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sation on CAIX expression.

Purpose Hypoxia is a characteristic of many solid tumours and an adverse prognostic factor for cancer therapy.
Hypoxia results in upregulation of carbonic anhydrase IX (CAIX) expression, a pH-regulating enzyme. Many human
tissue studies have examined the prognostic value of CAIX expression in breast cancer but have yielded inconsist-
ent results. Therefore, a systematic review and meta-analysis was undertaken to assess the prognostic value of CAIX

Methods The electronic databases were systematically searched to identify relevant papers. The clinical outcomes
included disease-free survival (DFS), recurrence-free survival (RFS) and overall survival (OS) in breast cancer patients.
Review Manager version 5.4 was employed to analysis data from 23 eligible studies (containing 8390 patients).

Results High CAIX expression was associated with poorer RFS [HR=1.42,95% Cl (1.32—1.51), p<0.00001], DFS
[HR=1.64,95% Cl (1.34—2.00), p <0.00001], and OS [HR=1.48,95% ClI (1.22—1.80), p < 0.0001]. Heterogeneity was
observed across the studies. There was an effect of the CAIX antibody employed, scoring methods, and tumour locali-

Conclusion CAIX overexpression was significantly associated with poorer RFS, DFS, and OS in breast cancer patients.
However, further work in high quantity tissue cohorts is required to define the optimal methodological approach.

Introduction

Breast cancer is one of the most common cancers prev-
alent across the world, and is one of the leading causes
of morbidity and mortality in women [1]. Hypoxia is a
prominent feature of the tumour microenvironment in a
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variety of common solid tumours as a result of an imbal-
ance between the increasing demand for oxygen and
nutrients by proliferating cancer cells and an inadequate
blood supply resulting from impaired angiogenesis in
the tumour microenvironment [2]. Hypoxic conditions
may result in focal expression of hypoxia inducible fac-
tor la (HIF-1a), a key regulator of the hypoxia response
[3]. Hypoxia-associated enzyme carbonic anhydrase
IX (CAIX) is a direct transcriptional target of HIF-la
and is one of the most commonly upregulated genes in
response to hypoxia. Since HIF-1a expression is transient
and CAIX expression less transient, CAIX expression is a
robust biomarker of tumour hypoxia [4, 5].
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CAIX, is one of 15 carbonic anhydrase (CA) iso-
forms reported in humans and has been described
as a homodimeric transmembrane glycoprotein. The
domain structure of mature CAIX contains a pro-
teoglycan-like domain, a catalytic domain, a trans-
membrane domain, and a cytoplasmic tail [6]. CAIX
facilitates the reversible hydration of carbon dioxide to
bicarbonate and protons [4]. Thus, it plays a major role
in maintaining the pH gradient between cells and their
extracellular space [7]. CAIX is normally expressed in
few tissues including the gut epithelium and biliary
tree [8, 9] but appears to be upregulated in response
to tumour hypoxia in many tumour types including
breast cancer [10, 11].

The majority of studies in the literature suggest that
CAIX can serve as a biomarker and therapeutic tar-
get in different tumour types [12]. Published breast
cancer data supports CAIX as a marker of aggressive
tumour behaviour, and high CAIX expression corre-
lates with high tumours grade [13-16] and loss of ER
and PR expression [10, 13-15, 17]. CAIX has also been
reported to be positively associated with necrosis [18],
larger tumour size and basal-like tumours [15, 19].
High expression of CAIX is independent prognostic
factor in ER-positive breast cancer [20]. Furthermore,
overexpression of CAIX protein in TNBC is associated
with a BRCA1 mutant signature and loss of BRCA1
function [21]. Several studies have reported that CAIX
overexpression in breast cancer is a poor prognostic
marker for distant metastasis and survival [13, 15, 19,
22, 23], however, in contrast, several other studies did
not report a significant association with RFS or OS
[14, 24-26]. Studies have reported that CAIX expres-
sion was associated with worse prognosis for TNBC
patients [15, 21], however, Ozretic et al. [25] reports
no association with TNBC survival. It seems likely that
these contradictory findings at least partially may be
explained by its differential expression in various sub-
types of breast cancer, power of the studies and tech-
niques employed to assess expression levels [15, 19].

It is of interest that a meta-analysis of CAIX in renal
cell carcinoma showed that high CAIX expression was
associated with an improved OS [27]. In contrast, a
meta-analysis in head and neck cancer patients con-
cluded high CAIX expression was associated with
poorer OS and DFS [28]. A meta-analysis of the asso-
ciation between CAIX expression and outcome in
breast cancer has not been performed. The aim of this
meta-analysis of published clinical studies is therefore
to elucidate the prognostic value of CAIX expression
in breast cancer patients.
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Materials and methods

Search strategy

The present review was performed according to guide-
lines for systematic reviews and meta-analysis of tumour
marker prognostic studies. To identify all potentially rel-
evant studies, the author (SS) searched electronic data-
bases (Google Scholar, PubMed and Web of Science) to
obtain all relevant articles about CAIX as a prognostic
factor for breast cancer patient survival using the follow-
ing search terms: “breast cancer” or “breast carcinomas”
or breast neoplasm’, “CAIX” or “carbonic anhydrase-IX”
“prognosis” or “survival” or “outcome’; without language
limitations. The bibliographies of the included studies
were also searched to identify additional studies.

Study selection

Studies were considered eligible if they fulfilled the fol-
lowing criteria: (1) were in breast cancer; (2) determined
CAIX expression in breast cancer using immunohisto-
chemistry (IHC); (3) examined the relationship between
CAIX expression and clinical outcome; (4) provided suffi-
cient data to estimate hazard ratios for survival rates and
their 95% confidence intervals. The studies were excluded
if they were: (1) not in English; (2) animal studies; (3) cell
culture-based studies; (4) had insufficient data for analy-
sis or critical information that could not be extracted.

