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Abstract

Background: Tumor-to-tumor metastasis is a rare event. Rectal cancer to primary thyroid neoplasm metastasis is
extremely rare. Herein, we reported a case of metastatic rectal adenocarcinoma to a papillary thyroid carcinoma.
The incidence and clinicopathological characteristics of metastatic colorectal cancer to a thyroid gland neoplasm
were described, and the pertinent literature was reviewed.

Case presentation: A 34-year-old female patient had curative treatment of initial rectal adenocarcinoma in 2012,
and was found to have lung metastases by follow-up CT scan 3 years later. In 2018, she was found to have thyroid
metastasis by imaging due to left neck pain and hoarseness. A fine-needle aspiration biopsy (FNAB) result
suggested suspicious papillary thyroid carcinoma (PTC). The patient underwent a total thyroidectomy and bilateral
cervical lymph nodes dissection. The histopathology of thyroidectomy specimen revealed a rectal adenocarcinoma
metastatic to the thyroid concomitant with the papillary carcinoma in metastatic adenocarcinoma. The patient
received levothyroxine supplementation therapy and palliative chemotherapy with irinotecan and anti-angiogenesis
for the metastatic rectal adenocarcinoma. After 1 year of thyroidectomy, no newly developed lesion evidence of
recurrent PTC was observed. The patient remains still alive.

Conclusion: The possibility of metastases should be considered in patients with a history of rectal cancer and with
a thyroid lesion, particularly in those with ageing, hereditary nonpolyposis colorectal cancer (HNPCC) or long-term
survival. The diagnosis should be histologically confirmed for the presence of both primary thyroid lesions and
secondary thyroid neoplasms. Thyroidectomy may be a feasible treatment for symptomatic thyroid metastasis or
thyroid cancer. we need to gain more available evidence from large or multi-center clinical data to help clinicians
to diagnose rectal cancer to thyroid neoplasm metastases and evaluate treatment.
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Background

Colorectal cancer (CRC), with an estimated number of
over 1.8 million new cases and 881,000 cancer-related
deaths worldwide in 2018, ranks the third most commonly
diagnosed cancer but is the second leading cause of
cancer-related death in the world [1]. Notably, 21-26% of
CRC patients in the United States had distant metastasis
at diagnosis and the overall survival rate in patients with
metastatic colorectal cancer (mCRC) was 12% at 5 years
[2]. The common sites of rectal cancer include regional
lymph nodes, the liver, and the lungs, but metastasis to
the thyroid gland is rare. And furthermore, rectal cancer
to primary thyroid neoplasm metastasis, a tumor-to-
tumor metastasis, is extremely rare. Up to date, only eight
documented cases of mCRC to primary thyroid neoplasm
metastasis were reported [3—10]. We report here a case of
metastatic rectal adenocarcinoma to the papillary thyroid
carcinoma and review the related literature on tumor-to-
tumor metastasis of CRC in the thyroid gland.

Case presentation

A 34-year-old female patient had an abdominal perineal
radical resection (Miles operation) of a rectal cancer in Feb-
ruary 2012, with a normal carcinoembryonic antigen (CEA)
level of 3 ng/mL (reference range: <5.2 ng/mL). The post-
operative pathology revealed a moderately differentiated
rectal adenocarcinoma, with obvious invasion to posterior
vaginal wall and regional lymph node metastases
(pT4bN1MO, stage IIIC, Dukes C). The patient had adju-
vant chemotherapy with CapeOx (capecitabine and

