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ABSTRACT

Monoclonal antibody therapy may provide new treat-
ment options in the management of metastatic breast cancer
by selectively targeting tumors and producing a therapeutic
effect, by delivering radiation or other toxins directly to
tumor cells, or by producing an intrinsic immune inflam-
matory response. The effect of*4i-labeled humanized anti-
Lewis¥ monoclonal antibody 3S193 (hu3S193) was com-
pared with that of placebo and radiolabeled huA33 control
antibody in a series of radioimmunotherapy experiments in
a MCF-7 xenografted BALB/c nude mouse breast cancer
model. The maximum tolerated dose of**4-labeled anti-
body occurred at 200Ci/mouse, at which dose level three
of six mice that received**4-hu3S193 showed significant
tumor growth inhibition in contrast to no responses in the
comparable **4-huA33 control treatment arm. Breast can-
cer is an ideal model to test the efficacy of combined mo-
dalities given its known sensitivity to both radiotherapy and
chemotherapy. The synergy between radioimmunotherapy
and chemotherapy was therefore also explored using a com-
bination of **4-labeled hu3S193 antibody and Taxol using
subtherapeutic doses of each agent. The combination of
Taxol and 100 uCi of **%-hu3S193 produced significant
tumor inhibition in 80% of mice, whereas no responses were
seen with either treatment modality alone or the combina-
tion of Taxol and *3Y4-huA33. These results support a po-
tential therapeutic role of radiolabeled hu3S193 in the treat-
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ment of breast cancer, including combination therapy with
Taxol, and warrants further investigation of this promising
new agent.

INTRODUCTION

Breast cancer is a radiation- and chemotherapy-sensitive
malignancy, but despite new agents and approaches to treat-
ment, the median survival of patients with metastatic breast
cancer has not altered significantly in recent years (1). In met-
astatic disease, the duration of chemotherapy response may be
limited by the emergence of resistant tumor cells. The role of
radiotherapy in the management of breast cancer has been
largely restricted to palliation of symptomatic sites of metastatic
disease, in particular bone deposits, because of concerns regard-
ing toxicity. mAbL? therapy may provide new treatment options
in the management of metastatic breast cancer by selectively
targeting tumors and producing a therapeutic effect mediated
through growth factor receptors, by delivering radiation or other
toxins directly to tumor cells, or by producing an intrinsic
immune inflammatory response (2, 3).

A number of tumor antigens have been shown to have high
expression on malignant breast cancer cells, including Her2/neu,
MUC, carcinoembryonic antigen, and LéRef. 2). The L&
antigen is a member of a family of blood group-related difuco-
sylated oligosaccharides (4). The’lantigen has been shown to
be expressed by 60-90% of human carcinomas of epithelial cell
origin, including breast, pancreas, ovary, colon, gastric, and
lung cancer, but it is present in only a few normal tissues (5-7).
The high frequency of Leexpressing tumors, its high density
and altered expression on the surface of tumor cells, and its
relatively homogenous expression in primary and metastatic
lesions have led to its selection as an antigenic target for a range
of epithelial tumors, including breast cancer (8—10).

