
Endocrine (2020) 70:544–551
https://doi.org/10.1007/s12020-020-02377-3

ORIGINAL ARTICLE

The tissue expression pattern of CA 19.9 is associated with
oncological features in medullary thyroid carcinoma

Carla Vaz Ferreira Vargas1 ● Lucieli Ceolin1
● Rafael Selbach Scheffel1,2 ● Antônio Felippe Benini1 ●

Márcia Silveira Graudenz1,3 ● Ana Luiza Maia 1

Received: 13 March 2020 / Accepted: 1 June 2020 / Published online: 13 June 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Purpose Elevated serum levels of carbohydrate antigen 19.9 (CA19.9), a well-established tumor marker in pancreatic
neoplasms, has been proposed as a prognostic marker of tumor aggressiveness in medullary thyroid carcinoma (MTC). A
hypothesis of C-cell dedifferentiation has been raised. Here, we evaluated the expression of CA19.9 and CD133, a stem cell
marker, in MTC tissues.
Methods MTC samples from patients attending a university-based hospital were evaluated for CA19.9 and CD133
expression by immunohistochemistry. Clinical data were retrieved from medical records.
Results Tumor specimens from 70 MTC patients (57.1% hereditary) were evaluated. The age at diagnosis was 36.1 ± 16.3
years, and 58.6% were female; 53% of patients had cervical and 20% distant metastases. CA19.9 staining was detected in
87% of the samples, but no association was observed with biochemical markers, tumor size, local or distant metastases (All
P > 0.05). Remarkable, CA19.9 expression was higher in the metastasis than in primary tumor samples (P= 0.0002). CD133
was expressed in 90.5% samples, but no correlation was found with CA19.9. Interestingly, we identified three distinct
expression patterns to CA19.9: individual, focal, and diffuse cells. Sporadic MTC was associated with the individual cell
pattern (70.6%), while the hereditary form with the focal expression pattern (63.9%; P= 0.04). Remarkably, the diffuse
pattern was associated with larger tumor size and distant metastases (P= 0.032).
Conclusions The majority of samples stained for CA19.9, suggesting it is an MTC cell-intrinsic feature. Three distinct
expression patterns were identified, which were associated with the hereditary or sporadic form, larger tumor size, and
presence of metastases.
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Introduction

Medullary thyroid carcinoma (MTC) is a malignant neoplasm
of C-cells of the thyroid, corresponding to ~2–3% of all

malignant tumors of the thyroid but responsible for 13.5% of
the tumor-related deaths [1, 2]. The survival rate of patients
with MTC is 75% in 10 years [2, 3]; however, when distant
metastases are present, the survival rate decreases to 42% in 5
years and 31% in 10 years [2]. MTC presents as sporadic
(75–80%) or inherited tumors (20–25%). Germline activating
mutations in the RET gene are responsible for hereditary
MTC. The molecular mechanisms involved in sporadic MTC
have not yet been clarified. Somatic RET or RAS mutations
seem to represent alternative genetic events in sporadic MTC
tumorigenesis [4].

Calcitonin is a specific and highly sensitive biomarker
for MTC. Neoplastic C cells also produce the carcinoem-
bryonic antigen (CEA). Both molecules are widely used as
tumor markers of patients with MTC [5, 6]. Indeed, the
calcitonin and CEA doubling-time are strong prognostic
factors of disease progression and outcome [7].
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The carbohydrate antigen 19.9 (CA19.9) is a mucinous
glycoprotein of high molecular weight (>400 kD), which
has a sialic structure originating from the Lewis blood
group antigen [8]. CA19.9 is classically used as a tumor
marker in pancreatic neoplasms [9–11]. However, although
the maximum tissue expression of CA19.9 occurs in pan-
creatic cancer, it has also been observed in other malignant
neoplasias, including the lung, colon, breast, ovary, and
uterus [12].

