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Abstract

Background: Active efflux of irinotecan by ATP-binding cassette (ABC)-transporters, in partic-
ular ABCBI and ABCG2, is a well-established drug resistance mechanism in vitro and in pre-clinical
mouse models, but its relevance in colorectal cancer (CRC) patients is unknown. Therefore, we
assessed the association between ABC-transporter expression and tumour response to irinotecan
in patients with metastatic CRC.

Methods: Tissue microarrays of a large cohort of metastatic CRC patients treated with iri-
notecan in a prospective study (CAIRO study; n=566) were analysed for expression of ABCB1 and
ABCG2 by immunohistochemistry. Kaplan-Meier and Cox proportional hazard regression anal-
yses were performed to assess the association of ABC transporter expression with irinotecan
response. Gene expression profiles of 17 paired tumours were used to assess the concordance of
ABCBI1/ABCG2 expression in primary CRC and corresponding metastases.

Results: The response to irinotecan was not significantly different between primary tumours with
positive versus negative expression of ABCB1 (5.8 vs 5.7 months, p=0.696) or ABCG2 (5.7 vs 6.1
months, p=0.811). Multivariate analysis showed neither ABCBI nor ABCG2 were independent
predictors for progression free survival. There was a mediocre to poor concordance between
ABC-transporter expression in paired tumours.

Conclusion: In metastatic CRC, ABC-transporter expression in the primary tumour does not
predict irinotecan response.
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Introduction

The vast majority of patients with metastatic
colorectal cancer (CRC) receive systemic therapy, ei-
ther alone or in combination with surgery. Drugs with
proven efficacy are fluoropyrimidines, oxaliplatin and
irinotecan.[1] Irinotecan is effective both when given
as monotherapy and in combination schedules.
However, intrinsic and acquired resistance is usually

observed. Interestingly, tumours progressing on
fluorpyrimidine-oxaliplatin treatment can still re-
spond to irinotecan and vice versa, suggesting dif-
ferent mechanisms of drug resistance.[1-3] Acquisi-
tion of ‘multi-drug resistance’ eventually causes fail-
ure of systemic cancer treatment.

The active efflux of chemotherapeutic agents
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such as irinotecan from tumour cells by transmem-
brane pumps belonging to the ATP-binding cassette
(ABC) family has been extensively reported as a po-
tential clinically relevant mechanism of (multi-)drug
resistance.[4-8] ABC-transporters are expressed on
differentiated cells facing the lumen, both in normal
colon tissue and in colorectal tumours.[4, 9-12] In
normal colon tissue this serves to expel toxic sub-
stances into the intestinal lumen to prevent their sys-
temic uptake. Similarly, in colorectal tumours
ABC-transporters are expressed on the surface of lu-
men-facing differentiated tumour cells.[4]
ABC-transporters may thus be potential targets for
reversing efflux-mediated chemotherapy resistance.
However, the results of clinical trials evaluating com-
bination therapy of ABC-transporter inhibitors and
chemotherapy were negative.[13, 14] Still, high
ABC-transporter expression has been associated with
poor outcome.[15, 16] In this study we assessed
whether ABC-transporter expression was related to
the response to irinotecan in patients with metastatic
CRC.

Methods

Patients and tissue

Tumour tissue was obtained from patients en-
rolled in the CAIRO (Sequential versus combination
chemotherapy with capecitabine, irinotecan, and ox-
aliplatin in metastatic CRC (CAIRO): a phase III ran-
domized controlled trial) study [17] of the Dutch
Colorectal Cancer Group (DCCG). For this study
formalin-fixed paraffin embedded material from the
primary tumour was obtained from 566 of the 803
participating patients of the CAIRO study. No tissue
material was obtained in 247 patients, because resec-
tion of the primary tumour was not performed or the
material was insufficient or not available. Tissue mi-
cro arrays (TMAs) were produced by taking 2 mm
punches of each specimen as described
previously.[18]

The results of the CAIRO study have been pub-
lished.[17] In brief, patients were randomized be-
tween sequential and combination treatment. Se-
quential treatment encompassed first line treatment
with capecitabine, second line with irinotecan, and
third line with oxaliplatin and capecitabine. Combi-
nation therapy encompassed first line treatment with
capecitabine and irinotecan, and second line with
capecitabine and oxaliplatin. The primary endpoint of
the study was overall survival. Tumour response as-
sessment was performed every 9 weeks by the
RECIST criteria on a CT scan, and follow up was done
every 3 months after the completion of treatment until
death.

