later, the skin of her left
nipple was both red and swollen, apparently eroded, with
eczema-like changes and purulent exudate. In the later
2.8 years, the patient had not received any treatment.
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Finally, postoperative pathology demonstrated Paget’s
disease of the left nipple and DCIS of the breast tissue
under the nipple. Meanwhile, relapsing PTMC was also

confirmed in the left remnant thyroid.

Immunobistochemical results

The expression states of ER, PR and HER-2 were detected
in invasive breast cancer (7able 2). ER expression of 3 cases
showed 3+ and the others were 2+. PR expression showed the
largest variability. HER-2 expression was negative for all cases.
Although case 3 was considered 2+ for immunohistochemical
staining of HER-2, negative amplification was confirmed
by the fluorescence in situ hybridization test. In both breast
cancer and thyroid tumor samples, MSH2, MSH6, MLH]1,
and PMS2 were positive for all patients as detected by
immunohistochemistry (Figure ).

Discussion

In recent years, there have been many studies examining
the relationship between co-existing breast cancer and
thyroid disorder. Although the exact mechanism of the
correlation remains unclear, many studies have shown that
the incidence of concomitancy in breast cancer or thyroid
cancer patients is increased compared to the general
population (11,12). Consorti et 4l. revealed that secondary
breast cancer was significantly increased in patients with
thyroid cancer (13,14). Similarly, increased incidence of
secondary thyroid cancer was also demonstrated in patients
with breast cancer (15-18). In our retrospective study, there
were 8 patients with coexisting breast cancer in 486 thyroid
cancer survivors, with an incidence rate of 1.65%, which is
significantly higher than the breast cancer incidence rate of
0.27% in Chinese women (2). However, we only evaluated
patients with known breast disease, so there might be
an element of selection bias in our study. Furthermore,
considering the limited follow-up period, we believe that
the incidence of breast cancer would increase in thyroid
cancer patients that had an extended follow-up period.
More frequent and diligent medical examination may
result in the discovery of a second tumor. Furthermore, the
increased incidence and excellent prognosis for longevity
after identification and treatment of the primary thyroid
tumor may also lead to the development of subsequent
malignancies (6). Therefore, close monitoring of these
patients for the detection of secondary tumor development
might be beneficial in patients with thyroid cancer or breast
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MSH1 MSH2

Figure 1 The expression of mismatch repair proteins in case 3. The cells of papillary thyroid carcinoma were positive for MSH2 (A), MSH6
(B), MLH1 (C) and PMS2 (D). The invasive breast carcinoma is also reactive for MSH2 (E), MSH6 (F), MLH1 (G) and PMS2 (H).

cancer.

The role of clinicopathological characteristics in
the increased incidence of this co-occurrence remains
controversial. Five cases of thyroid cancer were represented
as the secondary tumor but there was no significant age
difference between the group with two types of cancer and
the group of thyroid cancer alone. Although thyroid cancers
in patients with breast cancer were represented with small
size, less lymph node metastasis and occurrence in the
early clinical stages, statistical difference was not observed
between the two groups.

The contribution of chemotherapy or radiotherapy to
the development of secondary carcinoma remains very
controversial. It has been reported that positron emission
tomography or chest computed tomography, which are
both frequently recommended during breast cancer follow-
up, may contribute to the increased rate of thyroid cancer
diagnosis (5). However, Sun ez /. suggest that radiotherapy
does not increase the thyroid cancer risk among women with
breast cancer (18). In this study, 5 cases of thyroid cancer
presented during the chemotherapy or follow-up process, of
which one case received radiotherapy simultaneously. The
interval time between the two types of cancers, as a criterion
for the judgment of secondary tumors, remains contentious.
An er al. suggested that a second primary cancer was defined
as that which is diagnosed at least two years after the first
primary cancer (5). However, the criteria of Warren and
Gates tend to be more accepted by global experts (19,20).
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Synchronous cancer has been defined as a tumor diagnosed
simultaneously with primary cancer or within a interval
time of 6 months (19). Metachronous cancer is considered
as a tumor detected more than 6 months before or after
diagnosis of primary cancer. Based on the latter definition,
4 cases were classified as synchronous cancers, and the
other half of tumors identified in this study was consistent
with metachronous cancers. Therefore, chemotherapy
with docetaxel and cyclophosphamide might promote the
development of thyroid cancer, but larger studies with these
patients are needed to accurately determine this assumption.
In the only case that received radiotherapy, thyroid cancer
occurred 5 months after the first session of radiotherapy,
therefore, the effect of radiotherapy on the occurrence of
thyroid carcinoma could not be accurately assessed (21).
However, basing on our study patients, we confirmed that
the occurrence of some thyroid cancers was not related to
therapy owing to the development of simultaneous breast
and thyroid cancers.