3S193 is a mAb produced using a standard hybridoma
technique after immunization of BALB/c nude mice with*kte
expressing MCF-7 breast cancer cells. The murine antibody has
been shown to have high specificity for’Land reacted strongly
in rosetting assays and cytotoxic tests witHdexpressing cells
(11, 12). 35193 has been humanized (hu3S193) and reactivity
for Le¥ confirmed to be similar to the murine version (11, 12).
Biodistribution studies of the'?9-, *4n-, and °°Y-labeled
antibody showed that the antibody can be labeled, retains sta-
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bility in vivo, and localizes to MCF-7 xenografts in imaging Facility, University of South Australia. To establish MCF-7
studies (13). human breast xenografts, mice were supplemented with exoge-
In this study, a BALB/c nude mouse human breast cancenous estrogen (18). After light ethrane anesthesia, a 60-day slow
xenograft model was used to test the therapeutic potential ofelease estrogen pellet (0.72 mg of estradiol/pellet; Innovative
13YJabeled hu3S193 and to explore the effects of combiningResearch of America, Sarasota, FL) was inserted using aseptic
chemotherapy with radioimmunotherapy. Taxol was selected fotechniques into a small s.c. pocket fashioned between the shoul-
the combination therapy based on its relative ease of adminisder blades. The surgical incision was closed with a single stitch
tration (i.p.) and the well-defined dosing profile in nude mice, (6—0 absorbable dacron or silk). MCF-7 cells (2510°) in
which enabled subtherapeutic doses with negligible toxicity to100—-150ul of medium were subsequently injected s.c. into the
be chosen. The sequence of radioimmunotherapy and chemdeft inguinal mammary line. Mice were maintained in auto-
therapy administration has been reported to be of importance islaved microisolator cages housed in a positive pressure con-
achieving optimal tumor response (14, 15). In the current studytainment rack (Thoren Caging Systems Inc., Hazelton, PA).
Taxol was administered i.p. 24 h after injection of radiolabeledMice were identified by ear marks and were observed daily for
antibody, based on previous studies in a xenografted moustimor growth and monitoring of surgical site for infection. Mice
model demonstrating superior response rates for this regimewere divided into groups stratified to ensure an even distribution
compared with Taxol given prior to radioimmunotherapy (14). of tumor sizes within each group, thereby compensating for the
individual variability of xenograft growth rates.

MATERIALS AND METHODS
mAbs Tumor Measurements

The generation of murine 35193 using standard hybridoma ~ Tumors were measured in the longest axis (L) and the axis
technique after immunization of BALB/c mice with Ye & 90 degrees to the longest axis (W) by slide caliper two to three
expressing MCF-7 breast cancer cells and its subsequent h@imes a week. TV in miwas calculated by the formula: T¥
manization and characterization have been described previousi X W?)/2 (19); the mean TV£ SD) for each treatment group
(11, 12). hu3S193, a CDR-grafted I1gG1 version of 35193, wadVas calculated and graphed. TV was also expressed as percent-
produced by Scotgen (Aberdeen, Scotland) in conjunction wit?9€ of change in TV compared with initial volume on day 0
the Ludwig Institute for Cancer Research. hu3S193 used for th@ccording to the formula: TV change from time O,(T% =
experiments outlined was obtained from both the New York[(TV at time of measurement TV at To)/TV at To] X 100,
Branch and the Biological Production Facility of the Melbourne Where day 0 is the day of antibody injection (19).

Branch of the Ludwig Institute for Cancer Research. huA33, an

IgG1 humanized antibody (16) directed against a novel antige\ntibody Labeling

found in >95% of colorectal cancers, was supplied by the New Radioiodination was performed using a modification of a
York Branch of the Ludwig Institute and used as a subclasspreviously published chloramine-T reaction (20), using a 2-fold

specific control. molar excess of chloramine-T (Merck, Darmstadt, Germany)
over antibody dissolved in 0.8 potassium phosphate buffer
Cell Lines (pH 7). After a brief 2-min incubation period, the reaction was

MCF-7, a Lé&-expressing human breast adenocarcinomastopped by the addition of a 5-fold excess of sodium metabisul-
cell line originally derived from the pleural effusion of a 69- fite, again dissolved in a 018 phosphate buffer, and the product
year-old lady with estrogen receptor-positive metastatic breaswvas purified through a desalting column (P6DG; Bio-Rad, Syd-
cancer (17), was obtained from the American Type Cultureney, Australia) equilibrated with PBS. The specific radioactiv-
Collection (Rockville, MD). SW1222, a Penegative human ities of **1-hu3S193 and%-huA33 control were 6.8 and 9.8
colonic cancer cell line, was a gift from the tumor cell bank of mCi/mg, respectively.
the New York Branch of the Ludwig Institute and was used as ~ Radiolabeling was performed on the day of injection into
a control cell line. mice. Prior to injection, the percentage of unbound radionuclide

