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18F-fluorodeoxyglucose positron emission
tomography/computed tomography findings
of breast cancer with signet ring cell
differentiation: A single-center experience

Tasli yUzUk hicre diferansiye meme kanserinde
18F-florodeoksiglikoz positron emisyon tomografi/
bilgisayarli tomografi bulgularr: Tek merkez deneyimi

Goksel Alcin', Esra Arslan’
Abstract . . .
Aim: Due to the low incidence of breast cancer with signet ring cell (SRC) differentiation, which constitutes less ' 'LI'Jl:]rIIZE;,SIlts);a?wfbjle?'rar}nsirflg;eI;fwzs
than 1% of all breast cancers, little is known about its imaging features. The aim of this study was to evaluate the Research Hospital, Clinic of
utility of 18F-Fluorodeoxyglucose (18F-FDG) Positron Emission Tomography/Computed Tomography (PET/CT) in Nuclear Medicine
staging breast cancer with SRC differentiation.
Methods: We conducted a retrospective analysis of 14 patients with histologically confirmed breast cancer with
SRC differentiation who underwent 18F-FDG PET/CT at our institution between 2014 and 2023. The imaging find-
ings were analyzed in terms of maximum standardized uptake value (SUVmax), lesion size, and the presence of
regional or distant metastases were statistically evaluated.
Results: The histological subtypes of SRC differentiated primary tumors were 9 invasive lobular, and 5 invasive
ductal carcinoma. More intense 18F-FDG uptake was observed in primary tumoral lesions of the ductal sub-
type (mean SUVmax: 18.8+9.8; range: 2.6-28.9) compared to the lobular subtype (mean SUVmax: 2.6+1.3; range:
1.5-5.1) (p=0.007, Z=2.600). Among the patients included in the study, axillary lymph node metastasis was pres-
ent in 64% (n=9) of the cases, with lymph node metastasis identified in five cases classified as ductal carcinoma.
Additionally, distant organ metastasis was identified in 21% (n=3) of patients, comprising two patients with ductal
carcinoma and one with lobular carcinoma.
Conclusion: Despite the general consensus that signet-ring cell tumors have a low affinity for 18F-FDG, our study
has observed the possibility of high 18F-FDG uptake in cases of ductal carcinoma. However, in cases of lobular
carcinoma, where 18F-FDG uptake tends to be low, considering alternative PET radiopharmaceuticals for imaging
could be a viable option.
Keywords: Breast cancer; F18-fluorodeoxyglucose; positron emission tomography computed tomography; signet
ring cell carcinoma

Oz

Amag: Tum meme kanserlerinin %linden daha azini olusturan tasl yuzUk hucre diferansiye meme kan-

seri vakalarinin nadir goértlmesi nedeniyle, gortnttleme ozellikleri hakkinda sinirli bilgi bulunmaktadir. Bu

calismanin amacy, taslh ytzik hicreli diferansiye meme kanserinin evrelemesinde 18F-FDG PET/BT'nin yararliligini

degerlendirmektir.

Yéntemler: 2014 ile 2023 yillari arasinda kurumumuzda 18F-FDG PET/BT yapilan, histopatolojik olarak teyit edilmis

tasl ytzuk hucreli diferansiye meme kanseri tanisi alan 14 hasta Gzerinde retrospektif bir analiz gergeklestirdik.

Gorunttleme bulgular, maksimum standartlastiriimis uptake degeri (SUVmax), lezyon boyutu ve boélgesel veya

uzak metastaz varlig istatistiksel olarak incelendi. Received/Gelis :11.08.2023
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INTRODUCTION

Breast cancer is the most common cancer in women
worldwide and has a variety of histological subtypes (1).
Miscellaneous histological and immuno-molecular stud-
ies have revealed the inherent heterogeneity of breast
cancer, emphasizing its diverse nature (2,3). Signet ring
cell (SRC) is a type of malignant cell with abundant intra-
cytoplasmic mucin, imparting a signet ring appearance.
When SRCs comprise the primary component of a tu-
mor, it is classified as signet ring cell carcinoma (SRCC),
commonly observed in gastrointestinal carcinomas. This
particular subtype has been linked to a poorer prognosis
compared to other cancer subtypes (4).