Data extraction

Three investigators (SS, DM and JE) screened eligible
studies and extracted the following information: name
of first author, year of publication, country, sample size,
detection method, expression pattern, scoring method,
threshold values, cellular localization, and clinical end-
points. Furthermore, hazard ratio and their correspond-
ing minimum and maximum 95% ClIs were also collected
for RES, DFS, and OS if reported in the text. If both uni-
variate analysis and multivariate analysis were used in
a given study, the survival data of multivariate analysis
were preferably included. Survival curves were used to
extract data to estimate HR when it was not possible to
extract HR directly from the article following the method
of Tierney et al. [29].

From this search, the titles and abstracts of articles
were initially examined to determine the relevance of
these publications. Then, the full texts of the remaining
articles were obtained and carefully reviewed. The refer-
ence lists of all relevant articles were also examined man-
ually to identify additional studies that may not have been
identified by the strategy outlined above. Discrepancies
between the reviewers were resolved by discussion.
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Statistical analysis

RES was the length of time from either the date of diag-
nosis or the start of therapy to the date of the first loco-
regional or systemic recurrence. DFS was evaluated as
the time from the date of the initial curative surgery to
the date of the first loco-regional or systemic relapse, or
mortality in the absence of relapse. OS was defined from
the day of surgery until death of the patient either from
cancer or a cause other than breast cancer.

The meta-analysis was performed using Review Man-
ager (RevMan) version 5.4 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).
The pooled effects were estimated using HRs and 95%
Cls for prognostic data to evaluate the associations
between CAIX and breast cancer survival. Heterogene-
ity among the studies was assessed by using the Cochran
Q test and Higgins I? statistics. A significant heterogene-
ity was considered at I*>50% and subsequently a ran-
dom effect model should be applied. If not, a fixed effect
model was used. Significant relationships were estimated
at a p value<0.05.

Results

Studies selection process

The search yielded 1294 articles in Google scholar,
1079 articles in PubMed and 84 articles in Web of Sci-
ence. After removal of 530 duplicates, 1927 unique arti-
cles were left for evaluation. Of these, 1620 articles were
excluded based on title and abstract, and 307 remaining
articles were identified through full paper review. Sub-
sequently, 284 studies were excluded for the following
reasons: 181 lacked survival outcomes, 60 were animal
studies, and 35 were cell line studies, 5 were non IHC
based methods, two of them were review or meta-analy-
sis, and one was non-English studies.

The reference list of each study was examined and
did not identify any further studies for inclusion in this
analysis. Finally, a total of 23 independent studies from 15
different countries were considered eligible for inclusion
in the meta-analysis. The study flow diagram is shown in
Fig. 1.

Study characteristics

A total of 23 studies involving 8390 participants address-
ing CAIX expression in breast cancer met the criteria
for this review and the characteristics of eligible studies
are summarised in Tables 1, 2, 3 and 4. The majority of
studies were carried out in early stage breast cancer and
mainly in patients with ductal disease with minimum and
maximum sample sizes of 40 and 3630 respectively. Most
of the studies reported the length of the follow-up period,
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and 13 of them exhibited a sufficiently long follow-up
(defined as a median follow-up time > 60 months) for the
outcomes to be determined.

IHC methodology varied between the studies. Four dif-
ferent antibodies were used. Also, different localizations
for protein expression and different quantification meth-
ods were reported. Thresholds have been applied to strat-
ify patients into groups with low and high tumour CAIX
expression and varied among the studies from 1 —10% or
a score of 1 —52.5.

Quantitative data synthesis

The pooled HR and 95% CI was calculated according to
survival data including RES, DFS, and OS. Studies with
small number of patients <100 were excluded from the
analysis (n=3). The detailed results were provided in
Tables 1, 2 and 3 and the forest plots were provided in
Figs. 2, 3 and 4.

Analysis of CAIX expression and RFS

Recurrence free survival was reported in 7 studies, of
which one study provided incomplete data to estimate
the HR and was therefore not included in the analysis
(Table 1). One study was also excluded from the analysis
because of small sample sizes. In the remaining 5 stud-
ies (n=4578), patients with high tumour CAIX expres-
sion had a significantly worse RES [HR=1.42, 95% CI
(1.32—1.51), p<0.00001], with mild non significant het-
erogeneity (I>=4%, p=0.38) (Fig. 2a and 2b). 3630 par-
ticipants from 4578 was came from the report of Lou and
co-workers [19]. Thus, further analysis was performed
with this study excluded and the result was proven to
be stable, the exclusion of this report did not signifi-
cantly alter the results [HR=1.62, 95% CI (1.28 —2.05),
p<0.0001] and no heterogeneity was shown (I>=0%,
p=0.43) (Fig. 2b).

Since few studies examined the association between
tumour CAIX expression and RFS (n=5), subgroup
analysis was not carried out. The majority of studies were
associated with poor prognosis and similar antibodies
were used.

Analysis of CAIX expression and DFS

Effect of CAIX expression on DFS in breast cancer could
be evaluated in 13 studies (n=2356 patients). Due to
a small observational number, one further study was
excluded from the analysis. The complete data to esti-
mate the HR could not be retrieved from two studies
and were therefore not included in the analysis. HR for
3 studies was calculated from available numerical data
(Table 2). Overall, high CAIX expression in 10 studies
(n=1882) was associated with a worse DFS, [HR=1.64,
95% CI (1.34-2.00), p<0.00001]. Mild heterogeneity was
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Fig. 1 Flow chart of selecting articles describing the association between CAIX expression and patient’s prognosis

detected across these studies (I>=49%, p=0.04) (Fig. 3).
Therefore, subgroup analysis was performed to explore
the potential sources of heterogeneity based on survival
analysis, study region, antibodies used, cellular localiza-
tion, and scoring methods.

