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Abstract

Medullary thyroid carcinomas (MTC) are rare and aggressive neuroendocrine tumors of 
the thyroid. About 70% of MTC are sporadic; approximately 50% of those harbor somatic 
RET mutation. DLL3 is widely expressed in many neuroendocrine tumors and has been 
evaluated as a potential therapeutic target. Since stromal desmoplasia in sporadic MTC 
has been identified as a reliable predictor of aggressive behavior and development of 
lymph node metastases, a possible correlation of DLL3 expression with the presence of 
stromal desmoplasia was of particular interest. 59 paraffin-embedded samples of sporadic 
MTC with (44 cases) and without (15 cases) stromal desmoplasia and known lymph node 
status were included. DLL3 expression was determined by immunohistochemistry; no 
expression (0%), low expression (1–49%) and high expression (≥50%) were correlated with 
clinicopathological data. The proportion of DLL3 positivity was significantly correlated 
with both stromal desmoplasia (P < 0.0001) and lymph node metastases (P < 0.0001). 
MTC without stromal desmoplasia consistently lack DLL3 expression. This is the first 
study to focus on MTC regarding DLL3 expression and the relationship to various factors. 
Our results demonstrate that expression of DLL3 in MTC represents a reliable surrogate 
marker for stromal desmoplasia and lymph node metastases and might be an indicator 
for aggressive clinical behavior. DLL3 expression in ≥50% of tumor cells virtually excludes 
MTC without stromal desmoplasia. DLL3 was discussed as a potential therapeutic target 
in malignant tumors of other locations with positive immunohistochemical reaction and 
might therefore be a new therapeutic option in MTC, as well.

Introduction

Medullary thyroid carcinomas (MTC) are rare and 
aggressive neuroendocrine thyroid tumors composed of 
cells with evidence of C-cell differentiation. They account 
for only 2–3% of thyroid malignancies, but are causing 
about 15% of thyroid cancer-associated deaths (1, 2). They 
can occur either as part of hereditary syndromes (<30% 
of all MTC) in multiple endocrine neoplasias (MEN) 

2A or 2B with germline mutations in the RET proto-
oncogene or as sporadic tumors with approximately 50% 
having a somatic RET mutation. Sporadic MTC occurs 
independently from the number of non-neoplastic C-cells 
within the thyroid although non-MEN2-associated C-cell 
hyperplasia (CCH) has been defined (3); in contrast, 
hereditary MTC in MEN-syndromes arise from preexisting 
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‘neoplastic CCH’. Differentiating between neoplastic 
CCH and invasive hereditary micro-MTC (tumor size <1 
cm) can be very challenging, since malignancy is defined 
by invasiveness of neoplastic C-cells. Demonstration 
of stromal desmoplasia is the most useful surrogate 
marker of invasive growth of neoplastic C-cells (4). 
Stromal desmoplasia, a newly tumor-built fibrous stroma, 
surrounding tumor cells, is the only known factor reliably 
predicting aggressive behavior and development of lymph 
node metastases in sporadic MTC. In a cohort of 41 
sporadic MTC without stromal desmoplasia, investigated 
by Koperek and co-workers, none of the tumors had 
lymph node metastases (5). In contrast, serum calcitonin 
or CEA levels, or RET-mutational status are not statistically 
related to the biological behavior of the considered MTC 
there (6). Therapeutic options in advanced stage of disease 
are still limited. State of the art is initial surgical treatment 
with central and lateral cervical lymph node dissection 
(2, 7, 8, 9, 10). A systemic treatment with tyrosine kinase 
inhibitors may be considered in progressive disease with 
high tumor burden and no further surgical options 
available (8). Ten-year survival rate depends mainly 
on tumor stage with a very poor outcome in stage IV 
(advanced local disease with nodal spread or any tumor 
size with distant metastases) of only 21% (2).