In accordance with the previous studies (5), we found
that all breast cancer samples were ER-positive. However,
the proportion of ER expression in general breast cancer is
50-60%. Breast cancer patients with concomitant thyroid
cancer had a higher expression of ER, suggesting a possible
association of the molecular pathogenesis between breast
cancer and thyroid cancer. It has been shown that ER levels
are significantly higher in thyroid cancer compared with
normal thyroid tissue (22), and estrogen can up-regulate the
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expression of cell cycle-related genes and proto-oncogenes
in thyroid cells (7). Interestingly, all samples of invasive
breast cancer were negative for HER-2 in the present
study. This is consistent with a previous research (23).
Chemotherapy in HER-2-negative breast cancer patients
may induce cellular damage in the thyroid gland and
significantly increase thyroxine-stimulating hormone
(TSH) levels. Both of these factors might prompt thyroid
carcinoma (23). Furthermore, Gao er 4l. reported three
cases of HER-2-positive breast carcinoma accompanied
with thyroid carcinoma in a series of 276 patients with
HER-2-positive breast cancer (24).

Lynch syndrome, which is characterized by germline
mutations of human mismatch repair genes, can cause an
increased risk of malignancies, including colorectal cancer,
endometrial carcinoma, ovarian cancer, uterine cancer,
gastric cancer, and small intestine cancer (25). Recent
studies reported that breast cancer and thyroid cancer also
have mutations in mismatch repair genes, so they have
been regarded as an expanding tumor spectrum of Lynch
syndrome (26-28). Patients with Lynch syndrome are at
risk to develop synchronous or metachronous tumors.
MSH2, MSH6, MLH1, and PMS2 are instrumental genes
of the human mismatch repair gene families, and play an
important role in maintaining the integrity and stability
of genetic information while avoiding genetic mutation.
The normal function of the mismatch repair proteins is
to proofread the nucleotide sequence for potential base-
base errors that occur during DNA synthesis. Without
normal DNA repair proteins, errors in replication of DNA
sequences are not corrected after each replicative cycle,
and mistakes made while copying the DNA template are
perpetuated (29). Defects in these genes predispose to
the acquisition of mutations in oncogenes and tumor-
suppressor genes that play direct roles in the process of
oncogenesis (29). Several studies demonstrated that women
carrying MLH1 or MSH2 mutations were at increased
risk of breast cancer (30-32). Harkness et 4/. revealed a
significant threefold relative risk of breast cancer in MLH]1
mutation carriers (26). Mutations of mismatch repair
gene occurring in thyroid carcinoma patients with Lynch
syndrome predominated in MSH2 and MLHI1 genes (27).
Immunohistochemistry is a sensitive and specific method
used to identify defective DNA mismatch repair gene (33),
so we analyzed the expression of MSH2, MSH6, MLHI,
and PMS2 in breast and thyroid cancer tissues of patients
with two concomitant cancers by immunohistochemical
approach. Loss of PMS2 or MSHG6 protein expression only,
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implicates mutations within the PMS2 or MSHG6 genes,
respectively; loss of MLHI1 and PMS2 proteins suggests
a MLHI1 mutation; and loss of both MSH2 and MSH6
staining points to MSH2 mutations or germline deletions in
the neighboring EPCAM gene. However, all mismatch repair
proteins were positively expressed in our study, exhibiting
no signs of Lynch syndrome in all 8 patients. Therefore, the
tumorigenesis of the two cancers was not related to mutations
of the human mismatch repair genes in our study.

In conclusion, there is an increased incidence of thyroid
cancer and breast cancer concomitancy in patients with
breast cancer or thyroid cancer. Increased surveillance
of primary cancer patients may be an integral reason for
the discovery of a second tumor and close monitoring for
the detection of thyroid cancer or breast cancer might
be beneficial for these patients. Although the underlying
mechanisms remain to be elucidated, ER seems to be
involved in this relationship, while DNA mismatch repair
is not. More clinical studies are necessary to confirm these
findings and to explore the possible mechanism behind co-
occurrence of breast cancer and thyroid cancer.
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