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ABSTRACT
Purpose: Metastatic renal cell carcinoma (RCC) has a
poor prognosis and an unpredictable course. To date, there
are no molecular markers which can reliably predict RCC
outcome. We investigated whether a novel kidney cancer
marker, carbonic anhydrase IX (CAIX), is associated with
progression and survival.
Experimental Design: Immunohistochemical analysis
using a CAIX monoclonal antibody was performed on tissue
microarrays constructed from paraffin-embedded specimens from patients (N ⴝ 321) treated by nephrectomy for
clear cell RCC. CAIX staining was correlated with response
to treatment, clinical factors, pathologic features, and
survival.
Results: CAIX staining was present in 94% of clear cell
RCCs. Survival tree analysis determined that a cutoff of
85% CAIX staining provided the most accurate prediction
of survival. Low CAIX (<85%) staining was an independent
poor prognostic factor for survival for patients with metastatic RCC, with a hazard ratio of 3.10 (P < 0.001). CAIX
significantly substratified patients with metastatic disease
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when analyzed by T stage, Fuhrman grade, nodal involvement, and performance status (P < 0.001, ⴝ 0.001, ⴝ 0.009,
ⴝ 0.005, respectively). For patients with nonmetastatic RCC
and at high risk for progression, low CAIX predicted a
worse outcome similar to patients with metastatic disease
(P ⴝ 0.058). Overall expression of CAIX decreased with
development of metastasis; as demonstrated by the lower
CAIX staining levels in metastatic lesions relative to
matched primary tumor specimens (P ⴝ 0.036).
Conclusions: On the basis of our data, CAIX is the most
significant molecular marker described in kidney cancer to
date. Decreased CAIX levels are independently associated
with poor survival in advanced RCC. CAIX reflects significant changes in tumor biology, which should be used to
predict clinical outcome and identify high-risk patients in
need for adjuvant immunotherapy and CAIX-targeted therapies.

INTRODUCTION
RCC3 accounted for ⬎31,000 new cases of cancer and
contributed to ⬃12,000 deaths in the United States in 2001 (1).
Clear cell carcinoma was the predominant subtype comprising
up to 85% of RCCs. One-third of patients diagnosed with kidney
cancer have evidence of metastatic disease at the time of diagnosis and up to half of those treated for localized disease
eventually relapse (2). The natural history of RCC is complex
and is influenced by factors other than stage (3). Patient and
tumor-related factors have been proposed as prognostic factors
(4 –7). Therefore, understanding how the complex interactions
between multiple prognostic factors contribute to the clinical
behavior of RCC is essential for patient assessment, outcome
prediction, and therapy planning.
CAIX protein, a member of the carbonic anhydrase family,
is thought to play a role in the regulation of cell proliferation in
response to hypoxic conditions and may be involved in oncogenesis and tumor progression (8 –10). Previous studies using a
monoclonal antibody against CAIX have shown that CAIX is
induced constitutively in certain tumor types but is absent in
most normal tissues with the exception of epithelial cells of the
gastric mucosa (10 –13). Furthermore, previous immunobiochemical studies of malignant and benign renal tissues revealed
that CAIX was also highly expressed in RCC, suggesting that
CAIX expression may be a useful diagnostic biomarker (14, 15).
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curve; 95% CI, 95% confidence interval.
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Clinical tumor targeting studies by i.v. injection with a monoclonal antibody to CAIX have shown localization to RCC tumors in a mouse tumor model (16) and are being applied in
clinical trials to treat metastatic RCC (17–19). However, the
relationship between CAIX expression and RCC survivorship is
unknown.
To investigate the importance and clinical significance of
CAIX expression, we used tissue microarrays (20) for highthroughput molecular profiling of RCC tumor specimens based
on their CAIX expression. Furthermore, UCLA has a RCC
database with 1200 patients containing ⬎263 clinical variables
for each patient. We examined the clinical information from this
data resource to evaluate the association of CAIX expression
with clinical outcome.

