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Multidrug Resistance in Breast Cancer:
a Meta-analysis of MDR1/gp170 Expression
and Its Possible Functional Significance

Bruce J. Trock, Fabio Leonessa, Robert Clarke*

only patients whose tumor expression of MDR1/gp170 was
Background: P-glycoprotein (gp170; encoded by the MDR1 measured after chemotherapy. MDR1/gp170 expression was
gene [also known as PGY1]) is a membrane protein capable not associated with lymph node metastases, estrogen recep-
of exporting a variety of anticancer drugs from cells. MDR1/ tor status, tumor size, tumor grade, or tumor histology.Con-
gp170 expression has been studied in breast cancer, but theclusions and Implications:MDR1/gp170 expression in breast
prevalence of this expression and its role in breast tumor tumors is associated with treatment and with a poor re-
drug resistance are unclearPurpose:We conducted a criti- sponse to chemotherapy. The data are consistent with a con-
cal review and meta-analysis of studies examining MDR1/ tributory role for MDR1/gp170 in the multidrug resistance
gpl70 expression in breast cancer to estimate the likely in some breast tumors. [J Natl Cancer Inst 1997;89:917-31]
prevalence and clinical relevance of this expression. We also

e-xplored reasons for differeqces in the findings from indi- Breast cancer is often considered to be one of the more che-
vidual studies. Methods: Published papers on MDR1/gp170 4responsive solid tumors. Many structurally diverse cytotoxic
expression in breast cancer were identified by searching sev-qr s ‘when administered either as single agents or in combina-
eral literature databases and reviewing the bibliographies of " can induce remissions in previously untreated breast cancer
identified papers. Variability across the studies in the pro- patients (1). While the overall response rate can be high, the
portion of tumors expressing MDR1/gp170 was assessed bygyration of response is relatively sho@)( and most of the

use of chi-squared tests of homogeneity, weighted meansipitially responsive breast tumors acquire a multidrug resistance
and weighted linear regression. Pooled relative risks (RRs) phenotype. This phenotype is frequently characterized by a
for the association between the induction of MDR1/gp170 cross-resistance to drugs to which the tumors have not been
expression and prior chemotherapy and associations be- exposed. The development of a multidrug resistant phenotype in
tween MDR1/gp170 expression and several clinical outcomesmetastatic breast cancer is primarily responsible for the failure of
were estimated by use of Mantel-Haenszel methods. Hetero-current treatment regimens. The precise nature of this phenotype
geneity among the pooled RRs was explored by use of chi-remains unclear. However, several mechanisms may be involved
squared tests. ReportedP values are two-sided.Results: and include kinetic resistance3 @), gpl70 (PGP, P-
Thirty-one studies were identified and evaluated. The pro- glycoprotein) expression, glutathione transferagg6)( super-
portion of breast tumors expressing MDR1/gp170 in all of oxide dismutases (7), topoisomerases (8), and the multidrug re-
the studies was 41.2%, but there was substantial heteroge-sistance-associated protein (MRP9).( These may occur
neity in the values across individual studies <.0001). Re- independently or in combination, thereby conferring resistance
gression analyses demonstrated that a considerable portionin heavily treated patients exposed to structurally and function-
of the observed heterogeneity was a consequence of thally diverse agents.

change, over time, from RNA hybridization-based assays to  In experimental models, the multidrug-resistant phenotype is
immunohistochemistry-based assays of MDR1/gp170 ex-often accompanied by the expression of the MDR1 gene (also
pression. Measuring MDR1/gp170 expression before versus
after chemotherapy and use of cytotoxic drugs that are not
substrates for gp170 also contributed to the heterogeneity. «agiliations of authors:B. J. Trock (Department of Biomathematics and Bio-
Treatment with chemotherapeutic drugs or hormonal agents statistics, Department of Medicine, and Lombardi Cancer Center), F. Leonessa
was associated with an increase in the proportion of tumors (Lombardi Cancer Center), R. Clarke (Department of Physiology and Biophysics
expressing MDR1/gp170 (RR = 1.77; 95% confidence inter- gnd Lombardi Cancer Center), Georgetown University Medical Center, Wash-

= . . . ington, DC.
val [CI] = 1.46-2.15). Patients with tumors expressing Correspondence tdruce J. Trock, Ph.D., Lombardi Cancer Center, George-

MDR1/gp170 were three times more likely to fail to respond  own University Medical Center, 2233 Wisconsin Ave., NW, Suite 535, Wash-
to chemotherapy than patients whose tumors were MDR1/ ington, DC 20007.

gpl70 negative (RR = 3.21; 95% CI = 2.28-4.51); this RR  See"Notes” following “References.”
increased to 4.19 (95% CIl = 2.71-6.47) when considering © Oxford University Press
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known as PGY1) and/or its gp170 glycoprotein product (MDRXerforming reviews of this type are controversiall{34). We
gpl70, where MDR1 refers to the gene and its messenger RR&ve emphasized objective quantitative criteria in our evaluation
and gp170 denotes the glycoprotein gene produdt).(A 170- and have followed explicit guidelines for the conduct of meta-
kd cell membrane glycoprotein, gp170 appears to work by a@nalyses and critical research reviev@s37). Moreover, we
tively effluxing substrates from cell4 ). The glycoprotein pos- considered an assessment of the sources of heterogeneity to be a
sesses two adenosine triphosphate (ATP)-binding sites ayaal of the analysis rather than a preliminary step.
exhibits significant ATPase activity (12). The drug-binding sites The treatment and exposures of interest are the systemic
are close to gpl170’s cytosolic transmembrane domdi8f {he therapies administered to breast cancer patients. Such therapies
drugs apparently being removed from within the membrane bilclude cytotoxic chemotherapy, which we considered in two
pid layer (14). Activation of gp170 may be regulated througbsubsets, i.e., regimens including at least one known gp170 sub-
phosphorylation by protein kinases, e.g., protein kinasd % ( strate and regimens not including any known substrates. For
17), and its efflux function may be affected by membrane lipiexample, the CAF regimen (cyclophosphamide, doxorubicin,
composition (18) and fluidity (19-21). and fluorouracil) is considered to be an MDR1/gp170-related
The multidrug-resistant phenotype conferred by gpl70 dsug regimen because of the presence of doxorubicin. In con-
characterized by resistance to various structurally unrelated &ast, the CMF regimen (cyclophosphamide, methotrexate, and
ticancer agents, including the anthracyclines, epipodophyllotdkiorouracil) is considered to be a non-MDR1/gp170-related
ins, vinca alkaloids, and taxane®2). The majority of the most drug regimen. We also have included studies that utilized the
widely used combination chemotherapy regimens for breast camtiestrogen tamoxifen38,39, which is known to reverse
cer include gpl70 substrates as either first-line or second-ligel70-mediated resistance in vitro.
treatments, most frequently in combination with non-gp170 sub-
strates. For example, doxorubicin (Adriamycin) and vinblasting|aterials and Methods
are gpl70 substrates and are among the most effective antineo-
plastic drugs in breast cance??). Paclitaxel (Taxol) when ad- Criteria for Conducting the Review and Meta-analysis
ministered as a single agent (23) or in combination with doxo-
rubicin also produces significant responses in breast caBdgr ( rormal research reviews and meta-analyses have become increasingly com-
and is likely to become more widely used as an agent for breasi for evaluating large, often diverse bodies of research to resolve apparent
cancer treatment. lack of agreement among the individual studies. These often take the form of
The role of MDR1/gp170 in human breast cancer rerr.'a“(:,grely synthetic exerc_ises, where the individual s_tudy results are c_o_mbined ina
summary measure, without regard to the appropriateness of combining the stud-
unclear, partly becausle of an appa_rent lack of a Conse.nsusleg.nSuch analyses often also lack a careful exploration of the reasons for dis-
whether MDR1/gp170 is expressed in breast tumors. While Vagjreement among studies. The latter can often be as important as or more
ous small studies26-27) have readily detected MDR1/gp17G@mportant than the summary measure, since the factors underlying disagreement
expression, one of the largest single studies published to dagy point to informative patient subgroups or methodologic issues.
(28) and several smaller studi&9(30) have failed to detect any This review and meta-analysis focused not only on quantifying the prevalence