Cells were grown in 175 cfiplastic flasks (Nalge content was determined by instant TLC (21), and the immuno-
NUNC International, Roskilde, Denmark) and maintained in reactive fraction of the final radiolabeled hu3S193 product was
log-phase growth in RPMI 1640 (Trace Chemicals, Sydney,tested by a L&positive cell-binding assay according to Lindmo
Australia) supplemented with 10% (MCF-7) or 5% (SW1222) et al. (22). For the control radioconjugate, an A33 antigen-
FCS (MultiSer; Trace Biosciences, Australia), 100 units/ml positive colon carcinoma cell line, SW1222, was used.
penicillin, 100 pg/ml streptomycin, 0.25 ml/l insulin, 2 m
glutamine, and essential amino acids. Cells were cultured ahnimal Model
37°C in a 5% CQ incubator (Forma Scientific Inc, Marietta, 133 Dose Escalation Study. A single dose of-3% at 50,

Ohio) and passaged with 0.05% EDTA-PBS (BDH Chemi- 100, 200, or 30@.Ci/mouse, was injected retro-orbitally, bound
cals, Sydney, Australia.). Cell viability in all experiments, as o ejther hu3S193 or the subtype-specific control antibody

determined by trypan blue exclusion, exceeded 90%. (huA33). Six mice were used for each radiolabeled antibody at
each dose level. At all doses, both hu3S193 and huA33 were
Mouse Model administered at a protein concentration of dd/mouse. This

Xenografts were established in 5- to 6-week-old BALB/c protein concentration was chosen based on the specific activity
nude mice, homozygous for tine/nu allele and bred by the SPF  of **4-hu3S193 (6.8mCi/mg), where 3Q0Ci equals a protein
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Table 1 **4-hu3S193 dose escalation study in mice bearing MCF-7 human breast carcinoma xenografts: study completion data

TV (mm?3) at
No. of day O of study Day of study Mean TV = SD at study  Mean change in TV at

Treatment Mice (mean+ SD)y? completion completion (mm) study completiob (%) Response rate (%)
134-hus193

50 pCi 6 112.5+ 33 62 1016+ 83 973+ 497 0

100 n.Ci 5 127.7+ 28 85 1254+ 410 940+ 252 0

200 pCi 6 123.0+ 24 85 516+ 177 (P = 0.003y 311+ 98 50% PR

300 n.Ci 5 115.2+ 19 85 53.4+ 14 (P < 0.001} —41.2+ 26 (reduction) 20% CR/80% PR
33-huA33

50 pCi 6 115.3+ 23 42 926+ 349 616+ 211 0

100 p.Ci 6 125.7+ 32 62 1115+ 368 (P < 0.006¥ 844+ 346 0

200 .Ci 6 124.4+ 31 76 1097+ 367 (P < 0.006} 1097+ 367 0

300 uCi 6 122.7+ 32 85 890+ 290 (P < 0.001f 800+ 550 0

2 Day 0, day of radiolabeled antibody injection.

b Percentage of change (TV at completion of study- TV at day 0)/TV at day 0x 100.

©d Significantt test results for comparisons between the mean TV at study completion of 1002020030t .Ci dose levels of radiolabeled
hu3S193 are shown in parentheses.

©The significantt test results from the comparison between mean TVs at study completion of®¥adose level of huA33 control and the
comparablé4-hu3sS193 arm from the same day are shown.

dose of 44ug. Accordingly, where appropriate, cold mAbs were mm?®. Radiolabeled antibody was injected retro-orbitally to rel-
added to the radiolabeled conjugates to adjust for the selecteglvant treatment groups on day 0, and Taxol was injected on day
protein dose. Five additional mice received injections of PBSL1 of the study, 24 h after injection of radiolabeled antibody. The
alone as a placebo control arm. study was terminated at day 78. As for the other therapeutic
Mice received injections of radiolabeled antibody or studies described, study groups were terminated at earlier times
PBS 22 days after MCF-7 cell inoculation, at which time the in the event of toxicity or tumor size-1 g. TVs were monitored
mean TV for the study as a whole was 119:326.79 mn? daily, and the mean percentage of change in TV calculated at
(range, 112-126 mf). The day of antibody injection was study completion as described.
designated day 0 of the study. Mice were observed daily as
described above, and TV was measured two to three times
week for 85 days. A treatment group was terminated if TV

exceeded 1 g, toxicity occurred, or on day 85 of the study 5OCR was defined as complete resolution of tumor and PR as

(based on the expected duration of the estrogen peIIets)a .% reduction in TV.compallred with b'?‘se"[]e- The MTD was
Postmortem examination was performed whenever possiblgefIneOI as thaot dose given without causing5% loss of body
on mice that died unexpectedly or after mice were culled forWelght or>10% mortality in a treatment group (23).
reasons of toxicity.