PATIENTS AND METHODS
Patients. Our study cohort consisted of 321 patients who
underwent a radical or partial nephrectomy for clear cell RCC at
UCLA between 1989 and 2000. Following study protocol (KCP
99 –233) approval by the UCLA Institutional Review Board, a
retrospective study was performed with outcome assessment
based on chart review of clinical and pathologic data. The
median age was 62 years (27– 89 years), and the male to female
ratio was 2:1. The median follow-up for patients who died (N ⫽
170) from an RCC-related cause was 14 months (1.3–101
months) and for all survivors was 45 months (0.3–117 months).
The diagnosis of metastatic disease was determined at initial
presentation. IL-2-based immunotherapy was administered to 86
patients, 70 of whom presented with metastatic disease, with the
remaining 16 developing recurrent disease after nephrectomy
for initially localized RCC.
Stage was determined according to the 1997 Union Internationale Contre le Cancer tumor-node-metastasis classification
of malignant tumors (21). T, N, and M stages were determined
by clinical and/or pathologic data. ECOG PS and metastatic
status was determined at initial presentation (22).
Fifteen patients had concurrent resection of a metastatic
lesion at the time of nephrectomy for the primary tumor. Histopathological evaluation confirmed that the metastatic lesion
arose from the same histological type as the primary kidney
tumor.
Tissue Array Construction. Archival tumor specimens
from our cohort of 321 patients and 15 metastatic lesions were
obtained from the Department of Pathology at the UCLA Medical Center. All tumors were of the clear cell subtype according
to Union Internationale Contre le Cancer guidelines and were
staged according to the 1997 tumor-node-metastasis classification and graded according to the Fuhrman grading scheme by a
single pathologist (D. S.; Refs. 21, 23). Three core tissue biopsies, 0.6 mm in diameter, were taken from selected morphologically representative regions of each paraffin-embedded renal or
metastatic tumor and precisely arrayed using a custom-built
instrument as described previously (20). An additional core
tissue biopsy was taken from a morphologically normal-appearing region of each tumor. Sections of 4-m thickness of each
tissue array block were transferred to glass slides using the
paraffin sectioning aid system (adhesive coated slides PSACS4x, adhesive tape, UV lamp; Instrumedics Inc., Hackensack,

NJ) to support the cohesion of 0.6-mm array elements. Quality
control was assessed on each block by H&E staining after every
five consecutive sections to confirm the grade and histological
type of each tissue core spot.
Immunohistochemistry. The mouse monoclonal antibody (M75) used to detect the CAIX protein has been described
previously (11, 24). Immunohistochemical staining of tissue
sections with anti-CAIX antibody was done using a peroxidase
technique with antigen retrieval using heat treatment, as previously described using the Dako staining systems (Dako Corporation, Carpenteria, CA; Ref. 24). The CAIX primary antibody
was used at a 1:10,000 dilution. Semiquantitative assessment of
the antibody staining was performed by a single pathologist
(D. S.) blinded to the clinicopathological variables. Staining
intensity was based on a 4-point scale from 0 to 3. The extent of
staining was recorded as a percentage of the target tissue sample
that had positive CAIX expression. Each spot was scored based
on the staining intensity, the percentage of positive cells, and the
percentage staining at maximal staining intensity. There were
three spots/patient specimen. The overall score used for subsequent statistical analysis was the pooled mean from three spots
of the same tumor. A score of zero was given to tissue spots that
had no evidence of specific immunostaining.
Statistical Analysis. The primary outcome of interest
was DSS from the time of nephrectomy to demise or to last
follow-up. We used the default settings of the recursive partitioning function in S-Plus (Insightful Corp.) statistical analysis
software for survival tree analysis to find appropriate cut-offs
for classifying patients according to amount of CAIX expression.4 The Kaplan-Meier method was used to estimate DSS
(25); log-rank analysis was applied to test the difference between stratified survival functions. The Cox proportional hazards model (26) was used to test the statistical independence and
significance of CAIX expression in predicting the risk of patient
death based on a variety of potential prognostic factors (27).
Logistic regression was used to quantify the area under the
ROC. The binomial test was used to determine statistical significance of CAIX expression in the primary tumor compared
with the metastasis. All Ps were two sided, and P ⬍ 0.05 was
considered significant. Statistical analyses were performed, and
graphs were constructed using Stata statistical analysis software
version 7.0 (Stata Corp, College Station, TX).

RESULTS
The clinical characteristics of the 321 patients (216 men
and 105 women) at the time of nephrectomy for clear cell RCC
are summarized in Table 1. Among these patients, the median
age was 61 years, the median tumor size was 7 cm and 46% had
metastatic disease at the time of presentation. The median follow-up time of all patients who died of a cancer-related death
was 14 months (range, 1.3–101 months) and for all survivors
was 45 months (range, 0.3–117 months).