The pooled HR for univariate analysis was [HR=1.48,
95% CI (1.19-1.85), p=0.0005] with significant hetero-
genicity (I*’=61%, p=0.04). The HR for multivariable
analysis was [HR=2.14, 95% CI (1.53-3.01), p<0.0001],
with no heterogenicity detected (I°=0%, p=0.88)
(Table 4).

Stratified analysis by study region suggested a poor
DES for three studies with Asian subjects [HR=2.50,
95% CI (1.57-3.98), p=0.0001] and for five studies from
Europe [HR =1.50, 95% CI (1.15-1.96), p =0.003]. Heter-
ogenicity was observed only among subgroup of Europe
(I>=57%, p=0.05) (Table 4).

There were variations in the antibodies used for IHC in
the studies. Five studies (n="778) used M75 antibody and
four studies (n=922) used ab50186. Other studies used

anti-CAIX antibodies obtained from different suppli-
ers and were used in few studies (n=2), therefore meta-
analysis was not carried out. In subgroup analysis by
antibody, significant effect of CAIX on DFS was observed
in M75 subgroup [HR=1.51, 95% CI (1.25-1.83),
p<0.0001], with no heterogeneity was observed (2=0%,
p=0.48). A similar association was found in ab50186
[HR = 1.53, 95% CI (1.12-2.10), p = 0.008] with moderate
heterogeneity (I>=61%, p = 0.05) (Table 4).

Diverse cellular localization was observed between
studies. A membranous expression of CAIX was
described in five studies (n=734) whereas cytoplasmic
staining was only reported in one study. Combination
of the membranous and cytoplasmic staining was also
reported in two studies (m=479) whereas the rest did
not state the staining localization. In subgroup analysis,
membranous staining had a significant effect on DFS
[HR=1.69, 95% CI (1.22-2.34), p=0.002]. A significant
heterogeneity was detected (I>=66%, p=0.02) (Table 4).



Page 5 of 16

(2023) 18:46

Shamis et al. Diagnostic Pathology

d|qe|leA. JON YN ‘|eAISIUI SDUSPYUOI%SE [D%S56 ‘ONel piezeH YH ‘Sisk[eue a1eLieAl|n| AW ‘SiSA[eue a1eLieAlun AN ‘X] 9seipAyue
J1uoque) X/yD ‘101dada1 10128y yimoib [ewsspid] y¥4D3 ‘z-101de31 10128y y1moib jewsapids uewny z-1aH 401dada1 au019159601d Yd 101dad91 Ub0IISIQO YT ‘Dpou ydwAq N7 49dued 1sealg Dg ‘A11sIwayd01siyounww| JH/

S4Y uo X|yD Jo 3jod dnnsouboid ay1 parebisaaul yoiym siaded buijiersp sjqel

uolssaldxa
XIVD pue snou
HEeIBEVEYE| -eIqUIBIN Aysuaiul
xal Ul gLgsls  ‘azis'apelb 00€-0 pue abe wopbuiy  [¢1] L00T
pauoday 900 -Aleue AN 'sneis N1 VN | <31035 2102S (Bv) 6y  -WUDISd  0SL SZN  DF PIXIN (le)ze a74 0L payun  ‘jels ey
|esnedo
-uswiaid
snou (yoL=u) [0g]
1%} Ul VN SIS -RIQUIBIN 1uasaud 00071  9A+N1 900Z '|e3°
panoday 7€00  -Aleue AN VN Il | <1035 1-0 (L1) 2y Jo1ussqy SN DF PaXIN VN 8991 00y  USpsmS  ueuudlg
uoIssaIdxa
XIVD pue
el-4|H ‘speid
(19-21) inowny snou o1
REI] LTSI 'sn1e1s N1 -RIqUIBI abe  000'0LL £00T 1€ 3
panioday L00 -Aleue AN ‘SzIs Jnowin|. N %L < 001-0 (67) 8¢ -=DId SINN DgPaXIN - (S1) 0T 8¢l 14! oduely  Jnoisel]
uols
(¥9C  -saudxe XIvD
-90'L) pue 9/93>
(91 ‘egd /o paie1s 6]
1%} Ul sisAleue ‘Y493 ‘snieas JoU Uon uasaud 800Z '|e1d
paLioday €00 AN Z-19H 'Yd W3 N | <21035 8307 |-0 (S1) /¥ 10IUSSQY  0S:L SZN DF PaXIN N VN €1e  epeue) qqesd
VN snou 005'C:1 [sv]oL0T
Ul siskjeue -RIGUIBIN ssaid 980'SL (091 =uU) wopbury e 32 ays
pauodsy /600 AN N N | <2102 1-0 (8l)6¢ 101ussqQy  wedqy  Dg paxIN WN /9 bz pauun -ecue
pa1e1s
1X31 Ul ¥1 SIS jou uon 1uasaud 6Ll LL0T
pauoday ,, .0L> -AleueAn N vN | <2105 8207 |-0 (1) 995 Jowssqy  0S: L S/N Dg PaXIN N 9zl 0€9'c  epeued  ‘le3d no
uols
-sa1dxa XD ol
(6511 pueapelb ed -sejdoifd (€2
-8¢'L)  -160j03sIY ‘N1 pue snou JSISVEMY] LLoZ e
XUl 66°E€SIS  '9zIs Inowny -eIqUIBN pue abe JIA0YS3I0
pajoday LLOO  -Aleue AW 'SISOIOON VYN  §7G<31005  ¢-131025 (09) ¥z  -wusdad  00LLYN DgPaXIN - (09) #C 865 OF  eneond  -ddx2g
uonedo|
(1> %S6) pue (%) u uonnjip (%) (syauow)
uonewnss onel sa|qelien abeys obues uoissaidxa poydw  /OH| 404 uyleap dn mojjo} (u)
YH ©®njea-d  piezeH 9leueAnnpy  Jnown]  uoniuyaqg 2100S  XIVDYbIH bBuuods Apoqunuy adAigns  9due) uelpay swened Anunod (s)ioyiny

|BAIAINS 991} 92U=1iNdal UO X|V¥D JO 1oedw) 9yl pue soisiieldeleyod salpnis | ajqel



