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Abstract

The exact relationship between solid papillary carcinoma (SPC) and invasive breast carcinoma of no special type (IBC-NST)
with neuroendocrine differentiation and SPC and mucinous carcinoma (MC) of the breast remains unclear. To clarify the
relationship, we conducted a comparative study of morphological and neuroendocrine features between ductal carcinoma
in situ (DCIS, 72 cases) and SPC in situ (35 cases), and IBC-NST (103 cases) and invasive SPC (92 cases). We also conducted
the study between MC associated with and without SPC. Synaptophysin, chromogranin A, and INSM1 were employed for
the immunohistochemical study. IBC-NST had occasionally a morphological similarity with invasive SPC. While 123 of 127
cases with SPC demonstrated diffuse staining with one or more of the neuroendocrine markers, the only one case of DCIS
and none of IBC-NST showed it. Type B was observed in 16 of 18 cases of MC associated with SPC and in 13 of 33 cases
of MC without it. All the cases of MC with SPC and 6 of 33 cases without it showed diffuse staining for at least one of the
neuroendocrine markers. In conclusion, a careful distinction between invasive SPC and IBC-NST with neuroendocrine dif-
ferentiation is required. We assume that SPC in situ is a potential candidate for precursor of IBC-NST with neuroendocrine
differentiation. MC of the breast is suggested to have two pathogenetic pathways through SPC in situ or non-SPC in situ.
SPC in situ is thought to be less common as a precursor of MC than non-SPC in situ.

Keywords Breast cancer - Solid papillary carcinoma - Mucinous carcinoma - Neuroendocrine tumor - Neuroendocrine
carcinoma

Introduction

“Neuroendocrine neoplasm” has been recently proposed by
the International Agency for Research on Cancer (IARC)
and WHO as a term encompassing all tumor classes with
predominant neuroendocrine differentiation, including both
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well-differentiated and poorly differentiated forms [1]. It is
acknowledged that morphology and expression of neuroen-
docrine markers are key features defining these neoplasms
at any specific anatomical sites [2]. The term of neuroendo-
crine neoplasm is applied in the breast exclusively to neu-
roendocrine tumor (NET) and neuroendocrine carcinoma
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that are practically very rare in our experience and that of
other authors [3].

On the other hand, there is no complete agreement on
concept of and criteria for the breast tumors showing neu-
roendocrine differentiation that include solid papillary carci-
noma (SPC), mucinous carcinoma (MC), and invasive breast
carcinoma of no special type (IBC-NST) with neuroendo-
crine differentiation. Although SPC and MC type B could
fulfill the criteria as mammary neuroendocrine neoplasm,
they are not classified as neuroendocrine neoplasm of the
breast since they are “distinctive neoplasms” [1]. And defini-
tion of IBC-NST with neuroendocrine differentiation is very
ambiguous to raise the diagnostic problems [4].

In our previous study of SPC of the breast, however, it
was shown that the histological features of SPC were essen-
tially compatible with those of typical NETs of the other
organs [5]. It was demonstrated that almost all the cases with
SPC expressed the current neuroendocrine markers. It was
also supposed that SPC in situ was a precursor of NET, an
invasive tumor, of the breast because the NET always coex-
isted with SPC in situ [5]. Accordingly, we thought that SPC
should be classified as mammary neuroendocrine neoplasm.

Regarding the other breast tumors with neuroendocrine
differentiation, there have been hardly ever any reports that
explained a connection of SPC with IBC-NST with neuroen-
docrine differentiation. Additionally, we have not thoroughly
described relationship between SPC and MC in relation to
histologic subtype of MC and its neuroendocrine immu-
nophenotype [5]. To elucidate true relationship between SPC
and IBC-NST with neuroendocrine differentiation as well as
SPC and MC, we conducted a morphological and immuno-
histochemical study on conventional ductal carcinoma in situ
(DCIS), IBC-NST, and MC in comparison with SPC.

With this study, we want to improve the understand-
ing and diagnostic accuracy of SPC and its related tumors
with neuroendocrine differentiation and to establish their
proper classification. The classification is essential for the
histologic diagnosis, prediction of biological behavior, and
adequate choice of treatment [6]. It will serve as a solid basis
to provide invaluable materials to molecular pathology to
clarify pathogenesis of the tumor and to design the targeted
therapy [7].