Page 2 of 8

Oxaliplatin) for six cycles postoperatively followed by che-
moradiation. No evidence of tumor recurrence and metas-
tasis was detected by fluorine-18-fluorodeoxyglucose-
positron emission tomography integrated with computed
tomography (**F-FDG PET/CT) scan in January 2013. Her
disease recurred in February 2015 when bilateral pulmon-
ary metastasis was found by follow-up CT scan. Intermit-
tent oral chemotherapy of capecitabine was performed at
the patient’s request from March 2015. In June 2017, she
noted gradual enlargement of the anterior cervical bump,
until she presented with left neck pain and hoarseness (in
February 2018). Physical examination revealed a hard and
diffuse goiter, which had a size of 3 x 3 cm, moved with de-
glutition. At this time, blood tests revealed an elevated CEA
(19 ng/ml) and normal thyroid function. The neck ultra-
sound showed multiple heterogeneous hypoechoic nodules
in the thyroid gland, particularly at the expense of the left
lobe measuring 23 x 17 mm, and swollen bilateral cervical
lymph nodes. A "®F-FDG PET/CT scan revealed increased
focal FDG uptake in the multiple thyroid masses (max-
imum standard uptake value [SUV max] 9.7), multiple cer-
vical lymph nodes (SUV max 7.8), enlarged lymph nodes in
the fifth region of mediastinum (SUV max 7.3), and mul-
tiple nodules in both sides of the lung (SUV max 12.6)
(Fig. 1). There was no evidence of liver metastasis or ab-
dominal masses. A fine-needle aspiration biopsy (FNAB)
showed suspicious papillary thyroid carcinoma (PTC). The
patient then underwent a total thyroidectomy and bilateral
cervical lymph nodes dissection. Intraoperatively, the tumor
was found to involve the left recurrent laryngeal nerve. The

Fig. 1 The '8F-FDG PET/CT scan images showing increased focal FDG uptake in the multiple thyroid masses, cervical lymph nodes, the fifth
region mediastinal lymph nodes and multiple pulmonary nodules
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histopathology of thyroidectomy specimen revealed moder-
ately differentiated adenocarcinomas in the left and right
thyroid lobes, which had the same histology as the primary
rectal adenocarcinoma. In the right thyroid lobe, an inci-
dental concomitant presence of primary papillary carcin-
oma (diameter 5mm) was detected in metastatic
adenocarcinoma. Immunohistochemical (IHC) staining was
performed using thyroid transcription factor-1 (TTF-1),
paired box protein 8 (PAXS8), cytokeratin 20 (CK20),
caudal-related homeobox transcription factor-2 (CDX-2)
and villi protein (Villin) in order to clarify the origin of the
tumor. The tumor cells of metastatic rectal adenocarcin-
oma were positive for gastrointestinal markers CDX2,
CK20 and Villin but were negative for TTF-1 and PAXS8
(Fig. 2). In contrast, the tumor cells in the PTC were posi-
tive for TTF-1 and PAXS, but negative for rectal adenocar-
cinoma marker (Fig. 3). Histopathological and IHC
examinations of the neck lymph nodes were consistent with
the diagnosis of rectal adenocarcinoma metastasis. The
histological diagnosis of this patient was papillary thyroid
carcinoma pT1aNOMO, Stage I, and multiple metastatic
rectal adenocarcinoma rT4bN1Mlb, stage IVB. Due to
metastatic rectal adenocarcinoma, RAS, BRAF V600E and
PI3K molecular assay was performed and revealed that
NRAS, BRAF V600E and PI3K was wild type but KRAS
exons 2 had a mutation. Therefore, the patient was not
eligible for cetuximab treatment, which was the inhibitor
of the epidermal growth factor receptor (EGFR). She re-
ceived levothyroxine supplementation therapy and pallia-
tive chemotherapy with irinotecan and anti-angiogenesis
for the metastatic rectal adenocarcinoma.

After 1 year of thyroidectomy, no evidence showed
newly developed lesion of recurrent PTC. Currently, the
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patient remains alive and receives Regorafenib to prevent
the aggravation of pulmonary metastases.

Discussion and conclusions

Due to the fast flow of arterial blood and the high iodine
and oxygen content in the thyroid gland tissue, metasta-
sis of a cancer to the thyroid gland is a rare event in
clinical practice, which comprises approximately 1.3—-3%
of all thyroid malignant neoplasms [11, 12]. However,
autopsy series reported the overall incidence of the sec-
ondary thyroid malignancies as high as 24% in the popu-
lations with known primary cancers [13]. While
metastasis of CRC to the thyroid gland is uncommon,
which only accounts for about 0.1% of CRC cases [14],
metastasis to an intrathyroidal primary neoplasm (i.e.
tumor-to-tumor metastasis), is exceptionally uncommon.
Tumor-to-tumor metastasis is defined as the metastasis
of one tumor into another, including both malignant-to-
benign tumor metastasis and malignant-to-malignant
metastasis. The first case of tumor-to-tumor metastasis
was first reported by Berent in 1902 [15]. To diagnose a
tumor-to-tumor metastasis requires the following cri-
teria as [16—19]: 1) more than one primary tumor must
exist; 2) the recipient tumor must be a true benign or
malignant neoplasm; 3) the donor malignancy must be a
true metastasis; and 4) the exception of contiguous
growth of one tumor into another adjacent tumor (“col-
lision tumor”), embolization of tumor cells, and metasta-
sis to the lymphatic system that were already involved by
generalized lymphatic or hematological malignancy. In
the present report, our patient appeared to have satisfied
all these criteria based on the second pathologic examin-
ation of PTC, which was presented 6 years after curative

staining. f Tumor cells are positive for Villin staining.