4
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Table 1

Patient clinical characteristics and CAIX expression in clear cell carcinoma
CAIX (No. of patients)
Overall
(N ⫽ 321)

Gender
Male
Female
Age, yr
Mean
Median
Range
Tumor size, cm
Median
Mean
Range
Metastasis
No
Yes
Ta stage
1
2
3
4
Grade
1
2
3
4
Nodes
0
1
2
ECOG PS
0
1
2
3
IL-2-based immunotherapy
Overall response
Complete response
No response
Stable disease
NE
Duration median follow-up, months
Cancer-related deaths
All survivors
Relapses
Deaths
a

Negative

Positive

Low
ⱕ 85%

High
⬎ 85%

5
6.5 ⫾ 4.6

7
7.3 ⫾ 3.7

7.5
8.1 ⫾ 3.4

6.5
7.1 ⫾ 3.6

172
149

15
6

157
143

32
34

140
115

114
39
150
18

13
2
6
0

101
37
144
18

22
8
29
7

92
31
121
11

38
151
110
22

3
10
5
3

35
141
105
19

6
32
20
8

32
119
90
14

272
14
23

17
1
3

261
13
20

50
5
9

228
9
14

115
190
13
1
86
22
7
27
27
3

5
15
1
0
1

110
175
12
1
85

15
46
5
0
14
2
0
7
4
1

100
144
8
1
72
20
7
20
23
2

216
105
60.4 ⫾ 11.7
61.6
27–89
7
7.3 ⫾ 3.8
0.8–18.0

1

14 (1.3–101)
44 (0.3–117)
38
170

T, tumor; NE, not evaluable.

CAIX Expression in Relation to Clinicopathological
Variables. CAIX expression was seen in 94% (301 of 321) of
tumor specimens. CAIX staining was predominantly found on
the plasma membrane and varied according to the proportion of
the target tissue in the core that stained positively (Fig. 1A). The
staining intensity staining was strong with minimal variation.
Tissue core biopsies taken from a morphologically normalappearing region of each tumor specimen were uniformly negative for CAIX whereas tumor regions predominantly stained
intensely.
Survival tree analysis of CAIX scoring information from
the tissue arrays identified that a staining percentage of 85% was
an ideal cutoff for stratification for patient survival. Staining
percentages ⬎ 85%, irrespective of intensity, were considered

high CAIX staining, whereas those ⱕ85% were considered low
CAIX staining (Fig. 1A). Only 4.7% (N ⫽ 15) of patients in our
cohort had staining percentages within the range of 80 –90%
(Fig. 1B). Most of the patients (N ⫽ 255, 79%) had ⬎85%
CAIX staining, whereas 21% (N ⫽ 66) had ⱕ85% CAIX
staining. Survival of patients with CAIX-negative staining (0%)
did not differ statistically from patients with low (ⱕ85%) CAIX
staining (data not shown). For patients with metastatic RCC,
Kaplan-Meier estimated DSS showed that high CAIX was associated with a median survival of 24.8 months, whereas low
CAIX had a median survival of only 5.5 months (P ⬍ 0.001;
Fig. 1C).
For patients diagnosed with metastatic disease at the time
of initial presentation, CAIX expression provided important
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Fig. 1 Immunohistochemical analysis of CAIX and DSS according to the levels of CAIX expression for patients with clear RCC. A, immunohistochemical analysis shows the pattern of CAIX staining in the tissue cores (at ⫻100 and ⫻400 magnification). Normal kidney tissues (A1–A2) were
ubiquitously negative for CAIX. Clear cell RCC had intense membrane staining for high levels (⬎85% positive staining, A3–A4) or low levels (ⱕ85%,
A5–A6) of CAIX. B shows distribution of CAIX staining for all tumor specimens. C shows the Kaplan-Meier curves of DSS for patients according
to CAIX expression and metastatic status.
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Table 2

Median DSS (months) according to CAIX expression for
patients with metastatic clear cell carcinoma

Metastasis
Low T stage (1 or 2)
High T stage (3 or 4)
Low grade (1 or 2)
High grade (3 or 4)
No nodes
Nodes ⬎ 0
ECOG PS ⫽ 0
ECOG PS ⬎ 0