Recently, two case reports describe elevated serum levels
of CA19.9 antigen in MTC patients. In both cases, the
patients had multiple distant metastases, low calcitonin, and
increased CEA levels, suggesting CA19.9 as a prognostic
marker of tumor aggressiveness and mortality in advanced
MTC [13, 14]. A study by Elisei et al. evaluated
CA19.9 serum levels in 100 patients with advanced MTC
with persistent or recurrent disease. The authors observed
increases levels of serum CA19.9 in patients with distant
metastases. Remarkably, the higher serum Ca 19.9 level was
an independent predictor of disease-related mortality [15].
The association between CA19.9 serum levels and outcomes
was also recently investigated in 65 MTC patients. Similar to
the findings described by Elisei et al. the authors observed
higher serum CA19.9 levels in patients with disease pro-
gression or have died from MTC [16]. The CA19.9 expres-
sion was evaluated in MTC samples in a small pilot study,
which has shown positive CA19.9 staining in 62.5% of the
cases. However, the mechanism of the association between
CA19.9 and advanced MTC remains mostly unknown.

The purpose of this study was to investigate the potential
role of CA19.9 expression as a prognostic factor in MTC.
First, we thought to determine whether the CA19.9 tissue
expression was an MTC cell-intrinsic feature or related to
the dedifferentiation of cancer cells. To further explore the
hypothesis that higher CA19.9 expression could be asso-
ciated with the dedifferentiation of the C cells, we evaluated
the expression of CD133, cholesterol interacting penta-span
transmembrane glycoprotein (120 kd), extensively used as a
marker for the cancer stem cell in several carcinomas,
including thyroid (19–24). In addition, we evaluated the
association between tumor expression of CA19.9 and clin-
ical presentation and outcome in a cohort of individuals
with MTC.

Material and methods

Patients and study design

Patients with histopathological diagnosis of MTC followed at
Thyroid Unit of Hospital de Clínicas de Porto Alegre, a
university-based teaching hospital, with the primary tumor or
metastasis samples paraffin-embedded available were

included. Since 1997, our Unit has been a reference center for
the molecular testing of RET germline mutations in Brazil.
Therefore, patients are referred to us by other centers for
molecular investigation. All patients or their legal guardians
provided written informed consent by following the institu-
tional Ethics Committee (CAAE 62017016300005327).

Clinical and histopathological data

Clinical and laboratory data were collected for each indi-
vidual, and laboratory tests were performed as described
previously [17]. The Institutional MTC treatment protocol
follows the current guidelines [18]. Total thyroidectomy
was performed in all patients with varying cervical neck
dissection procedures. N0 status was determined by clin-
ical examination of the neck or preoperative and post-
operative neck ultrasound imaging or macroscopic
analysis during surgery and pathological exam of patients
with lymph node resection. Patients with suspicious distant
metastases (i.e., the presence of lymph node metastases or
serum calcitonin >150 pg/mL) underwent imaging exams
(cervical, thoracic, and abdomen computed tomography or
liver magnetic resonance) [19]. Tumor staging was per-
formed according to the 8th edition of the TNM/AJCC
(TNM8) staging system (I, II, III, or IV) [19]. The last
medical visit was considered the final follow-up. Disease
status was defined based on serum calcitonin levels and
imaging exams. Patient status was classified as follows: no
evidence of disease (undetectable calcitonin), persistent
disease (detectable calcitonin or evidence of structural
disease), or disease-related death.

RET germline mutation protocol

All patients with known hereditary MTC harbor a RET
germline mutation. Our RET germline mutation protocol
consists of performing mutational analysis using Sanger
sequencing on exons 8, 10, 11, 13, 14, and 15 of this proto-
oncogene. Standard procedures were described previously
[17]. For those with sporadic MTC, the diagnosis was
established based on the absence of known RET germline
mutation, family history of MTC, or clinical phenotype of a
specific syndrome.

Somatic M918T RET and RAS mutation analysis

The MTC samples were evaluated from paraffin-embedded
formalin-fixed MTC blocks. Exon 16 of RET and exons 2
and 3 of H-RAS and K-RAS, and exon 3 of N-RAS was
amplified by PCR using specific primers. Samples were
sequenced using ABI 3500 Genetic Analyzer with 50 cm
capillaries and POP7 polymer (Applied Biosystems). PCR
products were labeled with 5.0 pmol of the specific primers
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and 1 μL of BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) in a final volume of 10 μL. Labeling
reactions were performed in a Veriti1 96-Well Thermal
Cycler (Applied Biosystems) with an initial denaturing step
of 96°C for 1 min followed by 35 cycles of 96 °C for 15 sec,
50 °C for 15 sec and 60 °C for 4 min. Labeled samples were
purified using BigDye XTerminator Purification Kit
(Applied Biosystems) and electron injected in the automatic
sequencer.

