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Background: The gastrointestinal car-
cinoma antigen GA733 is a potential
target for passive and active immuno-
therapy for patients with colorectal
carcinoma. This antigen has been char-
acterized previously as a homophilic
adhesion (i.e., adhesion to self) protein,
but the functional consequences of ho-
mophilic adhesion for tumor growth
and invasion are unknown. The avail-
ability of a murine homologue of
GA733, i.e., murine epithelial glycopro-
tein (MEGP), allows for functional
analysis of cell adhesion as it relates to
tumor growth and invasion, both in
vitro and in vivo. Methods:CT-26 mu-
rine colorectal carcinoma cells were
transfected with complementary DNAs
encoding either the human or the
murine antigen. GA733- or mEGP-
producing cells were evaluated for ho-
mophilic adhesion, growth on plastic
surfaces, colony formation in soft agar,
and invasion through a reconstructed
basement membrane (Matrigel).
MEGP-producing cells were also exam-
ined for their capacity to metastasize in
mice. ReportedP values are two-sided.
Results: Compared with control cells,
MEGP-producing cells showed signifi-
cantly lower growth rates, colony for-
mation, and invasion through Matrigel
in vitro (all P values <.05). Compared
with vector-only transfected cells and
parental cells, mEGP-producing cells
showed a reduction in metastatic po-
tential in syngeneic immunodeficient
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and immunocompetent mice (allP val-
ues <.05). In contrast to mEGP-
transfected cells, GA733-transfected
cells did not exhibit significantly re-
duced growth or colony formation in
vitro (all P values >.05). However,
GAT733-transfected cells did show re-
duced invasion through Matrigel com-

rine epithelial glycoprotein (MEGR}RO0),

in tumor cell growth and invasion was

investigated by use of murine CT-26 CRC
cells stably transfected with cDNAs en-

coding either the human or the murine
antigen. Using a syngeneic host, we also
determined the metastatic potential of
MEGP-producing cells relative to that of

pared with vector-only transfected cells parental CT-26 cells.

or parental cells (all P values <.05).
Conclusion: The adhesion proteins
GA733 and mEGP inhibit invasion of
tumor cells. [J Natl Cancer Inst 1998;
90:691-7]

Materials and Methods

Plasmids and Cell Lines

The mammalian expression vector for mEGP
(pcDNA3-mEGP) was constructed by subcloning
theEcaRl fragment from the pGEM-4Z-mEGP plas-

. . mid (provided by Dr. W. M. Kuehl, NCI-Navy
The 40-kd glycoprotem defined by Medical Oncology, Bethesda, MD) into thecoRl
monoclonal antibodies (MAbs) CO17-1Asite of the pcDNA3 vector (Invitrogen Corp., San
and GA733(1,2) iS a suitable target for Diego, CA). Expression of mEGP was placed under

active immunotherapy for gastrointestinthe control of the constitutive cytomegalovirus pro-
moter from the pcDNA3 plasmid. Murine BALB/c

cancers. The antigen (referred to hereaﬂ%T-Z(S CRC cells were transfected with pcDNA3-

as GA733 antigen) is highly expressed OmEGP or the pcDNA3 control plasmid by use of a
these tumor¢3—7)and also on some nor- calcium phosphate transfection kit’'(53' Inc.,

mal tissues, albeit at lower density,8— Boulder, CO). Transfected cells were grown con-
10) tinuously in selection medium containing 1 mg/mL

. of G418 (Life Technologies, Inc. [GIBCO BRL],
The results of a randomized phase I!Z%aithersburg, MD), and colonies of transfectants

trial with MAb CO17-1A in colorectal were isolated by use of cloning cylinders. Fifty
carcinoma (CRC) patients have demonclones were isolated, and one representative clone
strated a significant increase in survival ofhat had a growth rate similar to that of the other

mEGP-producing clones was retained for detailed

MAD-treated patients versus control paTstudy. The cell line carrying the mEGP cDNA was

f[ient.s(ll).The antigen has §hovyn ProM-gesignated CT-26-mEGP, while the vector-only
ise in approaches to active immuno4ransfected cell line was called CT-26-pcDNA3.

therapy using anti-idiotypic antibodiesCT-26 cells transfected with the full-length human

(11-16)or viral vectors(17,18). GAT733-2 cDNA (CT-26-GA733) or vector only

. (CT-26-ASEN) have been describéall). The hu-
The GA733 antigen has been Characrﬁan CRC cell line SW1116 was obtained from the

te'riZEd pr?ViOUSW as a homophilic a'dheAmerican Type Culture Collection (Rockville, MD).
sion protein(19). With the use of murine The human melanoma cell line WM115 has been
fibroblastic L cells transfected with the described(22). All murine tumor cell lines were
human GA733 complementary DNA cultured in Iscove’s modified Dulbecco’s medium
(cDNA), this protein was shown to medi_(IMDM), and human CRC and melanoma cell lines
ate homophilic cell-cell adhesion through
a calcium-independent mechanigio). s ,
However. the functional consequences Affiliations of authors: S. Basak, D. Speicher,

v . q . QR/ Wunner, G. Maul, D. Herlyn, The Wistar Insti-
GA733 antigen-mediated adhesion ORyte, Philadelphia, PA; S. Eck, The University of
growth rate and invasion have not beeennsylvania, Philadelphia; M. S. Simmons, Divi-
investigated. A better understanding ofion of Pulmonary and Critical Care Medicine, Uni-
GA733 antigen function(s) may have im-Versity of California, Los Angeles.

ortant implications for immunologic tar Correspondence toDorothee Herlyn, D.V.M.,
p implications I u gl " The Wistar Institute, 3601 Spruce St., Philadelphia,

geting of the GA733 antigen in cancefpa 19104. E-mail: DHERLYN@uwista.wistar.
patients. upenn.edu
In this study, the role of the GA733 See“Notes” following “References.”
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were cultured in Leibovitz's L-15 medium (Life 60, 90, 180, and 360 cells/éin 10-cn¥ tissue cul- coated membrane (minus the number of cells on the
Technologies Inc.); both media were supplementetlre plates precoated with 1% gelatin. Eight daysower surface of the uncoated membrane) relative to
with fetal calf serum at 10% and 2%, respectively.later, the cells were fixed with 10% formaldehyde inthe total number of cells added per well, multiplied
) saline, stained with eosin solution, and counted bypy 100.
Mice use of phase-contrast microscopy (100x magnifica-
) ) tion); the population doubling (PD) time (hours) wasExperimentaI Metastases
Six- to 8-week-old female BALB/c mice (Charles ¢g\cylated by use of the following formula: PD time

River Laboratories, Wilmington, MA) and nude (hours) = hours of incubation/log(mean number
mice (nu/nu, BALB/c background; Taconic, Merm- ¢ cq|is per colony).

ontown, NY) were used in metastases experiments.
The studies in mice were performed in accordanc@dhesion Assay
with institutional guidelines.

The metastatic potential of different cell lines to
the liver in BALB/c and nude (nu/nu, BALB/c back-
ground) mice was determined by use of an intra-
splenic injection assag?28,29).In brief, mice were
) ) anesthetized with ketamine (60—-70 mg/kg body
Tumor cell lines at a densltyfd. x 10° cells/100 Welght) and Xylazine (5_7 mg/kg) given intraperito—

pL in serum-free medium were allowed to adherg,qq)y “Spleens were exposed through a short inci-

Recombinant GA733-2E protein extracellular do-fOr 20-25 minutes at 37°C to different concentrajon ‘anj 3 x 1¢° tumor cells suspended in 190

. . “tions of antigens (0.5—-8.g/10 p.L) coated onto ni- ; o ;
main and recombinant mEGP extracellular domalrt‘rocellulose-g reco(ated %gtri d?s&éﬁ?) Plates were of saline were injected into the lower pole. Th_e
were produced by baculoviru@3,24). Full-length p : spleen was then returned to the abdominal cavity,

recombinant GA733.2F protein was produced i’;:laShed gently with phosphate-buffered saline, angnq the wound was closed by sutures. Metastatic

baculovirus essentially as described for GA733-2 he ttotal numgetr of a_dhgren_tthcetl:]s per fieldf (inhtrip—potemia| was evaluated 27-30 days after cell injec-
24 hat a full-length GA733-2 cDNA icate) was determined wi '€ US€ Of phasejon py counting the number of surface nodules pres-
(24), except that a full-length GA733-2 ¢ Was ontrast microscopy (100x magnification). ; .

used(25). Recombinant GA733-2E and GA733-2F ent on the liver of each animal.

proteins were purified from either recombinant olonv Formation Assa o )
baculovirus-infected insect cell supernatants or cel? y y Statistical Analysis

extracts, respectively, by immunoaffinity column 1,4 el fines were seeded at densities of 600—

chromatography with the use of coupled MAb3600 cells/10 crhonto plates precoated with 1% Experimental and control values obtained in
GA733 (23). Recombinant mEGP was purified by gelatin. Eight days later, cells were fixed with 109,9rowth rate determinationsé¢e*“Results” section)
high-performance liquid chromatograp4). formaldehyde in phosphate-buffered saline an@nd adherence assays (Fig. 1) were compared by

stained with eosin solution, and the total number oftudent'st test. Statistical significance was deter-

colonies per plate was counted. Only colonies offinéd for each experiment. Analysis of variance
four or more cells were included was performed for the results presented in Figs. 2—4,

antibodies directed against baculovirus-derived ex- Of (e determination of colony size, single-ceflfcllowed by post-hoc multiple pairwise comparisons
tracellular domain proteins were prepared by immuSUSPensions of different wmor cell lines (1 x“10 performed by Tukey's metfiod. All tests were two-
nizina New Zealand rabbits with 52a of cells per 3.5-crh well of six-well plate; Becton t@iléd and considered significant f&x.05. All ob-

g New Zealand rabbits with 52g of recom- servations had normal distribution where testable.