Materials and methods

Patients’ data

We had 1708 cases with breast carcinoma that were sur-
gically removed at our institute from 2018 to 2022. These
cases included 72 cases of DCIS that were removed from

May 2020 to End of 2022, 103 cases of IBC-NST from April
2022 to End of 2022, and 33 cases of MC from 2018 to
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2022. We examined the 72 cases of DCIS, 103 of IBC-NST,
and 33 of MC in this study. We also had 45 cases of SPC
from 2018 to 2022. Thirty-three of the 45 cases of SPC had
been included in our previous study of 127 cases of SPC
including 35 cases with SPC in situ and 92 cases with inva-
sive SPC [5]. Three pathologists of our department diag-
nosed all the cases of breast carcinoma and were involved
in the present study to examine the tumors mentioned above.
The patient’s clinical history, age at presentation, sex, later-
ality, and surgical procedure were obtained from the data-
base of the hospital.

Histological materials and interpretation

Tissue samples were fixed in 10% buffered formalin and
embedded in paraffin. The hematoxylin and eosin—stained
slides of all the cases were reviewed by the authors. Nuclear
grade was obtained from the clinicopathological reports [8].
When we conducted the histological study, the criteria for
SPC, MC, DCIS, and IBC-NST were based on the WHO
classification 2019 [1]. We compared morphologically and
immunohistochemically the cases of DCIS to those of SPC
in situ. We conducted the comparative study between the
cases of IBC-NST and those of invasive SPC since all the
cases of SPC with invasion had invasive SPC as the inva-
sive component [1, 5]. We also compared the cases of MC
associated with and without SPC (18 and 33 cases, respec-
tively) regarding the histologic subtype and neuroendocrine
immunophenotype.

In the immunohistochemical study, 4-um-thick sections
were cut from paraffin-embedded blocks, transferred onto
silane-coated slides, dried at 60 °C for 1 h in the oven, and
immunostained using a Ventana BenchMark XT Autostainer
(Roche Diagnostics; Indianapolis, IN). To retrieve the anti-
gens, the slides were treated with CC1 (Roche Diagnostics;
Indianapolis, IN). We employed the following antibodies:
synaptophysin (27H12) from Leica Biosystems, Buffalo
Grove, IL; chromogranin A (LK2H10) and Insulinoma-asso-
ciated Protein 1 (INSM1) (A-8) from Santa Cruz Biotechnol-
ogy, Inc., Dallas, TX; estrogen receptor (SP1), progesterone
receptor (IE2), and HER2 (4B5) from Roche Diagnostics,
Indianapolis, IN; and Ki67 (MIB1) from Agilent, Santa
Clara, CA. All the antibodies were incubated at 42 °C. An
OptiView DAB IHC Detection kit (Roche Diagnostics;
Indianapolis, IN) was used to detect the antigen—antibody
complexes. After immunohistochemical staining, slides were
processed by dehydration, cleared, and mounted in order.
Positive and negative controls were included in each run.

In the present study, we categorized immunohistochemi-
cal staining for the neuroendocrine markers into three
grades: diffuse, focal, and scarce or negative. The diffuse
staining indicated that more than 50% of tumor cells were
positive for the marker, whereas focal and scarce or negative
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staining meant that 10-50% and less than 10% of the cells
were positive, respectively. We recognized the diffuse stain-
ing as an indicator of neuroendocrine differentiation of the
tumor. As for estrogen and progesterone receptors, a positive
result was defined as a positivity rate of 1% or higher of the
tumor cells. The high expression level of Ki67 was defined
as a positivity rate of higher than 20% of the tumor cells.
Low expression was 20% or lower of them. The cut-off value
for Ki67 was decided following the suggestion by the 13th
St. Gallen international breast cancer conference [9].

Statistical analysis methods

Statistical analysis was performed using the statistical soft-
ware ‘EZR’ (Easy R), which was based on R and R com-
mander. EZR is freely available on a website (http://www.
jichi.ac.jp/saitamasct/SaitamaHP. files/statmed.html) [10].
Chi-square/Fisher’s test was used to compare the groups, and
the weighted kappa value and accuracy rate were calculated.
For all the tests, a p-value of less than 0.05 was considered
statistically significant.

