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A B S T R A C T

Carbonic anhydrase 9 (CA9) is a transmembrane member of the carbonic anhydrase family.

It catalyses the reversible hydration of carbon dioxide into bicarbonate and a proton, thus

enabling tumour cells to maintain a neutral pH despite an acidic microenvironment. CA9 is

not expressed in healthy renal tissue but is expressed in most clear cell renal cell carcino-

mas (CCRCC) through HIF-1a accumulation driven by hypoxia and inactivation of the VHL

gene. CA9 expression can be detected in the tumour by immunohistochemistry (IHC), in

blood and tissue by ELISA assay and RT-PCR. It has a 100% diagnostic specificity in solid

renal tumours, while ELISA assays on aspiration fluids may help in atypical cysts. Blood-

based assays, ELISA for CA9 antigen and RT-PCR for CA9 mRNA are promising for the prog-

nosis and follow-up of localised CCRCC. In metastatic disease, high CA9 expression by IHC

was reported to be a powerful prognostic marker with better survival and sensitivity to IL-2,

but this is still debated. Almost no data are currently available on the association of CA9

expression and outcome to targeted drugs. The prognostic value of CA9 in CCRCC could

be explained by the frequent VHL gene inactivation driving an early activation of the HIF

pathway. The poorer prognosis associated with low CA9 expressing tumours could be

due to the simultaneous overexpression of EGFR contributing to the activation of AkT

and mTOR pathways. Targeting CA9 by inhibitors, radioimmunotherapy, monoclonal anti-

bodies or vaccination is promising and offers new avenues for clinical research.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Renal cell carcinoma incidence is increasing and represents

2–3% of adult malignancies, with more than 200,000 new

cases and more than 100,000 deaths every year throughout

the world.1 About 80% are clear cell renal cell carcinomas

(CCRCC) that are more aggressive than papillary or chromo-

phobe carcinomas. One third of patients have metastases at

diagnosis and among those with a clinically localised disease,
er Ltd. All rights reserved

1; fax: +33 (0)477828464.
tienne.fr (J. Tostain).
30–40% will develop metastases after surgery.2 TNM staging

and nuclear grade are major prognostic factors, but tumours

with similar TNM stage and grade may still have very differ-

ent outcomes. Radical or partial nephrectomy remains the

gold standard for the management of clinically localised dis-

ease. Using a risk stratification nomogram, such as the Mayo

nomogram3 allows more tailored follow-up. Intermediate and

high-risk patients are followed-up by repeated, expensive

imaging. For metastatic patients, targeted therapies have
.
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improved response rates compared to immunotherapy but

are indicated only when imaging shows metastases.

Research into biomarkers is a very active domain in renal

oncology,4 seeking to improve diagnosis, identify tumours

with a high risk of recurrence, allow easier follow-up, suggest

earlier adjuvant treatment and select the best treatment op-

tion for metastatic patients. Carbonic anhydrase 9 (CA9),

one of the most studied surface antigens in CCRCC, is to date

the most promising biomarker to meet these requirements.
2. Ca9 in CCRCC

2.1. Function of carbonic anhydrases – identification of
CA9

Carbonic anhydrases (CAs) are metalloenzymes expressed in

almost all tissues. Their main function is to catalyse the

reversible reaction: CO2 + H2O M H2CO3. Bicarbonate is ac-

tively incorporated and neutralised by a proton with the cat-

alytic action of intracellular CAs; this generates carbon

dioxide which then passively diffuses into the extracellular

space where it is captured by extracellular CAs to be con-

verted into bicarbonate and a proton. The result, typical of so-

lid tumours, is a neutralisation of the intracellular milieu with

a concomitant acidification of the extracellular milieu.