. B ; , : ) ickinson Labware, Franklin Lakes, NJ) were > e
binant antigen in Freund's complete adjuvant (first> fetal cal)f serunfNormal distribution could not be tested for groups of

injection) and 16.g of antigen in incomplete adju-é%rc:\xlg;\: %sf’fzsg;rgc;r&a:g;? 1%:@ cells were in replicates with two or more identical values (Fig. 1).
vant (second and third injections). Antibodies wer o -

isolated from immune rabbit sera on Sepharose cof:-Ubated for 14 days at 37°C in an atmosphere O_f SOS/IOQ It
umns coupled with recombinant extracellularCQz The percentage of colonies of various size esults

. - 10-25, 26-40, 41-55, and 56—70n) was deter-
GA733-2E or mEGP, and their specificity was de-( ) ) ] .
termined as previously describ@dg.The c);re and Mined for each cell line by counting 100 coloniesmEGP and CO17-1A/GA733 as

use of rabbits to prepare antisera for this study fol’€’ Plate by use of a phase-contrast microscopriomophilic Adhesion Proteins
lowed institutional guidelines. Normal rabbit immu- (100= magnification).
noglobulin (lg) (Organon Teknika Co., Durham,C . . The pcDNA3-mEGP-transfected mu-
, ell Invasion Through Matrigel ) . i
NC) was used as a negative control. rine colon carcinoma cell line CT-26-
Immunofluorescence Microscopy Invasion chambers (24-well Biocoat cell culturemEGP specifically expressed mEGP. Im-
insert; 8um pore size; Becton Dickinson Labware) munofluorescence microscopy showed

Cells were grown on glass coverslips placed ifvere coated with 25ug of Matrigel and dried26). - that the antigen was evenly distributed

24-well tissue culture dishes (Corning Costar Corp.Before use, the Matrigel-coated membrane was re- ; ; ; N
Cambridge, MA). The cells were fixed with 1% hydrated with 0.5 mL of warm Dulbecco’s modified over the entire cell surface, mCIUdmg cell

paraformaldehyde (Sigma Chemical Co., St. LouisEagle medium (DMEM) (Life Technologies, Inc.) cell contact sites (data not shown). The
MO) for 15 minutes, washed with phosphate-containing 0.1% BSA for 2 hours. For generation oflvector-only transfected cells, CT-26-
buffered saline, and incubated first with 1:200 di-conditioned medium, confluent 3T3 cells were in-npcDNA3, and CT-26-GA733 cells grew
luted rabbit anti-mEGP serum and then with biotin-Cubated for 20-24 hours in the presence of serumyg mgnolayers, whereas the mEGP-
ylated goat antibody directed against rabbit IgG (24ree DMEM. The conditioned medium was re'Iproducing cells formed multilayer aggre-

pg/mL; Cappel, West Chester, PA), followed bymoved, and 0.5 mL of medium was added pe
staining with ExtraAvidin—fluorescein isothiocya- invasion chamber as a source of chemoattractarates (data not shown). CT-26-mEGP

nate conjugate (1@g/mL; Sigma Chemical Co.). The CT-26, CT-26-mEGP, and CT-26-GA733 cellscells, but not CT-26 cells, significantly
All antibodies were diluted in 1% bovine serum al-were diluted to a densityf® x 10°/mL with 0.1%  and specifically adhered to 0.5+8y of
bumin (BSA)-phosphate-buffered saline. TheBSA-DMEM, and 250ul. from each cell suspen- yocompinant mEGP extracellular domain
preparations were analyzed with a TCS 4D confoca$ion was added to the chamber. The chambers we ig. 1, A and B). Like the parental CT-26

microscope (Leica Inc., Heidelberg, Germany) withincubated for 18-20 hours at 37 °C in an atmospher i .
the use of an excitation wavelength of 488 nm aff 5% CO. At the end of the incubation period, the cells, CT-26-pcDNAS3 cells did not sig-

100% magnification. cells on the upper surface of the membrane weraificantly adhere to recombinant mEGP

removed with a cotton swab and washed with(data not shown). Adherence of CT-26-
Growth Assay DMEM. The cells on the lower surface were dried,mEGp cells was almost completely

fixed in methanol, stained with Giemsa, and counte . . .
) ) 0
All growth assays were performed with CT-26 under the microscope (100x magnification). The%kaed (>95%) by preincubation with 5

cells adapted to continuous growth in 10% fetal calpercentage of invasion was determined as the nunit@/mML anti-mEGP rab_bit antibodies, but
serum(26). In brief, cells were seeded at densities ofber of cells on the lower surface of the Matrigel-not by normal rabbit 1gG (data not

Antigens

Antibodies

Rabbit anti-GA733-2E protein and anti-mEGP
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Fig. 1. Homophilic adhesion of murine epithelial glycoprotein (MEGP) andstippled bars), and SW1116 cells (open bars) were allowed to adhere to differen
GA733 antigenA) CT-26-mEGP (solid bars) and CT-26 control (hatched bargoncentrations (0.5-19/10 L) of GA733-2F. Values with identical letters are
cells were allowed to adhere for 20—25 minutes at 37 °C to different concentsignificantly different from each other as determined by Studenést d, P =

tions (0.5-8.9/10 L) of MEGP coated on nitrocellulose-precoated Petri dishe29;e andf, P = .001;g, P = .045;h, P = .042).D) Absence of adhesion of
Values labeled with identical letters are significantly different from each other @&5-26-GA733 cells to GA733-2EE) Absence of adhesion of CT-26-GA733
determined by Studentistest @ andb, P = .0001;c, P = .032).B) Absence cells to BSA. The total number of adherent cells per field (triplicates) was
of adhesion of CT-26-mEGP cells to bovine serum albumin (BEA)CT-26 determined under a microscope. Bars indicate the standard error of triplicate
control cells (hatched bars), CT-26-GA733 cells (solid bars), WM115 celtieterminations.

shown). CT-26-GA733 cells significantly Expression of mEGP and GA733 hours and 15.16 + 0.46 hours, respec-
and specifically adhered to 0.6+lg of Antigens and Inhibition of CT-26 Cell tively).

the full-length GA733-2F protein, but not Growth on Plastic Surfaces and in The CT-26-mEGP cells showed a
to 0.5-1 g of recombinant GA733-2E Soft Agar moderate, but significant, decrease in
extracellular domain (Fig. 1, C-E). Be- colony-forming ability in soft agar com-

cause mEGP appeared to show a prozone The population doubling (PD) time pared with the colony-forming ability of
effect (i.e., inhibition of molecule interac- (see “Materials and Methods” section) either CT-26 or CT-26-pcDNA3 cells at
tions at concentrations >jig MEGP) for CT-26-mEGP cells was significantly densities of 180 or 360 cells per érfon
(Fig. 1, A), we did not test adherence of P = .01) higher than that for CT-26- 10-cn? plates), although CT-26-pcDNA3
CT-26-GA733 cells to greater thanilg pcDNAS3 cells (PD time= 20.58 £ 0.71 cells were also inhibited at densities of
of GA733-2E. Similarly, the GA733 an- hours versus 15.65 + 0.34 hours [means 480 cells per cribut not at densities of
tigen-positive human colon cancer cellstandard error of four different experi-360 cells per cra(Fig. 2, A). In contrast,
SW1116 significantly and specifically ad-ments], respectively). In contrast, the POCT-26-GA733 cells were able to form
hered to 0.8 and g of GA733-2F pro- time for CT-26-GA733 cells was not sig- colonies similar P>.05) to CT-26 or CT-
tein, but not to 0.5-Jug of GA733-2E nificantly (P = .22) different from that 26-ASEN cells (range of number [mean +
protein (Fig. 1, C—E). for CT-26-ASEN cells (16.05 + 0.13 standard error] of colonies per plate at
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Fig. 2. Inhibition of 1000+
colony-forming ability of
CT-26 cells after transfec-
tion with murine epithelial
glycoprotein (MEGP)
complementary DNA. CT-
26 cells (hatched bars),
CT-26-pcDNA3 cells
(open bars), and CT-26-
mEGP cells (solid bars)

Number of colonies per plate

(see*Materials and Meth- 6 9 18
ods” section).A) Total
number of colonies per 10-

cn? plate was determined 1001 ) o
after day 8.B) Percentage B. Colony size distribution
of colonies formed was de- ab

termined after 14 days in
culture. Bars indicate the
standard error of triplicate
determinations. Values
with identical letters differ
significantly (P<.05) from
each other as determined
by analysis of variance and
Tukey’s multiple pairwise

Percent of colonies

Number of cells seeded per plate (x102)

10-25 26-40 41-55

Colony size (um)

h
1
. h,i
eg
ab
500+ c f.g
a d
250 b
were seeded in soft agar 0
36
[
: d
60+
404
204 a J
Za B/
comparisons tests. 0

56-70

densities of 60-360 cells per énCT-26-

compared with pcDNA3 vector-only

ments were repeated with similar results
(data not shown).

CT-26 Cell Expression of mEGP and
Inhibition of Metastasis in BALB/c
and Nude Mice

The capacity of CT-26-mEGP cells to
metastasize from the spleen to the liver of
immunocompetent BALB/c mice was sig-
nificantly reduced compared with that of
either CT-26 or CT-26-pcDNA3 cells
(Fig. 4, A). Identical results were obtained
in immunodeficient nude mice (nu/nu,
BALB/c background; Fig. 4, B), which
suggests that the effect of mMEGP on me-
tastasis by CT-26 cells is independent of
immune effector mechanisms that may be
induced against the ectopic protein. Ex-
periments concerning metastasis of hu-
man GA733 antigen-producing cells in
mice were not conducted because the tu-
mor and normal tissue antigens were mis-
matched. In light of the possible interac-
tions of homophilic adhesion molecules
on tumor and normal tissues during the
metastatic process, it was important that
both proteins were identical in the vivo
experiments.