Low CAIX

High CAIX

P

5.5
12.2
4.0
15.2
3.9
12.8
2.9
9.8
4.8

24.8
54.4
16.7
32.7
16.3
27.3
12.5
44.2
21.2

⬍0.001
⬍0.001
⬍0.001
0.001
⬍0.001
⬍0.001
0.009
0.005
⬍0.001

additional prognostic information when DSS was analyzed according to T stage and Fuhrman’s grade. Table 2 lists the
median survivals for patients with metastatic disease when
stratified according to high or low CAIX staining. High CAIX
expression predicted a better prognosis for both low and high T
stage as shown by Kaplan-Meier estimates of DSS (Fig. 2, A and
B). Interestingly, patients with both low T stage and low CAIX
staining had a significantly worse median survival time (12.2
months) than patients with both high T stage and high CAIX
staining (16.7 months; P ⫽ 0.032). Similarly, high CAIX staining demonstrated more favorable survival for both low- and
high-grade tumors (Fig. 2, C and D). The survival time for
low-grade tumors with low CAIX expression was not statistically different from the survival time for high-grade tumors with
high CAIX (median, 15.2 versus 16.3 months; P ⫽ 0.119). No
statistically significant associations were found between the
level of CAIX expression and either T stage or grade for patients
with metastatic disease.
Prediction of DSS according to nodal status and ECOG PS
could be additionally substratified by CAIX expression in patients with metastatic disease (Fig. 3). For patients with no nodal
disease, high CAIX staining predicted better survival than low
CAIX staining, median 27.3 months versus 12.8 months, respectively (P ⬍ 0.001; Fig. 3A). Similarly, in patients with nodal
disease (N ⫽ 1 or N ⫽ 2), high CAIX predicted a median
survival of 12.5 versus 2.9 months for low CAIX (P ⫽ 0.009;
Fig. 3B). Interestingly, median survival for patients with both
node-negative disease and low CAIX expression was not statistically different from the survival of patients with both nodepositive disease and high CAIX expression, 12.8 versus 12.5
months, respectively (P ⫽ 0.103; Table 2). Higher CAIX expression also predicted a more favorable survival for patients
with ECOG PS ⫽ 0 with median survival of 44.2 months for
high CAIX versus 9.8 months for low CAIX (P ⫽ 0.005; Fig.
3C). For patients with ECOG PS ⬎ 0, high CAIX staining
predicted a median survival of 21.2 versus 4.8 months with low
CAIX (P ⬍ 0.001; Fig. 3D).
When patients with localized RCC were analyzed altogether, CAIX staining initially did not appear to stratify survival
(P ⫽ 0.25; Fig. 1C). However, using the Cox proportional
hazards model, we identified a subset of patients with localized
RCC and no nodal or metastatic involvement that could be
additionally stratified by CAIX. Patients with T stage ⱖ 3 and
grade ⱖ 2 were categorized as high risk for progression with a
median survival of 28.5 months compared with low-risk patients