Combination Taxol and **4-hu3S193 Study. Synergy  Statistical Analysis
between radioimmunotherapy and chemotherapy was explored  Statistical analysis was carried out with Sigmastat for Win-
with the combination of*Yi-labeled antibody and Taxot3%- dows (Jandel Scientific, San Rafael, CA)Tests were per-
hu35193 was prepared as described above. A dose oflD0 formed on TVs at day 42 in each study because this corre-
of "4 per mouse was selected based on the results of theponded to the day of termination of control grotii-huA33
31-hu3S193 dose escalation study, which indicated no demonat the lowest dose level (50Ci). For results from thé34-dose
strable toxicity at this dose. In addition, this dose was insuffi- escalation study, a comparison was made amongdthelose-
cient when given alone to effect complete or partial remissionsescalating groups for each mAb and then a comparison was
Taxol (PaclitaxdP; Bristol-Myers Squibb, Princeton, NJ) was performed betweert*!i-radiolabeled hu3S193 and the corre-
administered i.p. at one of two doses, 300 or §@dmouse (1.5 sponding dose of control huA33. For results from the combina-
wg/pl). It has been reported previously that Taxol in this dosetion Taxol and*34-hu3S193 studyt tests were performed
range has no demonstrable toxicity in nude mice and wheretween the day 42 mean TVs for each of the radiolabeled
given alone is insufficient to cause complete or partial remis-hu3S193 treatment groups and the appropriate controls of Taxol
sions in breast cancer xenografts (14). alone and radiolabeled huA33 mAb.

The combination therapy study comprised nine different
treatment groups of four to five mice each: PBS-alone (control),
Taxol alone at doses of 300 or 6Q0y/mouse, 100uCi of RESULTS
133.hu35193 alone or combined with either 300 or Go@of  Antibody Labeling
Taxol, and 100u.Ci of **4-huA33 (isotype-matched antibody Instant TLC of radiolabeled antibodies prior to injection
control) alone or in combination with 300 or 6@@ of Taxol. confirmed that>95% of **Y bound to antibody. The immuno-
The mean size of tumors at the commencement of the study (daseactivity of **4-hu3S193 was 60% for Yepositive MCF-7
0), 12 days after inoculation of MCF-7 cells, was 88:25.6  cells. Control**4-huA33 was determined to have 73% immu-

ﬂesponse and Toxicity Definitions
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Table 2 **4-hu3S193 dose escalation study in mice bearing MCF-7 human breast carcinoma xenografts: day 42 comparison

TV (mm®) at day 42 Day 42t test results between
Treatment of study (meant SD) Day 42t test results within mAb grodp mAb group$
#4-hu3s193
50 nCi 514.9+ 335.8 NA vs.50 pCi of huA33, NS
100 u.Ci 281.0+ 132.0 vs.50 pCi of hu3S193, NS vs. 100 p.Ci of huA33,P = 0.03
200 .Ci 101.8+ 51.0 vs. 100 pCi of hu3S193P = 0.02 vs. 200 pCi of huA33,P = 0.001
300 uCi 75+21 vs. 200 p.Ci of hu3S193pP = 0.03 vs. 300 p.Ci of huA33,P < 0.001
34-huA33
50 pCi 926.3+ 348.8 NA NA
100 p.Ci 587.9+ 232.0 vs.50 pCi of huA33, NS NA
200 u.Ci 362.3+ 103.9 vs. 100 pCi of huA33, NS NA
300 pCi 2525+ 85.6 vs. 200 pCi of huA33, NS NA

aDay 42, 42 days post radiolabeled antibody injection and day of terminatiol#feuA33 504.Ci control group.
b Results oft test are reported as NA, not applicable; NS, not significant; or signifitardlues for designated comparisons.