The definition of primary invasive SRCC of the
breast has shown variation among the limited number
of published series available. The presence of SRCs in
breast cancer was first described by Saphir (5). Initial-
ly, it was believed that SRCs in breast tumors primar-
ily originated from invasive lobular carcinoma (ILC).
However, subsequent studies have revealed that SRCs
can also arise from other types of carcinoma, such as
invasive ductal carcinoma of no special type (IDC-
NST) and mucinous carcinoma (MC) (3,6,7). SRCC
was classified under the category of mucin-producing
carcinomas by the World Health Organization (WHO)
until 2003 and was distinguished from infiltrating
ductal and lobular carcinomas. In the Fourth Edition
of the WHO Classification of Breast Tumors (2012),
SRCC was revised to breast cancer with SRC differ-
entiation, signifying the acknowledgment that this
particular subtype no longer retains an independent
categorization (2,8).

In daily clinical practice, breast carcinomas with
SRC differentiation are rare, and the role of 18F-Flu-
orodeoxyglucose (18F-FDG) Positron Emission To-
mography/Computed Tomography (PET/CT) in the
staging and patient management of this breast cancer
subtype is not well defined. (4,9). The aim of this study
is to assess the utility of 18F-FDG PET/CT in staging
differentiated breast cancer with SRC differentiation.

I
MATERIALS AND METHODS

Patient Selection and Evaluation

A total of 1765 patients diagnosed with breast cancer
who underwent 18F-FDG PET/CT for staging at our

institution between September 2014 and February
2023 were retrospectively evaluated. Fourteen patients
(0.79%) with histopathologically confirmed SRC dif-
ferentiated breast cancer were enrolled in this study
(Figure 1).

This study was conducted under the Declaration
of Helsinki. This study was approved by University
of Health Sciences Turkey, Istanbul Training and Re-
search Hospital Clinical Research Ethics Committee
(Date: 12.05.2023, Decision no: 121) and written in-
formed consent was obtained from all participants.

PET/CT Imaging and Evaluation

The administered doses of radiopharmaceuticals (0.1
mCi/kg for 18F-FDG) were calculated based on the
patient’s weight. Sixty minutes after the intravenous
injection, vertex-upper thigh imaging was performed,
and additional imaging of the lower extremities was
conducted if necessary. All patient data were acquired
using a high-resolution PET/CT device (Biograph
mCT 20; Siemens Molecular Imaging, Hoffman Es-
tates, IL).

A thorough reassessment of all images was con-
ducted by board-certified nuclear medicine physicians
with a minimum of ten years of experience in PET/
CT. In addition to visual assessment, the SUVmax was
determined by delineating volumes of interest (VOlIs)
in the primary tumor, lymph nodes, skeleton, and oth-
er anatomical regions with higher uptake than back-
ground activity on 18F-FDG PET/CT. Furthermore,
the size of the primary breast and metastatic lesions
were documented, and additional evaluations at the
patient and lesion levels were performed.

Histological Analysis

Histopathological analysis of primary breast cancer was
conducted using fine needle aspiration biopsy (FNAB)
or tru-cut biopsy of the primary tumor, guided by ul-
trasound (USG) or mammography images, or through
breast surgery/excisional biopsy following 18F-FDG
PET/CT imaging. Patients with an SRC percentage of
20% or more in tumor sections were included in the
study. Based on their immunohistochemical (IHC)
results, the patients were divided into four subgroups
(Luminal A-B, HER-2, and TNBC). The axillary me-
tastases indicated on PET/CT were histopathologically
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Table 1. Patient characteristics

Variables n, %
Histologic subtype

IDC 5(35.7%)

ILC 9 (64.3%)
Molecular subtype

Luminal A 6 (42.9%)

Luminal B 7 (50.0%)

HER2-positive 1(7.1%)

Triple-negative -
Menopause status

Pre-/Post- 2/12
Family history

+/- 4/10
Primary tumor localization

Right/Left 4/10
ER status

+/- 13/1
PR status

+/- 12/2
HER2 status

+/- 4/10
Median (minimum-maximum)

Ki-67 (%) 20 (4-65)

Age (years) 58 (44-71)

Follow-up (months) 62 (4-107)
Status

Dead/alive 2/12

* IDC: Invasive ductal cancer, ILC: Invasive lobular cancer, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human Epidermal

Growth Factor receptor, n: number, %: percent.