. . of MDR1/gp170 expression and its functional relevance in breast cancer, but
expression of MDRl/gp170 in breast tumors. Even among th%&% on exploring sources of variation or heterogeneity in results across studies.

studies detecting MDR:_I-IQF)_]-?Q expressipn, the.re _h_as beenThe appropriate criteria for research reviews and meta-analyses have been
clear consensus regarding its likely functional significance. widely discussed37,40-42), most recently in this Journal3). The general

Our primary goals were to clarify the prevalence and clinicgbidelines from these sources were adapted and applied for the conduct of this
relevance of MDR1/gp170 expression in breast cancer and"¢je" as follows:
explore the causes of heterogeneity across the studies evaluated. 1) We include a clear statement of the specific purpose(s) of the
We have undertaken a critical review and meta-analysis of the review, with reference to the population to be generalized, the
published literature describing the expression and potential func- éatment or exposure of interest, and the major outcome(s) of
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tion of the MDR1 gene and its gp170 product in breast cancer.
Meta-analysis has rarely been applied to basic science research.
However, it may be useful for translational studies of molecular
mechanisms in cancer, since the rapid pace of basic research is
associated with considerable variation in methods, reagents, and
quality-control measures, and such variation may obscure the
clinical relevance of a given molecule.

The specific questions that we addressed are as follows: 1) Is
MDR1/gp170 expressed in breast tumors and, if so, what is the
frequency of expression? 2) Is MDR1/gp170 expression associ-
ated with cytotoxic and/or hormonal treatment and, if so, what is
the magnitude of this association? 3) What is the potential func-
tional relevance of MDR1/gp170 expression in breast cancer
with respect to response to chemotherapy and predicting prog-
nosis? 4) For each of the above questions, if there is a significant
lack of agreement among studies, what factors contribute to this
heterogeneity?

Both the validity and the most appropriate methodology for

interest (see above).

2) We describe the sources and define the methods of citation
searches.

3) We formulated specific guidelines, in advance, to determine
which studies were to be excluded or included and detail the rea-
sons for exclusion or inclusion.

4) We established, and subsequently applied, a consensual assess-
ment of the validity of the methods used in the studies reviewed and
provide a determination of what conclusions are justified by these
methods. More than one author was involved in determining the
assessment.

5) We integrate results of individual studies in a quantitative,
weighted fashion, with consideration of data limitations and/or in-
consistencies. Where significant heterogeneity is present, we at-
tempt to determine its sources. This may be more important than
any summary measure.

6) We summarize all major or relevant findings.

7) We identify specific directions or considerations for new re-
search by identifying gaps in our present knowledge.

8) We provide suggestions for the design of future studies, particu-
larly where this relates to eliminating confounding factors and iden-
tified sources of heterogeneity.
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Sources of Data and Methods of Citation Search

To identify studies that evaluated MDR1/gp170 expression in human breast
cancers, we performed an extensive literature search of the following databases:
Medline (National Library of Medicine, National Institutes of Health, Bethesda,
MD), CANCERLIT (National Library of Medicine)Current ContentgInstitute
for Scientific Information, Philadelphia, PAGurrent Advances in Cancer Re-
search(Current Awareness in Biological Sciences, Elsevier Science Inc., Tar-
rytown, NY), Knowledge Findel(Aries Systems Corp., North Andover, MA),
and theScience Citation Indeinstitute for Scientific Information). For key-
word-based Boolean searches, we used 44 different keywords that were either
words or variations of words, e.g., spelling, punctuation, and abbreviation, which
represent the multidrug resistance subject. We also used the bibliography listings
of relevant papers found in the above databases as leads for identifying addi-
tional studies.

Criteria for Inclusion or Exclusion

2) Adequate description of tumors and treatment, such that MDR1/
gpl70-positive and -negative tumors could be classified according
to whether the assay was performed on primary or metastatic tu-
mors (before or after chemotherapy) and according to whether
treatment included multidrug-resistant substrates (e.g., doxorubi-
cin) or non-multidrug-resistant substrates (e.g., cyclophosphamide).
3) A clear description of the criteria for MDR1/gp170 positivity,
sufficient to allow comparison among studies.

4) A clear description of the characteristics of the patient population
and criteria for accrual.

5) The presence of positive controls in the assay for MDR1/gp170
expression.

6) The presence of negative controls in the assay for MDR1/gp170
expression.

7) The use of more than one antibody for assessing gp170 expres-
sion (immunohistochemistry studies only) and the use of non-cross-

reacting antibodies or confirmatory methods such as PCR.

For studies to be included, they had to describe original research involvimgese criteria were established in advance by all three authors, who also scored
measurement of MDR1/gp170 expression in human breast cancers. Revigash study independently. Each criterion was scored simply as (+) or () by each
were excluded. If more than one report described the same data, we used only#iessor.
latest report. To be included, a published report also must have enabled deter-
mlna_tl_on pf the number of MD_Rl/g_pl?_O-posmve and -negatlv_e tumors. Sm‘§tatistica| Methods, Integration of Individual Studies, and
amplification is often an unreliable indicator for gene expression and the con- .
tribution of other relevant coamplified genes cannot be assessed retiitg), ASsessment of Heterogeneity
studies based only on amplification of the MDR1 gene were not included. All

other studies, which primarily used immunologic detection of protein (westernTpe proportion of tumors expressing MDR1/gp170 was calculated in each
blot or immunohistochemistry) and/or RNA hybridization methods (northergydy and in subgroups where appropriate. A 95% CI for the proportion was
blot or dot blot), were included. Study eligibility was determined independentiy|culated by use of standard methods for the binomial distribution. The pro-
by all three investigators. When determining eligibility, the investigators WetSsrtions were pooled across studies as the weighted average of the proportions
not formally blinded to study results because it was often necessary to read\{i the use of individual study sample sizes as weigh&).(A chi-squared test
results to determine whether the number of MDR1/gp170-positive tumors wgs homogeneity (%omog Of the proportions was calculated by use of standard
given. However, the inclusion criteria are quite unambiguous, and it is unlikelfethods for 2 x Qontingency tables4Q). It should be noted, however, that the
that lack of blinding induced bias (only four papers were excludsele-below). test for heterogeneity may be too sensitive when the number of studies (number
Three studies (28,46,47) used more than one assay method to evaluate;{he)umns in the contingency table) is large.
same group of tumor samples. These results were included in all analyses ofq explore sources of significant heterogeneity among the studies, we exam-
subgroups of studies that used a specific method. For example, the repor§fad4 whether the proportion of MDR1/gp170-expressing tumors exhibited a
Merkel et al. £8) analyzed many of the same tumors by use of both western blg{ear trend with any characteristics of the individual studies. We applied a
and RNA hybridization methods and was represented in both the subgroupsgfghted regression model, with the study-specific proportion as the dependent
western blot and RNA hybridization studies. (Data from the study by Merkel gkiaple and weighted by the sample size. This analysis was performed by use of
al. that were based on gene amplification were not included.) In analyses it weighted regression option in the procedure PROC REG in SAS (Statistical
pooledall studies, the results obtained by Merkel et al. were represented by Kﬁ‘alysis Systems Institute Inc., Cary, NC). Since each “observation” was an av-
assay method based on the largest number of tumors (western blot). The regiiif§e over all patients in a study, the standard errors of the regression coefficients
obtained by Kim 46), who included the same number of tumors for each assg@)sre corrected by dividing by the square root of the residual mean sdi@re (
method, were represented by the method yielding the highest expression afye also examined heterogeneity by classifying studies according to potential
MDR1/gp170, i.e., immunohistochemistry. The study by Chevillard e8a) i  sources of heterogeneity and recalculating the weighted mean proportions and
represented here among the studies of immunohistochemistry. There Werexiﬂ;mogwithin these subgroups. To compare subgroups of studies, e.g., studies
sufficient studies using the polymerase chain reaction (PCR) to enable analy$ighich MDR1/gp170 was measured before versus after chemotherapy, we
of data obtained by this methodology. calculated the weighted mean of the proportion expressing MDR1/gp170 for
each subgroup of studies. The difference between means was divided by the stan-
dard deviation of the difference to givezascore as described by Greenlab@)(