Page 6 of 16

(2023) 18:46

Shamis et al. Diagnostic Pathology

A+ 7-IoH
VN oW snou AUEN “4H:zdnolio
AIND siskjeue £-0N -eIqUISIN -aud 1o 001:1 OA-7-I9H [Fslzroe
[BAININS #7€°0 AN - =11 | <1035 1-0 (59)79  1=sqy 0Cl-H '+yH:1dnoin VN oLl LLL Aung |e1a efey
o
-sejdoifd
pue snou
@l -eIquIBIN Aususzul [eslzioz
1X31 siskjeue 00€-0 pue obe 1D uo paseq ‘lele
urpauoday 100 AN VN VN 0§ <2403 21005 (88) 78l -1 VN SZN DY PXIN- (991) ¢€ 966 60¢ VSN joleg
snou
WN -eIqUIdN Aususiul 0001:L [csl€Loz
1X31 siskjeue 8-0 pue sbe  sjedibojolg puejeay ‘lele
urpauoday  /¥0 AN - VN  €<9103S 21035 (6v) € -1u9dIad SNAON g paXIN VN VN /8 MON CIEELLD)
Sluwserd
VN -014) €Loz ooy
121 siskjeue £-0N €0 eai0y pue ‘bunr
urpayoday /20 AN - €1l ¢<?9l0dS 21035 (€€)06 Aususiul  00L:L WN D4 PaXIN (8) €T /9 9/¢ yinos ‘loyd
(4 uolssaidxa pa1els
-/90) XIvD pue jou uon
€0z apeboibo -e07] Ausuaaul [v¥] ¥LOT
X391 sisAleue  -01sly ‘snieis 9-0 pue abe 001:1 £3I0Y  00Y pue
urpayoday 1610 AN N7 ‘obess | €1l 7<=®I03S 21035 (62)96  -1u=diad wedxqy  Dg—d¥3/+Hy  (€6) LE VN yee LINOS  “wiy “YyoN
(&S uolssaidxa
—-v0'L) XIVD pue snou
66T  (¢49H/+4dH) -elquisy [LslvloT
X391 sisAjeue  sadAigns sejn VIl €0 0001:1 ‘lew
urpauoday 1400 AW -290W "dd'y3 o gyl T <=o40dS 21035 (o) v Aususul SIN g PaXIN VN a9 0l ueder  nsjewoy
uols
-s21dxa X|vD
(L6 puep|-dH ol
-1%'1) pauIqUIOD -sejdoyfd
S9¢C pue XivD pue snou
X321 siskleue  ‘D|-4|H 'sisel -eIqUIBIN abe S/l ealoy  [SH] 910
ur pauioday 000 AW -Se18W NTIAT -l %0l < 00L-1 (C0) 65 -uadiad wesqgy DINL VN VN 0/¢ yinos ‘e uir
snou
VN -eIqUIsy ISTNVEV]] [9z] 610T
Cll sisAjeue OW €-ON 9-0 pue obe 00Z:1 ‘e
ur pauoday 5000 AN VN 11 (<2103§ 21035 (L) el usdled  9805Lge g PaXIN VN 6'¢L %! |lzeig SOAY
uonedo|
(1> %S6) pue (%) u uonnjip (%) (syruow)
uonewnss onel sa|qelien abeys aamusod jo abues uoissaidx3y poydw  /OH| 404 uyleap dnmojjo} (u)
4H @njea-d piezey 9leueAlnly Jnown] uoniuyaqg 21005  XIVD YbBIH bBuuods Apoqnuy adfigqns iadue)  uelpaly swudned Aniunod)  (s)ioyiny

|BAIAINS 991)-95eaSIP U0 X|YD JO 1oedw) 9yl pue sonisiieloeleyod salpnis g ajqel



Page 7 of 16

(2023) 18:46

Shamis et al. Diagnostic Pathology

a|qe|iene

10N YN ‘|eAISIUI SDUSPYUOD %G6 [D %56 ‘Ol piezeH YH ‘siskjeue a1elleAllNIN AW ‘SIsAjeue a1elleAlun AN ‘X| 9sedpAyue dluogue) x|y 101dadal usboipuy Yy 403dadal 1016y yimoih [ewsapidl y493 ‘z-103dadal 1010y
Yimoib [ewapida uewny z-13H “103dadai au0Ia1s9601d Yd 101dada1 usb01ISaQ Y7 103d381 SUOWIOH YH ‘Uoiseaul JejnaseroydwA A7 ‘Dpou ydwA N7 ‘Adessyioway) 1) ‘4adued isealg Dg ‘A1isiwaydoisiyounwiw| HHf