Discussion

We have demonstrated here that

GA733, 217 + 17 to 617 + 20; CT-26- transfected control cells (Fig. 3). Com-mEGP is a homophilic adhesion protein, in
ASEN, 133 * 30 to 619 + 16), in agree-pared with CT-26 parental cells, CT-26-agreement with the adhesion function re-
ment with a previous study performedGA733 cells also showed significantly re-ported previously for the human homo-
with L cells transfected with GA733-2 duced invasion through the membranelogue, the gastrointestinal carcinoma-

cDNA (19).

this difference was less pronounced wheassociated antigen GA73@L9). The

Compared with CT-26 or CT-26- compared with vector-only transfecteddemonstration of similar functions of the
pcDNA3 control cells, CT-26-mEGP CT-26-ASEN cells (Fig. 3). Both experi- two proteins is not surprising because

cells formed significantly higher numbers

of smaller, tightly bound colonies andFig. 3. Inhibition of CT-26
lower numbers of larger, loosely boundeey invasion through recon-
colonies (Fig. 2, B). Similar results werestructed Matrigel-coated
obtained with CT-26-GA733 cells (databasement membrane after

not shown), in agreement with the prevyi-ransfection with murine epi-
ly reported observations in mouse thelial glycoprotein (MEGP)
ously rep br GA733 complementary

cells transfected with this cDNAL9). DNAs. Transfected or un-
transfected CT-26 cells (5 x
10% were added to prepared
chambersgee‘Materials and
Methods” section). Percent
invasion of cells through Ma-
trigel-coated membrane re-
construct was determined as
the number of cells on the
CT-26-mEGP cells were significantly lower surface of the Matrigel-
less invasive through Matrigel-coatedcoated membrane (minus the

basement membraria vitro than either number of cells on the lower
surface of the uncoated mem-

Expression of mEGP and GA733
Protein and Inhibition or Invasion of
CT-26 Cells Through a Reconstructed
Basement Membrane

Cell lines

CT-26 ab,c
CT-26-pcDNA def
CT-26-mEGP

CT-26-ASEN

CT-26-GA733

0 10 20 30

Percent invasion

CT-26 or CT-2§-pF:PNA3 _Ce”S (Flg] 3). brane) relative to the total number of cells added to each well, multiplied by 100. Bars indicate the standa
There. was no S'gmﬁcant difference in thegrror of triplicate determinations. Values with identical letters differ significar.Q5) from each other as
invasive capacity of parental CT-26 cellsdetermined by analysis of variance and Tukey’s multiple pairwise comparisons tests.
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Fig. 4. Inhibition of spontaneous metas- 807

tases by murine epithelial glycoprotein
(mMEGP) complementary DNA-
transfected CT-26 cells in immunocom- 201

A. Immunocompetent (BALB/c)

CT26
p [ CT26-pcDNA3
T M CT26-mEGP

A similar mechanism was proposed to ex-
plain decreased metastases in nude mice
by human breast carcinoma cells overpro-
ducing the homophilic adhesion molecule
E-cadherin31). In that study, E-cadherin

fPeFe”ttBA"g/C mice(A) a”/d 'm”é“:fg?' - expression exclusively reduced the meta-
Iclent nude mice (nu nu, Cc ‘12) . . I f h ” b h d f-
background)(B). CT-26 cells (hatched Z 101 static potential of the cells but had no e
bars), CT-26-pcDNA3 vector-only con- E ab fect on cell growth and tumorigenicity.
trol cells (open bars), and CT-26-mEGP .§ i However, other investigato82—34)re-
Ce:'s (So'f'd bafs) were '”JfECteOI into the) ¢ ported a decrease in anchorage-indepen-
Z?oi?qn;x f’gtgé gf‘;]éj:;) Zfdenzzre $ % dent growth and tumorigenicity by human
> 7 B. Immunodeficient (BALB/c, nu/n i i -
mice (six mice per group, focells per | @ unodeficient ( u/nu) tur(r;l?r cells after transfection with E
mouse). Nude BALB/c and BALB/c o cadherin cDNA.
mice were killed on days 30 and 27, re- _‘é’ 204 J In addition to E-cadherin, other adhe-
spectively, and the number of tumornod-| 3 T sion molecules, such as the cell adhesion

ules per liver was determined. Bars indi-
cate the standard error of means of each
group of mice. Values with identical let- 101
ters differ significantly P<.05) from

each other as determined by analysis 0
variance and Tukey's multiple pairwise 0
comparisons tests.

molecule C-CAM1(35), a,B, integrin
(36), and CD44H(37), have been shown
to decrease tumorigenicity of tumor cells
after cDNA transfection. Furthermore, the
level of expression of all three proteins in
human tumorsin situ, directly correlated
with a differentiated phenotype exhibited
by the cells. Conversely, poorly differen-
tiated cells showed low or no expression
they show 82% amino acid sequencelue to differences in the amino acid seef C-CAM1, a,B, integrin, and CD44H
identity (20) and similar tissue distribu- quences of the two proteins, differences iproteins.
tion in mice and human$24). The hu- antigen density between CT-26-mEGP mEGP has the unique property of de-
man GA733 antigen is expressed on norand CT-26-GA733 cells, or differences increasing not only colon carcinoma growth
mal tissue of the gastrointestinal tractthe environmental conditions to which thein vitro but also the metastatic capability
lung, kidney, and breast. In addition,proteins were exposed. Thus, it is possiblef the cellsin vivo. Because mEGP inhib-
MEGP is expressed on spleen tis§u@— that the human antigen needs to be prats metastasis in immunocompetent mice
10,20,24).However, there were differ- duced by human cells to have full func-(Fig. 4), it is plausible that the GA733
ences in the homophilic adhesion propertional activity. To address this issueantigen inhibits metastasis of human co-
ties of the two proteins. The CT-26would require producing the GA733 anti-lon carcinoma cellsn vivo (possibly in
mMEGP-transfected colon carcinoma cellgen in a suitable GA733 antigen-negativeoncert with other adhesion molecules).
bound strongly to the extracellular do-human cell line. Currently, no GA773 an-However, unlike E-cadherin, C-CAM1,
main of a recombinant MEGP, whereasigen-negative human colon carcinomax,3, integrin, and CD44H, which dem-
the same cells producing the human antiell lines exist(30). onstrate decreased expression with in-
gen bound the full-length recombinant We showed that mEGP expression bgreasing stage of tumor progressi@i—
human protein (GA733-2F), but not thetransfected CT-26 colon carcinoma cell87),the human GA733 antigen is equally
extracellular domain (GA733-2E). Fur-significantly inhibited metastasis of thewell expressed on both primary and meta-
thermore, the human and murine proteinsells from the spleen to the liver (Fig. 4).static CRC cells$n vivo (7). Thus, the role
differed in their effects on cell growth. The decrease in cell metastasis may bea GA733 antigen as an inhibitor of tumor
CT-26-mEGP cells formed multilayer ag-reflection of decreased cell growth at thecell invasion and metastasis in humans is
gregates, whereas parental CT-26 cellgrimary site, as suggested by the inhibiunclear.
and CT-26-GA733 cells grew exclusivelytory effect of mEGP on CT-26 cell Currently, we can only speculate on
as monolayers. Similarly, CT-26-mEGPgrowth in vitro. However, we cannot ex- the possible consequences of immuno-
transfectants, but not CT-26-GA733clude the possibility that mMEGP expresiogic targeting of the GA733 or mEGP
transfectants, were less able to form colosion affected steps of the metastatic praantigensn vivo. Antibody blockade of ei-
nies in soft agar than either parental CTeess after extravasation or detachment dfier antigen may actually disperse tumor
26 cells or vector-only transfected CT-26tumor cells from the spleen, followed bycell clumps, resulting in increased metas-
cells. However, both proteins signifi-cell migration to the liver through the tases. For example, treatment of noninva-
cantly decreased invasion of CT-26 cellperitoneal cavity. Thus, the clumping orsive canine kidney cellsn vitro with
through Matrigel-coated membranes.  clustering of CT-26-mEGP cells, whichMAb directed against E-cadherin ren-
The observed differences in the adhewe observedn vitro, may inhibit cancer dered GA733-producing cells invasive
sion properties and anchorage-dependeagll dispersion and limit their migration (34). However, this outcome seems un-
and anchorage-independent growth of theapacity through the circulation orlikely for the GA733 antigen because
murine colon carcinoma cells transfectedhrough the peritoneal cavity and reducéMAb CO17-1A was reported to signifi-
with mEGP or GA733-2 cDNAs may be cell passage through liver capillary bedscantly enhance survival of CRC patients

c,d
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in a phase Il randomized control study carcinoma in patients treated with monoclonal antigen is a homophilic cell-cell adhesion mol-
(11). Furthermore, a recombinant adeno- antibotcri]iesl(g/lsgbzl;]-ls,:).6C2ancer Immunol Im- 0 (écule. J C|e||:!|_Bi?/|‘ lt99£|1<;1t2,5‘:4?é;7_1£—1'6.b|' R

. . . . munother ;27:154-62. ergsagel PL, Victor-Kobrin C, Timblin ,
Vl.r.us expressing the GA,733 ant,lgen SIg- (7) Shetye J, Christensson B, Rubio C, Rodensjo Tregel Jg Kuehl WM. A murine cDNA encodes
nn‘lcantly enhanced survival of mice bear- M, Biberfeld P, Mellstedt H. The tumor- a pan-epithelial glycoprotein that is also ex-
ing established CT-26-GA733 tumors in  associated antigens BR55-2, GA73-3 and  pressed on plasma cells. J Immunol 1992;148:
the presence of GA733 antigen-specific  GICA 19-9 in normal and corresponding 590-6.

antibodies(lS). neoplastic human tissues, especially gastroin21) Maruyama H, Benden A, Li W, Zaloudik J,
The effects of the GA733 antigen on testinal tissues. Anticancer Res 1989;9: Kgldo T Ta.upln JL, eF al. Monpglonal anti-
i . 395-404. idiotypic antibody functionally mimics the hu-

growth and invasion of the transfected tu'(8) Sears HF, Herlyn D, Herlyn M, Grotzinger PJ, man gastrointestinal carcinoma epitope

mor cellsin vitro are surprising in light of Steplewski Z, Gerhard W, et dEx vivoperfu- GA733. Int J Cancer 1996;65:547-53.
the beneficial effects of MAbs to the an-  sion of a tumor-containing colon with mono- (22) Herlyn M, Balaban G, Bennicelli J, Guerry D
tigen in experimental animals and pa- clonal antibody. J Surg Res 1981;31: 4th, Halaban R, Herlyn D, et al. Primary mela-

tients. These effects are most likely due to 145-50. _ no_n?a cells of the v_ertical growth phase: simi-
. . - (9) Sears HF, Herlyn D, Herlyn M, Steplewski Z, larities to metastatic cells. J Natl Cancer Inst
th_e hlgh expression of ,the antigen on both Grotzinger P, Koprowski HEx vivoperfusion 1985;74:283-9.
primary and metastatic tumor cel(§). of human colon with monoclonal anticolorectal (23) Strassburg CP, Kasai Y, Seng BA, Miniou P,
Thus, it is possible that the antigen can  cancer antibodies. Cancer 1982;49:1231-5. Zaloudik J, Herlyn D, et al. Baculovirus re-
serve as an excellent target for active im¢10) Mach JP, Chatal JF, Lumbroso JD, Buchegger ~ combinant expressing a secreted form of a
munotherapy and still inhibit tumor inva- F, Forni M, Ritschard C, et al. Tumor localiza- transmembrane carcinoma-associated antigen.
sion in patients. tion in patients by radiolabeled monoclonal an- Cancer Res 1992;52:815-21.
o Its d trate the i : tibodies against colon carcinoma. Cancer Re§24) Zaloudik J, Basak S, Nesbit M, Speicher DW,
ur r_esu S_ emons rate € impor 1983;43:5593-600. Wunner WH, Miller E, et al. Expression of an
tance of including murine homologues Of(11) Riethmuller G, Schneider-Gadicke E, Schli- antigen homologous to the human CO17-1A/