The monoclonal antibody (mAb) G250 (Grawitz 250) that

recognises an antigen expressed in the membranes of CCRCC

cells but which is not expressed in normal renal tissue was

described in 1986.5 The MN antigen was later detected in cer-

vical carcinoma cells6 and was shown to be homologous to a

carbonic anhydrase7 named MN/CA9. The antigen targeted by

mAb G250 was shown to be identical to MN/CA9.8 The

denomination CA9 (or CA IX) is now commonly used. CA9 is

a 58/54 kDa protein with an extracellular portion composed

of an N-terminal proteoglycan-like region (PG) and a large

central carbonic anhydrase domain (CA) linked via a single

transmembrane anchor to a short C-terminal intracytoplas-

mic tail.9 CA9 has a cytoplasmic expression in some normal

tissues, mostly in larger bile ducts and the gastric mucosa,5,7

but is not expressed in healthy renal tissue.10
2.2. Regulation of CA9 in CCRCC

The tumour environment is characterised by hypoxia and

extracellular acidosis. CA9 expression is dependent on activa-

tion of the transcription factor Hypoxia-Inducible Factor-1a

(HIF-1a).11 Because of the strong cell surface activity of CA9,

tumour cells maintain a near neutral intracellular pH, thereby

favouring cell-survival. The extracellular acidosis activates

metalloproteinases and release of growth factors, thus facili-

tating tumour growth and metastases.12

Besides hypoxia, the expression of CA9 in CCRCC is trig-

gered by the inactivation of the tumour suppressor gene

von Hippel–Lindau (VHL) by mutation, hypermethylation or

deletion13,14 with subsequent loss of VHL protein function

or expression. CA9 is thus expressed in almost all CCRCCs.

A positive relationship exists between the presence of a mu-

tated VHL gene and high tumour expression of CA9.15 CA9

expression is down-regulated by the reintroduction of the
wild-type VHL gene.14 In other subtypes of renal carcinomas,

CA9 expression is only dependent on hypoxia.

The VHL protein (pVHL) is a component of a protein com-

plex (VBC-CUL-2) formed with pVHL, Elongin B, Elongin C,

Cullin and Ring box 1. In normoxia this VHL complex binds

to HIF-1a, allowing its ubiquitination and rapid degradation

by the proteasome.16 During hypoxia or with an abnormal

VHL gene, HIF-a cannot bind to the VHL complex which accu-

mulates in the cell and binds to the HIF-1b factor. The dimeric

complex HIF-1a–HIF-1b translocates into the nucleus and

binds to HRE (HIF Responsive Element), driving a transcription

sequence of hypoxia-induced genes,11 notably those impli-

cated in energy metabolism (glucose transporters, glycolytic

enzymes), angiogenesis (VEGF and VEGFR-1) and surface

transmembrane CAs.