Fig. 2 Images of histopathological and immunohistochemical (IHC) showing metastatic carcinoma in the resected thyroid gland. a H&E stain of
thyroid gland detects adenocarcinoma with mucinous features, consistent with metastatic rectal adenocarcinoma. b Tumor cells are negative for
TTF-1 staining. ¢ Tumor cells are negative for PAX8 staining. d Tumor cells are positive for CK20 staining. e Tumor cells are positive for CDX-2
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Fig. 3 Images of histopathological and immunohistochemical (IHC) showing primary papillary carcinoma in metastatic adenocarcinoma. a H&E
stain of primary papillary thyroid carcinoma. b Tumor cells are positive for TTF-1 staining. ¢ Tumor cells are positive for PAX8 staining. d Tumor
cells are negative for CK20 staining. eTumor cells are negative for CDX-2 staining. f Tumor cells are negative for Villin staining

treatment of the initial rectal adenocarcinoma, and the
patient had a history of visceral metastases.

To the best of our knowledge, fewer than 50 case re-
ports of tumor-to-tumor metastasis in which the recipi-
ent tumor was a primary thyroid neoplasm were
reported in the literature. Furthermore, only eight docu-
mented cases were CRC to primary thyroid neoplasm
metastasis (Table 1). Our present report is the ninth case
to describe mCRC metastasis to thyroid with a PTC.
The first documented case of mCRC to a primary thy-
roid neoplasm was described by Kameyama in 2000 [3].
Of the nine cases of mCRC to the recipient thyroid neo-
plasm reported, 2 the recipient thyroid tumors were fol-
licular adenomas [3, 5], 1 was Hiirthle cell carcinoma
[4], 4 were papillary carcinomas [6, 7, 9], 1 was medul-
lary carcinoma [8], and 1 was follicular carcinoma [10].
Our literature review found that the interval between
diagnosis of primary CRC and its metastasis to a thyroid
neoplasm was in a range of 18 months to 9 years, mainly
after curative treatment of the first diagnosis; only 1 case
was detected synchronously with the primary malig-
nancy, metastasis to a thyroid follicular adenoma as the
initial presentation of a colonic adenocarcinoma [5].
Among these cases, thyroid metastasis was usually
present with other sites distant metastases, especially
lung metastases. Keranmu et al. reported that 81.0% of
patients with mCRC to thyroid showed concomitant
lung metastasis [20]. In our case, lung metastases appeared
to be the first sign of hematogenous spread after 3 years
from the primary diagnosis. Therefore, hematogenous dis-
semination can be considered to be the main pathway for
rectal cancer to the thyroid gland. The “seed and soil” the-
ory suggests that tumor or metastasis develop when viable
tumor cells (the “seed”) can proliferate at the favorable
growth environment of specific organs or the recipient

tumors (the “soil”) via hematogenous dissemination [3, 15].
Because of rich vascularity of thyroid gland, thyroid neo-
plasms are the common recipient tumors in tumor-to-
tumor metastasis. The literature review also found two
cases had isolated CRC to a thyroid neoplasm metastasis
with a history of thyroid goiter [4, 7]. Based on the Batson’s
new theory of vertebral venous metastasis [21], we hypothe-
sized that tumor cells migrate through the vertebral veins
and directly enter to the thyroid without entering the thor-
acic and abdominal cavity, or without involving the caval
vein, pulmonary vein and portal vein. In fact, the thyroid
diseases are vulnerable to primary or secondary thyroid
cancer growth due to cancer growth-induced decreases in
blood flow and levels of oxygen and iodine, such as Hashi-
moto’s thyroiditis. However, in the reported patients with
mCRC to intra-thyroidal thyroid neoplasm metastasis, we
found that the majority of patients had normal thyroid
gland function. Perhaps, multinodular goiters and aden-
omas that change the structure, could also alter the thyroid
environment so that it becomes a favorable site for meta-
static colorectal cancer cells to settle and grow.