Studies of MDR1/gp170 expression in breast cancer are essentially transIaWe examined the potential association between MDR1/gp170 expression and

tional research. Thus, methodologic considerations must be coupled with ilﬁé)rognostic factors, 2) prior treatment, 3) clinical response to chemotherapy,

ability to derive clinical inferences from the results. With this in mind, we chos%nd 4) in vitro doxorubicin resistance. We determined the relative risk (RR) of

to assess the methodologic rigor and the clinical relevance of the studies?ﬁf partt:culacrjcllnlfjal OUtICZmﬁ n MDRl/gpl?O—?sm\ée Versus —negatlvle tumors |
applying a series of objective technical criteria. These criteria were used pg each study and pooled the RRs across studies by using a Mantel-Haensze

describe the studies, but a “quality score” was not obtained for use as a stréﬁproa(:h (51). Cochran-Mantel-Haenszel statistics (52), as implemented in the

fication factor for the meta-analysis. Such quality scores are often confouno%%S:Ut_’rqlu“ne PROCh FREQ, wcciare L_JSEd t_o test ;he ?]ignificfanrc]e of t:e pooled

and highly subjective. Stratification or exploration of heterogeneity can be betfap: A similar approach was use to Investigate the e ecF orce emotherapy on

accomplished on the basis of the individual components of the quality s2®)e ( _MDRl_/gpl?O |nduct|or_1, but the RR compared _the probability of MDRl/gpl?O
The criteria that we used were based on factors that we deemed a priori tdrlgélcuon between patients with and without prior chemotherapy at the time of

potential contributors to heterogeneity and that also comprised a set of impor R1/gp170 measurement. CIs for the pooled RRs aﬁa@"og(’f RRs were

criteria for the conduct of this type of translational research. The criteria includé&d culated by use of the method of Breslov_v and Dé;_l)(These analy;es were
the following: conducted by the procedure PROC FREQ in SAS. Since many studies had small

cell sizes or cells with zero patients, we included the continuity correction of 0.5
added to each cell for the calculation of RRs. We used pooled RRs rather than
odds ratios because the latter can overestimate the RR when the outcome being
considered occurs in more than 10% of the study sanf3g Since the samples

in these studies were sampled in a cohort fashion, there is no need to use the odds
ratio because the RR provides a clearer indication of the clinical impact of
MDR1/gp170 expression. AP values are two-sided.

Assessment of Studies and Methods

1) Appropriate consideration of statistical precision, i.e., adequate
sample size, use of confidence intervals (Cls), or consideration of
sample size in interpretation of results. Twenty-five patients were
considered to be the minimum adequate sample size because this
size would produce an upper confidence bound of less than 10% if
the study found no tumors expressing MDR1/gp170.
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Results inclusion criteria, four published reports identified by the search
were excluded for the following reasons: Only gene amplifica-
tion was used as an indicator of MDR1 activif7{, results for
Thirty-one studies (25-30,46,47,54-76) were identified th&feast tumors could not be separated from those for all turvg)s (
met the criteria for inclusion in the meta-analysis. These if0 samples from breast cancers were test&), @nd the report
cluded 21 studies26,46,47,55,57-59,61,62,64-75) with MDR1/Mdescribed earlier results that are included in a later repojt (
gp170 expression based on immunohistochemistry, eight studies
(27-29,46,54,56,60,63) based on RNA hybridization methods,
three studies (25,28,30) based on immunoblot (western blot)Table 1 lists the degree to which the individual studies com-
methods, and two studied{,76) based on the reverse transcrigplied with the criteria for methodologic rigor. Only two of the
tion—-PCR. [Three studies28,46,4F used more than one criteria, i.e., a definition of MDR1/gp170 positivity and the use
method.] One additional study77) was excluded from the of positive and negative controls, were met by nearly all studies.
analysis because it used only gene amplification as an indicafar each of the other four criteria, there were many studies that
of MDR1/gp170 activity. Twelve studies (30,46,54,56,59,61,64id not adhere to at least one criterion. Thirty-five percent of the
66,70,72,75) measured MDR1/gp170 expression on tumors pstudies had a sample size of fewer than 25 patients. None of
to any chemotherapy or hormonal therapy, 13 studies (2Bese 11 studie6,29,30,46,54,55,58,59,61,74,76) used Cls to
28,47,55,57,62,63,67,73,74)76cluded tumor measurementsindicate the degree of uncertainty in their data, and they did not
both before and after treatment, two studié8,69) had only discuss the possible influence of sample size on their results.
post-treatment tumor measurements, and in four studiBecause small samples produce relatively imprecise estimates of
(29,58,60,71) the authors did not indicate the timing of the asstie prevalence of MDR1/gp170 expression and its association
with respect to treatment. In addition to the studies that met thth clinical parameters, sample size may contribute to hetero-

Results of Citation Search

essment of Methodologic Rigor of Studies

Table 1. Methodologic and clinical criteria for studies of MDR1/gp170 expression in human breast cancer*

Criteria

o o o o Controls§
Authors, year of publication Sample Description Definition of Description B Adequacy of

(reference No.) size  of tumor, treatmentt MDR1/gp170 positivity: of patient base§ Positive Negative antibody methods||

Goldstein et al., 19892(7)
Kacinski et al., 198954)
Merkel et al., 198928)
Moscow et al., 1989209)
Ronchi et al., 198930)
Schneider et al., 198%5)
Salmon et al., 198926)
Keith et al., 1990 %6)

Ro et al., 1990%7)
Wishart et al., 199066)
Sugawara, 199060)

Kim, 1990 @6)
Cordon-Cardo et al., 199%8)
Wallner et al., 1991Q0)
Verrelle et al., 19911)
Sanfilippo et al., 199125)
Dixon et al., 1992 §8)
Koh et al., 1992 §2)
Hennequin et al., 1993%8)
Botti et al., 1993 §9)
Schneider et al., 1998)
Veneroni et al., 199464)
Charpin et al., 199466)
Keen et al., 199447)
Schneider and Romero, 19985)
Seymour et al., 19957Q)
Linn et al., 1995 71)
Decker et al., 199574)
Luowen et al., 199572)
Cheuvillard et al., 199647)
O’Driscoll et al., 1996 76)

NA NA

NA +
- ()

NA NA

L+ o+

I+ o+
|
|
P4
>
=z
>+ 1

L+ 1 +4++ 1+ 4+ 1 ++ 1

I
+ 4t 0+

zZ
>
zZ
>

NA NA

1
'+ ++++++++ 1 +++++++ 1+ 1 ++++ 4+ +++++
I+ + 1

I+ 4+ 1+ +++++++++++ 1+

|
P+ +++++ 1 01 +++ 1+t
+t+ +++++ 1+ 1+ttt

R T B S B e i

t+++++ P+t P+ D+
|
|

S+ 1+ +
S+ 1+ + 1

*+ = criterion present; — criterion absent; (+)= criterion partially achieved; NA= not applicable.

tThis criterion addresses whether MDR1/gp170 expression could be classified as to primary versus metastatic tumor, treated versus untreated patients, a
treatments that are or are not g170 substrates.