The development of MTC is not completely understood, 
but it seems to be proven, that the NOTCH pathway 
plays a pivotal role. In the thyroid the NOTCH pathway 
is usually active during the embryonal development and 
regulates proliferation and differentiation of C-cells (11). 
However, it is also well known that the NOTCH pathway 
is downregulated during tumor growth of neuroendocrine 
tumors. The NOTCH receptor, which is expressed on the 
cell membrane of neuroendocrine cells interacts with 
different ligands and acts variably as a tumor suppressor 
protein or oncogenic. One of these ligands, known as 
Delta-like ligand 3 (DLL3), is an inhibitory NOTCH ligand, 
which is overexpressed in high grade neuroendocrine 
tumors-like small cell lung cancer (SCLC) and other 
tumors of neuroendocrine origin-like small cell bladder 
cancer and metastatic neuroendocrine prostate carcinoma 
(11, 12, 13). Overexpression of DLL3 in neuroendocrine 
tissues can be immunohistochemically demonstrated as 
strong staining of the cell surface membrane, whereas 
non-neuroendocrine tissues usually do not express DLL3. 
In SCLC the percentage of cells expressing DLL3 (>/< 50% 
of tumor cells) correlates with time to tumor progression 
and is, therefore, a prognostic marker. Novel antibody-
based therapies targeting DLL3 (Rovalpituzumab tesirine, 
Rova-T) were recently developed and are actually being 

evaluated in several clinical studies in SCLC (12). Actually, 
little is known about DLL3 expression in MTC, however, 
in a phase I/II study, a small cohort of 13 MTC with >1% 
expression of DLL3 were included. Results of this study 
were promising for neuroendocrine carcinoma with DLL3 
expression >50% (14). To our knowledge, no study focusing 
on MTC’s DLL3 expression and their association to various 
factors exists. Thus, we investigated DLL3 expression 
in MTC additionally addressing clinicopathological 
parameters to determine potential therapeutic options 
with DLL3-targeting antibodies in different settings. 

Material and methods

Clinical samples

59 paraffin-embedded samples of sporadic MTCs, seen 
between 2014 and 2019 at the Institute of Pathology, 
University Hospital of Essen, were retrieved from the files. 
Initial diagnosis was made according to the World Health 
Organisation (WHO) criteria outlined in 2017 (15) by KWS 
and ST, experts of thyroid pathology. To assure the diagnosis, 
every case was at least stained immunohistochemically for 
calcitonin and chromogranin a. All primary tumors and all 
lymph node metastases had a positive staining result. The 
presence of desmoplasia was confirmed in H&E-staining. 
44/59 cases showed stromal desmoplasia; concomitant 
lymph node metastases were found in 39 of these 44 cases, 
5 cases had tumor-free lymph nodes at initial presentation. 
Fifteen MTC completely lacked stromal desmoplasia – all 
lymph nodes investigated in these 15 cases were tumor-
free. Available clinicopathological data are shown in Table 
1. The study was approved by the ethics committee of the 
University Hospital of Essen (20-9139-BO).

Tissue microarray construction

For tissue microarray construction, the tumor areas were 
marked on slide and corresponding core biopsies of 2 
mm diameter were taken in triplicates with a TMA Grand 
Master System (3DHistech, Hungary) according to the 
manufacturer’s protocol. 10 cases were left out for whole 
slide stains to assess distribution of staining throughout 
the tumor.

Immunohistochemistry (IHC)

The TMAs and whole slides were cut into 4 µm thick slides 
and MAB against DLL3 (Ventana, clone SP347, ready to use)  
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was used, which was proven to be specific for DLL3-
expression elsewhere (16, 17). IHC was performed with an 
OptiView Ventana System using the OptiView DAB IHC 
Detection Kit and the Cell Conditioning 1 pretreatment 
solution (CC1) according to the manufacturer’s protocol 
(All Ventana). Pretreatment with the CC1 solution was for 
80 min at 100°C, primary body incubation for 32 min at 
36°C, linker component for 8 min at room temperature 
followed by HRP substrate for 8 min at room temperature. 
Slides were counterstained with hematoxylin. As specified 
by the manufacturer, staining reaction is specific when 
seen membranous or cytoplasmic. As negative control 
kidney and liver tissue were used. As positive control slide 
with non-small lung cancer was parallel stained showing 
a positive signal for DLL3.