Thyroid metastases from rectal cancer may clinically
present as an enlarged thyroid gland, neck mass, dyspha-
gia, dry cough, dyspnea and hoarseness, which are simi-
lar to those of the primary thyroid malignancy. Through
the literature review, we found that 5 of the all cases re-
ported had these clinical features, and that another 4
cases were discovered as incidental findings with ele-
vated CEA levels or during follow-up by accurate im-
aging examinations. CEA is one of the most widely used
tumor markers, and its increase in the serum may be
used for disease monitoring and evaluation of efficacy,
especially for postoperative monitoring of CRC [22]. Ele-
vated CEA levels >5 ng/mL are helpful in detecting early
recurrences and advanced stage in patients with resected
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rectal cancer [23, 24]. The National Comprehensive
Cancer Network (NCCN) guidelines recommended that
PET/CT scan should be more commonly used in detec-
tion of recurrent rectal cancer in patients with elevated
CEA. A recent systematic review and meta-analysis of 11
studies (510 patients) found that PET/CT can be detect
tumor recurrence with a sensitivity of 94.1%and a speci-
ficity of 77.2% [25]. With widely clinical use of PET/CT
scan, the incidence of newly detected thyroid lesions is
increasing. Previous reports described that the incidence
of thyroid incidentaloma identified by PET/CT was 1.2 to
3.1% in non-thyroid disease patients and 14 to 59.8% of
them were proven to be malignant, with papillary carcin-
omas being the common type by histopathology [26-28].
Although the accuracy of thyroid imaging has improved
with the introduction of PET/CT scan, the accurate diag-
nosis required histology to differentiate between primary
thyroid lesions and secondary thyroid neoplasms.
Presently, FNAB is the front-line method in clinic to
evaluate a suspicious thyroid mass. Cytological evalu-
ation from FNAB usually provides a rapid and reliable
diagnosis of primary thyroid malignancy due to favorable
sensitivity (83%) and specificity (92%), which is the same
as metastatic thyroid neoplasm due to high accuracy
(87%) [29, 30]. In 15-30% cases, FNAB had difficulty
with diagnosis, due to the issues with distinguishing the
primary tumors from poorly differentiated metastatic
thyroid tumors such as anaplastic thyroid carcinoma.
Witt RL.et al. [4] reported a case in which FNAB diag-
nosed a benign thyroid goiter, but final pathologic exam-
ination indicated a colon adenocarcinoma metastatic to
a thyroid Hiirthle cell carcinoma with focal areas of ded-
ifferentiated anaplastic thyroid cancer. In situations like
this, IHC and molecular analysis may be useful for im-
proving the accurate distinction between a metastatic
and a primary tumor. The current study demonstrated
the importance of IHC for confirming tumor-to-tumor
metastasis, which showed that CDX2, CK20 and Villin
were positive in metastatic rectal adenocarcinoma, and
that TTF-1 and PAX8 were positive in PTC. Immuno-
staining for the thyroid specific biomarkers TTF-1,
thyroglobulin or PAX8 can be used to differentiate be-
tween primary and secondary thyroid neoplasm. PAX 8
is an important transcription factor for thyroid organo-
genesis and a useful immunohistochemical marker for
thyroid tumors; it is also a well-recognized marker of
Miillerian tract and kidney tumors. PAX 8 can assist in
distinguishing thyroid carcinomas from lung adenocar-
cinomas, and its sensitivity for differentiated thyroid tu-
mors is similar to that of thyroglobulin and TTF-1 [31].
Also, PAX 8 has been reported to be positive in 74% of
anaplastic thyroid carcinomas, whereas these tumors
rarely express thyroglobulin and TTF-1 [32, 33]. Rectal
cancer can be CK20 and CDX-2 positive, which are
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useful to confirm the gastrointestinal etiology, but is
thyroglobulin and calcitonin negative. As in the present
case, while FNAB cytology made suspicious diagnosis,
histological examination of thyroidectomy confirmed it,
which was further supported by specific immunohisto-
chemical markers. Thus, specific immunohistochemical
markers can be very useful in the correct diagnosis of
rectal cancer to thyroid carcinomas.