Results

Clinical features of the cases with DCIS, IBC-NST, MC,
and SPC are shown in Table 1. The mean age of the patients
of DCIS was 55.7 years old, IBC-NST 59.8, MC 65.2, and
SPC 66.2. All the patients in this series were women. In
laterality of DCIS, 31 cases were left-sided and 41 cases
were right-sided: 57 left and 46 right in IBC-NST, 15 and
18 in MC, 56 and 71 in SPC, respectively. Forty-two and 30
cases with DCIS underwent a total and partial mastectomy,
respectively: 41 and 62 cases with IBC-NST, 16 and 17 with
MC, and 63 and 64 with SPC, respectively.

Regarding the morphological features, DCIS exhibited a
wide variety of histologic subtype (Table S1). Papillary, cri-
briform, and unclassifiable (not otherwise specified; NOS)
subtypes were predominant. In IBC-NST, seven cases had
invasive SPC-like morphology that showed solid tumor nests
accompanied by thin-walled capillaries and the tumor cells
of eosinophilic and granular cytoplasm (Table S2). The
nuclear grading, immunohistochemical status of estrogen
and progesterone receptors, and HER2, and Ki-67 index
score in DCIS, IBC, and MC are listed in comparison with
SPC in Table 1.

Immunohistochemical results with the neuroendocrine
markers in the examined tumors are listed in Figs. 1 and
2, and Tables 1 and S1-2. The only one case with DCIS
of mixed papillary and cribriform subtype showed diffuse
staining (Fig. 3d). In contrast, all the cases except three with
SPC in situ exhibited diffuse staining (Fig. 3m—p). Eight
of 72 cases with DCIS were focally positive with INSM 1

and/or synaptophysin (Fig. 3b). Histologic subtype of the
eight cases included three cases of NOS, two cribriform,
one papillary, one mixed papillary and solid, and one mixed
cribriform and solid. All the other cases were scarcely posi-
tive or negative with all the markers (Fig. 3c).

None of the cases of IBC-NST showed diffuse staining
with any one of the three neuroendocrine markers. In com-
parison, 91 of 92 cases with invasive SPC were diffusely
positive for at least one of the three markers. Eight of the 108
cases with IBC-NST displayed focal staining with the one
or more neuroendocrine markers (Fig. 3e-h). Although the
seven cases of IBC-NST showed invasive SPC-like morphol-
ogy, all the cases except for one showed scarce or negative
staining for all the neuroendocrine markers.

In Table 2, we summarized morphological and immuno-
histochemical characteristics of MC that was associated with
and without SPC. Eighteen cases of MC associated with
SPC had two cases of type A and 16 cases of type B. All the
cases with SPC were diffusely positive for at least one of the
three neuroendocrine markers. The cases associated without
SPC, by contrast, exhibited 20 cases of type A and 13 cases
of type B. And they showed the various immunohistochemi-
cal staining results. Five of the 33 cases expressed diffuse
staining for at least one of the two markers (synaptophysin,
chromogranin A). None of them displayed diffuse staining
for INSM1. They had three cases of type A and two of type
B. The nine cases manifested focal staining for at least one
of the three markers (Fig. 3i-1). The other 19 cases were
scarcely positive or negative for all the three.

Discussion

Our first study of SPC showed that the morphology was
reminiscent of NET in the systemic organs, since all the
cases displayed rosette or pseudo-rosette, focal streaming
pattern, and cytoplasmic eosinophilic granularity [11]. In
our recent clinicopathological study of 127 cases of SPC,
we indicated that the characteristic morphology of SPC rep-
resents a typical histology of NET in the systemic organs
[5]. Cytologically, we found that SPC shared many specific
features with NET of the breast and the other organs [12,
13]. Morphological diagnosis of SPC is, therefore, not dif-
ficult in most of the cases, but nonetheless it is occasionally
challenging to make a histologic distinction between SPC
and the other type of breast carcinoma, in particular DCIS
of mixed type and IBC-NST with invasive SPC-like pattern.
Hence, immunohistochemistry with neuroendocrine mark-
ers is sometimes needed to make a proper diagnosis of the
challenging cases [3].