Immunohistochemical (IHC) analysis

Paraffin sections (3 µm) of previously formalin-fixed and
paraffin-embedded tissues were cut and prepared for IHC
staining. The antibodies used were monoclonal mouse anti-
CA 19.9 (Clone 1116-NS-19-9, M3517, DakoCytomation,
Carpinteria, CA), and polyclonal rabbit CD133 antibody
(CD133: orb18124, Biorbyt). Sections representing MTC
were submitted to routine immunohistochemistry technique,
which comprises deparaffination and rehydration, antigenic
recovery, inactivation of endogenous peroxidase, and
blockage of unspecific reactions. Primary antibodies were
incubated overnight at a temperature of 4 °C, at dilutions of
1:800 (anti-CA19.9) and 1:300 (CD133), followed by the
application of streptavidin-horseradish peroxidase conjugate
(LSAB; DakoCytomation), and diaminobenzidine-
tetrahydrochloride (Kit DAB; DakoCytomation). Sections
of human tissue were used as a positive control (pancreatic
tissue for CA19.9 and glioblastoma tissue for CD133), and
the absence of the primary antibody as a negative control.

A pathologist (M.S.G.) analyzed the intensity of CA19.9
and CD133 staining by the h-score method. The h-score
consists of the sum of the percent of tumor cells staining
multiplied by an ordinal value corresponding to the inten-
sity level (0= none, 1=weak, 2=moderate, and 3=
strong). With four intensity levels, the resulting score ranges
from 0 (no staining in the tumor) to 300 (diffuse intense
staining of the tumor).

Statistical analysis

The clinical and laboratory data are reported as the mean ±
standard deviation (SD) values or as the median and per-
centiles 25 and 75 (P25–75) for continuous variables or as
absolute numbers and percentages for categorical variables.
Comparative analyses were performed using an unpaired
Student’s t test, Mann–Whitney U test, Kruskal–Wallis test,
or χ2, as appropriate.

All tests were two-tailed, and all analyses were per-
formed using the Statistical Package for Social Science
Professional software version 20.0 (IBM Corp., Armonk,
NY, USA). All tests were two-tailed, and a P < 0.05 was
considered statistically significant.

Results

Patients

From a cohort of 369 MTC patients, 70 individuals were
evaluated based on study inclusion criteria (Fig. 1). Clinical
and oncological features at diagnosis of the patients inclu-
ded are described in Table 1. The mean age was 36.1 ± 16.3
years, and 41 (58.6%) were female. The median levels of
calcitonin and CEA were 536 pg/mL (P25–75
49.35–1300.5) and 21.3 ng/mL (P25–75 3.6–52.6), respec-
tively. At diagnosis, the median tumor size was 2.3 cm
(P25–75 1.2–3.3); 37 (52.9%) patients had lymph node
metastases, and 14 (20%) had distant metastases. The
median follow-up time of 12.1 years (P25–75 7.5–16.5).
Based on physical exam, calcitonin levels, and imaging
exams, 42.6% of patients were considered free of disease,
45.9% with persistent disease, and 11.5% died due to the
disease. The clinical and oncological characteristics of the
70 patients included in this study were similar to the whole
cohort (all P > 0.05).

The hereditary and sporadic forms of MTC were also
analyzed separately (Table 1). Our sample comprised 57.1%
sporadic MTC and 42.9% of hereditary MTC. The majority
of hereditary patients harbor codon mutation 634 (83.3%).
Of the 40 sporadic MTC samples, 35 were evaluated for
M918T somatic mutation, and 9 (25.7%) were positive.
RAS mutations were evaluated in 19 out of 26 samples
negative for M918T mutation, and one sample was positive
(H-RAS, exon 2, G13R).