verified. In one case diagnosed with an ovarian mass,
IHC markers (CK7, CK20, PAX8, CDX2, GATA3, Ma-
moglobin, ER, PR, MUC2, Synaptophysin, and Chro-
mogranin) were utilized for determining the primary

tumor localization

Statistical analysis

All statistical analyses were conducted using Statistical
Package for the Social Sciences (IBM SPSS Statistics
for Mac, version 25.0; Armonk, New York, USA). The
normality analysis was assessed using the Shapiro-
Wilk test. Descriptive statistics, including mean, stan-
dard deviation, minimum, median, and maximum,
were utilized to summarize continuous variables.
Mann-Whitney U or Spearman’s rho tests were used to
analyze SUVmax measurements from primary tumor
lesions and metastases on 18F-FDG PET/CT. Kaplan-
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Meier method was employed for survival analysis. Sta-
tistical significance was considered at a p-value of less
than 0.05.

|
RESULTS
The median age of the patients was 58 (44-71). Twelve

patients (85.7%) were postmenopausal, and four
(28.5%) had a family history of breast cancer. Histo-
logical subtypes comprised nine lobular and five inva-
sive ductal patients. In 13 patients (92.8%), estrogen
receptor (ER) positivity was detected, while 12 patients
(85.7%) showed positivity for progesterone receptor
(PR). Also, four patients (28.5%) were HER-2 positive.
The mean Ki-67% score was 20 (4-65). Six patients
(42.9%) were Luminal A, seven patients (50.0%) were
Luminal B, and one patient (7.1%) was HER2-positive.
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Table 2. Clinical / Histopathological characteristics of patients

putiem age o Mitologc Molecular Nodea 70 pCCoill mecopor  Resepior Recptor Scre/11C TP Sp
Score  Percentage % Score Percentage %  Result
01. 71  Right Lobular Luminal B 2 35 +++ 100 +++ 90 - 80 Alive
02. 59 Left Ductal HER-2 type 3 55 - 0 - 0 +++/+ 57 Alive
03. 52 Left Lobular Luminal A 2 10 +++ 100 +++ 100 - 86 Alive
04. 60 Left Lobular Luminal A 2-3 10 +++ 95 +++ 95 - 69 Alive
05. 60 Left Lobular Luminal B 2 30 ++ 100 + 5 ++/+ 98 Alive
06. 45 Left Lobular Luminal A 2 10 +++ 100 +++ 100 - 107 Alive
07. 57 Left Ductal ~ Luminal B 3 50 +++ 100 ++ 65 - 66 Alive
08. 70 Left Ductal  Luminal B 3 65 +++ 100 +++ 60 ++/+ 35 Dead
09. 55 Left Lobular Luminal A 2-3 4 +++ 100 +++ 100 - 32 Alive
10. 68  Right Lobular Luminal B 2 12 +++ 100 - 0 - 59 Dead
11. 62  Right Ductal LuminalB 2 35 +++ 100 +++ 70 ++/+ 24 Alive
12. 50 Left Lobular Luminal A 3 10 +++ 100 +++ 95 - 77 Alive
13. 44 Left Lobular Luminal A 2-3 5 +++ 95 +++ 85 - 6 Alive
14. 52 Right  Ductal Luminal B 2 29 +++ 90 +++ 90 - 4 Alive
HER2: Human Epidermal Growth Factor receptor, IHC: Immunohistochemical
Table 3. Characteristics of the primary tumor, and metastases
Primary Primary Axillary Axillary lymph Extra-axillary Bone . Addi'tional
Patient Tumor size Tumor lymph node node 18F-FDG lymph node metastasis lesions
(mm) 18F-FDG size (mm) SUVmax 18F-FDG SUVmax 18F-FDG 18F-FDG
SUVmax SUVmax SUVmax
01. 14 2,5 15 4,7
02. 50 22,3 10 1,6
03. 10 2,1 11 1,9
04. 42 1,6
05. 25 4,6 20 2,9
06. 15 2,9
07. 19 21,4 22 27,6 8,1 17,6
08. 92 28,9 12 3,4
09. 22 1,9 8,7 4,5 7,3% [ 11,0%*
10. 36 1,8
11. 27 18,7 10 3,4 17,7
12. 30 5,1 10 2,7
13. 10 1,5
14. 65 2,6 12 5,9

18F-FDG: 18F-Fluorodeoxyglucose, * = over metastasis, ** = peritoneal implant lesions

Breast cancer was detected unilaterally in all patients.
No tumors showed multifocality/multicentricity (Ta-
ble 1-2).