S4@ uo X|yD jo 9joi disouboud ayy parebisaaul yaiym siaded Buijieisp ajgel

uoIssaIdxa
XI¥D pue gsd paiels
(Ce-80) /91 Y3 'Yd J0U uon [ol]
9l 'T-I9H 7108 -e307 q900¢
1X31 sishleue  'azjs Jnowiny 1-ON 7-0 01 ‘e
urpauodsy 70 AN ‘sn1e1s N v=¢l  1<@I035 21035 ¥0) 1y Ausual SIN DIPANN (ST 1T WN 691 ARy 1nessusn
paie1s
10U UOoN
N -e207 [55] e900T
%) sishjeue 1-ON -0 051 ‘le3d
urpanoday 200 AN VN L | <24035 2100§ (LvD) 1y Ausuawy| SIWN DgPXIW - (£11)Te €S 991 Ay 1nesdusn
uoyssaldxa
XIvD pue
@r-0'1) DL-dIH ‘speib
z Inown snou [91] £oot
1X3) Ul siskjeue 'sSn1eIs N -eIqUIB obe 000'01:1 ‘e
pauodsy 500 AW '9zIs Inown| VN %l < 001L-0 (60) 8¢ -1UdId S/NW g PaXIN (S1) 0t 8¢l el oouel{  Jnojsel]
(0£s
-6/'1) (€8L=u) 1D
0Cs snou UM parealy
1X3) Ul siskjeue -eIqUIBIN sbe Sjuaned elensny  [S1] 6002
panoday 1000> AN WN WN %OL<  001-0 (1) 65  -uDId WN PN (£12) 66 6l€l 78l puedn jejouel
snou Asua1ul
VN -eIquIsiy pue lizeig /1] LLOT
AAIND sisAjeue 0-0 abe 00071 pue ‘lew
[BAIAINS SH0'0 AN VYN €1l €<3103S 2102§ (8l)zz -uadidd  9805Lge D8 PaxIN VN VYN CclL |ebnuod - oadyuld
uonedo|
(1D %S6) pue (%) u uonnjip (%) (syuow)
uonewnss onel sajqelen abeys aanisod jo abues uoissaxdx3y poydw  /OH|I0} uyleap dn mojjo} (u)
4H onjea-d pJezey ajeueAn|nyy Jnown]  uouyag 21005  X|YVDYybiH bunmods Apoqnuy adAigng  J1ddue)y  uelpay swaned Anuno)  (s)ioyiny

(panunuod) zajqel



Page 8 of 16

(2023) 18:46

Shamis et al. Diagnostic Pathology

uols oI
-sa1dxa XD -sejdoif
(GeeL pue opeib pue
-87'1) |ed1bojoisiy snouelq Aysua1ul €7
1404 ‘sn1e1s N -Way pue LLOT|e3¥s
131 Ul sisAleue  ‘azIs Jnowiny -1 obe 001:1 JIA0YS3I0
pajioday 8100 AW 'SISOIDSN VYN §¢G<3l0dS 2103S (09) ¥T  -1u=did VN D9 pPaXIN - (09) T 8'SS Oy  ehleols  -d139Y3g
A+ 7-1oH
VN oW snouelq AVEN “YH:z dnoig
AIND sisAjeue €-0ON -WIdN -aid Jo 001:1 IN-7-I9H 51 Z10T
[EAIAINS 6010 AN - -1l | <3103 1-0 (S9) 79 esqy 0CL-H ‘+yH:1dnoin VN oLl LLL Aoping  |e1d ekey
ol
-sejdoifo
pue
snoueiq Ausuaiul
L€ -WoN pue [es]
X1 Ul sisAjeue 00¢-0 obe dN 1D Uo psseq cLoze’s
payoday 0100 AN VN YN 0§ <9l0dS 21035 (88) 781  -1u=dId SIN DG PaXIN (991) ¢ 966 60¢ VSN joiag
snoueiq Alsuaiul
VN -WoW pue [csl€Lot
1X21 Ul sisAjeue 8-0 abe 0001:1 puejesay 11
palioday 160 AN - VN € <9102S 21035 (6v) € -1u9dIad VN g PaXIN VN VN JAS] MON CIEELLD)
Slwsed [ov]
VN -014D £10Z 00)
1X21 Ul siskjeue €-0N €0 001:1 £310y pue ‘bunf
paloday S61°0 AN - el 7 <2105 21035 (97€) 06  Ausuaau| VN DI PaXIN - (€8) €C /9 9/¢ Yinos ‘loyd
o1¢1 uolssaidxa paieis
—-78'l) XIVD pue 1ou Asusul [rv]
6861 opelb 2160)| uoned07 pue 10T 00)
1%} Ul SISAleue  -031s1y ‘snieis 9-0 obe 001:1 2310} pue
pavoday 0100 AW N7 ‘abess | el 7 <2405 2103S (£80)96 -uadld VN D28—43/+dv (€6) L€ VN yee LINos - “winy ‘yoN
Alsuaaul
VN snouelq pue [szlgLoc
1X93 Ul sisAjeue -WBIN abe 0011 e
panoday €610 AN - VN VN dN (£4) 6 U9dIed 9805 1e DANL (9S1) 0L §'SS 79 eneo) MLIzO
snoueiq Alisua1ui
VN OW -WoW pue
Xa1 Ul sisAjeue €-0N 9-0 abe 00¢:L [9z] 610T
pauoday £vL'o AN - 11 € <210S 91025 (F/) €L -WULIsd  98051ge 04 PXIN VN 6'¢L 9/1 [lzelg |e3o seAlY
uonedo| uonnjip
(13 %S6) pue (%) u /OHI (%)u  (syiuow)
uonewnss onel sa|qelien abeys aanisod jo abues uoissaidxy poydw 104 yieap dn mojjoy (u)
YH °njea-d piezey 9jeueAnnly Jnown)  uoniuysqg 21035  XI¥DYBIH bBuuods Apoqnuy adfigns  13dued uelpa|y swusned Anunod (s)ioyiny