Immunohistochemistry

Slides were created by transverse sectioning
(4um). The paraffin-embedded slides were deparaf-
finated with xylene and rehydrated through a series
of ethanol concentrations. Endogenous peroxidase
activity was blocked by incubating in 0.3% H>O» in
methanol at room temperature for half an hour,
thereafter antigen retrieval was achieved by heating
the slides in a citrate buffer, pH 6.0, for 20 minutes;
followed by cooling in the same buffer for 10 minutes.
The slides were incubated with a diluted primary
antibody overnight at 4°C. Incubation with an undi-
luted secondary antibody (Brightvision®) for 30
minutes followed. Rinsing between steps was per-
formed with phosphate buffered saline. The slides
were developed with diaminobenzidine and counter-
stained with Bayers’ haematoxylin. Hereafter the
slides were dehydrated and mounted with cover slips.

For ABCG2, we used a three-step protocol as
earlier described by Maliepaard et al [11], where the
slides were incubated with 5% normal rabbit se-
rum/PBS for 30 minutes prior to the incubation of the
primary antibody. The slides were incubated with
biotinylated rabbit anti-mouse IgG (Dako, 1:200 in
90% PBS/BSA/azide and 10% human serum) for 30
minutes, washed, and then incubated with
HRP-conjugated streptavidin (Dako, 1:1000 with ad-
ditional 10% normal human serum).

The following primary antibodies were used:
anti-ABCB1 HPA002199 (Atlas Antibodies Sig-
ma-Aldrich®) and anti-ABCG2 BXP-21 (GeneTex®)

Slide scoring

Slide scoring of the CAIRO TMA was performed
by three observers (AP, BE and PvD), cores were eli-
gible for scoring if tumour cells were identified. If the
slide scoring was discordant, the opinion of
pathologist PvD was final. The luminal, cytoplasmic
and stromal expression of ABCB1 were evaluated. For
ABCG?2, the luminal and cytoplasmic expression were
evaluated. The luminal expression was scored in two
ways, the percentage of lumina that were positively
stained, and semi-quantitatively as - = no staining, + =
weak, ++ = moderate and +++ = strong. Cytoplasmic
and stromal expression were scored
semi-quantitative, in which - = no staining, + = weak,
++ = moderate and +++ = strong.

Gene expression profiling

The TMA solely contains samples of the primary
CRC of the patients in the CAIRO cohort. As these
patients were not eligible for resection, metastases
material was not available. To determine whether
predicting irinotecan response based on primary CRC
ABC-transporter expression levels in patients with
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metastatic CRC is legitimate, we assessed the con-
cordance of ABCB1 and ABCG2 expression between
primary CRC and their corresponding CRLM. To this
end we used the gene expression profiles of 46 pa-
tients.[19] The dataset was uploaded into the R2 mi-
croarray analysis and visualization platform
(http://r2.amc.nl) and analysed. We compared the
expression levels of ABCB1 and ABCG2 in normal
colon tissue, primary CRC and the corresponding
liver metastases.

Statistical analysis

Patients from the CAIRO study were subdivided
into two groups based on positive or negative luminal
ABC-transporter immunohistochemistry staining
patterns. Associations between the staining patterns
of the ABC-transporters were calculated via the
Kruskal-Wallis test, X?-test or the Spearman’s test
where appropriate. Patients without tumour cells in
the 2mm cores or missing cores, or patients who failed
to start second line therapy with irinotecan were ex-
cluded from the following analyses.

