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Background: Tumoral hypoxia is associated with aggressiveness in many cancers
including breast cancer. However, measuring hypoxia is complicated. Carbonic
anhydrase IX (CAIX) is a reliable endogenous marker of hypoxia under the control
of the master regulator hypoxia-inducible factor-la (HIF-1a). The expression of
CAIX is associated with poor prognosis in many solid malignancies; however, its
role in breast cancer remains controversial.

Methods: The present study performed a meta-analysis to evaluate the correlation
between CAIX expression and disease-free survival (DFS) and overall survival (OS)
in breast cancer.

Results: A total of 2,120 publications from EMBASE, PubMed, Cochrane, and
Scopus were screened. Of these 2,120 publications, 272 full texts were reviewed,
and 27 articles were included in the meta-analysis. High CAIX was significantly
associated with poor DFS (HR=170, 95% Cl=1.39-2.07, p<0.00001) and OS
(HR=2.02, 95% CI 1.40-2.91, p=0.0002) in patients with breast cancer. When
stratified by subtype, the high CAIX group was clearly associated with shorter
DFS (HR=2.09, 95% Cl =1.11-3.92, p=0.02) and OS (HR=2.50, 95% Cl =1.53-4.07,
p=0.0002) in TNBC and shorter DFS in ER* breast cancer (HR=1.8195% Cl| =1.38—-
2.36, p<0.0001).

Conclusion: High CAIX expression is a negative prognostic marker of breast
cancer regardless of the subtypes.

breast cancer, carbonic anhydrase 1X, meta-analysis, prognosis, survival

Introduction

The incidence of breast cancer has increased in recent decades, with an estimated 13% of
women developing breast cancer in their lifetime and over 40,000 deaths per year (1, 2). The
survival depends on clinicopathological factors, such as tumor size, nodal status, evidence of
distant metastasis as well as biological markers, including estrogen receptor (ER), progesterone
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receptor (PR), and human epidermal growth factor receptor 2 (HER2)
status (3-5). The intrinsic breast cancer subtypes are currently
significant prognostic and predictive markers. Five-year overall
survival (OS) was the highest in the ER/PR-positive subtype (94%) as
compared to the HER2-positive subtype (85%) and the triple-negative
(TNBC) subtype (77%) (1). Breast cancer has distinct phenotypes as
evidenced by patients who have a similar staging and molecular
classification but have a different treatment response and prognosis
(6-8). Thus, additional predictive and prognostic markers are
warranted to improve the treatment and prognostic outcomes.

Tumoral hypoxia is a common characteristic of many solid
tumors (9, 10). In breast cancer, median oxygen partial pressure is
approximately 10 mmHg, which is less than that of the normal
breast tissue (52-65mmHg) (11, 12). Cancer cells adapt to survive
under hypoxic conditions via hypoxia-inducible factor-la (HIF-
la), leading to the transcription of targeted genes resulting in
tumor progression and invasion (13). Subsequently, HIF-1a can
trigger the transcription of targeted genes, leading to tumor
progression and invasion (14).

The expression of carbonic anhydrase IX (CAIX) is targeted
by the HIF-la transcriptional activity and controls the pH
between intracellular and extracellular compartments (15). It is
mainly dependent on HIF-1a regulation; therefore, it can also be a
marker of tumor hypoxia (16, 17). However, hypoxia is not an
obligated factor, and the inactivation of the von Hippel-Lindau
(VHL) gene can stabilize HIF-1a under a non-hypoxic condition
and subsequently activated the CAIX overexpression (15, 18).
CAIX catalyzes extracellular hydrating CO, into HCO™; and H*
and cooperates with other acid/base transporters to maintain
extracellular acidosis and intracellular neutral/slight alkalosis
(19). In contrast, CAIX-bound CI"/HCO~; exchangers (AEs) can
import or provide or export HCO7; from intracellular
compartment during cell migration (20). CAIX expression
mediates cancer cell growth, migration, and invasion (18) by
directly binding to p-catenin, resulting in the disruption of the
E-cadherin/cytoskeleton/p-catenin complex; and an acidic
extracellular pH also suppresses the function of cytotoxic
T-cells (21).