|BAIAINS [|BI2AO UO X|YD JO 1oedw) 9yl pue soisiieloeleyod salpnis g ajqel



Page 9 of 16

(2023) 18:46

pa1e1s
Jou uon
VN -8207 (011 9900T
1X31 Ul sisAjeue -0 SN le1s
paloday 1000 AN VN | <1035 21035 Aususiu|  0SiL LW g PaXIN pueAjel  1esdudD
[esned
VN snoueiq U3 -OuUsWIald [05]1 900T
1X91 Ul sisAjeue RVET] -aid Jo 000Z:1 N1oA+¢€-1| e
paloday o0 AN VN %l < 1-0 Wssqy SIN Dg PaXIN Uspams  ueuuaig
(€SS
-/0'1) snoueiq
ST uolssaidxa -WISIN ulol 2] £L00T
1%} Ul sisAjeue  X|yD pue uols g1 -1ed pue 001:1 wopbury R E]
paioday 5€00 AW -BAUL JBJNDSEA 7<2100§ 2100§ Alsua1y| S/N g pPaxIN pauun ujessny
Juawiiealn
DIW1SAS
/sn1els |es
(091 -nedousw
—90'l)  'Snie1s Z-isH
0€'L pueyH ‘apeid snoueiq [¥] 800T
X391 U sisleue  ‘az|s nouiny -WIDN abe 00S'Z:1 e
panoday VN AN ‘sneis N1 %01 < 001-0 -Juodled S/N g PaXIN G6 ewusg 1puAy|
uolssaldxa
(0ss XIvD pue
—6/'1) 9715 INOWIN
oce ‘apesd snoueiq (¢81) 1D
1X21 Ul sisAjeue nown -WaN abe UM paiesi) elensny (G511 600T
pauoday  1000> AN ‘sn1e1s N1 %01 < 001-0 -luadied VN g PaXIN pueyn  |elsuel
VN snoueiq uss 00521 [svloLot
1%} Ul sisAjeue -WIAN -aid Jo 980G | (091 =u) wopbupy e ays
pavioday G800 AN - L <9102 1-0 ssqy wesqy g PaXIN pauun -esueq
ol
(181 -sejdoifd
—€40) pue
880 snoueiq
1X3) Ul sisAleue EWEN abe VN wopbupyl  [95]0L0T
pawioday €0 AN - %0L<  001-0 RIERIEN SIW Dg PaXIN pauun e qqnr
uonedo| uonn|ip
(1D %S6) pue /JHI
uonewnss onels sa|qelien aAnisod jo abues poylaw 104
4YH °njea-d piezeH 3jeueAR|N 31005 buniods Apoqnuy adfiqns uelpa|y swuaned Anuno) (s)ioyiny

Shamis et al. Diagnostic Pathology

(panunuod) € ajqey



Page 10 of 16

(2023) 18:46

Shamis et al. Diagnostic Pathology

d|qejieae
JON VN ‘|eAI91UI DDUSPYUOD %56 1D %56 ‘011t piezeH yH ‘sisk|jeue aleLieAny AW ‘sisk[eue a1elieAluUn AN ‘X| 9sedpAyue dluogle) xjyD “10idadas usboipuy ¥y “103dadal 1030.) Yyimoib [ewapid] Y457 ‘z-101dada1 103dey
yimoib [ewspida uewny z-1aH 103dadai au0ia15960.1d Yd “101dada1 usboaisaQ HF 11031dad31 SUOWIOH YH ‘Uoiseaul JejndseroydwA A7 ‘Dpou ydwA N7 ‘Adelsyioway) 1) ‘4adued isealg Dg ‘A1Isiuaydoisiyounuw| DHf

S0 U0 XD Jo dj01 dsouboud ay3 parebisaaul yoiym siaded Buijieiap jqer

(529 uoissaldxa
-10'l) XIVD pue snoueiq
197 SISOIDaU Y] ETENN JSTSVESTT] 1]
1X21 U| sisAjeue '9z)s ‘opeld 0050 pue abe wopbury L00C
panoday 500 AN 'sn1els N1 VN 0G<®i035 21005 (8Y) 6y -WdIdd  0S:L S/ PN (19 TE vl €0l pauun e elyd
uonedo| uonn|ip
(1D %S6) pue (%) u /DHI (%) u  (syruow)
uolnewnsa onel sajqeuea abeys aanisod jo sbues uoissaidxy poylaw 104 yieap dn moj|o4 (u)
4YH ©onjea-d piezey SjeueAlRN) Jnown]  uoniuysqg 21005  XIVOYBIH bHunods Apoqnuy adfAigns  1aduR) uelp3|N  sjuaned Anuno)  (s)ioyiny

(panunuod) € ajqey



Shamis et al. Diagnostic Pathology (2023) 18:46

Page 11 of 16

Heterogeneity: Tau? = 0.00; Chi® = 4.17, df = 4 (P = 0.38); I’ = 4%
Test for overall effect: Z = 10.28 (P < 0.00001)
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Fig. 2 Forest plot for the relationship between CAIX expression and recurrence free survival in breast cancer patients. Including Lou’s study [A],

after excluding Lou’s study [B]

Eleven studies examined the relationship of various
scoring methods and DFS. Percentage of positive cells
method was used by three studies (»=584), and intensity
of staining was showed in three studies (n=437). While
in the remaining four studies (n=861), the scores were
calculated as the product of combination of percentage
of positive cells and staining intensity. Subgroup analy-
sis of the different scoring revealed a similar significant
association between tumoural CAIX expression and
DES in subgroup analysis of percentage of staining cells
[HR of 2.57, 95% CI (1.75—3.79), p<0.00001], intensity
of staining [HR=1.41, 95% CI (1.13—1.76), p=0.002],
and the combination of two methods [HR=1.40, 95%
CI (1.13—-1.74), p=0.002]. Mild heterogeneity was only
observed in subgroup analysis of combination of percent-
age and staining intensity (I*=37%, p=0.19) (Table 4).