¥This criterion addresses whether the description is sufficient to allow comparison of MDR1/gp170 positivity among studies.

§The first rating concerns the description of how samples were accrued; i.e., is it sufficient to assess the likely sources of bias? The second rating concerns tt
description of characteristics of the study population; i.e., can individual characteristics be related to multidrug resistance?

IRefers to whether studies based on antibody methods were likely to have guarded against artifacts by (first column) use of more than one antibody (indicate
by +) or (second column) by use of non-cross-reacting antibodies or other confirmatory methods (indicated by +).
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geneity. Thirty-two percent of the studies did not provide antibody recognizes MDR3, a member of the same gene family
sufficient description to determine whether tumor samples cartinat is not involved in drug resistancg7(). This antibody also
from primary or metastatic tumors or from treated or untreatetioss-reacts with the heavy chain of muscle myosi),(and
patients and the type of treatment(s) used, or they did not usgofibroblasts are a major component of the desmoplastic re-
treatments known to be gp170 substrates. As a result, it is diffonse to breast cancé8). Thus, there may be a tendency for
ficult to interpret the observed prevalence of MDR1/gp170 ern increased frequency of false-positive results in some single-
pression. Most studies did not adequately describe the patigntibody studies, where the adequacy of the negative controls
base or accrual procedure. This information is important filecomes critical for assessing the likely validity of gp170 esti-
determining the representativeness of patients in an individua@tes.
study and the abil_ity to generalize study rg_sults. It qlso allows tb‘?oportion of MDR1/gp170-Positive Tumors
reader to determine a study’s susceptibility to various forms of
bias (e.g., size bias, defined as bias toward larger tumors thafanels A and B of Fig. 1 show the proportion of MDR1/
allow multiple sampling). gp170-positive tumors and the associated 95% Cls for studies
Fourteen studies16,55,57,59,61,62,64,65,67-69,72,73,75) afith MDR1/gp170 measured before or after treatment, respec-
the 21 (67%) studies based on immunohistochemical detectitwely. Expression varies considerably across studies; this varia-
of gp170 and all three studie2,28,30) using the western blottion is apparent regardless of whether the tumor material was
technique used only one antibody (Table 1), despite the coassayed before or after chemotherapy. Some potential sources of
mercial availability of several antibodies with nonoverlappingeterogeneity are indicated by stratifying the studies according
epitopes (81-84). Unfortunately, several of the antibodies uskdthe type of assay method (Fig. 1, A) or the type of treatment
in isolation have well-defined cross-reactivity with proteinseceived (Fig. 1, B). Fig. 1, A, shows that most of the studies that
other than gp170. For example, both JSB35)(and C49486) found no expression of MDR1/gp170 were based on western

cross-react with pyruvate carboxylase. The C219 monocloidbt or RNA hybridization methods. Only one immunohisto-

A B
IHC Methods Patients treated with
Schreider 1989 | & - MDR1/gp170-rel
Salmon 1989 cytotoxic drugs
Wishart 1990 — Merkel 1989 B—
Kim 1990 Schneider 1989 =
*Cordon-Cardo 1990 B Salmon 1989 o
Ro 1990 B = Ro 1990 S s
Sugawara 1990 = Sanfilippo 1991 _ 5
Verrelle 1991 e = Koh 1992 ]
Koh 1992 — ;
’ Hennequin 1993 =]
Someider 1964 = Bott 1963 — 8
—El—
457
Keen 1994 Seymour 1995
: = Decker 1995
Charpin 1994 Chevillard 1996 -
*Linn 1995 - ©
Seymour 1995 —=— Patients treated with
49_
Schnarer 1995 non:MDR {/gp170-
4E|__ .
related cytotoxic
Luowen 1995 —— drugs or tamoxifen
Chevillard 1996 —+—+—
Schneider 1989
RNA Methods Dixon 1992 N B
Goldstein 1989 —+}— Keen 1994 —H—
Kacinski 1989 —_ Seymour 1995 —
Merkel 1989 | [ - Chevillard 1996 e =
*Moscow 1989 — O'Driscoll 1996
Keith 1990 —
Kim 1990 = T T T T T T
“Wallner 1991 ____Eli 0.0 0.2 0.4 0.6 0.8 1.0
Hennequin 1993 | [3 Proportion of MDR1/gp170-Positive Patients
Protei hods
Merkel 1989 B Fig. 1. A) MDR1/gp170 expression measured in breast cancer before treat
Ronchi 1989 | "=/ ment. Data represent the proportion of MDR1/gp170-positive tumors and th
Sanfilippo 1991 —_— associated 95% confidence interval. Studies are grouped according to tHe
RT-PCR method used for MDR1/gp170 detection. IHE immunohistochemistry;
Chevillard 1996 El RT-PCR = reverse transcrlptlon—polymerasg chain reactios. tumprs in
O'Driscoll 1996 = these studies were assumed to be from previously untreated patients, but the
description in the published reports did not allow this to be determined with
0.0 0'2 0'4 0|6 0|8 1'0 certainty.B) MDR1/gp170 expression measured in breast cancer after cyto
’ _' ' ’ y ' _ ' toxic or hormonal therapy. Data represent the proportion of MDR1/gp170-
Proportion of MDR1/gp170-Positive Patients positive tumors and the associated 95% confidence interval. Studies are
grouped according to whether patients have been treated or not treated with
anticancer drugs that are gp170 substrates.
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chemistry study (58) found no immunoreactivity (based on on(§5% Cl = 15.4%-38.6%) for studies using RNA hybridization
eight breast tumors), but this study reported some stainingroéthods and 48.5% (95% Gt 42.0%-55.0%) for immunohis-
“apparently normal parenchymal” cells in some specimens. tochemistry studies. However, even within these subgroups,
Based on the weighted average over all 31 studies listedtirere was still significant heterogeneify<.0001 for both RNA
Table 1, the percentage of tumors expressing MDR1/gp170 wagridization and immunohistochemistry studies).
41.2% (95% Cl= 36.0%-46.5%). However, the proportions We further stratified these subgroups according to whether
were highly variable across individual studi€s<(0001). These MDR1/gp170 had been measured before or after chemotherapy
studies were performed over an 8-year period (1989-1996). ®ohormonal therapy. The difference between values before and
evaluate whether potential sources of heterogeneity may hafter chemotherapy or hormonal therapy was relatively small for
changed over time, we performed a weighted linear regressiorboth immunohistochemistry and RNA hybridization studies, and
the proportion of MDR1/gp170-positive tumors in each studsignificant heterogeneity still existed within these subgroups
against the calendar year when the study was published. Tabl@able 3). Among studies of values after chemotherapy or hor-
shows a highly significant trend with time, there being a slopmonal therapy, we compared MDR1/gp170 expression among
coefficient of 0.040, withz = 3.52 (P = .0005). This trend tumors from patients treated with and without drugs associated
indicates that, on average, there was an increase of about 4W#h the multidrug-resistant phenotype (data not shown). As
per year in the reported detection of MDR1/gp170 expressionempected, MDR1/gp170 expression was higher for patients
breast tumors. treated with MDR1/gpl170-related drugs, with an average of
There was a shift away from RNA hybridization method§7.2% of tumors being positive. However, a sizable percentage
toward immunohistochemical methods over this time, so wé4.6%) of patients treated with non-MDR1/gp170-related drugs
stratified the studies according to whether they used RNA hglso expressed MDR1/gp170. The studies of MDR1/gp170-
bridization or immunohistochemical methods and conductedlated and non-MDR1/gp170-related drugs exhibited margin-
separate regressions within each group of studies. (No regressity significant heterogeneity (B .052 andP = .054, respec-
was conducted for the western blot studies because there wiarely).
only three such studies.) Within groups of studies using eithgr . .. . -
RN},/A hybridization or imr)nunohist%chepmical methods, ng tren%ssomanons With Clinical Parameters
of MDR1/gp170 expression with time was evident (Table 2). It has been suggested that the expression of MDR1/gp170 is
Thus, a significant degree of variability among the studies afore likely to be a surrogate marker for a worse prognosis than
pears to be due to the shift over time from RNA hybridizatioan indicator of potential response to cytotoxic chemotherapy
methods (primarily northern blot hybridizations) to the moré89). To address the clinical relevance of MDR1/gp170 expres-
sensitive immunohistochemical methodologies. sion, we considered the evidence linking it to various clinical
We next examined heterogeneity separately within both tharameters, including induction by cytotoxic or hormonal treat-
RNA hybridization and immunohistochemistry studies. The awent and association with 1) established prognostic attributes, 2)
erage percentage of tumors expressing MDR1/gp170 was 27.e%ponse to chemotherapy, 3) recurrence and survival, and 4) in
vitro doxorubicin resistance.
Induction of MDR1/gp170 expression.The effect of che-
Table 2. Regression of proportion of tumors expressing MDR1/gp170 on yeBa0therapy on induction of MDR1/gp170 expression is shown in
in which the study was conducted (expressed as year — 1900) Table 4. This analysis was performed by comparing the propor-
Regression  Conrected tion of patients whose tumors expressed MDR1/gp170 before
Studies coefficient  standard error  z-statistic  p*+  chemotherapy with that of patients whose tumors expressed
MDR1/gp170 after chemotherapy. We used only studies that