Many studies have shown that high CAIX expression was
associated with adverse survival outcomes. In breast cancer, some
studies evaluated the importance of CAIX expression in relation to
survival; however, those results were controversial and mostly
included a small number of patients. Ong et al. reported that CAIX
expression was the independent prognostic factor for disease-free
survival (DFS) and OS in TNBC. Similarly, Brennan et al. reported
that high CAIX was associated with shorter OS, breast cancer-specific
survival (BCSS), and relapse-free survival (RFS) (22, 23). In contrast,
Currie et al. found no association between the level of CAIX and DFS
and OS (24), while Pinheiro et al. reported that only a high CAIX
expression was related to DFS but not to OS (25).

To address this issue, a meta-analysis was conducted to evaluate
the prognostic value of CAIX in breast cancer and to determine the
correlation between CAIX and breast cancer subtypes. To date, this is
the first meta-analysis to focus on the prognostic role of CAIX in
breast cancer. The meta-analysis revealed that a high CAIX protein
expression was associated with unfavorable survival outcomes and
could discriminate the prognosis in the ER-positive and
TNBC subtypes.
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Materials and methods
Search strategy

This study used EMBASE, PubMed, Cochrane, and Scopus
electronic databases to search for articles. The keywords including
[(Prognos*) OR (surviv*) OR (hazard) OR (disease-free) OR (“disease
free”) OR (progression-free) OR (“progression-free”) OR (Kaplan—
Meier) OR (“Kaplan Meier”) OR (predict*) OR (outcome) OR (efficacy)
OR (effective*)] AND [(CAIX) OR (ca9) OR (“carbonic anhydrase IX”)
OR (“carbonic anhydrase 9”) OR (“carbonic anhydrase-IX”) OR
(“carbonic anhydrase-9”) OR (CA-IX) OR (ca-9) OR (G250)] AND
[(breast cancer) OR (breast tumors*) OR (breast carcinoma)] were used.

Selection criteria

The inclusion criteria of the present study were as follows: (a) the
patients in the study cohorts who were confirmed to have invasive
breast cancer, regardless of the subtype, (b) CAIX expression which
was detected by immunohistochemistry (IHC), (c) the studies that
reported DFS or OS with hazards ratios (HRs) and 95% confidence
intervals (CIs) or the Kaplan-Meier survival curves from which HRs
and 95% ClIs could be extracted, and (d) the studies that were
published in English. The exclusion criteria for the present study were
studies that failed to meet any of the inclusion criteria, were related to
non-human studies, or contained duplicated and unavailable full texts.

Data extraction and quality assessment

The search with regard to data extraction and quality assessment
was reviewed by three independent reviewers (WN, JP, and SY). The
following information was extracted from each study: the first author’s
name, year of publication, the total number of patients, the scoring
method and cut-off level for high or low CAIX expression, breast
cancer subtypes, HRs, 95% CIs of DFS and OS, and whether univariate
or multivariate analysis was performed.

Statistical methods

Pooled HRs and their 95% Cls were used to determine the
association between CAIX expression and survival. Heterogeneity
among studies was assessed using the chi-squared test and I°. A
p-values of <0.1 or an I” statistic of >50% was indicative of significant
heterogeneity between studies; in these cases, a random-effects model
was used. The meta-analysis was performed with Review Manager 5.4
(RevMan the Cochrane Collaboration; Oxford, England). The p-values
of <0.05 were considered statistically significant.

Results
Study selection and characteristics

A PRISMA flow diagram for the process of study selection is
summarized in Figure 1. Initially, 275 articles from EMBASE, 242
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from PubMed, 19 from Cochrane, and 1,897 from Scopus were
identified, and subsequently, 313 duplicated records were removed. A
total of 2,120 papers were screened. A total of 1,848 studies were
excluded based on the titles and abstracts resulting in 272 full texts
being reviewed. Of these, 245 articles were excluded. Finally, 27 papers
met the eligibility criteria (Figure 1; Table 1).