Scoring IHC staining

IHC scoring was performed as described elsewhere (18, 
19). In short, percentage of positive DLL3 tumor cells 
were determined by two pathologists (ST and MI) and 
the results were divided into three groups (no expression: 
0%; low expression: 1–49%; high expression: ≥ 50%). 
Immunohistochemical reaction was scored positive with 
an expression membranous and/or cytoplasmic, at least 
detectable at 200-fold magnification. For calculating the 
odds ratio, percentage of positive DLL3 tumor cells were 
divided into two groups (no expression/low expression:  
< 49%; high expression ≥ 50%).

Statistics

Fisher’s exact test was used to test independency of DLL3 
positive tumor cell quantity and clinicopathological data 
followed by multivariate analyses. Differences between 
mean of DLL3 positive tumor cells were compared using 

Man–Whitney U test. All analyses were performed using 
SPSS Version 22 (SPSS) or for Odds ratio https://www.
medcalc.org/calc/odds_ratio.php. P values < 0.05 were 
considered significantly different.

Results

Expression analyses of DLL3 in MTCs

In MTC the proportion of DLL3 positive cells showed 
strong dependency to stromal desmoplasia and the 
positive lymph node status (Fig. 1A and Table 2) with a 
higher number of cases with DLL3 high expression in 
desmoplasia positive carcinomas (P < 0.0001), and cases 
with lymphonodal spread (P < 0.0001). Multivariate 
analyses showed significant results for desmoplasia 
(P < 0.0001) and lymph node metastasis status (P < 0.0001) 
as well. Odds ratio of DLL3 high expression is 42.7-
fold higher in tumors with desmoplasia than in tumors 
without desmoplasia and additionally 53.5-fold higher 
for tumors with lymph node metastases. Primary tumors 
without desmoplasia (n = 15) never had lymph node 
metastases and never showed DLL3 high expression. 
Primary tumors with desmoplasia and concomitant 
lymph node metastases had a high association to DLL3 
high expression (P < 0.0001). Total number of positive 
tumor cells in cases with lymph node metastases was 
significantly higher than in cases without lymph node 
metastases (P < 0.0001), similar to cases with and without 
desmoplasia (P < 0.0001) (Fig. 1C).

Distribution of DLL3 positive cells in MTC

Immunohistochemical staining of DLL3 shows a widely 
homogenous distribution over the entire tumor without 

Table 1 Clinicopathological data of MTC cohort.

Total number of MTCs (n = 59) Desmoplasia No desmoplasia

Sex 
 Male 27 23 4
  Age: median (range) 53.4   
 Female 32 21 11
  Age: median (range) 56.2   
Age 
 ≤ 56 years 30 22 8
 > 56 years 29 22 7
Lymph node status 
 Metastases 39 39 0
 No metastases 20 5 15

44 15
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Figure 1
Expression of DLL3 in MTC with and without 
desmoplasia and its lymph node metastasis (A). 
Representative microphotographs of MTC with 
and without desmoplasia showing in H&E typical 
morphologic features. Immunohistochemistry for 
DLL3 shows a strong signal in tumors with 
desmoplasia as well in primary tumors as in 
lymphnode metastases. Tumors without 
desmoplasia are largely negative. (B) Bar chart 
divided into desmoplasia negative and positive 
tumors showing DLL3 expression of every single 
case. (C) Number of DLL3 positive tumor cells is 
significantly increased dependent on status of 
metastases and desmoplasia. ***P < 0.0001.

Table 2 Statistical analysis of DLL3 expression in relation to clinicopathological data and calculated odds ratio.