human tumor-associated antigens in func-  mok G, Schmiegel W, Raab R, Hoffken K, et GAT733 colon cancer antigen in animal tissues.
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hashi K. Restoration of CD44H expression in(UDH), atypical ductal hyperplasia
colon carcinomas reduces tumorigenicity. Ann(ADH), and ductal carcinoma in situ
Surg 1995;222:493-501. (DCIS) are risk factors for invasive
breast cancer (IBC), suggesting that
these lesions may be direct precursors
of IBC. To identify genetic changes that
Supported by Public Health Service grantsmay be important in the early develop-
CA60595, CA66671, and CA10815 from the Na-ment of precursor lesions and their
tional Cancer Institute, National Institute; of Health,pmgression to malignant or invasive
Department of Hea_llth and Human Serwc_es. _disease, we examined 399 putative pre-
We thank Dawei Zhu for expert technical assis- !
tance. cursors (211 UDH, 51 ADH, 81 non-
Manuscript received July 11, 1997; revised Febcomedo DCIS, and 56 comedo DCIS)
ruary 20, 1998; accepted March 4, 1998. for loss of heterozygosity (LOH) at 15
polymorphic genetic loci known to ex-
hibit high rates of loss in IBC. We also
assessed the sharing of LOH by puta-
tive precursors and synchronous can-
cers. Methods: The polymerase chain
reaction was used to analyze DNA from
microdissected archival specimensRe-
sults and Conclusionsin hyperplasias
from noncancerous breasts (i.e., with-
out DCIS and/or IBC in analyses of hy-
perplasias), LOH at any given locus
was rare (range, 0%-15%), although
37% of UDH and 42% of ADH lesions
showed loss for at least one locus, sug-
gesting that the development of hyper-
plasias can involve many different tu-
mor suppressor genes. In DCIS from
noncancerous breasts (i.e., without IBC
in analyses of DCIS), LOH was com-
mon, with 70% of noncomedo lesions
and 79% of comedo lesions showing at
least one loss. In DCIS, substantial
rates of loss (up to 37%) were observed
at loci on chromosomes 16q, 17p, and
17q, suggesting that inactivated tumor

Notes

suppressor genes in these regions may |

be important in the development of

noninvasive breast cancer. When DCIS
lesions from cancerous and noncancer-
ous breasts were compared, substan-
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tially more LOH was observed in the
cancerous breasts at a few loci (on
chromosomes 2p, 11p, and 17q), sug-
gesting that genetic alterations in these
regions may be important in the pro-
gression to invasive disease. Among
specimens harvested from cancerous
breasts, 37% of UDH, 45% of ADH,
77% of noncomedo DCIS, and 80% of
comedo DCIS lesions shared LOH with
synchronous cancers at one locus or
more, supporting the idea that the pu-
tative precursors and the cancers are
genetically related. [J Natl Cancer Inst
1998;90:697-703]

Breast cancer is the most common and
second most lethal cancer in women in
Western cultures. In the United States
alone in 1997, there were an estimated
180200 new cases and 43900 deaths
from breast cancefl). Because this dis-
ease is so common and so difficult to treat
once it has developed, there is growing
interest in studying precursor lesions of
invasive breast cancer (IBC), which may
be preventable or easier to control.

Epidemiologic studies have identified
several putative precursors, including
usual ductal hyperplasia (UDH), atypical
ductal hyperplasia (ADH), and ductal car-
cinomain situ (DCIS). Although DCIS
lesions have some malignant properties
(e.g., loss of growth control), they lack
the ability to invade and metastasize and,
in this sense, are premalignant or precur-
sor lesions. Women whose biopsy speci-
mens in the past contained UDH, ADH,
or DCIS showed approximately twofold,
fourfold, and 10-fold increased relative
risks, respectively, of eventually develop-
ing IBC (2—7).Understanding the biology
of precursors may provide insights into
preventing their development or progres-
sion. Unfortunately, very little is known
about their biologic characteristics, par-
ticularly at the genetic level.
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We were the first to report loss of het-
erozygosity (LOH) in hyperplastic breast
disease(8), suggesting that “hyperpla-
sias” are really benign neoplasms whos
development involves the inactivation of
tumor suppressor genes. In the same pilpt
study, we also observed LOH in a large
proportion of DCIS lesions, consistent
with one earlier report of LOH in nonin-
vasive breast cancg®). The majority of
hyperplasias and DCIS lesions in our pilo
study shared their LOH phenotypes with
malignant/invasive disease in the samg
breasts, providing novel biologic evi-
dence that they are genetically and pe
haps evolutionarily related.

This study is a more comprehensivg
follow-up analysis of LOH at 15 genetic

loci in 399 putative precursor Iesions.F_ LR ative photomni hs of the putati lesi luated in this siudy. inclui
The SpeCiﬁC |0Ci evaluated a“ Showed 1g. 1. Representative photomicrograpns o € putalive precursor lesions evaluated In this stuay, Includil

. ; . . florid usual ductal hyperplasig), atypical ductal hyperplasi@), noncomedo ductal carcinonmasitu (C),
high rates of_Io_ss In previous studies 0bng comedo ductal carcinoniasitu (D). Hematoxylin—eosin, original magnification x200.
IBC. The majority of lesions were from

noncancerous breasts, allowing us to look _ . :
. . . .= 14) lesions were taken from cancerous breastenown—from our own studie$8) or from the lit-
for alterations that might be important in

) with synchronous IBC. In total, 399 putative precur-erature—to have high rates of loss (i.e., >25%)
early lesion development. We also evalusoy lesions were evaluated. We were unable to obin fully developed IBC. The antisense primers used
ated a smaller number of putative precurtain sufficient quantities of two other putative pre-for each locus were 'send labeled in a standard
sors from cancerous breasts, to begin teprsors (atypical lobular hyperplasia and lobulapolynucleotide kinase reaction with 3000 Ci/mmol
identify changes that might be importamcarcinomein situ), and they were excluded from the [y-32P]ad_enosine triphosphatey(EZP]ATP) and a

. . . . analysis. molar ratio of fy-32P]ATP to primer of 18: 1. Locus-

'r.] the_progressmn to mahgnant or inva- This study, which involved the use of archival specific polymerase chain reaction (PCR) assays
sive disease and to assess further the g@sue from human subjects, was approved by theere performed in a total volume of 38 contain-
netic relatedness of precursor and malignstitutional Review Board at the University of ing 1.5 mM MgCl,, 1 mM spermidine base, 0.75 U
nant lesions by determining how oftenTexas Health Science Center at San Antonio. Taq DNA polymerase, 10uM each of the four

117

thev shared LOH phenotypes. . standard nucleoside triphosphates, 1080 each
y . P yp Sample Preparation primer, and SuL tissue lysate (diluted 1: 15 in lysis
Materials and Methods Alternating 3sm and 10um histologic sections buffer without proteinase K). Thirty PCR cycles

. were cut from selected formalin-fixed, paraffin- (template denaturation at 94 °C for 30 seconds,
Tissue Samples embedded tissue blocks and were float-mountegrimer annealing at 55 °C for 1 minute, and primer
Histologic slides from routine, archival (formalin- onto glass slides. Areas of interest on the hematoxyextension at 72 °C for 1 minute) were carried out in
fixed and paraffin-embedded), clinical cases werdin—eosin-stained 3xm slides were outlined with a a 96-well thermocycler (Techne PHC3; Techne,
screened microscopically for adequate amounts délt-tip pen and used as a template to guide the ininc., Princeton, NJ). The amplified DNA was diluted
normal (control) tissue, putative precursor lesionsgependent microdissection of corresponding regiont: 1 with stop solution (97% formamide, 1% EDTA,
and IBC. In approximately 75% of cases, normalon the unstained 1Q:m slides. Microdissection was 0.1% bromphenol blue, and 0.1% xylene cyanol)
tissue consisted of benign breast tissue (terminaperformed manually with a single-edge razor bladend denatured at 85 °C for 2 minutes. Three micro-
duct lobular units [TDLUSs], large ducts, and stroma)on a light box viewed under a dissecting microscopditers of denatured DNA from each sample was
within the same specimens. Skin or lymph nodesnd was precise enough to ensure that 75% or moleaded onto 7% polyacrylamide gels (ratio of acryl-
from the same specimens were used as normal coof the cellularity of each sample was derived fromamide to bisacrylamide= 19:1) containing 32%
trols in the remaining cases. On the basis of datthe targeted tissue. Cellular enrichment was abodormamide and 34% urea and was fractionated over
suggesting that closely adjacent breast cancer arg®% in the majority of samples. a period of 2.5 hours at 60 W. The gels were then
morphologically normal TDLUs may occasionally DNA was liberated from the samples by a modi-transferred onto Whatman 3MM paper (WR Bals-
share LOH for certain locf10), we may be slightly fication of the method of Wright and Mand41). ton, Ltd., Maidstone, U.K.), covered with plastic
underestimating rates of LOH for some markers irBriefly, paraffin and lipids were first extracted by wrap, equilibrated in a 20% methanol-20% acetic
cases where adjacent TDLUs were the only sourcadding 0.4 mL of octane to 1.5-mL microcentrifugeacid solution, and dried at 80 °C. Dried gels were
of normal tissue available. The precursor lesions weubes containing the samples. The residual cell maxposed to Fuji x-ray film (Fuji Photo Film Co.,
evaluated included florid examples of UDH, ADH, terial was then incubated for 3 hours at room temktd., Tokyo, Japan) with an intensifying screen at
noncomedo DCIS (ncDCIS), and comedo DClSperature with 5QuL of a solution containing 0.0M  —80 °C (usually 16 hours).
(cDCIS) (Fig. 1). The majority of UDH (n= 163) Tris—HCI (pH 8.5), 0.00IM EDTA, 0.045% Noni- Genetically informative samples showed two dis-
and ADH (n = 26) lesions were harvested from det P-40, 0.045% Tween-20, and 1.0 mg/mL protinguishable allelesseeexample in Fig. 2). On av-
noncancerous breasts (i.e., without DCIS or IBC)teinase K (i.e., lysis buffer). The mixture was heatedtrage, about 90% of samples were informative for
The majority of ncDCIS (n= 67) and cDCIS (n=  to 95°C for 15 minutes to inactivate the proteaseeach locus. Only 5%—-10% of cases for each locus
42) lesions were harvested from breasts withouand was stored at —80 °C until use. showed evidence of microsatellite instability, and
IBC. A smaller number of UDH (n= 48) and ADH Analvsis of LOH such cases were omitted from further analysis. The
(n = 25) lesions were isolated from cancerous nalysis o intensity ratio of the two allelic bands of DNA from
breasts containing either DCIS or IBC. Similarly, a Samples were independently evaluated for LOHormal tissue relative to DNA from lesions in the
limited number of ncDCIS (n= 14) and cDCIS (n at each of 15 highly polymorphic microsatellite loci same case was obtained from digitized data col-
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and ADH (range, 0%—-15%; & 26) from cerous breasts shared their LOH pheno-
- noncancerous breasts. In contrast, sulbypes with synchronous cancer. Again,