Study characteristics

The 27 included studies were published between 2001 and 2022.
DFS was reported in 22 articles, 10 of which provided HRs and 95%
ClIs, while the OS analysis was included in 16 articles, 7 of which
provided HRs and 95% ClIs (Table 1). Most of the articles (20 out of
27, 74%) were reported on mixed breast cancer subtypes and provided
data on ER, PR, and/or HER?2 staining, with survival analysis on all
cases, regardless of the subtype. Three studies focused on TNBC, two
articles on ER-positive (ER"), one on ER-negative (ER"), and one on
male breast cancer. The mean age of patients was between 46 and
62 years. Fifty percent of the studies used the primary antibody clone
M75 to detect the CAIX expression. In most studies (80%), the level
of CAIX expression was determined by estimating both staining
intensity and the percentage of tumor cells stained. The remaining
studies (20%) used only intensity or percentage. The low—-high cutoff
value varied across all studies. Overall, high CAIX expression in
patients with breast cancer varied in each study, ranging from 8 to
91.1%. Most studies (45.5%, 12 out of 27 studies) did not report on the
cellular location of CAIX expression. In 36% of studies, expression was

10.3389/fmed.2023.1087270

reported in the cell membrane, in 9% of studies, CAIX expression was
reported in the membrane and cytoplasm/nucleus, and in two studies,
CAIX expression was reported in the exclusive cytoplasm or nuclear
staining (9%).

High CAIX was associated with poor DFS in
breast cancer

Twenty-two studies totaling 9,157 patients were analyzed for the
effect of CAIX expression on DFS. Shamis et al. studied CAIX
expression in two independent cohorts with specific HRs and 95% CIs
and DEFS in each cohort, and both cohorts were included in this meta-
analysis (26). The study by Jubb et al. did not define the low/high
cutoff for CAIX expression, but it provided the HR and 95% CI for
each CAIX score of 1, 2, and 3 and compared each with that of the
negative CAIX group (41). Hence, the HR and 95% CI for each CAIX
score were included in the meta-analysis. High CAIX was significantly
associated with poor DFS in patients with breast cancer (HR=1.70,
95% CI=1.39-2.07, p<0.00001) with heterogeneity I* =83%
(Figure 2).

High CAIX was associated with poor OS in
breast cancer

A total of 3,591 patients from the selected 17 studies were
investigated for the association between CAIX expression and

:I Duplication articles n=313

Exclude n=1,848
Reviews/books (n=239)

No relevant to breast cancer/CAIX (n=1,041)

> Case reports/Letter (n=6)
Non-human/in vitro (n=498)

Unable to access (n=8)
Non-English (n=83)

Exclude n=245

Insufficient data

=)
-% Records identified through database searching
= Embase (n=275), PubMed (n=242),
_§ Cochrane (n=19) and Scopus (n=1,897)
v
2
§-| Title/abstract screened
5]
5 n=2,120
%]
A
z Full text articles assessed for eligibility
D n=272
23)
v
3 L. . .
'§ Studies included in meta-analysis
E n=27
FIGURE 1
The PRISMA flow diagram for the process of study selection.
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TABLE 1 Characteristics of the eligible studies for meta-analysis in this study.