There have been only a few reports that conducted a
comparative study of neuroendocrine features between SPC
in situ and DCIS of the breast. With positive cut-off value
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Table 1 Summary of the clinicopathological features of the cases with ductal carcinoma in situ, invasive breast carcinoma of no special type,
mucinous carcinoma, and solid papillary carcinoma of the breast

DCIS IBC-NST MC SPC p-value
No. of cases 72 103 33 127
Mean age 55.7 59.8 65.2 66.2 p<0.05
Sex
Female 72 103 33 127
Male 0 0 0 0
Laterality
Left 31 57 15 56 p=0.262
Right 41 46 18 71
Mastectomy
Total 42 41 16 63 p=0.097
Partial 30 62 17 64
Nuclear grade
1 54 42 24 97
2 12 33 5 20
3 6 28 4 10
Estrogen receptor
Positive 65 87 32 127 p<0.05
Negative 7 16 1 0
Progesterone receptor
Positive 60 74 27 124 p<0.05
Negative 12 29 6 3
HER2
Positive 8 8 2 0
Negative 64 95 31 119
Ki67
High 2 28 7 7 p<0.05
Low 70 75 26 120
Multiple neuroendocrine markers (%)
Diffusely positive for at least one marker 1(1.4) 0(0) 5(15.2) 123 (96.9) p<0.05
Focally positive for at least one marker 8 (11.1) 8(7.8) 9(27.3) 4(3.1)
Scarcely positive or negative for all the markers 63 (87.5) 95(92.2) 19 (57.6) 0 (0)
INSM1
Diffusely positive 1 0 0 102
Focally positive 6 6 5 14
Scarcely positive or negative 65 97 28 11
Synaptophysin
Diffusely positive 0 0 3 111
Focally positive 6 4 7 5
Scarcely positive or negative 66 99 23 11
Chromogranin A
Diffusely positive 0 0 4 74
Focally positive 0 2 8 21
Scarcely positive or negative 72 101 21 32

DCIS, ductal carcinoma in situ; /BC-NST, invasive breast carcinoma of no special type; MC, mucinous carcinoma associated without SPC; SPC,
solid papillary carcinoma

of 1% of tumor cells, Tan et al. reported that almost all the and chromogranin A, while more than 95% and half of
cases with SPC in situ showed positivity for synaptophysin ~ the cases with conventional DCIS revealed positivity for
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Fig. 1 Neuroendocrine profiles INSM1 SYN CGA
on the immunohistochemistry
of ductal carcinoma in situ

and solid papillary carcinoma
in situ. SYN, synaptophysin;
CGA, chromogranin A; red, dif-
fusely positive staining; yellow,
focally positive staining; green,
scarcely positive or negative
staining
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synaptophysin and chromogranin A, respectively [14].
Moritani et al. reported that 67% of solid intraductal papil-
lary carcinoma and 8% of the nonsolid type showed posi-
tive staining with synaptophysin and/or chromogranin A in
more than 70% of the tumor cells [15]. In our study with
the positive cut-off value of more than 50% of tumor cells,
conventional DCIS hardly displayed diffuse staining whereas
SPC in situ typically showed it. Accordingly, SPC in situ
almost always offered clear evidence for neuroendocrine dif-
ferentiation. A wide range of the positive rate with DCIS was
probably attributable to the variety of immunohistochemical
antibodies, positive cut-off values, and histologic criteria.
Bogina et al. reported that IBC-NST presented diffuse
staining with synaptophysin and/or chromogranin A in 58
of the 940 cases (6.2%) with positive cut-off value of more
than 50% of tumor cells [4]. On the other hand, we had no
cases of IBC-NST with diffuse staining. The same cut-off
value notwithstanding, number of the cases with diffuse
staining evidently differed in the two reports. We suspect
that a main reason for the difference is a complete lack of
morphological definition of IBC-NST with neuroendocrine
differentiation [4, 16]. It is suggested that IBC-NST with

Fig.2 Neuroendocrine profiles
on the immunohistochemistry of
invasive breast carcinoma of no
special type, invasive solid pap-
illary carcinoma, and mucinous
carcinoma. SYN, synaptophy-
sin; CGA, chromogranin A;

red, diffusely positive staining;
yellow, focally positive staining;
green, scarcely positive or nega-
tive staining
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Fig.3 Representative histological and immunohistochemical features
in all the types of breast carcinoma examined in the present study. a—
d Histologic and immunohistochemical figures of conventional type
of ductal carcinoma in situ. a HE X 10. b Focally positive staining for
synaptophysin. ¢ Negative staining for chromogranin A. d Diffusely
positive staining for INSM1. e-h Histologic and immunohistochemi-
cal figures of invasive breast carcinoma of no special type. e HEx 10.
f Focally positive staining for synaptophysin. g Negative staining