In the patient cohort included in this study, primary
tumoral lesions of the ductal subtype (mean:18.8+9.8;
2.6-28.9) exhibited significantly higher 18F-FDG up-
take than those of the lobular subtype (mean:2.6+1.3;
1.5-5.1) (p=0.007, Z=2.600) (Table 3). Four patients
with ductal carcinoma were classified as Luminal B,

and one belonged to the HER-2 group. Among the
patients with lobular cancer, six were classified as Lu-
minal A, and three were classified as Luminal B. Ad-
ditionally, the mean Ki-67% value was 47 in the duc-
tal carcinoma group and 14 in the lobular carcinoma
group.

In five patients with lobular carcinoma (55.5%),
primary lesions were barely distinguishable from pa-
renchymal background uptake on 18F-FDG PET/
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8,503 patients who underwent 18F-FDG PET/CT
between September 2014 and February 2023 and were
registered in the database with a breast cancer
diagnosis were screened retrospectively

Breast cancer patients undergoing
18F-FDG PET/CT for restaging

Patients treated for breast cancer

or treatment response (n=6726)
were excluded

A

4

» before initial PET/CT (n=12) were
excluded

1765 newly diagnosed and untreated breast cancer
patients referred to 18F-FDG PET/CT for staging were
evaluated

- Patients whose histopathological
diagnosis of the primary tumor
could not be fully reached from

the database (n=447),

Patients with a history of
. secondary malignancy (n=11) or

A

-Patients without signet-cell
differantiated histopathology
(n=1289) were excluded from the
study

A

4

hepatic/renal failure (n=4) were
excluded

14 patients with histopathologically confirmed signet-
cell differentiated breast cancer met the inclusion
criteria and were included in this retropective study

Figure 1. 18F-FDG PET/CT: 18F-Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography

CT. Additional 68Gallium-Fibroblast activation pro-
tein inhibitor (68Ga-FAPI) PET/CT scans were also
performed on two patients. In the first patient, there
was no significant pathological FDG uptake in the
breast parenchyma; however, mild 18F-FDG uptakes
were detected in dense fibroglandular tissue in both
breasts (SUVmax: 3.78). In 68Ga-FAPI PET/CT im-
aging, the focal uptake of FAPI in the primary breast
tumor (SUVmax: 5.9) could be distinctly identified, al-
beit slightly higher than the background parenchyma
(SUVmax: 5,4) (Figure 2). In the other patient, surgery
(total abdominal hysterectomy and bilateral salpingo-
oophorectomy) was performed due to ovarian masses,
and SRCC metastasis diagnosis was established. IHC
analysis revealed IHC analysis revealed Cytokeratin 7
(CK) (+), CK 20 (-), PAXS (-), CDX2 (-), GATA3 (+),
Mamoglobin (+), ER (+), PR (+), MUC2 (-), Synapto-
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physin (-), and Chromogranin (-) in tumor cells. Mor-
phological and THC findings were evaluated together,
leading to the interpretation favoring metastasis from
primary breast carcinoma. Post-operative 18F-FDG
and 68Ga-FAPI PET/CT imaging revealed that the
primary tumor in the left breast did not show signifi-
cant 18F-FDG uptake (SUVmax: 1.9) but exhibited
mild focal 68Ga-FAPI uptake (SUVmax: 3.1).

In a patient with a ductal subtype, magnetic reso-
nance imaging (MRI) revealed satellite lesions sugges-
tive of ductal carcinoma in situ (DCIS) in the retroare-
olar region. The corresponding areas showed mild
18F-FDG uptake on PET/CT imaging. In all patients,
both radiological imaging and FDG PET/CT did not
reveal any evidence supporting an inflammatory car-
cinoma pattern consistent with the histopathological
findings. The uptake of all primary lesions described in
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Figure 2. A, 18F-FDG PET/CT: 18F-Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography images. The dashed arrow

indicates the primary tumor. B, 68Ga-FAPI PET/CT: 68Gallium-Fibroblast activation protein inhibitor images. Arrow depicts uptake in the

primary tumor. Arrowheads indicate background parenchymal uptake.

both PET/CT studies and additional PET/CT findings
were histopathologically confirmed.

According to the analysis results, only a strong
positive correlation was found between the primary
tumor SUVmax value and the Ki67% index (r=+0,747,
p=0,002) (Figure 3). No correlation was found between
other variables (age, molecular subtype, nuclear grade,
estrogen/progesterone receptor score and percentage,
HER-2 score, primary tumor size, axillary lymph node
size, and SUVmax) and the primary tumor SUVmax
(p>0,05).