References Country Mean BC Treatment IHC score = CAIX cut- CAIX Ab HR (95%
age subtypes (n) method off level | high clones Cl) for
(n) (VA] DFS
Uv=1381
0.018
(1.12-2.92)
NA ER+ (373) I-1IT CMT (110) 9
MV =1.04 0.926
Log-rank j
United Weight H 8 (0.46-2.35)
Shamis et al. (26) statistics by R M75 NA NA
Kingdom score UV=164
Studio 0.008
(1.14-2.37)
NA ER+ (285) I-1IT CMT (71) 28
MV=174
0.023
(1.08-2.82)
MV 2.48
MV 2.77
Ongetal. (22) Singapore 55 TNBC (306) NA NA Tand P >1 39.3 NA (L78-431) <0.001 (1.50- <0.001
T 4.09)
UV*2.64
Lietal (27) China 49 ER+ (55) Recurrence NA Tand P NA 345 ab108351 0.0086 NA NA
(1.28-5.44)
UV#*0.33
UV#0.32
Alves et al. (28) Brazil 196 Mixed BC (196) IIb or I1I CMT (196) Iand P >3 7.4 ab15086 ( ) <0.00001 (0.15- <0.00001
0.19-0.55
0.66)
UV 2.85
Ozretic et al. (29) Croatia 60 TNBC (64) NA NA Tand P >60 77 ab15086 NA NA (0.36- 0.32
22.25)
UV* 145
Jin et al. (30) South Korea NA TNBC (270) I-11 NA NA >10% 21.9 NA 0.25 NA NA
(0.77-2.67)
Strong
MV 5.758
Chu et al. (31) China 55.34 Mixed (149) I-1v CMT Tand P intensity in 15 NA (2.28 0 <0.001 NA NA
.28-14.5
>10% cells
UV*2.09
Samaka et al. (32) Egypt 48 Mixed (56) I-IvV NA Tand P >1% 91.1 ab107257 NA NA (1.05- 0.0358
4.19)
Moderate to UV*3.31
UV*4.,52
Aomatsu et al. (33) Japan NA Mixed (102) TTA-IITIA CMT (102) Tand P strong staining 46 M75 (2.05-9.97) 0.0002 (1.56- 0.0018
.05-9.97
in >10% cells 7.05)
Strong
Uv2z2
Deb et al. (34) Australia NA Male (276) -1V NA ITand P intensity in 8 NA (0.8-5.7) 0.11 NA NA
>10% cells o

(Continued)
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TABLE 1 (Continued)

References Country BC Treatment IHC score = CAIX cut- Ab HR (95% @ p-value HR p-value
subtypes (n) method off level clones Cl) for (95%
(n) DFS Cl) for
oS
MV 1.69
Mixed
Kim et al. (35) South Korea 52 v NA Tand P >2 19.8 NA NA NA (0.77- 0.189
metastasis (162)
3.69)
MV 2.231 MV 15.89
Noh et al. (36) South Korea NA ER-AR+ (127) 1-111 NA Tand P >2 28.7 NA (0.670- 0.191 (1.82- 0.01
7.426) 131.6)
UV*1.75 UV*2.73
Betof et al. (37) United States 48 Mixed (209) I-111 CMT (209) Tand P >50 88 M75 0.088 0.0166
(0.92-3.31) (1.2-6.21)
UvV*2.77
UV*0.86
Kaya et al. (38) Turkey 46 Mixed (111) I-111 NA 1 Any staining 55.8 H-120 (0.54-136) 0.5253 (1.58- 0.0004
o 4.85)
UV 5.68
UV 6.74
<0.001 (2.11- <0.001
(2.27-20.03)
Beketic-Oreskovic 15.31)
Croatia 61.5 Mixed (40) 1-111 NA ITand P 52.5 60 NA
etal. (39) MV 3.99
MV 4.14
0.018 (1.38- 0.011
(1.28-13.35)
11.59)
UV*2.30
Lou et al. (40) Canada NA Mixed (3,630) 1-111 NA Tand P Any staining 15.6 M75 (191-277) <0.00001 NA NA
1.91-277
Mixed (122) T1-3anyN NA Tand P >3 18 ab15086 UV*2.24 0.1294 NA NA
Pinheiro et al. (25) Portugal NA
(0.79-6.35)
Jubb et al. (41) United 57 (27-80) Mixed (151) 1-111 CMT (63) Tand P >10% 32 M75 CAIX score 0.26 NA NA
Kingdom 1; UV 0.63
(0.29-1.41)
CAIX score 0.65
2; UV 1.24
(0.49-3.13)
CAIX score 0.12
3; UV 1.83
(0.86-3.89)
(Continued)
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TABLE 1 (Continued)