; 2 stantial rates of loss were observed atancerous breasts were defined as those
- three loci in ncDCIS from noncancerouscontaining synchronous DCIS and/or IBC
breasts (n= 67), including D16S265 in analyses involving hyperplastic breast
(35%), D17S960 (31%), and NF1 (27%)disease, while they were defined as
‘“1'“” c¢DCIS from noncancerous breasts fn breasts containing IBC in analyses of
42) showed relatively high rates of loss aDCIS.

four loci, including D11S1328 (39%), Although LOH was uncommon at in-

Normal
cDCIS

- D16S265 (30%), D17S960 (37%), anddividual loci in UDH from noncancerous
allele 2 D17S787 (22%). breasts, 37% of these lesions £ 163)
. [ _ showed loss for at least one locus (range,
] LOH in Precursors From Cancerous  1_4). Similarly, while LOH was relatively
Breasts rare at individual loci in ADH from non-

Fig. 2. Representative example of loss of heterozy- We also conducted a preliminary Studycancerous breasts, 42% of these lesions
gosity, as evaluated in this study, for marker . . n = 26) showed loss for at least one
D165265 on chromosome 16q21. Relative to normd®f LOH in putative precursors from can- Jeus (range, 1-4). At least one LOH
tissue in the same breast, adjacent comedo ductaerous breasts, which were defined a range, 1-6) \,/vas ot;served in 70% of nc-
carcinomain situ (cDCIS) and invasive breast can- pregsts containing synchronous DCI%CI% I'es'ons n— 67). and at least one
cer (IBC) show shared loss of allele 2. and/or IBC in analyses of UDH and ADH I ( - ),

cases showing LOH in the original assay were regaryed at 15 genetic loci in lesions fro
examined twice, and only those showing losses in al
three assays were considered as positive for LOH.&a‘nCerous breasts. =
Only one marker, D11S988, showed
Statistical Methods substantial increases in LOH in UDH
. . 4 (from 12% to 20%) and ADH (from 15%
Morphologically similar precursor lesions from 38% Ith h th . di
noncancerous breasts and cancerous breasts Wéga 0), alt OUQ t else_ .|ncreases !
compared to highlight increases in LOH at specifidl0t reach statistical significance® (=
loci that might be important in the progression to.31 for both comparisons). Notable in-
cancer. The significance of differences in these comereases were observed at the same loc
parisons was assessed by use of Fisher’s exact teﬁ’fncDCIS (from 18% to 75%P = .004)
two-sided). ! '
( ) and cDCIS (from 19% to 43% = .32).

L LOH (range, 1-5) was observed in 79%
and as breasts containing synchronouosf cDCIS lesions (n= 42) from noncan-
lected with a phosphorimager (Molecular Dynamics|BC in analyses of DCIS. The rationa|ecerous breasts
Inc., Sunnyvale, CA) and analyzed with Image-was to identify large increases, relative to The combinéd rates of LOH at one lo-
Seurigii:gf:\;vt?c:eogM?;Zf:rlat‘LaDr? Z?r:;cusélltnocglsA T)(?;the LOH in similar lesions from noncan- cus or more were not significantly higher
tio of normal tiss?Je to tumor) was used to define,Cerous brgasts, that mlght be partI,CU|ar|¥n putative precursors from cancerous
LOH in this study. Our 75% or more level of target MPOrtant in the evolution from benign to reasts compared with noncancerous
cell enrichment is adequate to meet or exceed thignalignant or invasive disease. Table Ereasts including UDH (40% versus
ratio in cases with pervasive LOH. In addition, allalso summarizes the rates of LOH Ob-37%_ p L .87), ADH (44% versus 42%;
Mo~ 1.0), ncDCIS (93% versus 70%
.10), and cDCIS (79% versus 79%;
1.0).
UDH and ADH from cancerous breasts
hared at least one LOH (range, 1-3) with
adjacent cancer in 37% (@ 19) and 45%
(n = 11) of cases with LOH, respec-
tively. Seventy-seven percent of ncDCIS
[&ions with LOH from cancerous breasts
(n = 13) shared at least one loss (range,
1-3) with synchronous IBC. Eighty per-

Results fgﬂt'?nnigg%lzhomﬁﬁj (lj?rr]%e_ll_?acée?fsr Efnmcent of cDCIS lesions with LOH from
LOH in Precursors From 16% t0 36%P — ’_20) and D14S62 (from cancerous breasts ll) shargd at least
Noncancerous Breasts 16% to 36%:P — .21). Several markers one loss (range, 1-5) with adjacent IBC.

. . also showed large increases in cDCIS, in-. .
The primary purpose of this part of theCluoling TPO (from 0% to 40%pP = Discussion

study was to assess putative precursor603) D2S362 (from 9% to 3198 —
from noncancerous breasts to identify ’ > L

. o . .17), D6S417 (from 11% to 29%P =
hlgh rates of !_OH at _specmc qu that.27)’ D11S988 (from 19% to 439 —
might be particularly important in the

early development of these lesions Tablé32)’ and D17S597 (from 7% to 44%,
y P ' = .02). The failure of some of these in-,

1 summarizes the rates of LOH observed o L jes (13-17) suggested that hyperplasias

. - . Creases to reach statistical significance” ‘.~ ) X .

at 15 genetic loci in the lesions from non- . and in situ carcinomas, in particular,

may be partially due to the small numbers . :

cancerous breasts. Noncancerous breas : might be direct precursors of IBC because

) . of cases in some of these subsets. ) . .

were defined as those without synchro- they appeared to lie on a histologic con-

nous DCIS and/or IBC in analyses involv-oyerall Extent and Sharing of LOH tinuum and because they commonly co-

ing UDH and ADH. In analyses of DCIS, existed. Additional indirect evidence
noncancerous breasts were defined as Table 2 summarizes the combined exeame from epidemiologic studie@-

those without synchronous IBC. tent of LOH in putative precursors from6,18—-27)during the past 30 years, show-

LOH was relatively rare at individual noncancerous and cancerous breasts aimg) that women with benign breast dis-

loci in UDH (range, 0%-12%; n= 163) the degree to which precursors from canease had an increased relative risk of

The idea that benign breast disease
may be a precursor of breast cancer was
recognized as far back as the early 19th
century (12). More recent historic stud-
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Table 1. Rates of loss of heterozygosity (LOH) in putative precursor lesions taken from breasts without (=) and with (+) synchronous cancer*

UDH ADH ncDCIS cDCIS
Marker/locus -CA +CAT -CA +CAf -IBC +IBC -IBC +IBC
TPO/2pter 7 (108) 8 (36) 6 (16) 7 (14) 16 (44) 36 (11) 0(27) 40 (10)8
D2S362/2q35 4 (131) 2 (43) 0 (20) 6 (17) 6 (50) 15 (13) 9 (32) 31 (13)
D45192/4G25 1(111) 5 (39) 0 (20) 0(17) 2 (41) 0(12) 7 (29) 9(11)
D6S417/6qter 5(87) 10 (28) 6 (18) 9 (11) 17 (42) 0(6) 11 (27) 29 (7)
D8S264/8p 5 (129) 7(27) 0(21) 5(19) 23 (43) 11 (9) 16 (31) 20 (10)
D9S157/9p 10 (111) 7 (28) 8 (13) 0(12) 10 (39) 13 (8) 11 (28) 0 (5)
D11S988/11p15 12 (115) 20 (20) 15 (20) 38(8) 18(38) 75 (8) 19 (27) 43(7)
D11S1328/11g23 3(104) 3 (40) 0 (16) 10 (19) 21 (39) 18 (11) 39 (28) 14 (7)
D13S137/13q13 8 (125) 3(29) 13 (15) 9 (11) 17 (41) 0(6) 13 (24) 33(9)
D14S62/14q24 6 (110) 6(32) 0 (16) 12 (16) 16 (43) 36 (11) 18 (34) 18 (11)
D16S265/16¢21 1(127) 5 (38) 10 (20) 13 (15) 35 (46) 33(12) 30 (30) 7 (14)
D17S960/17p13 6 (64) 0(28) 11 (19) 8(13) 31(32) 25(8) 37 (27) 29 (7)
NF1/17q11 5 (82) 8 (24) 14 (14) 10 (10) 27 (26) 18 (11) 15 (20) 0(6)
D17S597/17q21 3(117) 5 (36) 5 (19) 6 (17) 20 (41) 18 (11) 7 (29) 44 (9)1
D17S787/17¢25 10 (111) 5(38) 5(19) 10 (19) 19 (43) 15 (13) 22 (32) 40 (10)

*In analyses of hyperplastic lesions (i.e., usual ductal hyperplasia [UDH] and atypical ductal hyperplasia [ADH]), cancerous breasts (CA) were defined as
containing ductal carcinomia situ (DCIS) and/or invasive breast cancer (IBC); in analyses of DCIS, cancerous breasts were defined as those containing IBC. V:
in columns= % LOH (number of cases). ncDCIS noncomedo DCIS; cDCIS= comedo DCIS.

tincludes DCIS (n= 32) and IBC (n= 16).

¥Includes DCIS (n= 13) and IBC (n= 12).

§Statistically significant difference (two-sided Fisher’s exact st .003) in rates of LOH at TPO, comparing cDCIS (-IBC) with cDCIS (+IBC).

