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Abstract

:

Introduction: Metastatic cancers are frequently detected on fine-needle aspiration (FNA) cytology, and confirmation of metastatic breast cancer often requires immunocytochemistry. Tissue provisioning for FNA specimens is important. In this study, GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG), and SOX10 were performed on cell block preparations from aspirates of histologically confirmed metastatic breast cancers. The diagnostic performance of single markers and combinations of these markers were investigated with the aim to construct a tissue-efficient immunopanel. Methodology: Aspirates of metastatic breast cancer with corresponding histology and biomarker (estrogen receptor (ER), progesterone receptor (PR), HER2 and ki67) profile were retrieved. ER, GATA3, GCDFP15, MMG and SOX10 immunostains were performed on cell block sections and their expressions were assessed and compared. Results: Immunostaining was performed on a total of 115 aspirates. GATA3 showed the highest expression, followed by MMG, GCDFP15 and SOX10. Twenty-three, five and five cases expressed GATA3, MMG and SOX10 only. The five cases expressing SOX10 only were ER negative, and SOX10 expression was negatively associated with ER (p = 0.001), MMG (p = 0.001), GCDFP15 (p = 0.010) and GATA3 (p = 0.002), whereas GATA3 expression showed positive correlation with ER positivity (p < 0.001). MMG and GCDFP15 showed association with high Ki67 (p < 0.05), and no correlations were found with HER2 expression. Conclusion: In this cohort, GATA3 was the most sensitive single marker. The addition of MMG and SOX10 increases the sensitivity for detection of ER positive and ER negative breast cancers, respectively. These findings support the use of a combination of GATA3/MMG/SOX10 for confirmation of metastatic breast cancer.
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1. Introduction


Metastatic cancers are frequently detected on fine-needle aspiration (FNA) cytology [1], in which breast cancer is not uncommonly encountered. Breast cancers are biologically diverse, and confirmation of breast origin often necessitates the use of a panel of immunocytochemistry [2]. As biomarker testing is mandatory for breast cancers [3], tissue provision has to be made. For small volume specimens such as FNA, the cytopathologist must be prudent in selecting immunostains to be performed. In this study, GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 were performed on cell block preparations from aspirates of metastatic breast cancer with histologic confirmation. The expression pattern of each immunostain was compared to investigate the performance of each single marker and different combinations of these markers for the diagnosis of metastatic breast cancer.




2. Methodology


2.1. Case Collection


This study was approved by the Joint Chinese University of Hong Kong—New Territories East Cluster clinical research ethics committee. A computerized search of the cytology archives of the institute, from the year 2008 to 2021, was performed. Aspirates of metastatic carcinomas with a hospital diagnosis code of breast cancer were retrieved. Case notes, radiology and pathology reports were reviewed to confirm cases of metastatic breast carcinoma and record the biomarker status (estrogen receptor (ER), progesterone receptor (PR), HER2 and ki67) in the reference biopsy or excision specimen. Cases without histologic confirmation of breast carcinoma were excluded. Cases with cell block preparation available were retrieved and reviewed for the presence of tumor cells by two authors (JJXL and JKMN), and unstained sections were prepared for immunocytochemistry.




2.2. Immunocytochemistry


ER (Cell Margue, Rocklin, CA, USA, 249R-16, 1:60), GATA3 (Biocare, Pacheco, CA, USA, CM405B, 1:150), GCDFP15 (Novocastra, Newcastle upon Tyne, UK, NCL-GCDFP15. 1:200), mammaglobin (Cell Marque, Rocklin, CA, USA, 280R-16, 1:400), and SOX10 (Biocare, AC13099C, 1:100) immunocytochemistry were performed and scored by intensity (negative, weak, moderate and strong) and proportion (0 to 100% staining of tumor cells). Scoring was performed by two authors (JJXL and JKMN). Discrepant cases were reviewed with a third author (GMT) under a multiheaded microscope until a consensus was reached.