References Country BC Treatment IHC score  CAIX cut- Ab HR (95% HR
subtypes (n) method off level clones Cl) for (95%
(n) DFS Cl) for
oS
Tan et al. (42) United 55 Mixed (407) I-1I1 NA Tand P >10% 14 M75 UV*1.81 0.0119 UV*4.29 <0.00001
Kingdom (1.14-2.86) (2.61-
7.04)
Crabb et al. (43) Canada NA Mixed (602) II-1I1 NA NA NA 16.7 M75 MV 1.58 0.008 NA NA
(1.12-2.22)
Kyndi et al. (44) Denmark NA Mixed (945) II-111 NA Tand P >10% 16 M75 Uv1.29 <0.05 UV 1.3 <0.05
(1.02-1.62) (1.06-
1.60)
Hussain et al. (45) United 62 Mixed (144) I-1I NA Tand P Weak or 26 M75 NA NA UV 2.63 0.01
Kingdom strong staining (1.21-
and focal or 5.70)
diffuse MV243 | 0035
distribution (1.07-
5.53)
Trastour et al. (46) France 62 Mixed (132) I-1I1 CMT/ET Tand P >1% 29 M75 MV 2.0 0.05 NA 0.2
(1.0-4.2)
Brennan et al. (23) Ireland NA Mixed (400) 11 ET (199) I Any staining 11 M75 UV*1.62 0.041 UV*1.92 0.0239
(1.02-2.72) (1.09-
3.38)
Generali et al. (47) United NA Mixed (166) T2-4N0-1 CMT/ET (187) Tand P Any staining 24.7 M75 UV*1.79 0.1315 UV*1.99 0.1443
Kingdom (0.84-3.89) (0.79-
5.02)
Tomes et al. (48) Canada NA Mixed (53) any TN NA P NA NA M75 NA NA UV*0.50 <0.0001
(0.30-
0.85)
Chia et al. (49) Canada 59 Mixed (103) I-111 CMT (27)/ET (80) | IandP >1 48 M75 UV*2.38 0.0031 UV 2.61 0.05
(1.34-4.22) (1.01-
6.75)
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Ong etal 2022 1.0188 02256  49% 277[1.78,4.31] 2022 E—
Shamis etal. 2022 (1) 016585 00266 6.5% 1.18[1.12,1.24] 2022 -
Shamis et al. 2022 (2) 0.4947 01855 5.3% 1.64[1.14,2.36) 2022 I
Lietal 2020 0.89708 0.3694 35% 264[1.28 545 2020
Alves etal 20149 -1.1394 0266  45% 0.32[0.19,0.54] 20149 I
Chuetal 2016 1.7506 04713 27% 5.76[2.29,14.50] 2016
Jinetal 2016 03716 03229 39% 1.45[0.77,2.73] 2016 T
Dehetal 2014 0.7885 045161 2.5% 2.20[0.80,6.05) 2014 1
Moh etal. 2014 0.8024 06137  1.9% 2.23[0.67,7.43] 2014 ]
Aomatsu etal. 2014 1.5085 04034 32% 452[2.05,9.97] 2014
Kaya etal 2012 -0.1508 02374 48% 0.86 [0.54,1.37] 2012 i
Betofetal 2012 0.5596 0.3281 3.9% 1.75[0.92,3.33] 2012 T
Louetal 2011 0.8329 00948 61% 230[1.91, 277 2011 -
Pinheiro etal. 2011 0.892 05754  21% 2.44[0.79,7.54] 2011 1
Beketic-Oreskovic et al. 2011 1.9081 05553 22% 6.74[2.27,20001] 2011
Jubb etal. 2010 (3) -0.462 03958  33% 0.63[0.29,1.37] 2010 —
Jubb etal. 2010 (4) 0.2181 04737 27% 1.24[0.49,3.14] 2010 I Ie—
Juhb etal 2010 (5) 06043 03853  3.4% 1.83[0.86, 3.89] 2010 T
Tan et al. 2009 05933 02359 48% 1.81[1.14,2.87] 2009 —
Crabb etal. 2008 0.4574 01756 54% 1.58[1.12,2.23) 2008 -
Kyndi et al. 2008 0.2546 01198 6.0% 1.29[1.02,1.63] 2008 —'—
Trastour et al. 2007 06931 03537 37% 2.00([1.00,4.000 2007 |
Generali et al. 2006 05822 0386 34% 1.79[0.84, 3.81] 2006 T
Brennan et al. 2006 0.4824 0236 48% 1.62[1.02,2.57] 2006 —
Chia et al. 2001 0.8671 0.2831 4.2% 2.38[1.34,4.23) 2001 —
Total (95% CI) 100.0% 1.70 [1.39, 2.07] <
Heterogeneity: Tau®= 0.16; Chi*= 14346, df= 24 (P = 0.00001); F=83% 0 505 052 é 250
Testfor averall effect: Z= 516 (P = 0.00001) ' Imprové outcome  Poor outcome
Footnotes
(1) cohort |
(2) cohort Il
(3) CAlX scaore 1
(4) CAlX score 2
(5) CAlX score 3