Thyroidectomy is a conventional treatment for pri-
mary thyroid malignancy, is safe and may improve sur-
vival. However, thyroid metastasis appears to be an
advanced disease stage, and surgery may only serve as
palliative treatment. Currently, how to appropriately
manage patients with thyroid metastasis remains contro-
versial. Romero Arenas et al. [34] reported that the me-
dian overall survival (OS) was significantly longer in
patients with thyroid metastasis who underwent thyroid-
ectomy than in the nonoperative patients (34 vs. 11
months), indicating that thyroidectomy may still be
beneficial for patients with thyroid metastasis. It is
highly likely that the therapeutic effects of surgical man-
agement may depend on a number of factors, including
the site, the stage and the performance of the primary
tumor, and the symptoms caused by the thyroid mass.
Of the 8 cases reported in the literature, the patients had
either total or subtotal thyroidectomy. All of these pa-
tients had relieved symptoms and no one had recur-
rence. Russell et al. [35] recently showed that
locoregional recurrence was more likely in patients with
thyroid metastasis treated with subtotal thyroidectomies
(13.3%) versus total thyroidectomies (4.8%). Even if thy-
roidectomy may be a palliative procedure, it can be
beneficial to quality of life, reduce the incidence of
locoregional recurrence and improve long-term survival.
Although distant metastases are often an adverse prog-
nosticator, thyroid metastasis may not have poor prog-
nosis. Overall prognosis appears to be most closely
associated with the advanced primary tumor. In the
present case, although our patient had recurrent laryn-
geal nerve palsy and pulmonary metastasis of rectal
adenocarcinoma, surgery relieved her clinic symptoms
and controlled the local recurrence. Thus, in our case,
the prognosis of this patient appeared to be determined
by the patient’s metastatic rectal adenocarcinoma rather
than the primary thyroid malignancy.

Through the literature review, we found that, an aver-
age age of patients with CRC to thyroid tumor metasta-
sis was 59.2 years (ranging from 34 to 85) and that CRC
to thyroid tumor metastasis did not seem to have gender
predilection. This observation was not consistent with
that reported by Froylich et al. [36], who found that two
thirds of the patients were female in the 34 cases of
metachronous colon metastasis to the thyroid, indicating
that a slight female gender predisposition might exist. In
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the series study by Papi et al. [12], the majority of the
secondary lesions of the thyroid were diagnosed at a me-
dian age of 66 years, which was correlated to the in-
creased risk of developing a malignant tumor with
ageing. As reported by Kondo et al. [37], the risk of de-
veloping new primary cancer in cancer survivors, de-
pending on age, was increased at least by 20%. Lynch
syndrome (also known as hereditary nonpolyposis colo-
rectal cancer [HNPCC]) is an autosomal dominant con-
dition that leads to increased risks for colorectal cancer,
accounting for 2 to 5% of all colon and rectal cancers
[38—41]. This hereditary syndrome results from a germ-
line mutation in one of the DNA mismatch repair
(MMR) genes (MLH1, MSH2, MSH6, and PMS2).
Pelizzo et al. [42], revealed that both colonic and thyroid
cancers were more likely to occur in association with
MLH1 or MSH2 germ-line mutations in HNPCC pa-
tients. Therefore, additional thyroid monitoring should
be performed in the post-treatment surveillance of pa-
tients with rectal cancer, particularly in those with age-
ing, HPNCC or long-term survival.

Metastatic rectal carcinoma to a primary thyroid ma-
lignancy is exceptionally uncommon. The frequency of
rectal cancer to thyroid neoplasm metastasis is increas-
ing due to the improved diagnostic technologies and
long-term survival. The possibility of rectal cancer to
thyroid neoplasm metastases should be considered in
patients with a history of rectal cancer and with a thy-
roid lesion. Histological examination of thyroid speci-
men, histomorphology in comparison with the prior
primary rectal cancer, specific immunohistochemical
and molecular markers are the keys to diagnose rectal
cancer to thyroid tumor metastasis. Thyroidectomy may
be a feasible treatment for symptomatic thyroid metasta-
sis or thyroid cancer which would relieve the clinical
symptoms. However, these recommendations may not
be translatable into clinical, for which further work is re-
quired to develop a standardized, reproducible and valid
evaluation methodology. we need to gain more available
evidence from large or multi-center clinical data, such as
retrospective cancer center records or the National Can-
cer Institute’s Surveillance Epidemiology and End Re-
sults (SEER). It is hoped this proposed approach will
help clinicians to diagnose rectal cancer to thyroid neo-
plasm metastases and evaluate treatment.
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