(T stage ⱕ 2 and grade ⫽ 1) who had a median survival of over
106 months (P ⬍ 0.001; Fig. 4A). There were no missing data
for T stage or grade for patients with localized RCC. The
high-risk patients were statistically distinct from the patients
with metastatic disease who had a median survival of 16.7
months (P ⫽ 0.021; Fig. 4A). Stratification of high-risk patients
according to high or low CAIX staining approached statistical
significance (P ⫽ 0.058; Fig. 4B) and was limited by small
sample size (N ⫽ 47). High-risk patients with high CAIX (N ⫽
41) had a median survival of 30.3 months. However, high-risk
patients with low CAIX staining (N ⫽ 6) had a worse prognosis
with a median survival time of only 10 months and had a similar
clinical outcome as patients with metastatic disease (16 months
median survival). For low-risk nonmetastatic patients, CAIX
status did not provide prognostic information. CAIX status also
did not predict relapses (N ⫽ 38) in patients with nonmetastatic
disease, perhaps because of small sample size.
Relationship of CAIX to DSS. Univariate analysis of
established prognostic factors and their relationship to DSS in
metastatic disease confirmed that CAIX status, T stage, grade,
nodal status, and ECOG PS were all statistically significant
prognosticators (Table 3A). There were no apparent relationships between CAIX and other prognostic variables such as age,
gender, and tumor size. In univariate analysis, CAIX status for
high-risk nonmetastatic patients approached statistical significance (P ⫽ 0.068) with hazard ratio of 2.53.
In multivariate Cox proportional hazards analysis, CAIX
status was analyzed with T stage, grade, nodal status, and ECOG
PS for their impact on DSS. For nonmetastatic disease, CAIX
status was not an independent predictor of survival. However,
for patients with metastatic disease, all of these covariates,
except for nodal status, were significant independent predictors
of DSS (Table 3B). Low CAIX staining in metastatic RCC was
found to be independently associated with death from RCC,
with a hazard ratio of 3.10 (P ⬍ 0.001; 95% CI, 1.99 – 4.83).
The addition of CAIX status to a logistic regression model
consisting of T stage, grade, nodal status, and ECOG PS for
metastatic disease increased the area under an ROC curve from
0.66 to 0.76 indicating improved prediction of survival. The
time period used to calculate the ROC curve was 36 months.
Furthermore, we censored data for patients with ⬎36 months
follow-up and for patients who were alive but lost to follow-up.
For the entire cohort of patients, 62% of patients with metastatic
disease died from RCC by 36 months. The area under the ROC
curve did not change when CAIX status was included for
nonmetastatic disease.
Relationship between CAIX Expression in Primary Tumor and Metastatic Lesion. To determine the effect on
CAIX expression when a tumor metastasizes, the level of CAIX
expression in the metastatic lesion and the primary tumor were
compared. Fifteen patients had resection of a metastatic lesion
(9 lymph nodes, 2 liver, 1 lung, 1 adrenal, 1 colon, and 1 chest
wall) at the time of nephrectomy for RCC. The tumor specimens
were compared based on the percentage staining at maximal
intensity. CAIX expression appeared to be less in the metastatic
lesion (3 of 13) compared with the primary tumor (Fig. 5).
CAIX expression in both the primary tumor and metastasis was
absent in 1 patient and equal in another. Overall, CAIX staining
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Fig. 2 DSS in patients with
metastatic clear carcinoma.
Kaplan-Meier estimates according to CAIX expression (A)
low T stage (stages 1 and 2),
(B) high T stage (stages 3 and
4), (C) low grade (grades 1 and
2), and (D) high grade (grades 3
and 4). N ⫽ number of patients.

Fig. 3 DSS in patients with
metastatic clear carcinoma.
Kaplan-Meier estimates according to CAIX expression for
(A) no nodes, (B) nodes ⬎ 0,
(C) ECOG PS ⫽ 0, and (D)
ECOG PS ⬎ 0. ECOG PS,
Eastern Cooperative Oncology
Group performance status. N ⫽
number of patients.

appeared greater in the primary tumor than in the metastatic
lesion (P ⫽ 0.036; binomial test).

DISCUSSION
Traditionally, stage, grade, and performance status have
been the most useful predictors of outcome for RCC (28).
However, molecular markers have the potential to make a significant impact on the diagnosis and treatment of RCC. Tumor
markers provide not only prognostic information to aid in the
identification of patients at risk for recurrence or metastasis but
could also facilitate the rational use of targeted therapeutic
interventions as well. This concept has been elegantly demonstrated for the molecular marker, Her2/neu, and its use in the
prognosis and treatment of breast cancer (29). The recent de-

velopment of microarray technology will permit the rapid identification and validation of diagnostic and molecular markers.
We report on one such marker, CAIX, which has been studied
with tissue microarrays and correlated with clinical data to
provide prognostic information.
Previous immunohistochemical investigations (24) have
suggested that CAIX is a potential diagnostic biomarker for
cervical neoplasms. An immunohistochemical study of RCC
(15) also reported that CAIX was expressed in all examined
RCCs, including granular, spindle, and papillary carcinomas,
but not in those consisting of chromophobe histology or in
benign renal lesions, including oncocytomas. Yet another study
of 187 RCC demonstrated CAIX expression in 87% of tumors
by immunohistochemistry (14). Our study of 321 primary clear
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Fig. 4 DSS in patients with localized and metastatic clear cell RCC. Kaplan-Meier estimates according to (2A) high-risk (T stage ⱖ 3 and grade ⱖ
2) and low-risk (T stages ⱕ 2 and grade ⫽ 1)
patients with localized RCC and (2B) high-risk
patients stratified by high and low CAIX expression. NM, nonmetastatic; N ⫽ number of patients;
NS, not significant.