CA9 expression in CCRCC is strictly dependent on HIF-1a,17

but with weaker expression in high grade (Fuhrman 3–4) than

in low grade tumours (Fuhrman 1–2).18 The fact that some

CCRCCs do not show VHL mutation and/or HIF-1a stabilisa-

tion despite expressing CA9 may suggest that an additional

factor is involved in CA9 regulation.17

2.3. Detection of CA9 expression

2.3.1. CA9 antigen
Most studies have used the mouse mAb G250/MN75 which de-

tects the CA9 antigen either by flow cytometry,19 or more

commonly, using IHC in CCRCC tissue and fine needle aspira-

tion cytology.20 The commercially available rabbit polyclonal

antibody seems to give similar results,20 but a cross-reactivity

at high dilutions with beta-tubulin has also been described.21

CA9 is expressed in 94–97% of CCRCCs15,22,23; it is seen

much less frequently in papillary carcinomas, and is not ex-

pressed in normal healthy renal tissue, in chromophobe and

collecting ducts carcinoma or in oncocytoma.20,23–25 It is

detectable in sarcomatoid CCRCCs.26

The extracellular domain of CA9, including PG and CA do-

mains, is released in the culture medium of CCRCC cells, but

also in vivo in the body fluids (blood, urine) of patients har-

bouring the tumour: this soluble form of 50/54 kDa is named

s-CA9.26 It is cleared from the blood some days after

nephrectomy and its concentration is extremely low in

healthy subjects.26,27 The CA9/s-CA9 ratio is about 10% and

should not be influenced by hypoxia which increases the

absolute value of CA9 and thus s-CA9 shedding.9,26 s-CA9 re-

lease is a metalloprotease-dependent process regulated by

TACE (ADAM 17).9 s-CA9 can be assayed by ELISA27 in serum,

plasma and tissue. Values in serum and plasma are similar28

and could provide prognostic information.27,28 Zhou reported

that serum values were correlated neither to IHC nor to tis-

sue ELISA, but with tumour size.29 Conversely, CA9 levels in

tissue detected by ELISA correlated with CA9 expression

measured by IHC.29

2.3.2. CA9 mRNA
CA9 mRNA expression by RT-PCR (reverse transcription poly-

merase chain reaction) has been shown in 97% of CCRCCs and

in 56% of papillary carcinomas but in neither chromophobe

carcinomas nor oncocytomas.30 CA9 mRNA is a promising

molecular marker of CCRCC,30 highly correlated with IHC.25
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2.3.3. CA9 DNA
The CA9 gene is located in the p12–p13 region of chromosome

9 and comprises 11 exons encoding the CA9 protein.31 It is

one of the genes positively regulated by HIF-1a which has a

fixation site on the promoter gene HRE. Some polymorphisms

have been described mainly on exon 1.32
3. CA9 as a diagnostic marker

The increasing usefulness of imaging techniques has resulted

in a considerable increase in the diagnosis of small asymp-

tomatic renal masses, 20% of which are benign.33 Percutane-

ous biopsy of small solid renal masses is sensitive and

specific but has been shown to provide insufficient material

for histopathological examination in as much as 37% of tu-

mours 63 cm.34 The Bosniak classification of atypical cysts

gives poor specificity for category II or III tumours, malignant

in 24% and 41% of cases, respectively,34,35 while the sensitivity

of fine needle aspiration cytology is low.36 CA9 might prove to

be a useful diagnostic tool.
3.1. In solid tumours

Several groups have surveyed normal tissues for the presence

of CA9.5,10,19,24 CA9 expression has never been reported in

non-cancerous renal tissue. Thus, CA9 expression in a renal

sample is pathognomonic for malignancy.

IHC membranous staining is usually uniform and similar

whether from a diagnostic biopsy or a surgical specimen,

even if a tendency for reduced expression from metastases

as compared to the primary tumour has been described.37

Staining intensity has been used in composite scores,29 but

may be dependent on too many factors to be considered

accurate.10

Fine needle aspiration cytology can be improved by mRNA

CA9 detection since there is no overlap between the absolute

signal values of tumour and normal parenchyma.28 In 35 pa-

tients with a small indeterminate renal tumour, sensitivity

and specificity were 53% and 71%; sensitivity and specificity

of mRNA detection in these smears were 68% and 100%; over-

all sensitivity increased to 93% when mRNA detection was

associated with conventional cytology.36

Renal masses have been explored by PET-scan imaging

with 124I-labelled chimeric mAb cG250.38 Sensitivity was 94%

and specificity was 100% for diagnosis of CCRCC.