2.3. Fine Needle Aspiration Cytology Procedure


FNAC was performed free-hand or endoscopically with/without imaging guidance. Cell block preparations were generated with/without smears or cytospin preparations.




2.4. Statistical Analysis


The statistical software SPSS for Windows (version 23; IBM Corporation, Armonk, NY, USA) was used for statistical analysis. Chi-square analysis was used to test the association between immunocytochemistry expression and clinicopathological parameters as categorical variables. A p-value of <0.05 was considered significant.





3. Results


A total of 115 cell block preparations with tumor cells from 107 patients were retrieved. The most common histological type of breast cancer in the cohort was invasive breast carcinoma, no special type (n = 77/107, 72.0%). Other included histological types were invasive lobular carcinoma, metaplastic carcinoma, neuroendocrine carcinoma, micropapillary carcinoma and mucinous carcinoma. The site of aspiration included lymph node (n = 89/115, 77.4%), chest wall (n = 14/115, 12.2%), lung (n = 7/115, 6.1%), soft tissue (n = 4/115, 3.8%) and the thyroid (n = 1/115, 0.9%) (Table 1).



Staining could be assessed in 107 cases for GATA3, MMG and SOX10, in 102 cases for GCDFP15 and in 101 cases for ER. GATA3 showed the highest expression at all cut-offs, followed by MMG, GCDFP15 and SOX10 (Table 2). The proportion of tumor cell expression was also the greatest for GATA3 (mean = 76.6/100), followed by SOX10 (mean = 60.8/100), MMG (mean = 29.4/100) and GCDFP15 (mean = 20.4/100). As for ER negative cases, proportion of expression was high in GATA3 (mean = 87.2/100) and SOX10 (mean = 60.8/100) while low in MMG (mean = 27.5) and GCDFP15 (mean = 15.4) (Table 2).



For co-expression patterns (Figure 1), the most common pattern was GATA3+/GCDFP15−/MMG−/SOX10−. Twenty-three, five and five cases only expressed GATA3, MMG and SOX10, respectively (Table 3). SOX10 expression was negatively associated with ER (p = 0.001), MMG (p = 0.001), GCDFP15 (p = 0.010) and GATA3 (p = 0.002) expression. In terms of positive correlations, GCDFP15 expression was associated with MMG (p = 0.012), and GATA3 expression was associated with ER (p < 0.001) and GCDFP15 (p = 0.002) (Table 4). When the comparison was repeated with the biomarker status of the corresponding primary breast cancer, a negative association between SOX10 and hormone markers (ER, p = 0.002, and PR, p = 0.020) and a positive association between GATA3 and hormone markers (ER, p < 0.001, and PR, p < 0.001) were demonstrated. GCDFP15 (p = 0.017) and MMG (p = 0.042) showed association with a high Ki67 score, and none of the immunostains was correlated with HER2 expression (Table 5). Comparing the ER expression of the cell block with the reference ER status in the reference biopsy or excision specimen, there were 83 (87.4%) concordant cases and 12 (12.6%) discordant cases. All the discordant cases were ER positive in the reference specimen and negative on cell block immunocytochemistry (Table 6).




4. Discussion


Breast cancer is one of the leading causes of global mortality, of which the majority of breast cancer-related deaths are attributable to metastatic disease [4]. Breast cancer is among one of the most common types of metastatic cancer [1,5]. FNA is minimally invasive with a very low risk of complications [6]. Due to these advantages, FNA is a favored modality for obtaining tissue diagnosis in clinically suspected metastatic lesions, particularly in lymph nodes and solid organs such as the lung [7]. It is not uncommon to encounter FNA specimens of metastatic breast cancers in routine clinical practice [8]. Although clinical correlation and cytomorphologic assessment are central to diagnosis of metastatic cancers, immunocytochemistry is performed for confirmation, or is even necessary for diagnosis when clinical information is incomplete [8]. For metastatic breast cancers, immunocytochemistry is often required, as late recurrences are not infrequent in breast cancers [9], and the histotypes and corresponding cytomorphology of breast cancers are diverse [10].