Patient and tumour characteristics were com-
pared using Wilcoxon’s rank sum test or X?-test where
appropriate. Initial treatment response was analysed
by response on the first CT-scan which was estimated
using Wilcoxon X2-test. Progression-free survival
(PFS) for first-line therapy was calculated from the
date of randomization to the first observation of dis-
ease progression or death from any cause. PFS for
second line therapy was defined as the time from the
failure of the first line therapy until first progression
reported after the start of second-line therapy or
death, whichever came first. Treatment response was
analysed by PFS curves using the Kaplan-Meier
method and compared with the log-rank test. Multi-
variate analysis was performed using a Cox propor-
tional hazard regression model.

Gene expression levels between corresponding
tumours for the cohort of 46 patients were compared
using Lin’s concordance correlation coefficient.

P-values less than 0.05 were considered statisti-
cally significant. All statistical analyses were per-
formed using SPSS 20.0 software or GraphPad Prism
version 6.00 for Windows (GraphPad Software, San
Diego California USA, www.graphpad.com).

Results

Staining patterns of ABCB1 and ABCG2

ABCB1 and ABCG2 are transmembrane proteins
with a strong apical staining pattern in normal colon
tissue.[11] From the 566 tumour specimens that were
resected, 539 were eligible for scoring of the IHC
stainings (Figure 1). In these 539 colorectal tumours
ABCB1 and ABCG2 were expressed on the apical side

of lumen-facing differentiated tumour cells where
they promote drug efflux into the lumen. Luminal
ABCBI staining was negative in 189 (35.1%) of the
primary colorectal tumours and positive in 350
(64.9%) tumours. The positive tumours could be sub-
divided into strong (111; 20.6%), moderate (134;
24.9%) and weak (105; 19.5%) tumour subgroups
(Figure 2A). Luminal ABCG2 staining was negative in
126 (23.4%) of the primary colorectal tumours and
positive in 413 (76.6%) tumours. These positive tu-
mours could be subdivided into strong (222; 41.2%),
moderate (172; 31.9%) and weak (19; 3.5%) tumour
subgroups (Figure 2B). There was a strong and sig-
nificant association between the intensity and the
percentage of positive luminal staining for ABCB1
(0.772, p=<0.001) and ABCG2 (0.555, p=<0.001) (Figure
2C&D). However, there was no correlation between
ABCB1 and ABCG2 staining (r=0.208 p=<0.001) (Fig-
ure 2E).

Patient and tumour characteristics

A total of 446 patients in this study received iri-
notecan, either as second line monotherapy (n=177) or
as first line therapy in combination with capecitabine
(n=269), and were used for the following analyses
(Figure 1). Patient characteristics including age, gen-
der, performance status, predominant localization of
metastasis, serum lactate dehydrogenase (LDH), prior
adjuvant therapy, and synchronous/metachronous
metastatic disease, were equally distributed between
the ABC transporter subgroups for the patients in-
cluded in this study (Table 1).

Eligble patients in CAIRO study

n=803
-~ \‘.
& LN
Sequential treatment Combination therapy
n=401 n= 402
Y Y
Patients who
n=281 underwent resection of n= 285

the primary tumor

ABCB1 & ABCG2

n=270
assessed

n=269

Patients who

n=177 . e
received irinotecan

n=269

Figure 1. Flowchart. Systematic overview of included tumour specimens.
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Figure 2. Luminal staining patterns of ABCBI and ABCG2. A) Representative photo microscopic images of luminal ABCBI staining of formalin-fixed
paraffin embedded CRC tissue (x20) with HPA002199, scored as absent (-); weak (+); moderate (++); strong (+++). B) Representative photo microscopic
images of luminal ABCG?2 staining of formalin-fixed paraffin embedded CRC tissue (x20) with BXP-21, scored as absent (-); weak (+); moderate (++); strong
(+++). C) Box-Whisker plots showing strong and significant association between the intensity and the percentage of positive luminal staining for ABCBI
and D) ABCG2. E) No correlation was found between ABCBI and ABCG?2 staining (r=0.208 p=<0.001) shown in this scatterplot.

ABCBl-negative tumours and ABCG2-negative
tumours showed a more mucinous phenotype.
ABCG2 negative tumours showed more often poor
differentiation grade (p=0.031) (Table 2). Furthermore,
microsatellite instability (MSI) was more frequently
observed in ABCB1 negative tumours (p=0.011) (Ta-
ble 2). There were no significant differences between
the mnegative and positive tumours for both
ABC-transporters in terms of TNM-classification and
site of the primary tumour (Table 2).