Blood-based assays may be the future for non-invasive

diagnosis of renal tumours. Two studies showed similar val-

ues for serum s-CA9 in CCRCC (114.0–126.1 pg/mL), higher

than in other types of renal cancer.27,29 A different ELISA kit

reported significantly higher values (180 pg/mL), but unfortu-

nately there was a considerable overlap between healthy indi-

viduals and CCRCC patients.28 It is therefore unlikely that s-

CA9 could be considered as a reliable diagnostic tool in the

near future. Serum quantitative RT-PCR for mRNA CA9 may

perform better since a pilot study comparing 84 patients with

CCRCC with 44 healthy controls showed 93.7% sensitivity and

100% specificity.39 More research and large prospective stud-

ies are needed before a blood-based diagnosis becomes

available.
3.2. In atypical cysts

Due to the paucity of cells in cyst fluid, the detection of CA9

mRNA is disappointing. In a pilot study on 64 renal cystic

masses (Bosniak I: 23; II: 3; IIF: 6; III: 27; IV: 8), the percutane-

ous aspiration of cystic fluid in 36 patients showed that s-CA9

was high (>1000 pg/ml) in the fluid obtained from the 20

malignant cysts (median: 2140 pg/ml; range: 1112–2140 pg/

ml), whereas all but one of the benign cysts had no or very

low s-CA9 levels (median: 0 pg/ml; range: 0–2140 pg/ml).40

Using IHC, no benign cyst was found to express CA9 whereas

95.2% of the malignant cysts showed strong expression of

CA9. In this report, no epithelial cell could be seen in the ne-

crotic calcified wall of the cyst classified as ‘benign’ despite a

high s-CA9 level in the fluid, so that it was impossible to dif-

ferentiate a totally necrotic cystic RCC from a true benign cyst

modified by ischaemia. This suggests that CA9 could provide

a non-invasive way to differentiate malignant cystic renal tu-

mours from atypical but benign cysts.
4. CA9 as a prognostic marker

One of the most important challenges in oncology is the

early prediction of recurrence and metastasis and sensitivity

to systemic therapies. It has become even more important

with the availability of new drugs for the treatment of

mCCRCC. Using IHC, the correlation between CA9 expres-

sion and pathologic features gave controversial results: no

correlation with T stage, grade and tumour size,22,23,41 in-

verse correlation between a low expression and tumour size,

grade and node involvement.15 In the series by Leibovich

et al., low expression was significantly associated with the

presence of symptoms, a high nuclear grade (68.1% grade

3–4 versus 41.8% with a high expression), necrosis and sar-

comatoid differentiation (9.8% for low expression versus

3.9% for high expression).10 The debate is now onto the

prognostic value of CA9 expression which may vary in local-

ised or mCCRCC.

4.1. Clinically localised CCRCC

4.1.1. Immunohistochemistry
Bui et al. studied the prognostic value of CA9 expression in

172 M0 CCRCC.22 With a threshold value of 85% of tumour

cells expressing CA9, they found no survival difference be-

tween patients with low or high expression. Nevertheless,

median survival for high-risk patients (PpT3 and Fuhrman

grade P2) was 30 months for those with high CA9 expression

compared to 10 months for those with low expression, a fig-

ure similar to that for patients with metastases.22 Other stud-

ies have reported a worse prognosis for M0 patients with low

CA9 expression.23,41

Leibovich et al. used the same threshold value with 730

CCRCC patients of which only 81 had metastases.10 Compared

to patients with high CA9 expression, univariate analysis (RR:

1.65; p < 0.001) gave patients with low expression a 65% in-

creased risk of dying from cancer. However, multivariate anal-

ysis did not show CA9 expression to be an independent

prognostic factor over the whole series. No definitive conclu-
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sion can therefore be drawn from these retrospective studies

on the prognostic value of CA9 expression using IHC in local-

ised CCRCCs.

Additional molecular prognostic factors have been re-

ported: VEGF – when combined with CA9 – was an indepen-

dent prognostic factor of specific survival41; a mutated VHL

gene associated with high CA9 expression was an indicator

of lower aggressiveness in almost all T1 tumours, whereas

the association of a non-mutated VHL gene with low CA9

expression was predictive of worse specific survival.15

4.1.2. Blood-based assays
In 91 CCRCC patients, serum s-CA9 levels were correlated

with T stage (T1–2 versus T3), grade (Fuhrman1–2 versus 3-4)