FIGURE 2
A Forest plot of HR and 95% ClI for the association of CAIX with DFS of all patients with BC.

OS. High CAIX expression was statistically significantly associated
with shorter OS (HR=2.05, 95% CI 1.44-2.91, p<0.0001) with
heterogeneity I* =80% (Figure 3).

High CAIX was associated with poor OS
and DFS in ER* and TNBC subtypes

Three articles focused on the CAIX expression in 640 TNBC
cases. One study reported both DFS and OS, while the other two
reported either DFS or OS, resulting in 576 TNBC cases included in
the DFS analysis and 370 TNBC cases included in the OS analysis.
Two articles focused on CAIX expression and DFS in ER" breast
cancer from 731 ER" breast cancer cases. The results revealed that,
when compared to patients with a low CAIX expression, patients with
a high CAIX expression were clearly associated with shorter DFS in
TNBC (HR=2.09, 95% CI =1.11-3.92, p=0.02) with heterogeneity
I* =63% and OS (HR=2.50, 95% CI =1.53-4.07, p=0.0002) without
heterogeneity I* = 0%; and shorter DFS in ER* breast cancer (HR=1.81
95% CI =1.38-2.36, p<0.0001) without heterogeneity I* =0%
(Figure 4).
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The antibody does not affect CAIX survival

The studies used a variety of CAIX antibodies for IHC. Twelve
studies used an M75 antibody clone: 1 from BioScience, 1 from Novus
Biologicals, and 1 from Bayer, but the other 9 could not be identified.
The HR for DFS was 1.66 (95% CI: 1.35-2.0, p <0.00001). Clones used
in other studies were as follows: 6 studies used Abcam, 1 from Cell
Marque, 1 from Novus Biologicals, and 2 from Santa Cruz
Biotechnology (Table 1), which also demonstrated the effect of CAIX
with HR for DFS 1.94 (95% CI: 1.06-3.57; p<0.0001; Figure 5). There
was no significant difference between the M75 antibody and other
antibodies (p=0.63; Figure 5). The HR for OS in the group stained
with the M75 antibody was 2.01 (95% CI: 1.19-3.38; p=0.009), and it
was 2.10 (95% CI: 1.26-3.52; p=0.002) for the other antibody group
(Figure 6). There was no significant difference between the M75
antibody and the other antibodies in terms of OS (p=0.90; Figure 6).

Discussion

This meta-analysis focused on the prognostic role of CAIX
expression in breast cancer. Hypoxia, as determined by the CAIX
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A Forest plot of HR and 95% Cl for the association of CAIX expression with DFS in patients with BC stratified by the antibody clone.

expression, has been associated with poor survival outcomes,
independent of other clinicopathological factors in many solid
malignancies, including breast cancer (50). The current meta-analysis
included a greater number of studies and confirmed a negative
survival outcome in patients with breast cancer who had a high CAIX
expression. To our knowledge, this is the first meta-analysis that has
examined the CAIX expression exclusively in breast cancer. The
results of this meta-analysis may lead to the use of CAIX expression
as a prognostic marker, resulting in better treatment options for
patients with breast cancer.