All studiest (n= 31) 0.040 0.011 352 .0005 ; ;

Immunohistochemistry 0004 0.017 0.23 ‘82 provided both pretreatn"_lent and post-treatment data, altho_ugh
studies (n= 21) most were not consecutive measurements on the same patients.

RNA hybridization 0.019 0.044 0.43 67 In the 13 studies meeting this criterior2%-28,47,55,

studies (n= 8) 57,62,63,67,73,74,J6 treatment with cytotoxic or hormonal

“Two-sided. agents was associated with a significant increase in the propor-

fincludes two studies based only on western blot metha8s30) and one tiON of tumors expressing MDR1/gp170 (RR1.77 [95% Cl=
study that used both western blot and RNA hybridization methag ( 1.46-2.15];P<.0001). Unlike the analysis performed on all stud-

Table 3. Pooled proportion of tumors expressing MDR1/gp170, according to timing of assay with respect to treatment (pretreatment versus post-treatment), anc
assay method (immunohistochemistry based versus RNA hybridization based)

Test of homogeneity

Timing

(No. of studies) Assay No. of patients Pooled proportion X2 (df¥) Pt
Pretreatment (17) Immunohistochemistry 661 0.458 91.6 (16) <.001
Pretreatment (8) RNA hybridization 270 0.274 72.8 (7) <.0001
Post-treatment (10) Immunohistochemistry 279 0.520 23.8(9) .005
Post-treatment (3) RNA hybridization 22 0.227 10.6 (2) .005

*df = degrees of freedom for the test of homogeneity.
TTwo-sided.
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Table 4. MDR1/gp170 expression in association with cytotoxic therapy*

Test for homogeneity

No. of studies Summary: RR
Type of treatment (No. of patients) RR (95% CI) P valuet x? (df) Pt
All cytotoxic drugs 13 (726) 1.77 (1.46-2.15) <.0001 20.22 (12) .056
MDR1/gp170-related drugs only 10 (499) 1.99 (1.56-2.54) <.0001 12.81 (9) .19

*RR = relative risk, i.e., the probability of MDR1/gp170-positive tumor in patients treated with cytotoxic therapy versus untreated patentmnitience
interval; df = degrees of freedom for the test of homogeneity.
tTwo-sided.

ies, there was only marginally significant heterogeneity in ththan patients whose tumors did not express MDR1/gp170
subgroup (P= .056). When we excluded the three studies th&P<.0001). There was no evidence of significant heterogeneity
used drugs not commonly related to MDR1/gp120,67,76), among these studieB (= .27). Excluding the single study using
the effect was somewhat stronger (RR 1.99 [95% CI = treatment with non-MDR1/gp170-related drugs did not signifi-
1.56-2.54];P<.0001), and there was no significant heterogeneitantly change the association. Furthermore, the association be-
(P = .19). The results were unchanged when we repeated thween MDR1/gp170 expression and clinical response became
analyses by reclassifying as negative those tumors exhibitistponger when the studies were restricted to those in which ex-
weakly positive expression (25,55,57). pression was measured after any treatment (RR.19 [95% ClI
Association with prognostic attributes. Only 11 studies = 2.71-6.47];P<.0001) or after treatment with MDR1/gp170-
(54,57,60,61,63,65,69,70,73)7tncluded data associatingrelated drugs (RR= 3.87 [95% CI = 2.44-6.14];P<.0001)
MDR1/gp170 expression with one or more known prognost{@able 6). This is consistent with the ability of MDR1/gp170-
attributes, including lymph node status at diagnosis, tumor sizelated drugs to induce MDR1/gp170 expression and the ability
tumor histology, tumor grade, and estrogen receptor status. @f¢his induced expression to confer cross-resistance among clas-
considered only attributes examined in three or more studisgcal substrates for gp170 but not for other drugs (10,90-92).
Table 5 shows that none of these attributes were significantiyhen we repeated the analyses by reclassifying as negative
associated with MDR1/gp170 expression. This result suggesiese tumors exhibiting weak positive expression (61,69,74), the
that MDR1/gp170 expression is not acting as a surrogate fessults were unchanged.
another prognostic factor in its ability to predict outcome or An important clinical concern is whether the expression of
response to chemotherapy. MDR1/gp170 before initial chemotherapy will predict response.
Association with response to chemotherapySince studies Only five studies 47,57,61,64,74), with a total of 115 patients,
provided different levels of detail about clinical response, waeasured expression before treatment in patients evaluated for
considered all studies in which it was possible to determine thesponse to subsequent chemotherapy. When comb'(ﬁ,q%(,g
number of patients who exhibited at least a clinical partial re= 1.98; P = .74), these studies indicate a suggestive, but
sponse, i.e., either partial response (PR) or complete responge statistically significant, association between MDR1/gp170
(CR). These responses were defined according to widely &axpression prior to treatment and a worse than partial clini-
cepted usage, where CR indicates complete disappearance otHieresponse to cytotoxic regimens containing gpl70 sub-
tumor, while PR indicates a greater than 50% reduction in te&rates (RR= 1.47 [95% CI = 0.94—2.29];X2homog = 2.91;
largest diameter of the tumor. There were nine studies in whieh= .088).
these data could be determinet? (57,61-64,68,69,74). An ad- Association with recurrence and survival. Eight studies
ditional three studies either did not permit classification of thg®1,63,69,71-75) associated MDR1/gp170 expression with ei-
responses of patients into CR/PR versus less thardBf@{) or ther recurrence-free survival or overall survival. Unfortunately,
did not permit the association between MDR1/gp170 positivigonducting any formal statistical evaluation of the combined
versus negativity (73). studies was not possible because the necessary data were in-
Table 6 shows that patients whose tumors expressed MDRIL/ded in only two studies that evaluated recurrence-free sur-
gpl70 were 3.21 times more likely to exhibit a worse than PRval (63,69) and in three studies that evaluated overall survival