and metastatic status.27 With a median follow-up of 38

months, a high preoperative s-CA9 level in non-metastatic

patients was a prognostic factor for recurrence. In another

study with localised disease, serum s-CA9 levels were corre-

lated with tumour size but not with Fuhrman grade.29 In gen-

eral, post-operative s-CA9 levels decrease, except in

metastatic or progressive disease.28

Detection of CA9 gene expression in peripheral blood cells

is predictive of a higher risk of recurrence.42 Serum CA9

mRNA might prove to be more convenient and sensitive for

follow-up. In 25 CCRCCs (23 N0M0 and 2 NxM1), CA9 mRNA

was high preoperatively yet close to zero 7 days after curative

surgery in the N0M0 patients whereas it remained high in the

NxM1 patients.39 With a median follow-up of 29 months in 31

N0M0 CCRCC patients, two showed CA9 mRNA recurrence

and developed metastases.

4.1.3. Perspectives for follow-up
These preliminary results suggest that molecular factors may

help identify a subgroup of patients with clinically localised

CCRCC but with a high risk of recurrence, and so requiring

close follow-up or even adjuvant treatment after surgery be-

fore metastasis becomes detectable. Although it is too early

to imagine the routine use of s-CA9 and/or CA9 mRNA serum,

one can hope in the future for a simple, non-invasive molec-

ular follow-up of clinically localised CCRCC after surgery or

ablative treatment. The integration of biomarkers, notably

CA9, in clinico-pathologic algorithms for predicting post-sur-

gical evolution is still limited4 and needs to be independently

validated over a large patient cohort.

4.2. Metastatic CCRCC

CA9 expression seems to be a promising marker for selecting

which patients with mCCRCC are suitable for systemic or vac-

cination therapy.

4.2.1. CA9 and IL-2 therapy
Using IHC, Bui et al. showed that a threshold value of 85% of

cells expressing CA9 in the primary renal tumour could be

used to separate patients with metastases into two groups

with different prognoses.22 Below 85% (low expression), med-

ian specific survival was 5.5 months versus 24.8 months

above 85% (high expression) (p < 0.001). Specific survival was

also lower in the low expression group when stage, grade

and ECOG status were analysed separately. In their patients
with metastases who were treated with IL-2 (84% having high

CA9 expression), the overall response rate was worse in the

low CA9 expression group (14%) compared to the high expres-

sion group (27%), and all complete responses (8%) were in the

latter group. The conclusion was that low CA9 expression was

an independent prognostic factor for reduced survival in pa-

tients with metastases (HR: 3.10; p < 0.001) and that there

was a lower probability that they would respond to IL-2 ther-

apy. Subsequent studies by the same group confirmed high

CA9 tumour expression and/or the presence of an allelic var-

iant rs12553173 as an independent favourable prognostic fac-

tor in mCCRCC, with better sensitivity to IL-2.4,32 Conversely

Leibovich et al., using the same threshold level and multivar-

iate analysis could not confirm that CA9 staining was an inde-

pendent prognostic factor either in all their patients or in only

those with metastases.10 These two studies were different in

the proportion of metastatic patients (46%22 versus 11%10) and

in those receiving IL-2 (60%22 versus 6%10).

A case-control study of 66 mCCRCC treated by high doses

of IL-2 confirmed the prognostic value of CA9 immunostain-

ing, with a higher response rate for tumours with high

expression (OR: 3.3):78% of responders had high expression

compared to only 51% of non-responders (p = 0.04), and long-

er survival in the high expression group (p = 0.03), including

all patients surviving for more than 5 years.43 Combining his-

tologic features with CA9 immunostaining, Atkins et al. devel-

oped a two-compartment model with distinct rates of

response to IL-2.43 The good risk group included 96% of

responders to IL-2. Here again, survival was longer in the high

expressors than in the low expressors and survival of more

than 5 years was only observed among the high expressors.

The predictive value of CA9 expression was not affected by

IL-2 dosages.