Expression of CA19.9 and CD133 in MTC

IHC analysis was performed in 78 tissues (64 primary and
13 metastatic tissue samples; of them, 7 were patient-
matched samples). CA19.9 immunoreaction was detectable
in the cytoplasm of the cells, and the vast majority (87.5%)
of primary tumor samples had some level of

Fig. 1 Flow chart of the study
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CA19.9 staining. The median of the h-score was 20
(3–31.5). Of interest, seven of the eight samples negative
for CA19.9 were sporadic MTC. We observed no differ-
ences in the expression of CA19.9 on gender, age, calci-
tonin or CEA levels, lymph node or distant metastases (all
P > 0.05). The metastasis samples analyzed were as follows:
lymph node (7), lung (4), bone (1), and liver (1). All
metastases were present at diagnosis, but only two of them
were obtained at this time. The remaining 11 samples were
collected during follow-up to confirm the diagnosis or as
part of the treatment strategy. CA19.9 was expressed in
69.2% of the metastasis samples. Remarkably, the median
of the CA19.9 h-score observed in the metastasis samples
was significantly higher than in the primary tumor (67.5
(3.75–202), P= 0.0002; Fig. 2a). Of interest, when

analyzing the seven primary tumor-metastasis matched
samples, we observed a concordance on the presence or
absence of CA19.9 staining. In those samples with CA 19.9
positive staining, the h-score in the metastasis was higher
than that found in primary tumors (Fig. 2b). We found no
differences on the tissue CA19.9 h-score among patients
free of disease, with a persistent disease or those who died
due to the disease (21.5 vs. 3 vs. 14, respectively, P= 0.1).

CD133 staining was positive in 90.5% of the samples
analyzed, with a median of the h-score of 40 (1.5–110). We
found no difference in the h-score of CD133 on age, sex,
serum calcitonin or CEA levels, tumor size, lymph node, or
distant metastases (All P > 0.05). Despite the positivity in
most samples, there was no correlation between the h-score
of CA19.9 and CD133 (r=−0.09; P= 0.74).

Table 1 Clinical and laboratory
features in medullary thyroid
cancer patients

All patients
(n= 70)

Hereditary MTC
(n= 30)

Sporadic MTC
(n= 40)

Sex female (%) 41 (58.6) 18 (60) 23 (57.5)

Age at diagnosis (years) 36.1 ± 16.3 32.5 ± 14.5 42.2 ± 15.2

Calcitonin (pg/mL) 536 (49.3–1300) 314 (30.7–994) 799 (171–1886)

CEA (ng/mL) 21.3 (3.60–52.6) 14.6 (1.96–36.3) 41 (12.1–117)

Tumor size (cm) 2.3 (1.2–3.3) 1.3 (1.0–2.5) 2.8 (2.0–3.5)

N1 (%) 37 (54.4) 9 (30) 29 (74.4)

M1 (%) 14 (21.9) – 14 (36.8)

Data are expressed as the mean ± SD, median (percentiles 25–75), or frequencies

CEA carcinoembryonic antigen, N1 lymph node metastases, M1 distant metastases

Fig. 2 Mean expression of
CA19.9 in primary tumor and
metastases (a). CA19.9 values in
patient-matched samples (b).
CA19.9 staining of patient-
matched sample, primary tumor
(c), and bone metastases (d)
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Next, we thought to investigate whether CA19.9 tissue
expression would differ between patients with a hereditary
or sporadic form of MTC. Interestingly, we observed that
hereditary MTC tumors had a higher h-score of CA19.9
than those of sporadic form (median h-score 23.5 vs. 3.5; P
= 0.018). Of note, patients harboring codon 634 mutations
have a higher h-score than those with less-aggressive
mutations (median h-score 25 vs. 1.5; P= 0.007). The
MTC sample with M918T mutation displayed a high h-
score value (Table 2). In contrast, we found no significant
differences in the h-score between samples with or without
somatic mutations in the sporadic group (Table 2).