Analysis of CAIX expression and OS

A total of 16 from the selected 23 studies examined the
association between CAIX expression and OS. Three
studies with small number of patients were excluded
from the analysis. Three studies could not be included in
this analysis due to incomplete reporting (Table 3). HR
was calculated from available numerical data extrapo-
lated from Kaplan—Meier survival curve and summary
table for 3 studies. Based on 10 studies (n=2813), high
CAIX expression was statistically significantly associated

with a poorer OS [HR=1.41, 95% CI (1.18—1.70),
p=0.0002] (Fig. 4). Moderate heterogeneity was detected
across these studies (I>=55%, p=0.02), therefore, Fur-
ther subgroup analysis was performed.

As shown in Table 4, the pooled HR for univariate anal-
ysis was [HR=1.27, 95% CI (1.16-1.40), p <0.00001] and
heterogeneity was non significant (I>=10%, p=0.35).
The HR for multivariate analysis was [HR=3.03, 95%
CI (1.93-4.77), p<0.00001] and heterogeneity was not
reported.

Immunohistochemical staining of CAIX was predomi-
nantly performed using the M75 antibody targeting
CAIX (n=7 including 2121 patients). The negative asso-
ciation between high CAIX expression in breast cancer
and worse OS revealed to be associated with M75 anti-
body [HR=1.34, 95% CI (1.14—1.57), p=0.0004], with
moderate heterogeneity (I>=40%, p =0.13) (Table 4).

In addition, subgroup analysis based on cellular loca-
tion was performed. A membranous expression of CAIX
was described in five studies (n =1774). Although combi-
nation of the membranous and cytoplasmic staining was
also reported in two studies (7 =360), cytoplasmic stain-
ing was only reported in one study (n=276). Whereas
two studies did not state the staining localization. Inter-
estingly, the results of the subgroup analysis demonstrate
a significant prognostic value of CAIX in membranous
location [HR=1.62, 95% CI (1.21 —2.17), p=0.001], with
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Fig. 3 Forest plot for the relationship between CAIX expression and disease-free survival in breast cancer patients
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Fig. 4 Forest plot for the relationship between CAIX expression and overall survival in breast cancer patients

significant moderate heterogeneity (I>=60%, p=0.04)
(Table 4).

There was variation in the scoring methods. The most
common method being used depending on percentage
of antibody-expressing tumour cells (=3, containing
1278) and combined staining intensity and percentage
of positive cells (n=4, containing 822 patients). On the
other hand, the least common scoring method was based
on staining intensity (n=2). On meta-analysis, statis-
tically significant effect of CAIX on OS was observed
when stratified by combination percentage and intensity
(HR=2.70, 95% CI (1.18 —6.20), p=0.02], with signifi-
cant heterogeneity (I>=69%, p=0.02) whereas no asso-
ciation was detected in other subgroups of percentage
(HR=1.51, 95% CI (0.83 —2.74), p=0.17], with signifi-
cant heterogeneity (I> =73%, p=0.02) (Table 4).

Discussion

The present systematic review and meta-analysis is the
first to examine the prognostic value of CAIX expression
in breast cancer. Overall, the results clearly show that
high CAIX expression is an adverse prognostic marker in

breast cancer independent of the antibody used, tumour
localisation, scoring methods and clinical end-points
evaluated. Therefore, CAIX expression confirms the
hypothesis that hypoxia is an important determinant of
clinical outcome in patients with breast cancer.

Breast cancer is a complex and heterogeneous dis-
ease, comprising different histologic and molecular types
with different biological features and clinical behaviours.
Therefore, we compared the mutation status of CAIX
across breast cancer subtypes in the METABRIC breast
cancer cohort (#=2051) using online publicly available
resource cBioPortal. The CAIX gene was only mutated in
1.1% of cases, however there was a significant association
between presence of mutation and breast cancer subtype
(p=0.003) as represented in a bar chart (Fig. 5).

The basis of the association between CAIX expres-
sion and poor clinical outcome is not clear. However,
given that the CAIX enzyme is important in neutralising
tumour cell acidification and contributing to extracel-
lular acidification [30]. CAIX is involved in promoting
tumorigenesis and leads to a more aggressive phenotype
of cancer cells [31]. This can partially be explained by the
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Table 4 Results of meta-analysis and subgroups of analysis methods, study region, different antibodies, cellular location, and scoring

methods reported

Stratified analysis Number of Number of Pooled HR (95% CI) p-value Heterogeneity
studies patients
12 (%) p-value

Recurrence free survival (RFS) 5 4578 142 (1.32-1.51) <0.00001 4% 038
Disease-free survival (DFS) 10 1,882 1.64 (1.34-2.00) <0.00001 49% 0.04
Analysis methods

Univariate 5 875 1.48(1.19-1.85) 0.0005 61% 0.04

Multivariate 5 1,007 2.14(1.53-3.01) <0.0001 0% 0.88
Study region

Asia 3 706 2.50(1.57-3.98) 0.0001 0% 0.96

Europe 5 771 1.50 (1.15-1.96) 0.003 57% 0.05
Antibody for IHC

M75 antibody 5 778 1.51(1.25-1.83) <0.0001 0% 048

Ab15086 antibody 4 922 1.53(1.12-2.10) 0.008 61% 0.05
Cellular location

Membranous 5 734 1.69 (1.22-2.34) 0.002 66% 0.02
Scoring methods

Percentage 3 584 2.57(1.75-3.79) <0.00001 0% 0.64

Intensity 3 437 141 (1.13-1.76) 0.002 0% 0.39

percentage and intensity 4 861 140 (1.13-1.74) 0.002 37% 0.19
Overall survival (OS) 10 2,813 148 (1.22-1.80) <0.0001 59% 0.009
Analysis methods