 DLL3 expression (division for Fisher’s exact test)  
p value 

DLL3 expression (division for odds ratio)  
Odds ratio0% 1–49% ≥50% <49% ≥50%

Lymphnode status
 No metastases 10 9 1 19 1
 Metastases 2 10 27 <0.0001 12 27 42.7
Desmoplasia
 No desmoplasia 8 7 0 15 0
 Desmoplasia 4 12 28 <0.0001 16 28 53.5
Desmoplasia/LN combined
 No desmoplasia /LN− 8 7 0 15 0
 No desmoplasia/LN+ 0 0 0 0 0
 Desmoplasia/LN− 2 2 1 4 1
 Desmoplasia/LN+ 2 10 27 <0.0001 12 27 *

*Odds ratio cannot be calculated.
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sparing tumor sections as shown by whole slide staining 
(Fig. 2). Cases with high expression (defined as ≥ 50% of 
tumor cells with a positive staining reaction) only show 
a low number of negative tumor cells. Cases with no/low 
expression (0 or < 50% positive tumor cells) only have few 
positive tumor cells with mostly weak expression.

Discussion

Medullary thyroid carcinoma is an aggressive disease, 
especially in advanced, (lymphonodal) metastasized 
situation, with limited therapeutic options. Recently, 
NOTCH-Inhibitor DLL3 was identified as a novel 
therapeutic target in SCLC and large cell neuroendocrine 
carcinoma of the lung (LSCLC). First results in anti-
tumor effectiveness of the DLL3-targeting antibody 
Rovalpituzumab tesirine (Rova-T) for these tumors are 
promising (19, 20). DLL3 seems to be overexpressed 
in various aggressive carcinomas of neuroendocrine 
origin, including small cell lung cancer (SCLC) (12), 
neuroendocrine carcinoma of gastrointestinal tract (21) and 
the prostate (22). Virtually nothing is known about DLL3 
expression in medullary thyroid carcinoma. In a phase 
I/II study 13 MTCs were included with DLL3 expression 
>1%. In this study efficacy of Rova-T therapy was tested 
in different neuroendocrine tumors, mainly addressing 
SCLC. Best clinical response to Rova-T was achieved 
in neuroendocrine carcinomas with DLL3 expression 

>50%. The objective response rate to Rova-T in MTC was 
given as 2 of 13. Unfortunately, no further information 
was given about the MTCs included concerning stromal 
desmoplasia, lymph node status, RET-mutational status or 
exact percentage of DLL3 expression. Essential knowledge 
about MTC in this study is mainly the fact that MTC 
can express DLL3 and some respond to DLL3-targeting 
antibody therapy (14). Aim of our present study was 
therefore to basically investigate DLL3 expression in MTC 
and its correlation to stromal desmoplasia as an indicator 
of aggressive biological behavior. This could lead to more 
information about which MTC particularly could be a 
potential candidate for DLL3-targeting antibody therapy. 
To our knowledge, our study is the first to focus on MTC 
regarding their DLL3 expression. Meanwhile a phase III 
trial investigating Rova-T as a therapeutic option in SCLC 
was put on hold due to a shorter overall survival in patients 
receiving Rova-T as a monotherapy in the second line. 
Further studies with Rova-T in combination with different 
chemotherapeutic agents focusing SCLC are still ongoing 
(23). Furthermore, some promising new agents targeting 
DLL3 were introduced and actually tested for efficacy at 
SCLC (12). Even if actual results are disappointing for 
SCLC, efficacy of Rova-T on neuroendocrine tumors of 
other origin, for example MTCs, remains still unclear,  
but possible.