IHC staining patterns

When analyzing the samples positive for CA19.9 (n= 56),
our attention was caught by the presence of three distinct
IHC staining patterns: individual cell, focal, and diffuse
pattern (Fig. 3). The majority of the samples presented a
focal pattern (n= 36, 64.3%). Individual cell pattern was
observed in 17 (30.3%) samples, and the diffuse pattern
only in 3 (5.36%). The sporadic MTC samples were asso-
ciated with the individual cell pattern (70.6%), while the
hereditary form was associated with the focal expression
pattern (63.9%) (P= 0.04) (Table 3).

To further explore whether the distinct CA19.9 expres-
sion patterns were associated with the disease presentation,
we compare them with the clinical and oncological char-
acteristics of the patients. Interestingly, we observed a trend
toward an association between the individual cell pattern
and the presence of lymph node metastases (73.3%; P=
0.056). On the other hand, the diffuse pattern was asso-
ciated with larger tumor size and distant metastases at
diagnosis (66.7%; P= 0.032) (Table 3).

Discussion

Increased levels of serum CA19.9, a well-established tumor
marker in pancreatic neoplasms, has been proposed as a
prognostic marker of aggressiveness and mortality in

Table 2 CA19.9 expression in hereditary and sporadic MTC samples
accordingly mutational profile

n Ca19.9 (h-score) P value

Hereditary 30

RET codon 634 25 25 (18–52.5)

RET codon 918 1 45 P < 0.007

Others RET codonsa 4 1.5 (0.25–2)

Somatic mutations 35

RET M918T 9 3 (0–3)

RAS mutations 1 10

No mutations 25 5 (2–45) P= 0.059b

aRET codons 618 (2), 768, and 620
bPresence vs. absence of somatic mutation

Fig. 3 Tissue patterns
expression of CA19.9 in MTC
samples. Nonstaining (a),
individual cells (b), focal (c) and
diffuse (d)
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individuals with advanced MTC. However, the relationship
between CA19.9 expression and MTC remains unclear.
Here we show that CA19.9 IHC staining is present in the
vast majority of MTC samples, even in small tumors at the
early stages of the disease. No association was observed
between CA19.9 tissue expression and oncological features,
but hereditary samples have higher levels of CA19.9
expression than the sporadic form. Interestingly, we
observed three distinct patterns of expression of CA19.9,
which were associated with the hereditary or sporadic form,
larger tumor size, and metastatic disease at diagnosis.

Serum calcitonin and CEA are the classical markers used
for diagnosis, prognosis, and follow-up of MTC patients
[18, 20]. More recently, the CA19.9 has also been advo-
cated as a potential MTC marker. The first case reporting
increased of serum levels CA19.9 expression associated
with aggressiveness in patients with MTC was described in
2011 [14]. The patient presented with an extensive meta-
static spread of MTC to the lungs and liver. Nevertheless,
the calcitonin levels were relatively low for the amount of
disease, contrasting with the high levels of serum CEA. The
CA19.9 levels were measured to exclude other malig-
nancies, revealing an impressive concentration of 39,334 U/
mL (reference range <35.1 U/mL). The patient died, and the
autopsy confirmed MTC in the metastatic lesions. A similar
case was described 2 years later in a patient with multiples
metastases in lymph nodes, liver, and bones with rapid
clinical worsening and death. Serum CEA and CA19.9
levels were increased while the calcitonin remained stable at
low high levels [13]. Posteriorly, the prognostic value of
serum levels of CA19.9 was investigated in a group of
selected 100 advanced/metastatic MTC patients, which
showed a weak but significant correlation between serum
CA19.9 and calcitonin/CEA levels. Moreover, distant

metastases were more frequent in patients with elevated
CA19.9 levels [15].

Here, we evaluated CA19.9 tissue expression in MTC.
We observed the presence of this marker in the majority of
MTC samples. Remarkably, CA19.9 staining was detected
even in less than 1 cm MTC tumors, suggesting that
CA19.9 expression is an intrinsic MTC cell property. In
contrast with two previous studies [15, 21], we were unable
to demonstrate an association between the tissue CA19.9
expression and clinical or oncological features. However,
the characteristics of the study populations might potentially
explain these conflicting findings. In the study conducted by
Elisei et al. IHC analysis was performed only in samples of
patients with advanced MTC disease [15]. The second study
was a pilot study that included only 16 MTC samples,
narrowing the conclusions [21]. Of interest, however, we
found that the median of the CA19.9 h-score was sig-
nificantly higher in the metastasis samples than in the pri-
mary tumor (Fig. 2a). These observations support the
hypothesis that serum CA19.9 levels are dependent on the
tumoral mass and might explain the increased levels of
serum CA19.9 in patients with advanced MTC, particularly
those with structural metastatic disease [15, 16].