Breast-specific immunocytochemical stains that are commonly used include GATA3, GCDFP15 and MMG [11]. Hormone negative breast cancers display a different immunoprofile with SOX10 being a sensitive marker [12]. Similar associations have been demonstrated in this cohort, with SOX10 negatively correlated with expression of GATA3, GCDFP15, MMG and ER (p < 0.05) (Figure 2), whereas positive correlations between GATA3 and ER (p < 0.001), and also between MMG, GCDP15 and GATA3 (p < 0.05), were found (Figure 3). These markers have been extensively verified in formalin-fixed paraffin-embedded (FFPE) biopsy and excision tissue [13,14]. The current study investigates the performance of each single stain and combinations of these immunocytochemical stains in cell block material.



GATA3 was positive in the greatest number of cases (Table 2), up to 91 out of 107 cases (85.0%) at a cut-off of ≥1% expression, and exceeded that of all other markers (GCDFP15, MMG and SOX10) in other cut-offs (Table 2). The proportion of tumor cell expression, in both estrogen positive and estrogen negative breast cancers, is also the highest for GATA3. In cases that were only positive to one immunostain, the most frequent positive immunostain was GATA3 (23 to 39, at different cut-offs). There were also cases positive only to MMG and SOX10 but the addition of GCDFP15 to all combinations of immunostaining does not increase detection of metastatic breast cancer. Depending on the cut-off for positivity, 5.9% (n = 6/102) to 15.7% (n = 16/102) of cases were negative to all immunostains (Table 2).



These findings suggest that GATA3 may be the most sensitive marker among GATA3, GCDFP15, MMG and SOX10. However, it has to be taken into consideration that GATA3 can be expressed in carcinomas of different primaries, including endometrial, salivary glandular and urothelial carcinomas [15]. MMG was demonstrated to be specific for breast carcinomas in FFPE material [16], and was positive in up to 25.8% (n = 8/31) of GATA3 negative breast cancers in this cohort (Table 3). GCDFP15 is known to be positive in a plethora of other human cancers [17], and data from this cohort suggest that GCDFP15 is less useful in complementing other immunostains. However, neither GATA3, GCDFP15, MMG nor SOX10 is entirely specific for breast cancers. Hence, the role of GCDFP15 in increasing specificity of an immunostain panel, or for resolving cases of conflicting/equivocal GATA3, MMG or SOX10 staining, cannot be disregarded.



The associations between GATA3 and SOX10 between the hormone status of the cell block preparation and reference biopsy or excision specimen were the same. As for HER2 and ki67, GCDFP15 and MMG were associated with a high (≥20%) ki67 index. Thirteen cases showed “loss” of ER expression in cell block preparation compared to the reference biopsy or excision specimen, which is explained by changes induced by endocrine therapy [18].




5. Conclusions


Immunocytochemistry is indispensable for assessment of metastatic cancers. For metastatic breast cancers, GATA3, GCDFP15, MMG and SOX10 are useful immunostains. In terms of a single marker, GATA3 is the most sensitive and showed the highest positive rate in both ER positive and negative breast cancers. The addition of MMG and SOX10 to GATA3 increases the sensitivity for detection of ER positive and ER negative breast cancers, respectively. However, GCDFP15 appears to be less useful for complementing other immunostains in terms of sensitivity for breast cancers. GATA3 expression is associated with hormone positivity whereas SOX10 is associated with a hormone negative status. These findings support the use of a combination of GATA3 and MMG for confirmation of a hormone positive breast cancer, and when a hormone negative breast cancer is suspected or when the hormone status is unknown, the addition of SOX10 is recommended.
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Figure 1. Co-expression pattern of estrogen receptor (ER), GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 in metastatic breast cancer. 
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Figure 2. SOX10 positivity is negatively correlated to GATA3, gross cystic disease fluid protein-15 (GCDFP15) and mammaglobin expression. An estrogen receptor metastatic breast cancer showing weak SOX10 expression (a) (SOX10, 200× magnification) while negative to GATA3 (b) (GATA3, 200× magnification), GCDFP15 (c) (GCDFP15, 200× magnification) and mammaglobin (d) (mammaglobin, 200× magnification). 