noreactivity for A33-positive SW1222 colon carcinoma cells TV of 43 and 46%, respectively (Fig.C). No responses or

(data not shown). reduction in TV below baseline measurements were observed
in the comparable huA33 group, which was terminated early
Animal Model (day 76) because of a mean T¥1 g. The differences

13Y-hu3S193 Dose Escalation Study. Results for the between the two treatment arm&34-hu3sS193 and*3}-
13Y-hu3S193 dose escalation study at study completion ardiuA33, was statistically significant from day 13 until termi-
summarized in Table 1. The dose-limiting toxicity bfi oc-  nation @ = 0.006). A dose of 20Q.Ci of **4-hu3S193 was
curred at 30QuCi. All mice treated at this dose level had some established as the MTD.
degree of toxicity manifested by petechiae and bruising of There was a statistically significant difference in the growth
varying degrees of severity, and weight loss. In total, three ofcurves at the 10Q.Ci dose level P = 0.03 at day 42), with tumor
five mice that received 30QCi of **%-hu3S193 and four of six  growth being slower in th&4-hu3S193 arm (Fig.R). The huA33
in the comparablé®4-huA33 group were culled between days arm was terminated early, on day 62, because ofT\Mg. At the
18 and 42 because of such toxicity, which was presumed to b&0-.Ci dose level, a marked delay in tumor growth after a single
secondary to the radiation dose received. 50-.Ci dose of**41-hu3S913 was observed; however, this differ-
In the remaining treatment groups, there was only 1 deattence between xenograft growth curves was not statistical signifi-
out of a total of 12 mice treated at 2Q0Ci of **4, which cant at day 42 when the control arm was terminated because of
occurred in the huA33 group, and 1 death at 50 and10Dof tumor burden, and no responses were observed (Tables 1 and 2).
13Y-huA33, respectively, which at postmortem appeared attrib-Both unlabeled hu3S193 and huA33 treatment arms were termi-
utable to the presence of metastatic disease. Three mice (omated early on days 66 and 42, respectively, because ofTg
each at 50 and 10Q.Ci of **4-hu3S193 and 5@.Ci of *334- (Fig. 1A).
huA33) were culled because of weight loss for which no cause ~ Combination Taxol and **4-hu3S193 Study. The re-
was found, although the possibility of micrometastatic diseasesults are summarized in Table 3. Overall there was no difference
was not excluded. in the mean TV for 10QuCi of **4-hu3S193 alone or when
Comparative tests were performed between and within the combined with 30Qug of Taxol, although tumor growth rates of
mADb treatment groups at day 42, the day of termination of theboth were slower than matchédl-huA33 controls (Fig. 2).
50-uCi control **4-huA33 treatment arm (Table 2). A signifi- Increasing the dose of Taxol from 300 to 6@ resulted in a
cant dose-response relationship was present*fdelabeled  slower growth curve but no responses when given alone. How-
hu3S193, with higher doses producing marked tumor suppresever, 600ug of Taxol combined with*3*4-hu3S193 led to a
sion compared with controt®i-huA33 (Fig. 1 and Table 2). marked reduction in tumor growttP(< 0.001 compared with
13Y-hu3S193-treated mice at each dose level had slower tumoB00 g of Taxol alone, from day 42 to study completion), with
growth than mice receiving the corresponding dose'tf- four of five mice in the treatment arm achieving PR and with the
huA33. A significant difference was observed between the dayresponse in one sustained to the end of the study (day 78). No
42 mean TVs of the treatment groups receivitijl-labeled  responses were observed in the comparable huA33 control
hu3S193 compared with the group receiving control mAb atgroup (Fig. 3). These differences in tumor growth curves be-
131-dose levels>50 p.Ci (Table 2). Four of five mice in the tween the hu3S193 plus 6QQy of Taxol and the comparable
3004.Ci **4-hu3S193 treatment arm achieved at least a 50%huA33 plus Taxol control treatment arm were significant from
reduction in TV (PR), and one achieved CR (Table 1). Noday 13 until study terminatiorP(= 0.004 at day 42). The mean
reduction in TV was seen in the comparable huA33 groupTV of the treatment group receiving 1Q0Ci of hu3S193 plus
(Fig. 1D). 600 p.g of Taxol was significantly less than the corresponding
At the 2004.Ci **Y-dose level, three of six mice in the tumors of the treatment group receiving 1QCi of hu3S193
hu3S193 treatment arm achieved a PR (of 2—22 days durgplus 300p.g of Taxol from day 7 until study completiorP(=
tion), and an additional two mice had a maximal reduction in0.012 at day 42).
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Table 3 Combination therapy study: 100Ci of **4-hu3S193