The prognostic relevance of CA9 expression was also con-

firmed by the rapid progression of metastatic CCRCC patients

with poor fixation of mAb 131I-cG250 on their metastatic

sites.44

From these studies, CA9 tissue expression might appear

predictive of mCCRCC prognosis and response to IL-2. Some

treatment algorithms for metastatic disease have already in-

cluded CA9 expression.4 Nevertheless, these data come from

retrospective series and need to be confirmed prospectively

before the possibility can arise of selecting patients for treat-

ment giving their molecular individualisation. A prospective

clinical trial of high dose IL-2 treatment « SELECT» (http://

www.ClinicalTrials.gov identifier: NCT00554515) is currently

being run to investigate the validity of the model developed

by Atkins.43

4.2.2. CA9 and targeted therapies
Despite the importance of targeted drugs (VEGFR-TKIs, anti-

VEGF mAbs, mTOR blockers) in today’s standard treatment

of mCCRCC, virtually nothing is known of the predictive nat-

ure of CA9 expression with patient response to these drugs.

With a threshold value of 85% CA9+ tumour cells, Cho did

not observe any correlation between CA9 expression and re-

sponse to temsirolimus even though there was a tendency

for patients with very low expression not to respond at all.45

In a pilot study in 60 patients whose disease had progressed

after cytokine therapy, the benefits of sorafenib for tumour

http://www.ClinicalTrials.gov
http://www.ClinicalTrials.gov
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shrinkage and progression free survival compared to a pla-

cebo appeared stronger in tumours with high CA9 expres-

sion.46 Obviously, research is needed on the correlation

between CA9 expression and response to targeted therapies

in mCCRCC patients.

4.2.3. Is CA9 expression modified by the treatment of
metastatic disease?
Hulick reported that palliative nephrectomy does not de-

crease s-CA9 levels.28 In the same study, four patients with

mCCRCC who had had a palliative nephrectomy received an

antiangiogenic therapy. Over a 12-month follow-up period

one patient responded to treatment; his s-CA9 levels were sta-

ble. The other three patients showed progression of the dis-

ease and rising s-CA9 levels.28

Jensen compared the expression of CA9 in patients

receiving IL-2, with or without IFN-a, with successive core-

needle biopsies taken from the same tumour site, either

the primary tumour or a metastatic lesion.37 Some of the

individual tumours had varying expressions of CA9 during

treatment, but as a group, there was no difference. Neither

was there any correlation between the time from treatment

start to the biopsy procedure and the change in CA9

expression.

To date, data are too sparse to argue for a role for CA9 in

the follow-up of responses to immuno or targeted therapies.

4.2.4. How can the prognostic value of CA9 be explained?
Contrary to CCRCC, a strong CA9 expression by IHC is usually

correlated to poor prognosis for various tumours including

cervical, ovarian, colorectal, head and neck, bladder and

non-small lung carcinomas.24 In these cancers, CA9 expres-

sion is only linked to hypoxia. In CCRCC, the very frequent

VHL gene inactivation drives an early activation of the HIF

pathway and CA9 expression. This may explain the evolving

role of CA9 during tumour progression.

Intact CA9 antigen and s-CA9 have chaperone-like func-

tions.47 HSP110 and HSP70 are classical chaperones and are

also powerful immunoadjuvants. Since CA9 and s-CA9 can

be internalised and processed by dendritic cells, they may

stimulate an early adaptative immune response against tu-

mour antigens.47 Moreover, CA9 expression and s-CA9 shed-

ding are increased in response to IL-2, providing a

mechanism that may contribute to the IL-2 response.47 CA9

plays a complex role in cell adhesion. Very low concentrations

of CA9 antigen enable in vitro adhesion of CGL1 and HeLa

cells, abrogated by mAb M75, whereas s-CA9 does not support

cell adhesion.48 On the other hand, CA9 decreases E-cad-

herin-mediated cell adhesion via interaction with b-catenin,

which could be of potential significance in hypoxia-induced

tumour progression.49

CA9 expression has been found to be lower in high grade

tumours than in low grade tumours18 and lower in metastatic

sites than in the primary tumour of the same individual22,37

suggesting a loss of CA9 with disease progression. It might

be a consequence of a gradual switch to a HIF-2a response

during tumour progression,13 explaining lower CA9 expres-

sion in the higher stages and the poor prognosis cases. Since

high serum s-CA9 levels have been correlated with an in-

creased risk of recurrence,27 one could hypothesise that this
loss might be partly due to a higher shedding rate. TACE is a