Figure 2. SOX10 positivity is negatively correlated to GATA3, gross cystic disease fluid protein-15 (GCDFP15) and mammaglobin expression. An estrogen receptor metastatic breast cancer showing weak SOX10 expression (a) (SOX10, 200× magnification) while negative to GATA3 (b) (GATA3, 200× magnification), GCDFP15 (c) (GCDFP15, 200× magnification) and mammaglobin (d) (mammaglobin, 200× magnification).
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Figure 3. Expressions of GATA3, gross cystic disease fluid protein-15 (GCDFP15) and mammaglobin are positively correlated. Metastatic breast cancer showing GATA3 (a) (GATA3, 200× magnification), GCDFP15 (b) (GCDFP15, 200× magnification) and mammaglobin (c) (mammaglobin, 200× magnification) co-expression. 
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Table 1. Demographics of the cohort.






Table 1. Demographics of the cohort.









	Number of cases
	115



	Number of patients
	107



	Age
	60.11 (32–95)



	Histological types of primary breast carcinoma
	



	Invasive breast carcinoma, no special type (includes ductal carcinoma)
	77



	Invasive lobular carcinoma
	2



	Metaplastic carcinoma
	2



	Neuroendocrine carcinoma
	2



	Micropapillary carcinoma
	1



	Mucinous carcinoma
	1



	Carcinoma, not specified
	22



	Site of aspiration
	



	Lymph node
	89



	Chest wall
	14



	Lung
	7



	Soft tissue
	4



	Thyroid
	1



	Not specified
	2
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Table 2. The expression of GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 in aspirates of metastatic breast cancer.
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	GATA3
	GCDFP15
	MMG
	SOX10





	Case number
	107
	102
	107
	107



	≥1% tumor cell positivity, any intensity (+/−)
	91/16
	40/62
	55/52
	8/99



	≥5% tumor cell positivity, any intensity (+/−)
	90/17
	23/79
	35/72
	7/100



	≥5% tumor cell positivity, moderate/strong staining intensity (+/−)
	76/31
	21/81
	35/72
	5/102



	Mean percentage of tumor cell expression (any intensity) (ER+/ER−)
	76.6 (58.8/87.2)
	20.4 (26.6/15.4)
	29.4 (32.3/27.5)
	60.8 (−/60.8)



	Median percentage of tumor cell expression (any intensity) (ER+/ER−)
	90 (60/98)
	5 (15/4.5)
	20 (27.5/8)
	62.5
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Table 3. Co-expression pattern of GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 at cut-offs of (a) ≥1% (any intensity), (b) ≥5% (any intensity) and (c) ≥5% (moderate to strong intensity).






Table 3. Co-expression pattern of GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 at cut-offs of (a) ≥1% (any intensity), (b) ≥5% (any intensity) and (c) ≥5% (moderate to strong intensity).




















	
	
	
	
	(a)
	
	
	(b)
	
	
	(c)
	
	