No. of TV (mm® at day @ Day of study Mean TV (mn¥) = SD

Mean change in TV Response

Treatment Mice of study (meant SD) completion at study completion at study completion (%) rate, %

PBS control 5 87.8 19 35 932+ 207 896+ 131 0
Taxol, 300p.g 5 87.3+ 17 56 1063+ 316 1118+ 3010 0
Taxol, 600pg 5 83.8+ 11 71 1071+ 196 1217+ 285 0
100 uCi of **34-hu3s193 5 81.3 23 78 760+ 494 723+ 294 0
100 pCi of *4-hu3S193+ 300pg 5 92.0+ 18 78 764+ 360 726+ 358 0

of Taxol
100 pCi of *4-hu3S193+ 600png 5 94.0+ 22 78 331+ 160 (P < 0.008F 245+ 196 80% PR

of Taxol
100 uCi of *4-huA33 4 99.8+ 24 56 1013+ 356 935+ 416
100 uCi of **34-huA33 + 300 pug 4 82.6+ 27 71 1187+ 408 1718+ 813 0

of Taxol
100 uCi of **Y4-huA33 + 600 ug 5 86.0+ 10 78 715+ 314 724+ 317 0

of Taxol

2Day 0, day of radiolabeled antibody injection.

b percentage of change (TV at completion of study- TV at day 0)/TV at day 0x 100.
¢ Significant paired test results for comparisons between the mean TV at study completion fqrgg00Taxol plus 100.Ci of radiolabeled
hu3S193 and comparable Taxol plus control huA33 arm are shown in parentheses.

Four mice were culled during the study for reasons othertively. Infection occurred at sites of bites inflicted by other mice
than tumor size. Metastatic disease was identified in one mousi the treatment group, highlighting the problem of increased
in the 100pCi **4-hu3S193 arm sacrificed at day 56, and a aggression in estrogen-supplemented mice.

second mouse in the 1Q0Si huA33 group was culled at day 48
because of failure to thrive with no identifiable cause at post-
mortem. Two mice in the 10pCi **4-hu3S193 plus 60Qkg
Taxol arm were culled, one on day 56 and the other on day 71

DISCUSSION

The effectiveness of radioimmunotherapy is dependent on

because of an infected tail and an infected front leg, respecseveral parameters including the vascularity of a tumor, antigen
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Day of Study Fig. 3 Comparison of established MCF-7 xenograft growth curves for

Fig.2 Comparison of established MCF-7 xenograft growth curves for Mice that received 100.Ci of ¥-hu3s193 or'*4-huA33 on day O,
mice that received 10Q.Ci of 134-hu3S193 or*®3-huA33 on day O, with or without the adnjlnlstrgtlon c_)f 60Qg of Taxol 24 h later. Each
with or without the administration of 30Qg of Taxol 24 h later. Each ~ treatment group'conlt3a|ned five mice. Mean T\tmi SD) are pre-
treatment group contained four to five mice. Mean TWarg SD) are  Sented for 10QCi of **4-hu3S193 plus 60p.g of Taxol (#), 100,Ci
presented for 10Q.Ci of **4-hu3S193 plus 30@g of Taxol (#), 100  Of 1-huA33 pllgs 600ug of Taxol (&), 100.Ci of **4-hu3S193 @),
wCi of 134-huA33 plus 300.g of Taxol (&), 100 uCi of 134-hu3S193 and 100u.Ci of **4-huA33 (). Control groups received PBS alorig)(

(®), and 100.Ci of *34-huA33 (). Control groups received PBS alone ©F 6001g of Taxol alone ¥).
(O) or 300 u.g of Taxol alone V).