Table 5. Associations between MDR1/gp170 expression and breast cancer prognostic factors*

Test for homogeneity

No. of studies Summary:
Prognostic factor (No. of patients) RR (95% CI) RRP valuet X2 (df) Pt
Positive lymph nodes: yes versus no 9 (255) 1.08 (0.89-1.32) 43 0.52 (8) .99
Estrogen receptor status: negative versus positive 5 (426) 1.08 (0.84-1.39) 57 4.56 (4) .35
Tumor size: T3/T4 versus T1/T2 7 (184) 0.92 (0.75-1.13) 44 1.63 (6) .98
Histology: ductal versus lobular 5(176) 0.96 (0.86-1.06) 42 0.04 (4) .99
Tumor grade: grade 3 versus grade <3 3(58) 1.74 (0.65-4.64) .27 1.56 (2) A7

*RR = relative risk, i.e., the risk of adverse prognostic factor category among those patients with MDR1/gp170-positive versus MDR1/gp170-negative tumors;
Cl = confidence interval; df= degrees of freedom for the test of homogenesige(120,121) for staging and grading systems used for the tumors.
TTwo-sided.
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Table 6. Association between MDR1/gp170 expression and failure to respond (i.e., less than a clinical partial response) to cytotoxic drugs*

Test for homogeneity

No. of studies Summary:

Type of treatment (No. of patients) RR (95% CI) RRP valuet x? (df) Pt

All cytotoxic agents, pretreatment or post-treatment 9 (260) 3.21 (2.28-4.51) <.0001 10.0 (8) 27
MDR1/gp170 expression measurements

MDR1/gp170-related drugs, pretreatment or post- 8 (215) 2.97 (2.08-4.25) <.0001 9.18 (7) .24
treatment MDR1/gp170 expression measurements

All cytotoxic agents, post-treatment MDR1/gp170 7 (193) 4.19 (2.71-6.47) <.0001 7.64 (6) .27
expression measurement

MDR1/gp170-related drugs, post-treatment 6 (135) 3.87 (2.44-6.14) <.0001 7.41 (5) .21

MDR1/gp170 expression measurement

*RR = relative risk, i.e., the risk of less than a clinical partial response to chemotherapy among those patients with MDR1/gp170-positive versus MDR1/gp170-
negative tumors; Ck confidence interval; df= degrees of freedom for the test of homogeneity.
tTwo-sided.

(63,74,75). However, of the four studies that associated MDR®/ that of combining the results across strata in a single large
gpl70 expression with recurrence-free survival, tv6d,69 study. However, the validity of such data pooling and the gen-
found reduced survival associated with expression, whereas éhnation of a summary statistic require that the studies be suffi-
other two (63,71) did not. Similarly, three studiegl(72,75) ciently alike in the association being measured. Thus, both the
found that expression was associated with a significant reduct&tmdy population and methods should be sufficiently similar that
in overall survival, whereas three other studié8,73,74) did it is reasonable to consider all the studies as if they had been
not. Only two studies 11,72) used multivariable analysis togenerated as subgroups of a single large study. This is rarely the
control for other major prognostic factors, although both studiease, or there would be little controversy with regard to the
observed significant survival decrements even in univariat@erall inference from the studies and there would be little need
analyses. to conduct a meta-analysis (33).

Association with in vitro doxorubicin resistance. Three As occurred with the MDR1/gp170 analyses, groups of stud-
studies (25,26,64), with a total of 93 patients, examined thes typically exhibit meaningful variability, and the search for
association between MDR1/gp170 expression and resistancéh source of the variability is important. This search may also
doxorubicin using an in vitro clonogenic assay on cells fromdentify subgroups of studies that are sufficiently alike to make
patients’ tumors. Patients whose tumors expressed MDR1/gpXi&ia pooling appropriate. For example, this meta-analysis
were 2.5 times more likely to exhibit in vitro resistance to doxashowed that significant heterogeneity in the proportion of tu-
rubicin (RR = 2.50; 95% Cl= 1.77-3.52) (P<.0001). There mors expressing MDR1/gp170 could be attributed to differences
was no evidence of significant heterogeneity in this group of types of assays (immunohistochemistry based versus RNA
studies (fhomog: 4.15[2 degrees of freedonf}; = .14). These hybridization based), complicating meaningful interpretation of
studies indicate that some breast tumor cell subpopulations axsummary measure of this proportion.
press sufficient levels of MDR1/gpl170 to confer a functional Where subgroups of studies are chosen on a rational and
level of in vitro drug resistance. predefined basis and the data from the integrated studies do not
exhibit significant heterogeneity, meaningful associations
among variables can be identified. For example, all nine of the

The considerable variability across studies of MDR1/gp1&udies that contain information on MDR1/gp170 expression and
expression explains the controversy regarding the presenceasfponse to chemotherapy (47,57,61-64,68,69,73) can be validly
this expression and its relevance in breast cancer. A cursegmbined and explored because there is no significant hetero-
evaluation of this literature could lead to apparently equalgeneity (Table 6x%,omog = 10.0;P = .27).
justifiable support for quite divergent opinions. For example, it One concern in the conduct of any meta-analysis is publica-
could be argued and supported by several citations either ttian bias, i.e., the tendency for studies reporting “negative”
MDR1/gp170 expression is rarely detected in breast cancer agrdults to be underrepresented in the literature. Fig. 2 shows a
has no clinical relevance or that expression is widely detecté&ginnel plot,” where the proportion of MDR1/gp170-positive
and may have considerable clinical relevance. With such vaiiismors in each study is plotted against the sample size (as an
ability across many independent studies, a careful review aindicator of standard error). In the absence of publication bias,
meta-analysis can provide a critical and objective approachsach a plot should resemble a funnel lying on its side with the
the body of research. narrow end pointing to the right, with study results scattered
around an expected “true” value and the degree of scatter de-
creasing with sample size. Publication bias would be suggested

In its simplest form, meta-analysis is a Systematic approachidp a lack of small “negative” studies, i.e., studies with zero or
combining, in a quantitative fashion, the results of related stuldw percentages of tumors expressing MDR1/gp193).(Fig. 2
ies. The approach and its justification are conceptually similar §nows no apparent bias against negative studies, since six studies
those used in either multicenter studies or studies with a larg®8-30,58,59,63) demonstrated expression in 10% or less of tu-

number of potentially relevant subgroups or strata. Combinimgors, and four of these studie2%(30,58,59) had 20 patients or
the results of individual studies is performed in a manner similggwer.