In our study 59 MTCs were investigated. 44 of these 
tumors had a striking stromal desmoplasia, 15 lacked 
stromal desmoplasia completely. The ratio of MTC with 

Figure 2
Immunohistochemical staining of DLL3 shows a 
widely homogenous distribution of the entire 
tumor with low or high expression in lower 
magnification in top row (200×). Bottom row 
shows the cytoplasmatic and membranous 
expression of DLL3 positive tumor cells in higher 
magnification (400×).
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and without stromal desmoplasia correlates with findings 
of published studies on stromal desmoplasia (5, 7, 24). 
28 out of our 59 MTCs stained with DLL3, showed a 
high expression (defined as ≥ 50% of tumor cells with 
a positive staining reaction). All of these 28 cases had 
a striking stromal desmoplasia and no case without 
stromal desmoplasia had high expression of DLL3. 
Stromal desmoplasia in medullary thyroid carcinoma is 
reported to be a reliable predictor of aggressive behavior 
with development of lymph node metastases. According 
to larger studies of Koperek et al. and Scheuba et al., the 
demonstration of stromal desmoplasia is highly associated 
with lymphonodal spread and was thus recognized as an 
independent risk factor for a negative outcome. They 
also describe that cases lacking stromal desmoplasia 
consistently lack develop lymph node metastases (5, 
7). Therefore they, and some other groups, suggest to 
make the decision about extend of surgical intervention 
regarding neck dissection of lymph nodes dependent on 
the presence of stromal desmoplasia. Some even suggest 
to totally avoid lymphadenectomy in patients without 
stromal desmoplasia for sporadic MTC (7, 8, 25, 26). Stroma 
desmoplasia is defined as a newly built fibrous stroma, 
surrounding tumor cells and is detected morphologically 
by using routine hematoxylin and eosin staining. So far, 
no reliable marker staining desmoplasia or predicting 
aggressiveness of MTCs is known. We could show a 
significant correlation between desmoplasia, as well as 
lymph node metastases status, and DLL3 high expression, 
so DLL3 is the first known immunohistochemical indicator 
for aggressive behavior in MTC and staining can support 
diagnosis of desmoplasia. It also could be a supportive tool 
in the decision about the extent of surgical lymph node 
dissection, as DLL3 high expression seems to exclude 
low aggressive behavior of MTC. Cases without DLL3 
expression but with desmoplasia exist (4 out of 44 cases 
with stromal desmoplasia had no expression of DLL3). 
These cases do not differ morphologically from other 
MTCs with low/high expression. None out of 15 cases 
without stromal desmoplasia had a high expression of 
DLL3. In vitro studies show that high expression of DLL3 
leads to more aggressive behavior by promoting tumor 
growth, migration and invasion in small lung cancer 
cells via SNAIL overexpression (25, 26). Furthermore, 
SNAIL overexpression is known to induce fibrosis and 
in some cancer types epithelial-mesenchymal transition 
(27), features which maybe explain stromal desmoplasia  
in MTC.

In our study we examined cases with initial diagnosis 
from 2014 to 2019. As MTC is a slowly progressive tumor 

with possibly long disease courses, despite existing 
metastasis, tumor-associated deaths are not necessarily 
to be expected after short observation periods (28). Thus, 
death as endpoint of observation is not suitable in this 
case. Presence of metastases alone is a reliable marker for 
unfavorable course with tumor-associated deaths after 
years and therefor overall survival (29). As mentioned 
above, we assume to be proven, that stromal desmoplasia 
is a reliable surrogate marker for development of lymph 
node metastases and therefore aggressive disease course. 
Hence, we postulate that the correlation of DLL3 
expression with stromal desmoplasia is sufficient to 
suggest that DLL3 expression predicts a bad outcome.

In Summary, we can report, that DLL3 is expressed in 
medullary thyroid carcinoma and shows a high association 
to stromal desmoplasia and lymph node metastases, 
whereas DLL3 is usually not expressed by MTCs without 
stromal desmoplasia. DLL3 is therefore a reliable surrogate 
marker for aggressive behavior of medullary thyroid 
carcinoma. Further studies are necessary to determine 
potential therapeutic options with DLL3-targeting 
antibodies.
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