metalloprotease which regulates CA9 shedding but is also in-

volved in the ectodomain shedding of membrane-bound TGF-

a producing the soluble transforming growth factor-a (sTGF-

a), a mitogen of renal epithelial cells and a ligand of the epi-

dermal growth factor receptor (EGFR).50 Overexpression of

EGFR is hypoxia-dependent and correlated to a worse progno-

sis of CCRCC.51 With the activation of EGFR, tumour cells en-

gage in a classic TGF-a/EGFR autocrine-signalling pathway.

This may be reinforced by the transduction capacity of the

cytoplasmic tail portion of CA9 which can be phosphorylated

in an EGFR dependent manner, contributing through the PI-

3K signalling to activation of the AkT and mTOR pathways.52

Apart from this vicious cycle, as CCRCC progresses it may be-

come less dependent on HIF-related factors and be driven

more by mutations controlling other pathways, making it less

responsive to immunotherapy and possibly more

aggressive.43
5. Targeting CA9 for therapy of metastatic
CCRCC

According to these properties, interfering with CA9 could

have therapeutic implications.

5.1. CA9 inhibitors

Nanomolar CA9 inhibitors bind specifically to cells expressing

CA9 and by maintaining a neutral intracellular pH and

decreasing acidification of the microenvironment might de-

crease cell survival and invasion. Indisulam (E7070) is a sulph-

onamide derivative exhibiting a significant antitumour effect

and is currently in Phase I and II clinical trials for the treat-

ment of solid tumours.53 Another class of compounds are

membrane-impermeable and do not inhibit intracellular

CAs. They may therefore exhibit less side-effect as compared

to acetazolamide, which indiscriminately inhibits all CAs.54

5.2. Vaccination

The CA9 antigen encodes a human leucocyte antigen

(G250:254-262) recognised by cytotoxic T lymphocytes in

HLA-A2.1 individuals55 and is internalised and processed by

dendritic cells.47 This makes CA9 a putative candidate for

vaccination.

A phase I trial of vaccination of CA9-derived peptides in

HLA-A24-positive patients with cytokine-refractory meta-

static renal cell carcinoma showed partial responses in three

patients with multiple lung metastases and a stabilisation of

the disease with a median duration of 12.2 months in six pa-

tients.56 Overall, the median survival time was 21.0 months

for these patients with progressive disease who were enrolled

in the trial following the failure of immunotherapy.

In another phase I trial, renal tumour RNA-transfected

dendritic cells were administered to 10 patients with

mCCRCC.57 The vaccine-induced T-cell reactivity was directed

against a number of renal tumour-associated antigens,

including CA9, and only three patients died from the disease

after a mean follow-up of 19.8 months.
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5.3. Immunotherapy

Accumulating evidence indicates that the restricted surface

expression makes CA9 a very promising target for tumour im-

mune therapy. Only one humanised anti-CA9 mAb has been

evaluated in a clinical setting (WX-G250, [Rencarex�; WILEX,

Munich, Germany]). Non-randomised phase II clinical trials

have used weekly intravenous infusion given to patients with

mCCRCC. In one of these, infusions were scheduled for 36 pa-

tients over 12 weeks.58 Patients with stable disease (SD) or re-

sponse were eligible to receive additional treatment for 8

weeks. One complete response and a significant regression

were observed during the follow-up. Five patients with pro-

gressive disease at study entry were stable for more than 6

months after study entry. The median survival after the treat-

ment start was 15 months. In a second trial, 35 patients with

progressive disease were given 11 weekly infusions of WX-

G250 combined with a daily low dose IL-2 regimen.59 With a

median survival of 22 months this combination was superior

to WX-G250 monotherapy and was comparable to current

non-specific cytokine regimens in patients with advanced

mCCRCC. A phase III-randomised double-blind study is in

progress to evaluate WX-G250 as an adjuvant therapy after

nephrectomy for patients with localised high-risk disease.