ABC-transporter expression does not corre-
late with response to irinotecan

There was no difference in response after the
first cycle of chemotherapy between the
ABCB1-positive and -negative tumours, neither for
the second-line irinotecan monotherapy (p=0.926),
nor for the first-line capecitabine/irinotecan combi-
nation therapy (p=0.479). Likewise, ABCG2-positive
and -negative tumours did not show a differential
initial response to either monotherapy (p=0.879) or
combination therapy (p=0.102) with irinotecan (Table
3).
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Table 1. Patient characteristics
Luminal ABCB1 negative Luminal ABCB1 positive p-value Luminal ABCG2 negative Luminal ABCG2 positive p-value
n=153 n=293 % n=99 % n= 347 %
|Age 63.2 | (34-83) 62.4 [ (3181 0.384 62.3 | (3a-78) 62.8 | (3183
Sex
female I 57 | 373 | 103 [ 352 ] I 34 I 313 | 126 | 36.3
0.660 0.719
male | 96 | 62.7 | 190 | 64.8 ] | 65 | 65.7 | 221 | 63.7
|Performance status
PSO 101 66.0 195 66.6 66 66.7 230 66.3
PS1 46 30.1 87 29.7 0.992 28 28.3 105 30.3 0.735
PS2 6 3.9 11 3.8 5 5.1 12 3.5
Predominant local of r
liver 108 70.6 203 69.3 62 62.6 249 71.8
extra hepatic 44 28.8 85 29.0 0.901 36 36.4 93 26.8 0.067
unknown 1 0.7 5 1.7 1 1.0 5 1.4
LDH
normal | 117 | 76.5 | 204 | 69.6 | 0.126 | 74 | 74.7 | 247 | 71.2 0.486
abnormal | 36 | 235 | 89 Y [ 25 | 253 | 100 | 2838
Prior adjuvant therapy
no | 126 | 82.4 | 241 | 82.3 | | 76 | 76.8 | 291 | 83.9
yes | 27 | 17.6 | 52 | 17.7 ] 0579 | 23 | 23.2 | 56 | 16.1 0.103
Onset of metastasis (6m)
synchronous 81 52.9 134 46.4 47 47.5 168 48.4
metachronous 71 46.4 155 52.9 0.167 52 52.5 174 50.1 0.773
unknown 1 0.7 4 1.4 0 0.0 5 1.4
T arm
sequential | 66 | 43.1 | 111 | 37.9 | | 40 | 40.4 | 137 | 39.5
— 0.282 0.869
combination ] 87 ] 56.9 I 182 [ 62.1 I I 59 | 59.6 ] 210 | 60.5
Age was compared via the Wilcoxon rank sum test, for all other variables the X2-test was used.
Table 2. Tumour characteristics
[ Luminal ABCB1 negative | Luminal ABCB1 positive [ p-value | Luminal ABCG2 negative | Luminal ABCG2 positive | _p-value
[ n=189 ] % | n=350 ] % | | n=126 ] % | n=413 ] % |
Site of primary tumor
colon 122 64.6 214 61.1 50 50.5 217 62.5
rectum 53 28.0 114 32.6 44 44.4 105 30.3
recto sigmoid 12 6.3 19 5.4 0.209 5 5.1 22 6.3 0.064
multiple 2 1.1 2 0.6 0 0 2 0.6
unknown 0 0 1 0.3 0 0 1 0.3
Invasion depth
T1-2 15 7,9 20 5.8 11 111 21 6.1
T3 123 65.1 257 73.4 69 69.7 245 70.6
T4 47 24.9 60 171 0.084 18 18.2 69 19.9 0.285