Axillary lymph node metastasis was confirmed his-
topathologically in 64% (n=9) of the patients enrolled
in the study. Specifically, among the patients, lymph
node metastases were observed in five patients (100%)
classified as ductal carcinoma and four patients (44%)
with lobular subtypes. In all these patients, increased
18F-FDG uptake was detected in the lymph nodes on
PET/CT (mean SUVmax=10.9+16.0; size=10-60 mm)
(Table 3).

In one patient, 18F-FDG PET/CT demonstrated
additional intra-abdominal lymph nodes and bone
metastases. In this patient, bone and lymph node me-
tastases were generally stable during the most recent
18F-FDG PET/CT follow-up conducted at the 60th

month. In another patient, in addition to the intense
18F-FDG uptake in the primary breast tumor, wide-
spread, high 18F-FDG uptake was detected in multiple
bone metastases. Moreover, a hypermetabolic lymph
node in the supraclavicular region and the ipsilateral
axillary lymph nodes were also detected. The 18F-FDG
PET/CT imaging conducted for treatment response
assessment revealed metabolic regression in the pri-
mary tumor, lymph nodes, and bone metastases.

In follow-up, two of the patients have passed away.
In one patient, 18F-FDG PET/CT demonstrated in-
tense FDG uptake in cervical, mediastinal, and con-
tralateral axillary lymph nodes, along with the primary
tumor and axillary lymph nodes. At the third-year
follow-up, disease progression was detected, and the
patient died. In another patient, in the staging PET/CT
imaging, only the primary tumor showed mild 18F-
FDG uptake, and no locoregional or distant metasta-
ses were detected. However, bone metastases were ob-
served on the 36th-month follow-up 18F-FDG PET/
CT imaging. Subsequently, disease progression was
detected in the liver during follow-up, and the patient
passed away in the 59th month.

In the Kaplan-Meier survival analysis, median
survival could not be reached in both groups, and the
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Figure 3. The positive correlation between the primary tumor SUVmax value and the Ki67% index.

mean overall survival was determined as 92.8 £ 7.7
months (95% CI 77.5-108.0). Furthermore, in the sub-
group analysis, the mean overall survival for the lobu-
lar group was calculated as 98.4 + 6.0 months (95% CI
86.5-110.3), while for the ductal group, it was 54.3 +
7.8 months (95% CI 38.8-69.8). The two groups did
not have significant statistical differences in the overall
comparison (Log Rank, Chi-Square=1.035, p=0.309).

|
DISCUSSION AND CONCLUSION

Our study has identified significant 18F-FDG uptake
in cases of ductal carcinoma with SRC differentiation,
despite the widely accepted notion that SRCC exhib-
its low affinity for 18F-FDG. Additionally, in cases of
lobular carcinoma with SRC differentiation, consider-

ing alternative PET radiopharmaceuticals in addition
to 18F-FDG may be prudent, as 18F-FDG’s low affinity
might compromise the staging accuracy.

In breast cancer, molecular subtypes are crucial in
tailoring personalized patient treatment. In the study
conducted by Zheng et al., which investigated the clin-
icopathological and IHC characteristics of breast car-
cinomas with SRC differentiation, it was reported that
all patients had positive ER expression, variable PR ex-
pression, and negative HER2 expression. Additionally,
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the average Ki-67% value was 20 (10). In the study by
Ohashi et al., 22 patients with signet-ring cell breast
cancer were evaluated, of whom 15 patients were ER-
positive, 12 patients were PR-positive, and HER-2
positivity was observed in only 1 case, the mean Ki-
67% was 13 (7). In the study conducted by Akin et al.,
25 patients were examined, and ER (76%), PR (56%),
and HER-2 (28%) positivity were detected (11). In our
study, ER was positive in almost all patients, and Ki-
67% scores were similar to previous findings. Further-
more, HER-2 positivity was observed in 4 patients, and
one patient was identified as having the HER-2 mo-
lecular subtype.