Discussion

Purpose and Interpretation of Meta-analyses
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nohistochemical analyses. There are clearly many
1.0 other sources of heterogeneity (e.g., differences in pa-
tient populations resulting from patient selection cri-
teria; whether there has been prior treatment, the na-
* ture of the treatment, and whether it includes gp170
substrates; the timing of sampling relative to diagnosis

) . and treatment; the use of primary versus metastatic
". ‘ ° ) tumor tissue; and sampling artifacts reflecting hetero-
041 T T e tr& T T T T T T T geneous expression within the tissue). Additional
. sources of heterogeneity specific to different types of
02 - ° assays include tissue handling and preparation, the
choice of antibody(ies) or probes, general laboratory
procedures for the particular assay, and the choice of
an immunodetection method. Differences in the crite-
ria for scoring tumors as positive or negative also
0 50 100 150 200 250 contribute significantly to heterogeneity. Several
workshops and individual laboratorie84(98) have
described their protocols for optimal detection of
— — Mean proportion MDR1/gp170 + MDR1/gp170. With such diversity of opinion and
e Minimal expression . .. N .

laboratory practice, obtaining an internationally rec-

ognized standardized approach may be difficult in the
Fig. 2. Funnel plot evaluation of publication bias in studies of MDR1/gp170 expression rt term.
breast cancer. Data represent the proportion of MDR1/gp170-positive tumors (from untreate L . .
plus treated patients) in each study, plotted against the study sample size. he significant heterogeneity across studies pre-
vents the generation of a statistically valid summary

Frequent but Heterogeneous Expression of MDR1/gp170 estimgte Fo describe the overall prevalence (_)f MDR1/gp170 ex-
in Breast Cancer pression in breast cancer. However, the weighted average over
all 31 studies provides a very general approximation and implies
Northern and western blot hybridization techniques sufféinat approximately 40% of all breast tumors express detectable
from the possible loss of the signal by dilution from surroundinigvels of MDR1/gp170. This may be an underestimate, since it
MDR1/gp170-negative tissues. This result may account for thembines the typically lower positivity rates found in the less
generally lower estimates of positivity in the studies using thesensitive RNA hybridization studies. While less than the fre-
techniques when compared with immunohistochemistry. Fquency of positivity for estrogen receptor expression, which is
many years, the single largest study in breast cancer providedalmost 70% in all breast tumors when assayed by immunohis-
most compelling evidence for a lack of expression and, thetechemistry (99-101), the frequency of gp170 positivity exceeds
fore, of any functional role of MDR1/gp170 in breast cancehat of other prognostic indicators. For example, overexpression
(28). Merkel et al. 28) acknowledge that their analysis, whictof erbB2 when detected by immunohistochemistry approaches
utilized northern, Southern, and western blotting analyses 20% in all breast cancers and 25% in invasive ductal cell car-
homogenates of breast tumor tissues, may be too insensitiveitiomas (102). This overexpression also may be associated with
adequately quantitate MDR1/gp170 expression. This may be tieeuced sensitivity to some chemotherapeutic regiméas)(
most likely explanation for the lack of detectable MDR1/gp17p53 mutations are considered the most frequent genetic changes
expression in breast tumors in their study, since expression irabreast cancer; they are found in approximately 15%-50% of
been readily detected in more recent studies of comparable direast cancersl04,105), a frequency that compares with our
(65,71,73). estimate of 40% MDR1/gp170 positivity. With such a high rela-
As the results of our analysis indicate, the increase over tirtiee frequency for detection of MDR1/gp170, a definitive as-
in the use of more sensitive immunohistochemistry-based assagssment of its functional role in breast cancer is an important
has been accompanied by an increase in the reported prevaleyuz.
of MDR1/gp170 expression. An inability to detect gene expres-
sion by use of earlier RNA hybridization or immunoblot assayiDR1/gp170 Expression in Untreated and Treated
techniques is not surprising, given the generally heterogene@rsast Cancers
and low levels of expression now apparent in many breast tu-
mors (62,66,78 Immunoblotting has recently been recom- Many previously untreated breast cancers, 27% in the RNA
mended as one means to detect MDR1/gp170 expression inhybridization studies and 46% in the immunohistochemistry
mors (94). However, it is apparent from our study that thistudies, express MDR1/gp170. These observations strongly sug-
approach is inappropriate for analysis of the relatively low leveggst that many breast tumors already acquire MDR1/gp170 ex-
of MDR1/gp170 expression in breast tumors. pression before clinical detection. Among previously untreated
While one source of heterogeneity arises from the use lofeast cancer patients, 20%-55% obtain a worse than PR when
different assays for MDR1/gp170 expression, significant heterdrey are treated with cytotoxic chemotherapy. Furthermore,
geneity remains when studies using similar assay techniquesareng those who respond to first-line chemotherapy, the median
combined. This applies to both RNA hybridization and immuduration of response is relatively short (only 5-13 montf23) (

0.8 4

0.6

Proportion expressing MDR1/gp170

0.0 4 [ J [ ]

Sample Size
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These observations are consistent with the likely acquirgdtients. Additional prospective, randomized, clinical trials are
expression of low levels of MDR1/gp170 and/or other multiplelearly needed to resolve this issue.

drug resistance mechanisms early in the biology of breast cancer i )

progression. This acquisition may not require the selective prégPression of MDR1/gp170 and Overall Survival

sure imposed by chemotherapy. It also is not clear whetherrg gata relating MDR1/gp170 expression to recurrence-free
the expression detected after chemotherapy represegty oyerall survival could not be analyzed because the required

either an induced expression or a selection that increases g, \ere not available in most published reports. The individual
proportion of MDR1/gp170-expressing tumor subpopulationsgy,gies were essentially equally grouped in favor of and against

A few studies (58,66,106) have looked for MDR1/gp170 &% association between expression and survival. This is not en-

pression in the nqrmql breast. The results of thgse studies SH%¥1y unexpected, since response to therapy generally is not
gest that expression is low, absent, or predominantly stromalsqciated with survivall07,108). Until sufficient studies are
Pavelic et al. 106), using four independent antibodies, detect mpleted and the data are reported in a way that can be readily

MDR1/gp170 expression in normal ductal epithelia. Greatgp qassed, any association of MDR1/gp170 expression with sur-
than 80% of normal breast ductal epithelium stained positively,o| whether positive or negative, will remain unknown.
with the MRK-16 anti-gp170 antibody, and staining was con- '

fined to the luminal surface7@). These observations suggesExpression of MDR1/gp170 and Other
that some MDR1/gpl170-positive breast tumors may arise Rrognostic Attributes

those previously untreated patients with tumors of intraductal ] ) )
origin. Expression of MDR1/gp170, rather than being associated

Selection against MDR1/gp170-related drugs in vitro fravith treatment, may merely reflect a more aggressive phenotype
quently induces MDR1/gp170 expressid®). Furthermore, the (89). Individual studies have found an association between the
meta-analysis results demonstrate that MDR1/gp170 expresdisifctable expression of MDR1/gp170 in breast tumors and a
is twice as likely to be detected in tumors from treated versBQO" Prognosis (61), poor survival (61,69), lymph node metas-
untreated patients. This increased incidence of detectalfts!S (109), and low progesterone receptor expressia. (

MDR1/gp170 expression may be a direct consequence of fAong all the studies that have examined associations with
cytotoxic drug therapy. other prognostic attributes, however, there is little evidence to

support the contention that MDR1/gp170 expression is merely a

Association of MDR1/gp170 Expression With a Worse surrogate for other indicators of an aggressive phenotype. We
Than PR found no association of MDR1/gp170 with either positive lymph