Univariate 2,050 1.27 (1.16-1.40) <0.00001 10% 035

Multivariate 4 763 3.03(1.93-4.77) <0.00001 0% 043
Antibody for IHC

M75 antibody 7 2,121 1.34(1.14-157) 0.0004 40% 0.13
Cellular location

Membranous 5 1,774 1.62(1.21-2.17) 0.001 60% 0.04
Scoring methods

Percentage 1,278 1.51(0.83-2.74) 0.17 73% 0.02

Percentage and intensity 4 822 2.70(1.18-6.20) 0.02 69% 0.02

association between CAIX expression and the induc-
tion of metastatic or invasive phenotype by reducing cell
adhesion [32], increasing cell invasiveness [33], mobility
and migration, stimulating angiogenesis, and activating
proteases [34] which could be caused by the reduction
in extracellular pH [35]. CAIX also contributes to sev-
eral specific biological process critical for tumour pro-
gression including cell survival, maintenance of cancer
stem cell function and chemo and radiotherapy resist-
ance [36]. In addition to serving as a prognostic marker,
CAIX may also potentially serve as a promising marker
for targeted therapy. In particular, CAIX appears to be
highly expressed in breast cancer and has relatively low
expression in normal tissues [37—-40] and expression is
located on the extracellular surface of cell membranes,
allowing for efficient targeting by monoclonal antibod-
ies or small molecule inhibitors. Therefore, CAIX con-
stitutes an attractive and promising candidate marker for

systemic anticancer therapy. Indeed, carbonic anhydrase
inhibitors such as indisulam, a sulfonamide which was
investigated in phase II clinical trials, is considered one of
the most potent anticancer sulfonamides and has showed
high anti-tumour activity in various preclinical tumour
models [41]. The combination of CAIX inhibitors with
conventional chemotherapy may yield improved efficacy
[42]. Also, one of several potent bis-sulfonamide CAIX
inhibitors identified by screening 1 million compounds in
a DNA- encoded chemical library has exhibited high and
specific accumulation in cancer models [43].

It is likely that increased tumour CAIX will pro-
mote changes in the metabolic function of stromal and
inflammatory cells in close contact with tumour cells
such that tumour cells may survive and disseminate
[11, 13, 26, 44—46]. However, it is not clear whether
increased CAIX expression promotes a specific stromal
or inflammatory phenotype or both and further work
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Fig. 5 METABRIC breast cancer cohort (n=2051)

is required to examine these potential mechanisms of
tumour progression.

Similar to HIF-la expression, CAIX has been pro-
posed as a marker of an aggressive malignant phenotype
in a variety of common solid tumours. However, given
that CAIX is less suspectable to degradation, it is per-
haps not surprising that there would appear to be a more
consistent association with poor clinical outcome com-
pared with HIF-1a [47]. In the present meta-analysis of
approximately 8390 patients, CAIX expression was sig-
nificantly associated and all endpoints: RFS [HR=1.42,
95% CI (1.32—1.51), p<0.00001], DFS [HR=1.64, 95%
CI (1.34-2.00), p<0.00001], and OS [HR=1.48, 95%
CI (1.22—1.80), p<0.0001] whereas HIF-la expres-
sion in approximately the same number of patients was
only strongly associated with DFS and OS [47]. Moreo-
ver, the degree of heterogeneity associated with the
HIF-1a expression meta-analysis was greater than that
observed for the present CAIX expression meta-analysis.
Therefore, the present study would suggest that CAIX
expression is more consistently associated with clinical
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outcomes and may be considered the preferred prognos-
tic marker for tumour hypoxia.

However, in the present study, there was significant
heterogeneity in the DFS and OS according to survival
analysis, subcellular localization and scoring methods.
Therefore, it would appear that careful consideration of
technical factors is required when examining the prog-
nostic value of CAIX of patients with breast cancer.
Moreover, comparative studies of HIF-1a and CAIX pro-
tein expression in the same large mature breast cancer
cohort, using optimal methodological approaches, are
required to be carried out to confirm this or if whether a
combination of these markers should be employed.

With regards to antibody used, two main types of anti-
bodies for IHC were used, M75 and ab50186. The M75
antibody had more consistent prognostic value for DFS
and OS. Although different antibody concentrations were
reported, subgroup analysis could not be made due to
limited number of studies.

The prognostic value of CAIX expression has been
reported in both cytoplasmic and membranous locations,
however, it is not clear which location has the greater
prognostic value. In addition, the relationship between
the expression of CAIX in both locations is not clear.

With reference to the scoring methods used, percent-
age of positive cells, intensity of staining, and combina-
tion of percentage of positive cells and staining intensity
were consistently associated with DFS whereas only com-
bined percentage and intensity was consistently associ-
ated with OS. Therefore, the above potential sources of
heterogeneity require further investigation.

Limitation

There are several limitations of this study. The majority of
studies included had relatively small sample sizes which
would limit the detection of an association with clinical
end-points. Furthermore, the antibodies used, cellular
localisation, scoring methods varied considerably in the
analysis. Therefore, although we are able to conclude that
high CAIX expression is an adverse prognostic factor
and that particular antibodies have consistent prognos-
tic value using standard scoring methods in patients with
breast cancer, it is not clear what is the optimal prognos-
tic cellular localisation. Further work using, the validated
antibodies and scoring methods derived from the present
review is required to tease out the importance of CAIX
localisation expression. Furthermore, meta-analysis may
overestimate associations due to publication bias.

Conclusion

The present systematic review and meta-analysis clearly
shows that high CAIX expression is an adverse prognos-
tic marker in breast cancer independent of the antibody
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used, tumour localisation and clinical end-point evalu-
ated. Therefore, CAIX expression is consistent with the
hypothesis that hypoxia is an important determinant of
clinical outcome in patients with breast cancer. Moreo-
ver, further work is required to understand the prognos-
tic role of CAIX in the different breast cancer subtypes
and stages.
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