18F-FDG uptake can provide valuable informa-
tion on the staging and metabolic activity of the tu-
mor, which can help determine the aggressiveness of
the disease and guide therapy decisions, including
breast cancer with SRC differentiation. High uptake
of 18F-FDG is associated with aggressive features of
cancer cells and poor prognosis (12,13). However, the
specific relationship between 18F-FDG uptake and
breast cancer with SRC differentiation has not been
extensively studied. In the literature, a few case studies
have shown the association between 18F-FDG uptake
and this rare type of cancer. In the case reported by
Parihar et al., SRC differentiation was observed along
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with mucinous carcinoma. Both the primary tumor
and metastases demonstrated low 18F-FDG affinity,
consistent with the nature of mucinous tumors, which
exhibit high extracellular mucin and low cellular com-
ponents (14). In the study by Lebron et al., a case of
moderately differentiated, estrogen receptor-positive
lobular carcinoma with signet ring cell features was re-
ported. In 18F-FDG PET/CT imaging, minimal FDG
uptake was noted in the breast masses, axillary lymph
node, and sclerotic lesions observed in the spine (15).
In another case, gastric metastasis of SRC differentiat-
ed breast cancer at follow-up did not show pathologi-
cal 18F-FDG uptake (16). Our study observed higher
18F-FDG uptake in patients with SRC differentiated
ductal carcinoma than those with lobular carcinoma.
This finding might be associated with higher grade
and Ki-67% values in the ductal cases. Additionally,
we identified only Luminal B and HER-2 molecular
subtypes in the ductal group, while most of the lobular
group consisted of the Luminal A subtype.

In some cases, SRC-differentiated breast cancer
has been demonstrated using radiopharmaceuticals
other than 18F-FDG. In the case presented by Parihar
et al,, in addition to 18F-FDG, 68Ga-PSMA PET/CT
imaging was performed for the patient. 68Ga-PSMA
showed higher uptake in the primary tumor and met-
astatic lesions compared to 18F-FDG. This might be
attributed to PSMA expression affecting vascular en-
dothelial cells rather than tumor cells and highlights
the potential of 68Ga-PSMA as an alternative method
for better characterization, especially in cancers with
known low FDG avidity, such as mucinous malignan-
cies (14). In another case of breast cancer with stomach
and bone metastases, Tc-99m MIBI scintimammogra-
phy demonstrated bilateral breast cancer with SRC dif-
ferentiated lobular carcinoma (17). In the case report
by Li et al., metastases originating from mixed invasive
ductal-lobular breast cancer in the gastric, peritoneal,
and ovarian regions were reported to exhibit low-level
uptake on 18F-FDG PET/CT. However, on 68Ga-FAPI
PET/CT, higher uptake levels were observed. They also
emphasized that 68Ga-FAPI PET/CT may offer signif-
icant advantages in such cases, as false-negative results
may occur in malignant lesions with inactive glucose
metabolism, such as SRCC and mucinous tumors, in
18F-FDG PET/CT (18). In our study, an additional

68Ga-FAPI imaging was performed on two patients
with lobular carcinoma, and similar to the previous
case studies, superior results were observed compared
to 18F-FDG in these two patients as well.

Recent studies have indicated that 18F-FDG PET/
CT may not be as effective as 68Ga-FAPI-04 PET/CT
in detecting SRCCs that originate from certain organs
other than the breast (19-23). In the study conducted
by Pang et al., which involved 35 patients with gastric,
duodenal, and colorectal cancer, nine patients were di-
agnosed with SRCC. The study findings indicated that
68Ga-FAPI PET/CT demonstrated higher tracer up-
take and sensitivity than 18F-FDG PET/CT in prima-
ry lesions, lymph nodes, bone, and visceral metasta-
ses (19). In a multicenter study conducted by Chen et
al,, representing the most extensive series comparing
18F-FDG and 68Ga-FAPI in gastric SRCC, FAPI PET
demonstrated higher radiotracer uptake, tumor-to-
background ratios, and diagnostic accuracy compared
to 18F-FDG PET in the detection of primary/recur-
rent tumors and metastatic lesions (23). In the study
performed by Lin et al., comparing cases of colorectal
cancer, eight patients with mucinous/SRCC were re-
ported. The study suggested that Ga-FAPI-04 PET/CT
could be a useful imaging method for detecting and
staging SRCC/mucinous carcinomas in patients with
colorectal cancer (20). In the comprehensive study of
Hirmas et al., which included 21 tumor entities, one
patient with pancreatic SRCC was reported. The study
demonstrated that 68Ga-FAPI showed increased ab-
solute uptake and higher tumor-to-background up-
take, resulting in improved tumor detection in cases
of pancreatic cancer (21). Additionally, in a case study
conducted at our clinic, intense uptake was reported in
prostatic SRCC and its metastases on 68Ga-FAPI PET/
CT, highlighting the efficacy of 68Ga-FAPI-04 imaging
in detecting tumor and bone metastases in primary
prostate SRCC (22). The results of these studies indi-
cate that in cancer cases involving SRC differentiation,
68Ga-FAPI may yield more successful outcomes than
18F-FDG. Based on our findings, our study observed
that, in the context of breast cancer, only lobular can-
cers exhibited low 18F-FDG uptake patterns, similar
to other SRCCs.