huA33, thus indicating specific targeting of radiolabel to MCF-7

tumor cells by hu3S193. Using this established MCF-7 tumor
expression and accessibility, radiolabeled antibody uptake anthodel, we previously have shown no effect for hu3S193 alone
retention, and sensitivity of the tumor to radiation (2, 24). As (five doses of up to 1 mg each) on MCF-7 tumor growth,
anticipated with a radiation-sensitive malignancy such as breashdicating that the responses seen with radiolabeled hu3S193 are
cancer, we observed a significant dose-response relationship imot attributable to Fc-mediated effects of the humanized anti-
the **Y-labeled anti-L& study. The single 5@:Ci **3-hu3S193  body. hu3S193 was, however, shown to be effective in a pre-
dose delayed tumor growth for 35 days compared with thevention MCF-7 tumor model (injection at time of cell inocula-
control treatment arm. Higher doses’dfi-hu3S193 (100, 200, tion), indicating that in this murine model, antibody alone is
and 300u.Ci) produced significant reduction in tumor growth effective in a minimal disease setting (11).
compared with**!-labeled isotype-matched control humanized The antigenic heterogeneity of solid tumor masses has been
antibody huA33 over the entire period of study, with the 300- well documented. In addition, it has been proposed that loss of
wCi dose achieving PR in four of five mice and CR in one of target tumor cell antigen expression after unconjugated antibody
five mice. The MTD of**4-hu3S193 occurred at the 2Q0Ci therapy may lead to selection of resistant tumor cell populations
dose level, similar to other murine model studies with intactin a manner analogous to hormone- or chemotherapy-induced
radiolabeled antibodies (25). Other groups have been able tresistance. The application of radiolabeled mAbs as therapeutic
deliver higher doses df!-labeled antibody when administered agents may circumvent these problems of tumor escape. Radio-
as a single dose in a murine xenograft model (26), as in thidabeled antibodies, in contrast to naked antibodies, can effect
study. However, the major contributor to toxicity bfi-labeled  cell death without binding to all cells in the tumor mass. With an
antibody is red marrow toxicity, which in turn is dependent on appropriate radionuclide, binding to one antigen-positive cell
the circulating half-life of the radiolabeled antibody; the differ- may provide a lethal dose of radiotherapy to adjacent cells,
ences in blood clearance of radiolabeled antibody would explaiwhether antigen negative or positive, over a distance specified
the differences in toxicity observed (27, 28). Many parametersy the physical properties of the radionuclide chosen. The
affect antibody half-life, including radiolabeling techniques, an- maximum range of the nonpenetratiggemissions of*! is 2.4
tibody-antigen binding, and antibody physical properties, andmm (28), and survival and repopulation of antigen-negative
these could also contribute to the discrepancies between studiesells is therefore less likely with radiolabeled mAb therapy

To assess the specificity or tumor-targeting ability of approaches.

radiolabeled hu3S193 compared with a nonspecific radiation =~ Combined chemotherapy and radiotherapy has proven ad-
effect, an isotype-matched humanized control antibodyvantageous in other antibody systems (24). Responses observed
(huA33), which does not bind Peantigen, was included in all with subtherapeutic (10.Ci) doses of*3*3-huA33 in mice
studies. In the"*4-labeled antibody study, a significant reduc- bearing human colon cancer xenografts were significantly
tion in TV was seen in mice that received a single dose ofgreater after the addition of 5-fluorouracil (with or without
radiolabeled hu3S193 compared with*Yi-labeled control leucovorin; Ref. 25). Breast cancer is an ideal model to test the
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efficacy of combined modalities given its known sensitivity to scribed indicate that hu3S193 is a promising new agent for the
both radiotherapy and chemotherapy. Clinically, breast cancer ireatment of breast cancer, and further exploration of its thera-
responsive to a wide range of single chemotherapeutic agentpeutic potential is warranted.

including the microtubule-stabilizing agent Taxol (1). Taxol was

selected for the xenograft studies presented based on its relati

ease of administration (i.p.) and the well-defined dosing profile\fngFERE'\ICES
in nude mice, which enabled subtherapeutic doses with neglil- Smith, G., anq Henderson, I. C. New treatments for breast cancer.
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G,-M phase of the cell cycle, which is the most radiosensitivez' Scott, A. M., and Cebon, J. Clinical promise of tumour immunology.