[|Statistically significant difference (two-sided Fisher's exact tBst: .004) in rates of LOH at D11S988, comparing ncDCIS (-IBC) with ncDCIS (+IBC).

fStatistically significant difference (two-sided Fisher's exact test; .02) in rates of LOH at D17S597, comparing cDCIS (-IBC) with cDCIS (+IBC).

developing IBC. The most enlightening ofnomic instability. However, when high diseasg8) and supports the premise that
these studies, published in a series of arates of loss (i.e., >20%) are repeatedljnactivated tumor suppressor genes play
ticles(2,6,22,24,28py Dupont, Page, and observed at specific loci, they usually in-an important role in the early develop-
their colleagues, was from a large prodicate the approximate locations of inacment of these lesions. Rates of loss were
spective study that assigned risk to speivated tumor suppressor genes, as illugelatively low (range, 0%-15%) at indi-
cific types of epithelial lesions and estabirated by the important role that thisvidual loci in hyperplasias, suggesting
lished reproducible histologic criteria forapproach played in the discovery of RBthat the evolution of hyperplastic lesions
identifying them. Other studid8-5)con- (31,32),p53 (also known as TP53B3), is genetically heterogeneous. At least
firmed the methodologic approach and\NF1 (34,35),and BRCA1(36,37). three other studie$8,38,39) have re-
findings, and the combined results sug- In this study, LOH was observed inported LOH involving seven chromosom-
gest that women with usual hyperplasias37% of UDH lesions and in 42% of ADH al regions, including five of the same re-
atypical hyperplasias, and situ carcino- lesions from noncancerous breasts, whicgions that we studied, in about 50
mas have approximately twofold, four-confirms and augments our original ob-cumulative cases of UDH from noncan-
fold, and 10-fold increased relative risksservation of LOH in hyperplastic breastcerous breasts. Similarly, at least three
respectively, of eventually developing

IBC.
Because of the high incidence of IBC Table 2. Combined extent of loss of heterozygosity (LOH) in putative precursors of breast cancer and

L . L sharing of LOH with adjacent cancerous lesions
and our limited success in treating it, there g )

is growing interest in understanding more % with LOH at=1 locus
about its precursors. Preventing the devel-

% sharing, with adjacent

.. . Noncancerous breasts Cancerous breasts cancer, of LOH at=1 locus
opment of and predicting the behavior ofcategory* (ranget; total No.) (ranget; total No.) (ranget; total No.)
precursor lesions will almost certainly be _ . '
based on an understanding of the biologiggg,';| g 8__2 %2)3) 22 ((11:2;’ gg%) 2; ((11:3;’2;
alterations underlying their formation andncDclis 70 (1-6; 67) 93 (1-4; 14*) 77 (1-3; 13*)
progression. Research in this area hePCIS 79 (1-5; 42) 79 (1-6; 14*%) 80 (1-5; 11*)

been very activg29,30).0ur study used _ . .
LOH t th le that t *UDH = usual ductal hyperplasia; ADH= atypical ductal hyperplasia; ncDCIS noncomedo ductal
0 assess e role a_ umor Supc':arcinomain situ; cDCIS = comedo ductal carcinoma situ.
pressor genes might play in Precursor tRange refers to the smallest (i.e., 1) and largest number of loci showing LOH in lesions of each catego
evolution. When evaluated by restriction fRange refers to the smallest (i.e., 1) and largest number of loci with sharing of LOH between synchrono
fragment length polymorphism analysiscancers and lesions of each category.
as in this study, LOH may result from a 8Includes cases from breasts with synchronous DCIS @2) and invasive breast cancer (IBC)£n16).
| ft ' f | [Includes cases from breasts with synchronous DCIS:(11) and IBC (n= 8).
OS,S _O umor suppressor genes, from aj' fincludes cases from breasts with synchronous DCIS (83) and IBC (n= 12).
|?||C_|mbalan(.3e due to (onco)geng_amph- #Includes cases from breasts with synchronous DCIS:(8) and IBC (n= 5).
fication, or simply from nonspecific ge- *Restricted to breasts with synchronous IBC.
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studies (40-42) have reported LOH at many of the same loci in both nhcDCISwith LOH shared at least one loss (range,
five chromosomal regions, includingand cDCIS from noncancerous breastd,—3) with synchronous cancer, and is not
three of the same regions that we anasuggesting that the early development ahcompatible with the bilateral relative
lyzed, in about 30 cumulative cases othese lesions may have important genetidsk for developing breast cancer associ-
ADH from noncancerous breasts. Fosimilarities. In contrast, we observedated with hyperplasiag2-5), given that
LOH to be detectable in hyperplasias byigher rates of LOH at more loci in cD- these lesions are often multifocal and bi-
genetic marker analysis, it must be pres€IS than in ncDCIS from cancerouslateral (17). We also observed that the
ent in the majority of cells. Thus, thesebreasts, suggesting that cDCIS may be genajority of ncDCIS lesions (77%) and
data and results from other studies—netically more unstable and likely to ac-cDCIS lesions (80%) shared their LOH
showing nonrandom inactivation of the Xquire additional defects resulting in pro-phenotypes with synchronous IBC, con-
chromosomé43,44)and aneuploidy45— gression to an invasive phenotype. sistent with our earlier pilot study8),
47y —clearly demonstrate that hyperpla- In a preliminary comparison of mor- which has been confirmed by others
sias are clonal neoplasms and indicate thghologically similar putative precursor le-(55,56,59,66,67)and supporting the idea
need for more appropriate terminologysions from noncancerous breasts and cathat DCIS is a direct precursor of IBC.
(e.g., typical and atypical mammary adecerous breasts, we observed substantial This study also evaluated several
nomas, etc.). increases in LOH at several loci in candbreasts (n= 53) with multiple UDH le-
As might be predicted, LOH was morecerous breasts, suggesting that these logions (range, 2-5) and found that only
common in DCIS than in hyperplasias aimay harbor genes that are especially imt5% of the lesions within the same breast
nearly all loci, which is consistent with portant in the progression to cancer. Onshared their LOH phenotypes, suggesting
the notion that DCIS represents a latelocus, D11S988 on 11p, showed promithat they are usually independent neo-
stage in malignant evolution. Overall,nent increases for UDH (from 12% toplasms. Furthermore, in the subset of
70% of ncDCIS and 79% of cDCIS le- 20%), ADH (from 15% to 38%), ncDCIS cases with multiple UDH lesions in can-
sions from noncancerous breasts (i.e(from 18% to 75%), and cDCIS (from cerous breasts (& 6), only one or two
without IBC) showed losses involving at19% to 43%), although only the changdJDH lesions shared LOH with the syn-
least one locus (range, 1-6). In additionfor ncDCIS reached statistical signifi-chronous cancer, suggesting that multiple
certain loci showed very high rates ofcance P = .004). Significant increases UDH lesions in the same breast may have
loss, suggesting that suppressor genes ivere noted at two other loci for cDCIS, different capacities to progress to cancer.
these regions may be particularly imporincluding TPO on 2p (from 0% to 40%; Premalignant or precursor breast le-
tant in the early development of DCIS. InP = .003) and D17S597 on 17q (fromsions are currently defined by histologic
ncDCIS, these ‘““hot spots” included 7% to 44%;P = .02). Many other loci features evident under light microscopy,
D16S265 on 16q (35%), D17S960 on 17pn DCIS showed prominent increases irand their adverse clinical significance is
(31%), and NF1 on 17q (27%). In cDCIS,LOH that failed to reach statistical sig-imprecisely estimated on the basis of in-
hot spots were more common and innificance, which may be partially duedirect epidemiologic evidence. The re-
cluded D11S1328 on 11qg (39%),to the small numbers of cases and thsults from this study and from similar
D16S265 (30%), D17S960 (37%), andarge numbers of comparisons beingtudies suggest that, while lesions within
D17S787 (distal to NF1) on 17q (22%).made in some of these subsets. In ncDCI#)ese categories may look alike, they pos-
Candidate genes that might be responsibtbese large but nonsignificant increasesess distinct genotypic abnormalities that
for some of these losses include cyclin Dincluded losses at TPO (from 16% tomay have important prognostic implica-
on 11q(48), E-cadherin on 16¢49), p53 36%) and D14S62 (from 16% to 36%). Intions. Identifying low-risk or high-risk
on 17p(50), and NF1(51) and BRCA1 cDCIS, they included losses at D2S362enotypes may enable us to match treat-
(36) on 17q. Of these, p5&2,53),NF1 (from 9% to 31%), D6S417 (from 11% toment to risk more appropriately in pa-
(34,35),and BRCA1(36) have shown a 29%), D13S137 (from 13% to 33%), andtients who have premalignant disease.
substantial relationship between mutatio®17S787 (from 22% to 40%). ClonedUnderstanding more about the genetics of
and loss in several types of cancer, includgenes that may be playing a role in som@recursors may also lead to safe and ef-
ing invasive breast cancer, but the signifiof these escalating losses include the egective strategies to prevent their develop-
cance of these genes in precursor lesiorieogen receptor genégs4) near D6S417, ment and progression.
remains speculative until detailed mutacyclin D1 (48) near D11S988, RE32)
tional analyses are performed. There arand BRCA2 (65) near D13S137, and References
no cloned candidate genes for most of thBRCA1 (36) near D17S597.
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Oral Clodronate and Reduction
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Background: Women with primary
breast cancer who receive systemic
therapy may experience ovarian failure
or early menopause, leading to a loss of
bone mineral density (BMD). Loss of
BMD may be reduced by use of bis-
phosphonates, compounds that inhibit
the action of osteoclasts (cells that ab-
sorb or remove bone tissue). We have
conducted a double-blind, randomized,
two-center trial to evaluate BMD in
women with primary breast cancer
who were given the bisphosphonate clo-
dronate (1600 mg/day orally) or pla-
cebo for 2 years.Methods: From Au-
gust 31, 1990, through March 31, 1996,
more than 300 eligible patients had
been accrued, randomly assigned to
study treatment, given the appropriate
primary surgical care and systemic
(chemotherapy and/or tamoxifen)
therapy, and had completed follow-up
for at least 1 year. BMD in the lumbar
spine and in the hip, including the tro-

(95% CI = -0.13-1.60), and +1.29%
(95% CI = 0.24-2.34). After 2 years, the
corresponding treatment effects were
+1.72% (95% CIl = 0.12-3.34), +1.85%
(95% CI = 0.51-3.20), and +2.30% (95%
Cl = 0.66-3.94), respectively.Conclu-
sions: Oral clodronate appears to reduce
the loss of BMD in patients who receive
treatment for primary breast cancer. [J
Natl Cancer Inst 1998;90:704-8]

trial was designed to evaluate the effects
of clodronate on the risk of developing
bone metastases and, within this trial, to
evaluate nonmetastatic changes in bone
mineral density (BMD) in at least 300 pa-
tients. Herein, we report the sequential
measurement of BMD in these patients.