Numerous valuable studies have investigated the
relationship between SUVmax of primary breast can-
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cer and its histopathology, IHC, and survival char-
acteristics. In our study, the higher 18F-FDG uptake
in metastatic lymph nodes is more prominent in the
ductal group with higher-grade and more aggressive
THC findings. Furthermore, the statistically significant
correlation found only between primary tumor SUV-
max and Ki-67% can be considered a limitation of the
study, given the rarity of this subtype, as it pertains to
a cohort of only 14 patients.

In cases where SRCs are identified in a breast speci-
men, evaluating specific IHC features is crucial to dif-
ferentiate between primary and metastatic lesions.
Differentiating between breast SRCC and gastrointes-
tinal SRCC is crucial for managing patients and can
eliminate unnecessary treatments. Cases have been
reported indicating the metastasis of gastrointestinal
SRCC, mainly originating from the stomach to the
breast, as well as the metastasis of breast SRCC to the
gastrointestinal system (24-27). IHC staining can be
a valuable tool for distinguishing between breast and
gastrointestinal SRCC. In the study by Hui et al., it was
reported that ER, GATA-3, CK20, and CDX2 were ex-
pressed at varying levels in SRCCs originating from
the breast and gastrointestinal sources. These markers
were noted to exhibit superior characteristics in distin-
guishing the respective tumors (28). PET/CT plays a
vital role in managing patients with histopathological
diagnosis of SRCC by determining whether the breast
lesion is a primary tumor or SRCC metastasis from
other sites (9).

The study by Wang et al. compared survival out-
comes of 167 patients with Primary breast SRCC and
11,648 patients with Mucinous breast cancer. The anal-
ysis results indicated that patients with SRCC exhib-
ited more aggressive histopathological characteristics
and had lower overall survival (OS) and breast cancer-
specific survival (BCSS) than patients with MBC. De-
spite being reported as a more aggressive subtype of
breast cancer compared to MBC, breast cancers with
SRC differentiation have demonstrated better OS than
SRCCs originating from other organs (29). In Wu et
al’s SEER database study, all cases of SRCC were exam-
ined. A 5-year OS of 69% was reported for breast-orig-
inating SRCC, whereas the most commonly observed
gastric SRCC showed a 5-year survival rate of 22%.
For SRCC originating from other organs such as the
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esophagus, lung, pancreas, and gallbladder, the 5-year
survival was reported to be below 15%. Additionally,
it was noted that survival in breast-originating SRCC
remains dependent on the tumor stage at the time of
diagnosis (4). In the study conducted by Wang et al.
evaluating primary breast SRCCs, the 5-year overall
survival rate was reported as 73.7%, the 5-year relapse-
free survival rate was 54.3%, and the 5-year breast
cancer-specific survival rate was 78.3% (30). Similar
OS results were obtained in our study, which was con-
ducted with a limited number of patients.

This study has some limitations. Firstly, due to the
rarity of this specific subtype of breast cancer, our ret-
rospective analysis was conducted within a single cen-
ter and involved a restricted number of patients. This
constrained patient pool may impact the generalizabil-
ity of our findings. Furthermore, the inherent nature
of the limited sample size could potentially compro-
mise the strength and reliability of our conclusions,
particularly in the assessment of long-term outcomes
like survival and various other parameters.

In conclusion, to the best of our knowledge, there
is currently a lack of studies that have assessed the
clinical characteristics of breast cancer subtypes spe-
cifically related to SRC differentiation using 18F-FDG
PET/CT imaging. The uptake of 18F-FDG was sig-
nificantly higher in the ductal type compared to the
lobular type. Due to the low 18F-FDG uptake detected
in lobular carcinoma with SRC differentiation, further
studies with alternative PET radiopharmaceuticals
such as FAPI and PSMA may be recommended in this
patient group.
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