cell RCC tumors confirmed the high specificity of CAIX staining with 94% positive staining in clear cell carcinomas in the
kidney. Other studies have shown that CAIX detection by reverse transcription-PCR assays in tumor specimens have a high
correlation with immunohistochemistry (13, 14).
Targeted therapies directed at CAIX are being developed to
exploit the exclusivity of CAIX expression in RCC for the
treatment of metastatic disease. Early Phase I and II clinical
trials are addressing the feasibility of radioimmunotherapy using
a monoclonal antibody against CAIX coupled to a radioisotope
and have shown only minor therapeutic responses for patients
with metastatic RCC (16 –19). Other therapy modalities target
the immunogenicity of CAIX as a RCC tumor antigen (30) by
developing tumor-cell vaccines and dendritic cell vaccines (31,
32). Yet another targeted approach would be to inhibit CAIX
activity with chemical inhibitors. A recent study showed that a
carbonic anhydrase inhibitor, acetazolamide, was able to inhibit the
invasive capacity of renal cancer cells in vitro (33). Because CAIX
is a cell surface protein unlike intracellular carbonic anhydrase
isoenzymes, the design of specific chemical inhibitors of CAIX that
are cell impermeable may demonstrate higher selectivity and less
toxicity for suppressing renal cancer invasion.
The molecular role of CAIX in tumorigenesis is currently
being elucidated, and RCC provides a unique model to study the

role of hypoxia in solid tumor oncogenesis and progression.
Constitutive expression of CAIX as a result of von HippelLindau protein mutations (34) has been described for RCC.
However, recent studies now indicate that expression of CAIX
is regulated by the hypoxia-inducible factor 1 transcriptional
complex that mediates expression of a number of genes in
response to hypoxic conditions (35). Furthermore, higher CAIX
expression has been seen in perinecrotic regions of several
tumor types (10, 36). It has been postulated that cell surface
carbonic anhydrases regulate acid-base balance to optimize conditions in the tumor invasiveness (10). Acidification of the
extracellular matrix is known to induce expression of angiogenic factors (37) and may inhibit cellular immunity (38), which
additionally promotes tumor aggressiveness. In addition, there is
some evidence for the association of CAIX with loss of contact
inhibition and anchorage dependence of cancer cells (33).
We found that low CAIX expression was a predictor of
worse survival in patients with advanced RCC. The relationship
between low CAIX expression and poor prognosis has been
shown in studies with cervical carcinoma (39), colorectal carcinoma (40), and esophageal cancer (41). In contrast, other
studies have found that increased CAIX expression correlated
with worse survival in cervical carcinoma (42), lung cancer
(38), and breast cancer (38). The reasons for these differences
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Table 3 Cox analyses for DSS for metastatic clear cell carcinoma
A. Cox univariate analysis

Variable
CAIX, low expression
ECOG PS
Grade
Tumor stage
Nodal status

Hazard ratio

95% CI

Significance

3.17
1.62
1.52
1.44
1.32

2.07–4.86
1.18–2.24
1.15–2.01
1.12–1.87
1.02–1.71

⬍0.001
0.003
0.004
0.005
0.033

B. Cox multivariate analysis

Variable
CAIX, low expression
ECOG PS
Tumor stage
Grade
Nodal status

Hazard ratio

95% CI

Significance

3.10
1.67
1.37
1.37
1.15

1.99–4.83
1.20–2.36
1.04–1.79
1.03–1.83
0.88–1.52

⬍0.001
0.003
0.023
0.032
NS

are unclear but may be related to whether CAIX expression
reflects tumor progression or directly influences tumor behavior.
Furthermore, in our study, low CAIX status identified a subset
of patients with high-risk localized RCC who had a clinical
outcome similar to patients with metastatic disease. This group
of patients would be excellent candidates for adjuvant immunotherapy trials.
Survival tree analysis used a method of recursive partitioning to define the 85% threshold for high and low CAIX staining
that maximized the survival distributions between potential
groups (43). The subsequent covariates were used in a Cox
regression to obtain Ps. Similar statistical results were found
when the CAIX threshold was lowered to 0% (e.g., positive or
negative CAIX expression, P ⫽ 0.008; data not shown), but this
did not maximize the survival distributions. Furthermore, the
range of 0 – 85% for the low CAIX group reflected a homogeneous population that was not able to be additionally stratified
by smaller ranges (data not shown). The 15 cases within the
range of 80 –90%, which were not reliably separated into by the
85% cutoff, constituted only 4.7% of our cohort of 321 patients,
whereas the remaining 95.3% of our population could be discerned by the 85% cutoff. External validation of CAIX staining
levels by other investigators will be important to arrive at a
standardized cutoff value for application to patient care.
Our findings show that decreased CAIX expression occurs
in tumors with the highest malignant potential. This is unlikely
to be explained by the loss of differentiation because there was
no correlation with Fuhrman grade. Furthermore, the overall
expression of CAIX appears to decrease with development of
metastases; the level of CAIX is less in the metastatic lesion
than in the parental primary tumor (Fig. 5). This suggests that
CAIX may play a functional role in tumor progression. We
hypothesize that in the earlier stages of tumor progression,
noxious conditions such as hypoxia or ischemia induce CAIX
expression as an adaptation to confer proliferation advantage for
tumor growth and spread; however, when this malignant potential is attained in the later stages of tumor growth, continued
CAIX expression is no longer a requirement. Our analysis does
not preclude the alternative hypothesis that the cumulative ef-