Patients and Methods

The primary objective of the adjuvant clodronate
trial is to evaluate the effect of clodronate on the
. . incidence of bone metastases in patients with pri-
Reduced bone density, with a subsemary breast cancer. This multicenter, double-blind
quent risk of osteoporotic bone fracturesirial has accrued more than 1000 patients with his-
is likely to become an increasingly impor_tologically or cytologically confirmed primary op-
tant clinical problem in the very |arge erable breast cancer. These patients have been ran-

b E df . domly assigned to receive orally four capsules per
numbers of women treated for prlmaryday of either 400 mg clodronate (Bonefos®; Leiras

breast cancer. Premenopausal womesy, Helsinki, Finland) (i.e., 1600 mg clodronate/
who receive adjuvant chemotherapy mayay) or an identical placebo, to be taken over a
be at special risk of increased bone losgvyear period at least half an hour before or after
because of early menopauéb) or as a eating, with recorded dose modifications and com-

. . . pliance.
result of ad]uvant ovarian abIat|o(12). Participants in the main trial were randomly as-

Tamoxifen, although preventing bone 10S§igned to receive clodronate or placebo within 6
in postmenopausal women by an agonisweeks (later amended to 12 weeks) of primary di-

tic estrogenic effec(3), appears to cause agnosis (histologic or cytologic). At the same time,

; i ic chemotherapy and/or
nel in premen | women. prenost patients started systemic c
bone loss premenopausal women, p .é:ndocrine therapy. Table 1 lists the characteristics of

Sumably by an antagonistic antleStrogem&e 311 patients reported in this study who had re-
effect on bong4). peat bone density measurements and indicates the
Use of estrogen replacement therapipes of systemic therapy they received. The che-
has genera”y been considered unsafe iRotherapy used at the Roygl Marsdgn Hospital (Sut-
women who have had breast Cantﬁﬁ}, ton, Surrey, U.K.) was mainly a mitoxantrone and

. .. methotrexate (xmitomycin C) combination (clodro-
although the risk of activation of occult .. group, 64 patients; placebo group, 64 patients:

malignant disease has not been provegtal = 65% of the patients treated). At the Tom
(6,7). There are clinical trials under way Baker Cancer Centre, University of Calgary (Al-
to evaluate the risks of using estrogen reherta, Can_ada), the combinations were either_cyclo-
placement therapy in patients with CanCe;?hosphamde, methotrex'ate, a.md 5-fluorouracil (clo-
. . . ronate group, 10 patients; placebo group, 14

and, in the meantime, 'tS_ use to preve atients; total= 21% of the patients treated) or an
bone loss should be restricted to these trinthracycline combination, such as doxorubicin and
als. cyclophosphamide or epirubicin, cyclophospha-
Bisphosphonates, such as clodronat@ide, and 5-fluorouracil (clodronate group, 12 pa-
and pamidronate, are agents that inhibﬂf”ts; placebo group, 13 patients; total 22% of

osteoclasts in bone and reduce bone turp

e patients treated at Calgary). The use and type of
hemotherapy were evenly distributed between the

chanteric area, was measured by use of over. Bisphosphonates are widely used iBodronate and the placebo groups. Tamoxifen was

dual-energy x-ray absorptiometry at
the beginning of treatment and after 1
and 2 years of treatment. Changes in
BMD were calculated as percent
changes from the initial readings.
Treatment effects for clodronate versus

placebo (i.e., mean percent changes intients with non-osseous metastases fro

BMD with clodronate minus mean per-

cent changes in BMD with placebo) at 1
and 2 years for individual sites were
calculated. Results: After 1 year, the

treatment effects for clodronate versus
placebo in the lumbar spine, the total
hip, and the trochanter, respectively,
were as follows: +2.38% (95% confi-
dence interval [Cl] = 1.36-3.41), +0.74%
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breast cancer to treat hypercalcen@. given to most participants in the BMD study at the
In women with metastatic breast Cancerly?oyal Marsden Hospital (clodronate group, 98 pa-
clodronate has been shown to reduce tHENS: Placebo group, 88 patients; total 95% of
osteolytic complications of metastases,

such as hypercalcemia, bone pain, and

vertebral fractur€9). Furthermore, in pa-

*Affiliations of authors:T. J. Powles, S. Ashley,
V. A. Tidy, A. Nevantaus, Royal Marsden Hospital,

. rLglowns Road, Sutton, Surrey, U.K.; E. McCloskey,
breast cancer, clodronate will reduce thg kanis, University of Sheffield, Bone Metabolism

risk of developing bone metastas@®). unit, Sheffield, U.K.; A. H. G. Paterson, Tom Baker

In healthy women, bisphosphonates havéancer Centre, University of Calgary, Alberta,

been shown to be effective in reducin anada; K. Rosenqvist, Leiras OY, Helsinki, Fin-
and.

bone losq11-13).

. Correspondence toTrevor J. Powles, M.D.,
These observations encouraged US Qoyal Marsden Hospital, Downs Road, Sutton, Sur-
undertake a double-blind clinical trial in- rey SM2 5PT, U.K.

volving more than 1000 women treated See"Notes” following “References.”
for primary breast cancer. The clinicale Oxford University Press
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Table 1. Patient characteristics

RMH* Calgaryt Both centers

Characteristic Clodronate Placebo Clodronate Placebo Clodronate Placebo Total

No. of patients 103 93 53 62 156 155 311

Median age, y 54 (35-74) 56 (27-75) 53 (29-73) 51 (33-76) 53.5 (29-76) 54 (27-76) 54 (27-76)
(range)

Median height, 162.0 (150.0-181.0)  163.5 (147.0-111.8) 161.3 (150.5-178.2) 162.0 (143.5-175.3) 162.0 (150.0-181.0)  162.0 (143.5-183.0)  162.0 (147.0-1
cm (range)

Median weight, 64.0 (44.7-110.4) 64.5 (43.0-111.8) 67.1(40.6-112.5)  68.45 (47.4-175.3) 64.7 (40.6-112.5) 67.0 (43.0-111.8) 65.7 (40.6-112
kg (range)

Median BMIt 24.24 (17.68-42.07)  25.04 (17.90-45.97) 25.56 (17.81-41.32) 25.78 (19.67-40.51) 24.47 (17.68-45.07) 25.29 (17.90-45.94) 25.05 (17.68—4
(range)

Menopausal status§
Premenopausal 39 34 17 28 56 62 118
Perimenopausal 9 6 8 3 17 9 26
Postmenopausal 55 53 28 31 83 84 167

Systemic theraply
None 0 0 5 4 5 4 9
Tamoxifen 32 24 26 31 58 55 113
Chemotherapy 5 5 21 25 26 30 56
Chemotherapy + 66 64 1 2 67 66 133

tamoxifen

*RMH = Royal Marsden Hospital (Sutton, Surrey, U.K.).

tCalgary= Tom Baker Cancer Centre, University of Calgary, Alberta, Canada.

$BMI = body mass index, defined as weight in kg divided by height in square meters.
§See"Patients and Methods” section for definitions of categories.

||ISee“Patients and Methods” section for details concerning systemic therapy.

the patients treated) and at Calgary (clodronatpatients, 414 gave their consent for participation irhip involved the total hip, including the trochanteric
group, 27 patients; placebo group, 33 patients; totahe BMD study, and DEXA was available for base-area. All bone density scans were analyzed at the
= 52% of the patients treated). This therapy wadine BMD measurements (clodronate group, 208 paBone Metabolism Unit of the University of Sheffield
similarly distributed between the treatment groupstients; placebo group, 206 patients). by reviewers who were blinded to the randomly al-
The menopausal status of the participants was de- At the time of this interim analysis, 328 patientslocated treatment assignments. All clinical, prescrib-
fined according to the date of their last menstrua(clodronate group, 167 patients; placebo group, 16ihg, and investigative data have been monitored
period (LMP) and was categorized as premenopatients) had had follow-up BMD measurementsblindly by Leiras OY, according to U.S. Food and
pausal (LMP <3 months), perimenopausal (LMP be{DEXA was not always available, or participants didDrug Administration requirements. The data have
tween 3 and 12 months), or postmenopausal (LMPot always agree to repeat measurements.) Clinichkeen kept under annual review by an external data
>12 months). Patients who had had a bilateral oorecords for 17 of the patients (clodronate group, 1Inonitoring committee.
phorectomy were classified as postmenopausal. Ppatients; placebo group, six patients) had not been In a quality-control exercise, all of the BMD scans
tients who had had a hysterectomy without bilateramonitored at the time of the analysis; thus, they werevere reviewed, blinded to the randomly allocated
oophorectomy were classified according to their ageot included, leaving a total of 311 patients (clodro-treatment assignments. When the areas covered by
(<50 years as premenopausal, from 50 to 54 years agte group, 156 patients; placebo group, 155 pahe baseline scans and the follow-up scans were not
perimenopausal, ang55 years as postmenopausal) tients) for inclusion in the analysis (Fig. 1). within the limits of repeatability, those scans were
It was estimated that the BMD study needed 300 All participants had operable breast cancer thaitdentified for a later review and were excluded from
patients to detect clinically significant differences inwas clinically staged as T1-T@4), and they had the current analysis. In this way, data from 26 pa-
BMD between the clodronate and the placeb@ppropriate metastatic staging prior to primary treattients were excluded from the spinal analysis, and
groups. Unselected recruitment from the main triament. The staging protocol included a clinical as-data from 29 patients were excluded from the hip
to the BMD study began August 31, 1990, at thesessment, baseline blood tests (including routine henalysis.
Royal Marsden Hospital and April 1, 1992, at Cal-matology and biochemistry), and a chest x ray. Toxic effects and adverse events related to drug
gary (when dual-energy x-ray absorptiometryOther investigations, which included other radio-therapy including chemotherapy, endocrine therapy,
[DEXA] became available), and continued untillogic examinations, bone scans, and magnetic resand clodronate/placebo treatment were recorded at
March 31, 1996. Measurement of BMD was ap-nance imaging, were undertaken if clinically indi- outpatient clinics by use of standard data forms that
proved by the Royal Marsden Hospital and the Tontated, and patients with evidence of metastases wenere completed by the clinicians.
Baker Cancer Centre research ethics committees aedcluded from the main trial and the BMD study.
was included in the information and consent mechaEstrogen receptor status was not available for th&tatistical Analysis
nism for the main trial. All participants in the main participants in this study.
trial were considered potentially eligible for the BMD was assessed by DEXA, using an Hologic Analyses were based on the percent change in
BMD study, subject to consent and to the limitedQDR 1000 densitometer (Vertec Scientific Ltd,BMD from baseline in the spine and the hip (and the
availability of DEXA within the study period. Dur- Reading, U.K.), at the start of treatment and at 1 yearochanter) at 1 and 2 years on an intent-to-treat
ing the recruitment period, a total of 703 patientsand 2 years later. BMD measurements of the lumbavasis by use of simple pairadests.
were randomly assigned to receive clodronate ospine included the first through fourth lumbar ver- The baseline BMD at each of the sites was
placebo in the main trial, and treatment allocatiortebrae (L1-L4), with the exclusion of vertebrae af-checked for normality by use of the Shapiro—Wilk
remained blinded throughout the study (clodronatefected by fracture or marked osteoarthritis on bothiest. Bone densities were found to be normally dis-
350 patients; placebo, 353 patients). Among the 70he initial and the repeat scans. Measurements at thebuted. After adjustment for outlier values, the per-
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All patients recruited to bone mineral density (BMD) study
/ N=419 \
Patients assigned to clodronate Patients assigned to placebo
/ (n = 208) \ / (n = 206) \
Patients lacking Patients with follow-up BMD Patients lacking Patients with follow-up BMD
complete follow-up measurements available complete follow-up measurements available
BMD measurements (n=167) BMD measurements (n=161)