High CAIX was significantly associated with poor DFS
(HR=1.70, 95% CI=1.39-2.07, p <0.00001) and OS (HR=2.02, 95%
CI 1.40-2.91, p=0.0002), despite the high heterogeneity of DFS,
I* =83%, and OS, I’ = 81%. This heterogeneity could be explained by
the bias in the scoring method and cutoff level as most of the studies
determined the CAIX protein expression by the intensity and
percentage of tumor cell staining and with individual cutoff levels.
However, this meta-analysis did support the use of CAIX as a

Frontiers in Medicine

prognostic marker; therefore, the evaluation of CAIX expression
should be considered in breast cancer.

Tumoral hypoxia has long been established as a factor in the
progression and metastasis of cancer cells (51). CAIX protein
expression is a reliable endogenous hypoxic marker as its expression
is dependent on the HIF-la activity (16). CAIX is a zinc
metalloproteinase that is located at the transmembrane and acts to
convert CO, to HCO™; and H* (52). This process occurs extracellularly
and results in an extracellular acidic pH. The cancer cells exploit the
extracellular acidity to invade the stroma by promoting epithelial-
mesenchymal transition (EMT) and cell motility as well as suppressing
anti-tumor immunity by, for example, dysregulating cytotoxic T-cell
functions while enhancing the function of M2 macrophages and
myeloid-derived suppressor cells (MDSCs) (53, 54). These effects may
explain the correlation between the increased expression of CAIX and
poor survival outcomes.

Carbonic anhydrase IX is highly induced in a HIF-1-dependent
manner and is constitutively expressed in VHL-defective cells. While
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A Forest plot of HR and 95% Cl for the association of CAIX expression with OS in patients with BC stratified by the antibody clone.
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CAXII is upregulated in VHL-defective renal tumors and induced
hypoxia in tumor cells, its dependence on HIF is not well established
(15). Additionally, it is well known that the tumor expression of
HIF-1a and CAIX was correlated with poor patient survival, CAXII,
which lacks the extracellular proteoglycan domain of CAIX implicated
in cell adhesion, had a less obvious survival effect (17). CAXII
expression is related to better survival statistics for patients (55-57).
In breast cancer, there is a strong association between luminal cancers
and CAXII expression. Moreover, CAXII is also a biomarker of
favorable prognosis in lung (58) and brain (59) tumors but is
associated with a poor prognosis in colorectal cancer (60).

Additionally, this meta-analysis clarified the importance of CAIX
expression associated with survival outcomes in both ER* and
TNBC. Li et al. reported increased tamoxifen resistance in ER" breast
cancer with a high CAIX expression (27). Similarly, a study by Tan
et al. demonstrated the adverse effect of CAIX expression on basal-like
breast cancer subtypes by escalating the chemotherapy resistance (42).
This may imply that CAIX overexpression is a hostile factor mediating
treatment resistance. Thus, a combination of chemotherapy and CAIX
inhibitors may be helpful in the prevention of chemoresistance. This
meta-analysis had several limitations. The high degree of heterogeneity
of the study indicated that we were unable to accurately define a CAIX
expression scoring method and optimal threshold values. Further
studies to standardize the IHC protocol for CAIX are needed. The
publication bias might overestimate the survival outcome as articles
reporting positive findings were selected.
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Conclusion

Our results highlight the importance of a high CAIX expression
being associated with poor DES and OS in patients with breast cancer.
This information may be useful for future studies, leading to the
incorporation of CAIX inhibitors in treatment regimens for patients
with breast cancer. High-quality studies with larger homogeneous
samples are required to determine the prognostic role of CAIX in
different breast cancer subtypes.
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