Fig. 5 CAIX expression in the primary tumor and metastatic lesion.
Bar graph showing the percentage of CAIX staining at the maximal
intensity in the primary tumor and corresponding metastatic lesion in 15
patients (P ⫽ 0.036).

fects of genetic lesions involved in cancer progression could
alter the pathways of hypoxia response (44) and therefore affect
CAIX expression. Additional studies will be needed to determine whether genetic changes underlie differences in CAIX
expression in the primary tumors and in metastatic lesions.
Using a Cox proportional multivariate analysis with established prognostic variables, CAIX status demonstrated independent prognostic significance for metastatic RCC. Including
CAIX status with prognostic factors such as T stage, grade, and
ECOG PS for patients with metastatic RCC demonstrated an
increase of the area under the ROC curve from 0.66 to 0.76,
indicating improved prediction of survival. For patients with
localized RCC, the addition of CAIX status to the regression
model did not change the area under the ROC curve, perhaps
because of small sample size. Additional clinical validation and
standardization will be necessary for CAIX status to be used
directly for patient management.
RCC belongs to a small group of tumor types that have
been shown to respond to biological immune therapy. Although
the responses to systemic cytokine therapy for metastatic RCC
have been promising, the overall results have been inadequate
perhaps because limited activity in some patients and substantial
toxicity in others. Therefore, careful patient selection and stratification to various types of adjuvant immunotherapies may
delineate those patients most likely to respond to treatment.
Preliminary data from our cohort of patients suggested a relationship between CAIX and immunotherapy response that could
have implications for clinical-trial assignment and targeted therapies. IL-2-based immunotherapy was administered to 86 patients for metastatic disease. When stratified according to CAIX
status, 73 (84%) patients had high CAIX staining and 14 (16%)
had low CAIX (Table 1). All complete responses to IL-2 immunotherapy (8%) included patients within the high CAIX
staining group. Furthermore, overall response rate to IL-2 was

Downloaded from clincancerres.aacrjournals.org on September 20, 2019. © 2003 American Association for
Cancer Research.

810 Carbonic Anhydrase IX and Hypoxia in Kidney Cancer

greater in the group with high CAIX (27%) than in the group
with low CAIX (14%). This finding could be exploited in the
design of clinical trials of IL-2-based therapy and other biological response modifiers for RCC by stratifying patients based on
CAIX status. Similarly, patient recruitment for targeted therapies based on monoclonal antibodies to CAIX (18) or immunotherapy with CAIX-based RCC vaccines (32) should also consider stratification based on CAIX staining. We also found a
subset of patients with high-risk localized RCC and low CAIX
status that behave clinically similar to patients with metastatic
disease. This may indicate the presence of micrometastasis and
that adjuvant immunotherapy may be of benefit for this group of
patients. Overall, given that nephrectomy for known metastatic
disease has been demonstrated to be helpful in prospective trials
(45), determining a patient’s CAIX status by immunohistochemistry could easily be incorporated into the selection and design
of treatment regimens.
In conclusion, our investigation of CAIX expression in a
large number of RCC demonstrates that CAIX expression is
highly associated with survivorship for kidney cancer. Low
CAIX expression predicts a worse outcome for patients with
locally advanced RCC and is an independent predictor of poor
survival in patients with metastatic RCC. CAIX status may
potentially aid in the selection of patients who might benefit
from IL-2 or CAIX-targeted therapies. Furthermore, patients
with high-risk localized RCC and low CAIX may be potential
candidates for adjuvant immunotherapy. Our observations with
CAIX demonstrate that the integration of molecular markers
with established prognostic factors will result in more accurate
prognosis and will direct novel therapies to improve the survival
of patients with metastatic RCC.
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