Surprisingly, the CA19.9 expression levels were higher
in the hereditary than in sporadic MTC samples. In her-
editary samples, we observed an association between the
intensity of CA19.9 staining and the germline RET codon
mutation. Patients harboring codon 634 mutations displayed
a higher h-score than those with less-aggressive mutations
(Table 2). In line with previous studies, we found no dif-
ferences in the CA19.9 h-score between samples with or
without somatic mutations [15].

We also evaluated whether the CA19.9 expression would
be associated with C-cell dedifferentiation by analyzing the
expression of CD133, a widely used marker for identifying
tumor stem cells in cell dedifferentiation. The presence of
cancer stem cells in well-characterized MTC cell lines and
MTC samples has been demonstrated, but the role of
CD133 in MTC is still unclear [22]. Here, we observed that
the majority of MTC samples presented CD133 staining
(90.5%). However, we did not find any correlation between
CA19.9 and CD133 h-scores. Moreover, the levels of
expression of CD133 did not correlate with any clinical or
laboratory characteristics studied [23]. The expression
profile of the CD44, another tumor dedifferentiated marker,
is similar to that of CD133 in MTC samples [23].

Confirming previous findings described by Milman et al.
[21] we observed three distinct patterns of CA19.9
expression in MTC, namely individual cells, focal, and
diffuse. Noteworthy, we found an association between the
expression pattern and MTC features. The sporadic MTC
was associated with the individual cell pattern, while the
hereditary form was associated with the focal expression

Table 3 Clinical features and CA 19.9 expression patterns in
medullary thyroid cancer samples

CA 19.9 expression patterns

Individual
(n= 17)

Focal
(n= 36)

Diffuse
(n= 3)

P value

Age at diagnosis
(years)

33.9 ± 16 33 ± 17 47.6 ± 15.9 0.292

Sex female (%) 11 (36.7) 18 (60) 1 (3.3) 0.527

Sporadic (%) 12 (70.6) 13 (36.1) 2 (66.7) 0.040

Hereditary (%) 5 (29.4) 23 (63.9) 1 (33.3)

Tumor size (cm) 2.4 (2–3) 1.3 (1–2.4) 3 (2.8–3.5) 0.008

N1 (%) 11 (73.3) 14 (38.9) 2 (66.7) 0.056

M1 (%) 3 (21.4) 3 (8.8) 2 (66.7) 0.033

Data are expressed as the mean ± SD, median (percentiles 25–75), or
frequencies

CEA carcinoembryonic antigen, N1 lymph node metastases, M1
distant metastases
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pattern. The uncommon diffuse pattern was associated with
larger tumor sizes and distant metastases.

It should be noted some flaws in our study. First, it is a
retrospective analysis in a cohort being followed pro-
spectively. Another limitation is the absence of serum levels
of CA19.9 data. On the other hand, the study has several
strengths. It included a large number of patients of a rela-
tively rare disease, at different tumor stages. In addition, all
patients undergo surgery and are followed at a single
institution, which ensures a similar therapeutic approach
and follow-up strategy, thereby enhancing our data’s
validity.

In conclusion, we demonstrate that CA19.9 is expressed
in the vast majority of MTC samples, including small
tumors in the early stages of the disease. Accordingly,
CA19.9 expression was not associated with cell dediffer-
entiation or advanced MTC, indicating that CA19.9
expression is an intrinsic feature of MTC cells. Noteworthy,
higher levels of CA19.9 expression were observed in
metastatic samples compared with that of the primary
tumor, providing a potential explanation for the increased
levels of serum CA 19.9 in patients with advanced MTC.
Three distinct patterns of expression were identified, which
were associated with the hereditary or sporadic form, larger
tumor size, and distant metastases.
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