Because of its ability to function as a drug efflux pumg)des, tumor size, grade, histology, or estrogen receptor ex-
gp170 confers multidrug resistance in vitro. Thus, it would H€SSion. However, relatively few studies examined such asso-
predicted that the detection of its expression in breast can€&tions. The most commonly evaluated markers, lymph node
would be associated with clinical resistance. In our analysfg@tus and tumor size, were examined in nine studies
patients with detectable levels of MDR1/gp170 were three tim(@%d"57'60’61’63’69'7,0774’)75nd seven studies54,60,61,
more likely to exhibit a less than partial clinical response 93 70:74,75), respectively.

cytotoxic chemotherapy. Since the incidence of MDRl/gp”@stablishing the Functional Relevance of MDR1/gp170
expression increases with treatment, and the response rat%)lﬁression—Considerations and Future Directions
second-line chemotherapy is worse than that to first-line treat-

ment, we would expect MDR1/gp170 expression measured afterThe meta-analysis data clearly indicate that MDR1/gp170 is
treatment to show a stronger association with a poor clinicakpressed in a significant proportion of breast tumors. A direct
response. The post-treatment analysis for all drugs indicated tasamination of the clinical relevance of MDR1/gp170 expres-
MDR1/gp170 expression in treated tumors was associated wsihn is clearly the next most important step. The precise delin-
a fourfold increase in risk for a patient having a worse than PRation of this role is likely to be difficult and complex. Clinical
These data infer that the expression of MDR1/gp170 may atudies have almost exclusively assessed MDR1/gpl170 expres-
ready have been present in the tumors prior to and/or durisign either before or after therapy, but not during treatment. In
chemotherapy. Furthermore, they demonstrate a strong assoeigerimental models, MDR1/gp170 expression is frequently in-
tion between detectable MDR1/gp170 expression and a parced by exposure to a substraté @), and expression becomes
clinical response to cytotoxic chemotherapy. constitutive only after repeated or prolonged in vitro exposure.
There were only limited data concerning the predictive utilitfhus, in some tumors, expression may be detectable only during
of MDR1/gp170 expression measured before treatment. Hogither therapy or the later cycles of therapy. The level of expres-
ever, in the five evaluated studie47(57,61,64,74), there is asion before or after treatment may underestimate the level in-
marginally significant 50% increase in the probability of akduced during treatment and may produce a false-negative im-
associated worse than partial clinical response. While this fingkession with regard to the role of MDR1/gp170.
ing suggests that de novo gp170 expression also may play a roléStudies that have begun to address gp170 function in patients
in drug resistance, it is inconclusive. The relatively small nunirave used response to a combination chemotherapy regimen as
ber of patients and the differences in immunohistochemistrpieir end point. This may be a suboptimal approach. Determin-
based assay techniques across studies may contribute to thénigpthe individual contribution of each drug to the response in a
ability of these studies to demonstrate clearly, either way, tepecific tumor is currently impossible. For example, when a
role of gpl170 expression in previously untreated breast cancegimen is used in which each drug is effective as a single agent,
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e.g., CAF, what proportion of the response, or lack thereof, witribed among the following patient subgroups: those whose
be due to the gpl170 substrate? Furthermore, doxorubicin is thmors are assayed before or after treatment, those whose tumors
major or sole gp170 substrate in chemotherapy regimens usedratreated with MDR1/gp170-related or non-MDR1/gp170-related
most studies. However, doxorubicin is subject to several drggbstrates, and those whose tumors are primary or metastatic.
resistance mechanisms unrelated to gp170, including an alteredMDR1/gp170 expression might be associated with the induc-
expression of manganese superoxide dismutd@$eafd in- tion of other drug resistance mechanisms. It is possible that
creased activities of glutathione transferase and topoisomerasexjposure to cytotoxic drugs induces a cellular stress response
(111,112). Thus, when using doxorubicin as the gp170 substrdtet co-induces several stress and detoxification mechanisms.
lack of a clinical response can be attributed only cautiously fthis response could include increased expression of the heat
gpl70. This is also a concern for the present meta-analysis ahdck proteins (113), glutathione transferases (5), and superox-
suggests that patients previously treated with a non-MDRitle dismutases?(. The activity of some DNA repair processes,
gpl70-related regimen should be excluded from future studi@ssluding the activity of the topoisomerases, also may be altered
since this treatment may induce cross-resistance mechanism@jo Since each subpopulation of cells within a tumor may ex-
some MDR1/gp170-related drugs. press a different pattern of these various resistance mechanisms,
future studies should determine whether MDR1/gp170 expres-
sion either is a general marker for drug resistance or arises
We wish to raise several issues for consideration, since thésgependently of other resistance mechanisms. A recent study
issues are likely to have contributed to the significant heterogd14) suggests that combining assessments of MDR1/gp170
neity apparent in previously published studies. We hope thaith those of MRP provides a more accurate predictor of clinical
these suggestions will provide some degree of consistertyg resistance in patients with acute myeloid leukemia.
within, if not among, future studies. Several group4,05) have Studies with agents that can reverse gp170 function provide
recently attempted to derive specific guidelines for the asseasother approach to determining the functional relevance of ex-
ment of MDR1/gp170 positivity. Our analysis of the sources giression. However, this approach is likely to be complicated by
heterogeneity among published studies supports some suggeseral additional factors. While there is no clear consensus on
tions raised in these reports and raises the following additiorradw best to detect MDR1/gp170, several studies with reversing
issues for consideration: agents (115-118) have been performed on breast cancer patient
1) In general, well-designed prospective studies with agepulations in whom the MDR1/gp170 status is either unknown
equate statistical power are preferable to retrospective studmsnot reported. Antibodies and complementary DNA probes
Thus, MDR1/gp170 expression should be measured before Have been available for several years, and such study designs are
commencement of cytotoxic chemotherapy. If a neoadjuvant discouraged.
sign is adopted, investigators should consider the feasibility of One “intrapatient” study design has been suggested that
also measuring MDR1/gp170 expression in biopsy specimemgght alleviate some of these concerns and is worthy of consid-
obtained during chemotherapy. Any tissue removed, or accesation (119). Previously untreated breast cancer patients with
sible either after treatment or upon relapse, also should be emsmparable disease status could receive a single MDR1/gp170-
amined for MDR1/gp170 expression. related substrate regimen until relapse. These patients are then
2) Where possible, the study population should comprise pareened for MDR1/gp170 expression in accessible lesions, and
tients not previously treated with any systemic therapies. Thgsatients with MDR1/gp170-positive tumors are assigned to sub-
patients may have fewer other endogenous cross-resistasegquent groups where the same drug is administered with the
mechanisms present, e.g., altered topoisomerase or glutathi@wersing agent. The pharmacokinetics of the cytotoxic agent
transferase expression, or at least express other mechanisnvgoald be established in each patient, both when the drug is
relatively low levels. administered alone and subsequently when the drug is given
3) Measuring gpl170 expression may be preferable to mewith the reversing agent. This will enable each patient essen-
suring MDR1 expression, since immunohistochemistry is motially to act as his or her own control and reduce the effects of
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some anti-gp170 antibodies cross-react with epltopes on pr.Otellr%%lications of This Analysis for Future Translational
other than gpl70 (58,84,87more than one antibody with .
X o : Research Studies
nonoverlapping cross-reactivities should be considered. Samples
should be screened and scored in a blinded fashion by more thaThe studies reviewed in this analysis varied substantially with
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should be considered. that researchers provide the information necessary to readily
5) When the data are presented, the methods of accruingderstand the clinical implications of a particular study. Results
patients (samples), characteristics of the study population, aftuld be presented in a way that allows differences in the
the treatments (exposures) should be described in detail. Datitical subgroups to be discerned, particularly when the activity
should be presented so that MDR1/gp170 positivity can be d#-the molecule is thought to vary with clinical attributes, e.g.,
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