	GATA3
	GCDFP15
	MMG
	SOX10
	All
	ER−
	ER+
	All
	ER−
	ER+
	All
	ER−
	ER+



	−
	−
	−
	−
	6 *
	5
	0
	9
	8
	0
	16
	12
	3



	+
	−
	−
	−
	23
	7
	16
	39
	10
	29
	35
	9
	26



	−
	+
	−
	−
	0
	−
	−
	0
	−
	−
	3
	2
	1



	+
	+
	−
	−
	14
	6
	8
	14
	6
	8
	10
	3
	7



	−
	−
	+
	−
	5
	4
	1
	5
	4
	1
	7
	5
	2



	+
	−
	+
	−
	20
	2
	18
	19
	3
	16
	18
	3
	15



	−
	+
	+
	−
	1
	1
	0
	−
	−
	−
	1
	1
	0



	+
	+
	+
	−
	25
	11
	14
	9
	6
	3
	7
	4
	3



	−
	−
	−
	+
	5
	5
	0
	4
	4
	0
	4
	4
	0



	+
	−
	−
	+
	3
	3
	0
	3
	3
	0
	1
	1
	0







* ER expression was not available for one case.
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Table 4. Comparison of co-expression pattern of estrogen receptor (ER), GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10.
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	GATA3
	
	GCDFP15
	
	MMG
	
	SOX10
	





	
	
	−
	+
	−
	+
	−
	+
	−
	+



	ER
	−
	15
	33
	27
	18
	27
	21
	39
	8



	
	+
	1
	58
	35
	22
	25
	34
	60
	0



	
	p-value
	<0.001
	
	0.885
	
	0.153
	
	0.001
	



	MMG
	−
	
	
	
	
	
	
	45
	9



	
	+
	
	
	
	
	
	
	55
	0



	
	p-value
	
	
	
	
	
	
	0.001
	



	GCDFP15
	−
	
	
	
	
	38
	26
	54
	9



	
	+
	
	
	
	
	14
	27
	42
	0



	
	p-value
	
	
	
	
	0.012
	
	0.010
	



	GATA3
	−
	
	
	16
	1
	11
	6
	12
	5



	
	+
	
	
	47
	40
	41
	49
	88
	3



	
	p-value
	
	
	0.002
	
	0.147
	
	0.002
	







Positive defined as ≥1% expression at any intensity.
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Table 5. Comparison of estrogen receptor (ER), GATA3, gross cystic disease fluid protein-15 (GCDFP15), mammaglobin (MMG) and SOX10 expression with biomarker status.
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	GATA3
	
	GCDFP15
	
	MMG
	
	SOX10
	





	
	
	−
	+
	−
	+
	−
	+
	−
	+



	ER
	−
	15
	18
	20
	12
	20
	15
	28
	7



	
	+
	2
	64
	40
	26
	31
	37
	66
	1



	
	p-value
	<0.001
	
	0.857
	
	0.267
	
	0.002
	



	PR
	−
	15
	26
	24
	17
	21
	22
	35
	7



	
	+
	2
	51
	34
	19
	28
	27
	54
	1



	
	p-value
	<0.001
	
	0.579
	
	1.00
	
	0.020
	



	HER2
	−
	11
	57
	46
	23
	39
	32
	63
	7



	
	+
	6
	23
	13
	14
	11
	19
	29
	1



	
	p-value
	0.592
	
	0.094
	
	0.093
	
	0.429
	



	Ki67
	Low (<20%)
	0
	11
	3
	8
	3
	8
	11
	0



	
	High (≥20%)
	9
	28
	25
	12
	24
	14
	32
	6



	
	p-value
	0.070
	
	0.017
	
	0.042
	
	0.315
	



	Subtype
	HR+/HER2−
	1
	50
	31
	20
	26
	27
	52
	0



	
	HR+/HER2+
	1
	12
	8
	5
	5
	8
	12
	1



	
	HR−/HER2+
	5
	10
	5
	9
	6
	10
	16
	0



	
	HR−/HER2−
	10
	7
	15
	3
	13
	5
	11
	7



	
	p-value
	<0.001
	
	0.056
	
	0.153
	
	<0.001
	







PR—progesterone receptor.
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Table 6. Comparison of estrogen receptor (ER) expression in cell block material and reference biopsy or excision specimen.
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	Reference ER+
	Reference ER−





	Cell block ER+
	56
	0



	Cell block ER−
	12
	27
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