unknown 4 21 13 3.7 1 1.0 12 3.5
Lymph node status
NO 51 27.0 98 28.0 29 29.3 97 28.0
N1 65 34.4 120 34.3 26 26.3 123 35.4
N2 66 34.9 112 32.0 0.565 40 404 109 31.4 0.148
unknown 7 3.7 20 57 4 3.5 18 52
Differentiation
well 7 3.7 12 3.4 3 3.0 16 4.6
moderate 71 37.6 171 48.9 0.161 34 34.3 164 47.3 0.031
poor 95 50.3 144 41.2 : 53 53.5 143 41.2 :
unknown 16 8.5 23 6.6 9 9.1 24 6.9
Tumor classification
adenocarcinoma 120 63.5 281 80.3 60 60.6 279 80.4
adenocarcinoma with mucinous component 19 10.1 32 9.1 13 13.1 29 8.4
mucinous carcinoma 30 15.9 9 2.6 <0.001 14 14.1 12 3.5 <0.001
Other 4 21 5 1.4 3 3.0 4 1.2
unknown 16 8.5 23 6.6 9 9.1 23 6.6
MSI status
no 150 79.4 310 88.6 82 82.8 299 86.2
yes 11 5.8 4 1.1 0.011 3 3.0 7 2.0 0.521
unknown 28 14.8 36 10.3 14 14.1 41 11.8
All variables were compared via the X2-test.
Table 3. Response on first cycle chemotherapy based on RECIST criteria
CT Respons after first cycle capecitabine and irinotecan
Luminal ABCB1 negative | Luminal ABCB1 positive p-value Luminal ABCG2 negative | Luminal ABCG2 positive p-value
n=81 % n=155 % n= 54 % n=182 %
Complete response 1 11 0 0 1 19 0 0
Partial response 28 32.2 54 29.7 0.476 18 33.3 64 352 0102
Stable disease 36 41.4 79 43.4 25 46.3 90 49.5
Progressive disease 13 14.9 17 9.3 10 18.5 20 11.0
Not available 3 3.4 5 2.7 0 0 8 4.4
CT Respons after first cycle irinotecan
Luminal ABCB1 negative | Luminal ABCB1 positive p-value Luminal ABCG2 negative | Luminal ABCG2 positive p-value
n=55 % n=97 Yo n= 33 Y% n=119 Yo
Complete response Q 0 0 0 0 0 0 0
i 4 7 2 9 .
Partial response 7.3 7.2 0926 6.1 7.6 0879
Stable disease 32 58.2 61 62.9 21 63.6 72 60.5
Progressive disease 18 32.7 28 289 10 30.3 36 30.3
Not available 1 1.8 1 1.0 0 0 2 1.7
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In addition, there was no significant difference in
PFS between patients with tumours with luminal
ABCB1 expression compared to negative tumours,
neither for monotherapy of irinotecan (5.8 vs 5.7
months, p=0.696), nor for combination therapy with
irinotecan and capecitabine (9.7 vs 8.3 months,
p=0.153) (Figure 3). Furthermore, there was no signif-
icant difference in PFS between patients with tumours
with luminal ABCG2-transporter expression com-
pared to negative tumours, in patients treated with
irinotecan monotherapy (5.7 vs 6.1 months, p=0.811)
and in patients treated with capecitabine with iri-
notecan (9.0 vs 10.0 months, p=0.196) (Figure 3).