neuroendocrine differentiation has occasionally a similar
histology to invasive SPC when it is a malignancy of low
or intermediate grade [1, 6]. Ki-67 proliferation index may
help to differentiate invasive SPC from the IBC-NST of
high grade and neuroendocrine carcinoma. Although coex-
istence of SPC in situ is important to diagnose invasive
SPC, it is sometimes difficult to identify SPC in situ if the
invasive tumor is predominant.
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for chromogranin A. h Focally positive staining for INSM1. i-1 His-
tologic and immunohistochemical figures of mucinous carcinoma. i
HE X 10. j Negative staining for synaptophysin. k Diffusely positive
staining for chromogranin A. 1 Negative staining for INSM1. m—p
Histologic and immunohistochemical figures of solid papillary carci-
noma. m HE X 10. n Diffusely positive staining for synaptophysin. o
Diffusely positive staining for chromogranin A. p Diffusely positive
staining for INSM1

Moreover, we have no certain agreement about pathogen-
esis of IBC-NST with neuroendocrine differentiation [3]. In
the present study, none of 72 cases except one with DCIS
presented with neuroendocrine differentiation. It suggests
that IBC-NST with neuroendocrine differentiation rarely
arises from conventional DCIS. Accordingly, we assume
that the tumor instead arises from SPC in situ. This assump-
tion is supported by the fact that breast carcinomas with
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Table 2 The histologic subtype
and neuroendocrine phenotype
of mucinous carcinoma
associated with and without
solid papillary carcinoma

neuroendocrine differentiation or neuroendocrine breast
tumors display distinctive mutational profiles compared
with common type of breast carcinoma [7, 17]. The fur-
ther genetic study of SPC and its related tumors with neu-
roendocrine differentiation is required to clarify the precise

Case

Subtype of MC

INSM1 Synaptophysin Chromogranin A

MC1
MC2
MC3
MC4
MC5
MC6
MC7
MC8
MC9
MC10
MC11
MC12
MC13
MC14
MC15
MC16
MC17
MC18
MC19
MC20
MC21
MC22
MC23
MC24
MC25
MC26
Mca7
MC28
MC29
MC30
MC31
MC32
MC33

A

Focal

Focal Focal Focal

MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with
MC with

SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
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MC, mucinous carcinoma associated without solid papillary carcinoma (SPC)
MC with SPC, MC associated with SPC; A, type A; B, type B; -, scarce or negative

pathogenesis. The proper classification of these tumors is
essential for the molecular research as well.
In the present study with random selection of MC asso-

ciated without SPC, we had 20 cases of type A and 13 of

type B. In the previous study of MC associated with SPC,
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however, we had an overwhelming majority of type B (16
cases) over type A (2cases) [5]. And neuroendocrine immu-
nophenotype differs in MC of type B associated with and
without SPC: All of the 16 cases with SPC showed diffuse
staining for one or more of neuroendocrine markers, while
only two of the 13 cases without SPC demonstrated it. Inter-
estingly, chromogranin A is the least sensitive of the three
neuroendocrine markers in the cases with SPC, whereas
INSM1 is the least in the cases without SPC. Taken together,
we suggest that MC has two different precursors: the one
is SPC in situ and the other is non-SPC in situ. MC arising
from SPC in situ is frequently of type B and diffusely posi-
tive with the neuroendocrine markers. In contrast, MC from
non-SPC in situ has no preference for the subtype and often
shows scarcely positive or negative staining for the neuroen-
docrine markers. And we also believe that SPC in situ is less
common as precursor of MC than non-SPC in situ [5].

In conclusion, based on the results of this study, it is
absolutely necessary to make a careful differential diagnosis
between invasive SPC and IBC-NST with neuroendocrine
differentiation because of their morphological similarity.
We assume that SPC in situ is a potential candidate for a
precursor of IBC-NST with neuroendocrine differentiation
instead of conventional DCIS. We suggest that MC of the
breast has two pathogenetic pathways through SPC in situ
and non-SPC in situ. It is probably true that SPC in situ is
less frequently a precursor of MC than non-SPC in situ is.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00428-024-03857-x.
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