(ARISER: Adjuvant RENCAREX� Immunotherapy trial to Study

Efficacy in non-metastatic RCC, (http://www.ClinicalTri-

als.gov identifier: NCT00087022)). Results will be available in

2013.

Lamers et al. have used CA9 as a target for adoptive cell

therapy.60 Three mCCRCC patients were treated with

scFv(G250)-autologous-transduced T-cells. The surface of

these cells expresses the scFv(G250) receptor which recognis-

es CA9 and enables them to exert antigen-specific effector

functions, such as the killing of CA9+ cells. Grade 2 and 4 liver

enzymes disturbance was also observed. Liver biopsy sug-

gested that the scFv(G250)+ T-cells had specifically attacked

the bile duct epithelial cells, known to strongly express

CA9.24 To prevent liver toxicity in the future, a single low dose

injection of cG250 antibody will limit the uptake by liver tis-

sue before injecting the transfected T-cells.

5.4. Radioimmunotherapy

Due to the high expression of CA9 in CCRCC, cG250 has been

used as a carrier molecule. A phase I/II radioimmunotherapy

trial with 131I-labelled mAb G250 was conducted in 33

mCCRCC.61 Seventeen had stable disease and partial re-

sponses were observed in two patients. Unfortunately, the

human antimouse immunoglobulin antibody was detected

in all patients 4 weeks after infusion and restricted therapy

to a single infusion.

A phase I radioimmunotherapy escalation study with 131I-

labelled chimeric mAb cG250, presumed to be immunosilent,

showed a partial response.62 These results were not con-

firmed in a subsequent phase II study consisting of two

sequential high-dose treatments with 131I-cG250 in 29 pa-

tients.63 In 19 patients who received two infusions the dis-

ease stabilised in five and continued to progress in 14;

eight patients only were able to receive one radio-immuno-

therapy infusion because of grade 4 haematologic toxicity,
formation of human antichimeric antibodies, or disease

progression.

Because animal studies have shown that tumour growth

was more efficiently delayed by cG250 labelled with other

radionuclides, a phase I/II 177Lu-cG250 dose-escalation radio-

immunotherapy study is currently ongoing (http://www.Clin-

icalTrials.gov identifier: NCT001142415).

6. Conclusion

CA9 is to date the most studied and promising molecular mar-

ker for diagnosis, prognosis and therapy of CCRCC. Despite

encouraging results, it must be emphasised that most of the

literature on CA9 has reported the results on retrospective

studies.

For diagnosis, it seems now accepted that CA9 expression

by IHC in a renal biopsy is pathognomonic of malignancy. For

cystic renal masses, the importance of s-CA9 levels in the cys-

tic fluid must be confirmed in larger series.

Beyond these invasive techniques, research is needed on

the relationship between CA9 expression by IHC and the ser-

um values of s-CA9 and CA9 mRNA which may become useful

tools for diagnosis, prognosis and follow-up.

Prospective data on the medical management of CCRCC

will be available in the future from two ongoing phase III clin-

ical trials: the ARISER study using adjuvant anti-CA9 mAb

after nephrectomy in localised high-risk disease, and the SE-

LECT study investigating the predictive value of CA9 expres-

sion on sensitivity to IL-2 in mCCRCC. Since targeted drugs

are today’s first line treatment of mCCRCC, the relevance of

CA9 in this clinical setting should be promptly addressed.

Other studies targeting CA9 by inhibitors, vaccination, immu-

notherapy or radioimmunotherapy are only in phases I–II.

Obviously, CA9 will not be the only molecular marker of

CCRCC in the future but we have evidence that it will remain

one of the best.
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