Next, patients with completely negative tumours
were compared with patients with tumours with pos-
itive staining patterns for either ABCB1 or ABCG2 or
both. This did not show a significant difference in PFS,
neither for the monotherapy with irinotecan (5.8 vs 5.6
months, P=0.659), nor for the combination therapy
(9.4 vs 7.8 months, p=0.301). Finally, we compared
patients with completely ABCB1/ABCG2-negative
tumours patients with strong ABCB1/ABCG2-double

A 104
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Luminal ABCG2 - monotherapy innotecan

059
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Cumulative Survival
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T T T T T T
00 5,00 10,00 1500 20,00 2500 30,00

Progression Free Survival (months)

positive tumours, but also this did not yield any sig-
nificant difference in PFS, neither for monotherapy
n=25 vs n=20 (4.8 vs 5.6 months, p=0.652), nor for
combination therapy n=29 vs n=35 (7.9 vs 10.3
months, p=0.458).

After multivariate analysis neither ABCB1 nor
ABCG2 were found to be independent predictors for
PFS after monotherapy with irinotecan or combina-
tion therapy of capecitabine and irinotecan.

Gene expression profiles of ABCB1 and
ABCG2 do not correspond in primary CRC
and CRLM

In 17 paired primary CRC and CRLM [19] the
Lin’s concordance correlation coefficient for these
paired tumours was for ABCB1 0.545 (95%CI
0.125-0.809) and for ABCG2 0.256 (95%CI
-0.224-0.636). Hereby, we show a mediocre to poor
correlation between ABC-transporter expression in
primary CRC and their corresponding metastases
(Supplemental Figure 1).
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Figure 3. Response rates on irinotecan treatment. Response rates of patients with negative luminal expression versus positive, when treated with
irinotecan monotherapy, A) ABCBI and B) ABCG2. Response rates of patients with negative luminal expression versus positive, when treated with
combination therapy of irinotecan and capecitabine, C) ABCB1 and D) ABCG2.
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Discussion

In this report we retrospectively analysed the
correlation of ABCB1 and ABCG2 expression in the
primary tumour with response of the corresponding
metastases to irinotecan mono- and combination
therapy in patients with metastatic CRC. For this
purpose TMAs from the CAIRO study were used, this
is the only large study cohort with tumour specimens
available from CRC patients that were treated with
irinotecan monotherapy. Our study shows that the
response rate to irinotecan for patients with metastatic
CRC is not related to expression of ABCB1 and
ABCG2, the two major irinotecan efflux pumps.
Likewise, germ line DNA polymorphisms in ABCB1
tested in patients enrolled in the FOCUS Trial did not
predict response to irinotecan in combination with FU
either.[20] These data strongly suggest that other drug
resistance mechanisms must play a dominant role in
determining the response of metastatic CRC to iri-
notecan. However, to our knowledge there are no
clinical trials that use proportional hazard models to
determine the influence of ABC-transporters on the
irinotecan response.

A number of issues may have precluded us from
finding a significant association between ABC trans-
porter expression and irinotecan response. First, tu-
mour heterogeneity is an intrinsic problem when cre-
ating TMAs [21, 22] and this may influence any study
seeking to associate drug resistance and survival data
with expression of single or a few markers. Never-
theless, TMAs are a very useful high-throughput
screening method with high concordance comparing
to full slide analysis and are therefore very useful
when analysing large numbers of tumours. [23] To
minimize the heterogeneity problem, the TMA that
was generated for the current study contained 2.0 mm
cores of each tumour, considerably bigger cores than
the standard of 0.6mm.[24]

Second, we have used a patient cohort in which
irinotecan was used as second line therapy. First line
chemotherapy may have influenced the expression
levels of ABC-transporters. Indeed, in vitro experi-
ments have shown that pre-treatment with 5-FU or
oxaliplatin alters mRNA levels of ABCB1 and
ABCG2.[25] Multidrug resistance may either be ac-
quired as a consequence of drug-induced alterations
in tumour biology [26, 27] or as a consequence of
drug-induced selection of pre-existent drug-resistant
clones.[28] In this study, about 20 percent of all tu-
mours received prior adjuvant therapy. Alterations or
selection of pre-existent drug-resistant clones in these
tumours could have influenced the results of this
study, even though prior adjuvant therapy was not
identified as an independent predictor in the CAIRO

study.[17] However, when excluding these patients
from the analyses we could still not find any correla-
tion between ABC transporter expression and PFS.

Third, the TMA only contained samples of the
primary CRC of the patients in the CAIRO cohort.
Patients with resectable metastatic disease were not
included in the CAIRO trial, nor were biopsies taken
during or after treatment precluding the analysis of
ABC transporter expression in the metastasis itself.
Therefore, we have used primary tumour specimens
to predict treatment efficacy in metastatic disease. By
analysing mRNA levels in paired primary tumours
and metastases we showed that there is a mediocre to
poor concordance.

Although we cannot exclude that ABC trans-
porter expression may relate to response to irinotecan,
we conclude from the present study that immuno-
histochemical analysis of ABCB1 and/or ABCG2 ex-
pression in primary CRC has no value in the selection
of patients for irinotecan therapy in metastatic CRC.

Supplementary Material

Supplemental Figure 1.
http:/ /www jcancer.org/v06p1079s1.pdf
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