(n=41) / \ (n = 45) / \
Patients with clinical  Patients included in Patients with clinical Patients included in
records not reviewed present analysis records not reviewed at present analysis

at time of analysis (n=156) time of analysis (n=155)
(n=11) (n=6)

Fig. 1. Study scheme.

cent changes were also shown to follow a normalTable 2. Changes in bone mineral density (BMD) and treatment effect for patients receiving clodronate

distribution (Shapiro—Wilk test), and parametric sta- (n = 156) versus patients receiving placebo=nlL55)
tistics were used in the analysis. Mean percent
changes were calculated for various subgroups, and Change in BMD Treatment effect for clodronate*

differences were assessed by means of the pelairedSite

test and by analysis of variance. All reportedal- Clodronate Placebo Mean 95% Clt Pt

ues are two-sided. The treatment effect was definedympar spine

as the difference in the mean percent change be-1y 0.18% -2.20% 2.38% 1.36-3.41 <.001

tween the clodronate and the placebo groups. 2y -0.16% -1.88% 1.72% 0.12-3.34 .04

Total hip

Results 1y 0.40% -0.34% 0.74% -0.13-1.60 .09

2y 1.13% -0.72% 1.85% 0.51-3.20 .008
Of the 1079 patients (clodronateTtochanter
group, 538 patients; placebo group, 541 1y 0.55% -0.74% 1.29% 0.24-2.34 .02
0.67% -1.63% 2.30% 0.66-3.94 .007

patients) entered in the bone metastasis2 Y
trla!, a total of 311 (clodronate group, 156 5. cupatients and Methods” section for details on calculating treatment effect.
patients; placebo group, 155 patients) had j1yo-sided.
repeat bone density measurements carriediCl = confidence interval.
out within the first 2 years of follow-up.
The median age, height, weight, and
menopausal status were well matched fanent effect of 0.74% (95% C¥ -0.13— subgroups of patients, either by center,
both treatment groups and for both red.60;P = .09) (Table 2). At 1 year, in the menopausal status, or adjuvant treatment
cruiting centers (Table 1). The type of pri-trochanter, patients who received placebwith tamoxifen or placebo, showed a
mary adjuvant or neoadjuvant systemihiad a mean loss of 0.74% in BMD,similar beneficial treatment effect for clo-
treatment was well matched between theshereas patients who received clodronatdronate (Table 3).
clodronate and the placebo treatmerttad a mean gain of 0.55%, giving a treat- Premenopausal and perimenopausal
groups, but substantial differences existethent effect of +1.29% (95% C 0.24— women on placebo were at increased risk
between the two recruiting centers, re2.34;P = .02) (Table 2). After 2 years, of loss of BMD, especially in the first
flecting differences in breast cancer treatthe treatment effect for clodronate in spiyear, and clodronate appeared to be effec-
ment protocols at the two hospitals. nal BMD was +1.72% (95% Ck 0.12— tive in minimizing this loss (Table 3). Al-
For all patients at 1 year, the placeb®.34; P = .04); in hip BMD, it was though most patients were receiving ad-
group had a loss of 2.2% in BMD in the+1.85% (95% CIl= 0.51-3.20;P = juvant chemotherapy and tamoxifen, the
lumbar spine, whereas the clodronate008); in trochanteric BMD, it was total number of patients was small. There-
group had a small gain of 0.18%, giving a-2.30% (95% Cl= 0.66-3.94;P = fore, it is not possible to undertake treat-
treatment effect for clodronate of +2.38%.007) (Table 2). These results indicated ament subgroup analyses in premeno-
(95% confidence interval [Cl]= 1.36— overall treatment effect for clodronate inpausal and postmenopausal women.
3.41; P<.001) (Table 2). Similarly, at 1 preventing loss of BMD in patients after Apart from an increased incidence of
year, in the hip, the placebo group had @rimary treatment for breast cancediarrhea, toxicity related to clodronate
loss of 0.34%, whereas the clodronatéTable 2). medication was very low compared with
group had a gain of 0.40%, giving a treat- Analysis of changes in BMD for all the toxicity for other treatments, as evi-
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Table 3. Changes in bone mineral density (BMD) and treatment effect for clodronate versus placeb@m'ving tamoxifen, clodronate has been

lumbar spine according to patient characteristics

reported to cause an increase in BMD

% change in spinal BMD

(15). Therefore, we established a study to

measure BMD by DEXA in an unselected

Treatment effectt subgroup of patients from a large trial in-

Characteristics* Clodronate Placebo  Mean 95% Cli ps  volving women with primary operable
All patients (n= 311) breast cancer.
1y 0.18% ~2.20% 2.38% 1.36-3.41 <001 The main _results from this trial indi-
2y -0.16% -1.88% 1.72% 0.12-3.34 .04 cate that patients treated for primary op-
Rrﬁ\ (n = 196) 0.23% o 54% 0 310 114.3.48 erable breast cancer have evidence of
2y -0.58% -2.32% 1.75%  -0.12-3.62 07 bone loss, as estimated by DEXA mea-
Calgary{ (n= 115) surements of BMD. Premenopausal pa-
! z QoL e s ‘009%ients were at increased risk of bone loss,
Premenopausal (& 118) ' ' ' R ' presumably pecausfe most of these women
ly -1.57% -4.04% 2.48% 0.91-4.05 .003were receiving adjuvant chemotherapy,
Pezri%’qenopausal > 26) ~3.99% —3.94% —0.05% —2:40-2.30 9 with the associated development of ovar-
1y ~0.32% —4.40% 4.08% 0.98-7.18 .02 ian failure and e_arly menopause. Fur'Fher-
2y -1.33% -5.63% 4.30% -0.23-8.83 .2 more, many patients received tamoxifen,
P°1St;”e”°pausa'éﬂ167) L 63% 0.37% L09% 071327 which has an antiestrogenic effect on
2y 2 00% 0.09% 1.86% 0.09-3.62 ‘04 bone in premenopausal women, causing a
Tamoxifen (n= 245) loss of BMD (4). In premenopausal pa-
;i 08 T oy _gooaee tients in this study, clodronate signifi-
No tamoxifen (n= 66) ’ ' ' T cantly reduqed the Ios; of BMD at 1 year,
1y -1.37% -2.95% 1.58% -1.18-4.33 .3 although this effect did not persist at 2
2y -2.62% -4.39% 1.78% -2.66-6.22 4 vears
Chemotherapy (= 189 ) . - -
1y Py ) ~1.03% ~3.04% 2.01% 0.69-3.32 003 Our results confirm similar findings
2y -1.36% -3.07% 1.72% -0.26-3.70 .09 from another small study16) that dem-
N°1Cyhem°thefapy (= 122) Le5% 0.84% ”70% 123416 < gogOnstrated that clodronate will reduce the
2y 221% 0.60% 1.61% ~0.60-3.83 > loss of BMD caused by ovarian failure fol-

*See"Patients and Methods” section for definitions of categories of menopausal status.
tSee"Patients and Methods” section for details on calculating treatment effect.

$CI = confidence interval.

8§Two-sided.

|[RMH = Royal Marsden Hospital.

fiCalgary= Tom Baker Cancer Centre, University of Calgary.

Table 4. Toxic effects reported by patients

receiving clodronate and placebo*

Clodronate,
1600 mg/day Placebo
Toxic effect (n=156)t (n= 155)t
Fatigue 19 19
Hot flushes 42 46
Diarrheat 27 8
Nausea and vomiting 43 38
(combined)
Arthralgia 21 28
Somnolence 29 34
Alopecia 25 25
Erythematous rash 14 14
Premature termination
of therapy
Adverse events 16 12
Noncompliance 12 16
Total 28 28

lowing adjuvant chemotherapy in premeno-
pausal women with primary breast cancer.
A similar result has been reported for an-
other bisphosphonate, risedronét&).

In contrast, postmenopausal patients
on placebo in our study had relatively
little bone loss, probably because most of
these women were receiving adjuvant
dent from findings in the placebo grouptamoxifen, which has been shown to re-
(Table 4). There was no statistically sig-duce bone loss in postmenopausal women
nificant difference in the incidence of pre-(3). In postmenopausal women on clodro-
mature termination of medication be-nate, there was a statistically significant
tween the two treatment groups. increase in spinal BMD at 1 and 2 years.

In conclusion, we have confirmed in
this trial that the use of clodronate is safe
and effective in preventing bone loss in

In healthy postmenopausal womenpatients who have been treated for pri-
both clodronate and another bisphosphanary operable breast cancer. The extent
nate (i.e., alendronate) have been showaf this clinical problem of bone loss has
to reduce the loss of BM[P11,12).With not yet been fully evaluated. However, it
alendronate, this reduction in loss ofis likely that there will be an increase in
BMD was associated with a 50% reducthe risk of osteoporosis with future im-
tion in the risk of vertebral and nonverte-provements in systemic therapy for breast
bral osteoporotic fractured3). Whether cancer, together with a likely increase in
this treatment would be similarly effec-the loss of BMD due to wider use of cur-

Discussion

*Includes effects caused by endocrine therapy anfiye in premenopausal and postmenorent cancer treatments. The cost benefits

chemotherapy.

tValues in column= numbers of patients report-

ing each type of toxic effect. . . .
tStatistically significant difference between theMOtherapy and/or tamoxifen was untemic treatment for primary breast cancer

two groups; two-sidedP<.0001.

Journal of the National Cancer Institute, Vol. 90, No. 9, May 6, 1998

pausal women who have had breastf widespread use of bisphosphonates as
cancer and were receiving adjuvant chean intervention for patients receiving sys-

known. In postmenopausal women rewill need to be evaluated.
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