. . e _~Lancet.,349 (Suppl. 2) 19-22, 1997.
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radiolabeled antibody (14). The sequence of radioimmunos, wm., Tripathy, D., Baly, D., Baughman, S. A., Twaddell, T., Glaspy,
therapy and chemotherapy administration has been reported tb A., and Slamon, D. J. Phase Il study of receptor-enhanced chemo-

be of importance in achieving optimal tumor response (14). Insensitivity using recombinant humanized anti-p185HER2/neu mono-

our study, Taxol was administered i.p. 24 h after injection 0fclonal antibody plus cisplatin in patients with HER2/neu-overexpressing

. . . . metastatic breast cancer refractory to chemotherapy treatment. J. Clin.
radiolabeled antibody. This schedule was determined from &ncol 16: 2659-2671. 1998. y Py

published study where Taxol administered after radioimmunoy  pakomori, S. General concept of tumor-associated carbohydrate
therapy with®°Y-ChL6 produced superior response rates com-antigens: their chemical, physical and enzymatic basisd. F. Oettgen
pared with Taxol given prior to radioimmunotherapy (14). A (ed.), Gangliosides and Cancer, pp. 93-102. Weinheim, Germany: VHC
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definite responses observed at this dose level in the initia[“ghly tumor-reactive, internalizing, mouse monoclonal antibodies to

. . . . e”-related cell surface antigens. Cancer R86:,2183-2190, 1990.
radioimmunotherapy experiments, which would allow additive 6. Pastan, |., Lovelace, E. T., Gallo, M. G., Rutherford, A. V., Magnani,

or synergistic effects of combining this therapy with Taxol (also 3, ., and Willingham, M. C. Characterization of monaclonal antibodies
at subtherapeutic doses) to be evaluated. B1 and B3 that react with mucinous adenocarcinomas. Cancer®es.,
The results obtained imply an advantage (additive or syn-3781-3787, 1991.

ergistic) for combined therapy over radioimmunotherapy alone,; 'mist:\epsewzlizazkou:g\?vzti M|_-| D%u?ncgroléél?'f 'S-gbgr?g ![-li,llr"n’(\)/ll‘CD?(?Wa'l[?]

\i\g;t]h[josusrlgfs I;\r/;zu Fr)n;ci; | (lar:/ | rt]gea gORQng;";szld mﬁ nlfgiscplonseghibmon by the isgty_pe variants of MAb BR}éS-Z directed agginst Y
. ) / = igosaccharide. In Vivo5: 79-83, 1991.

with either treatment modality when administered alone. Asg Theodoulou, M., Gilewski, T. A., Welt, S., Garin-Chesa, P., Stockert,

with the other studies performed, nonspecific, Fc-mediated ang., Kitamura, K., Steplewski, Z., Koprowski, H., Norton, L., and Old,

tibody effect was excluded by the inclusion of an isotype- L. J. Anti-Lewis Y (LeY) monoclonal antibody (mAb) BR55-2 (IgG2a)

matched control antibody group. Whereas the group receivindn patients with advanced breast cancer. Proc. Am. Soc. Clin. Oncol.,

100 u.Ci of **4-huA33 plus 600ug of Taxol displayed slower 3: 299, 1994.

. L 9. Schlimok, G., Pantel, K., Loibner, H., Fackler-Schwalbe, I., and
tumor growth than other control groups, it was significantly Riethmuller, G. Reduction of metastatic carcinoma cells in bone marrow

inferior to the group receiving 10Q.Ci of **4-hu3S193 plus by intravenously administered monoclonal antibody: towards a novel
600 wg of Taxol, implying that nonspecific (nontargeted) radi- surrogate test to monitor adjuvant therapies of solid tumours. Eur. J.
ation and chemotherapy sensitivity alone were not solely re<ancer31A:1799-1803, 1995.

sponsible for the responses observed. Although other chemdO. Tolcher, A.W., Sugarman, S., Gelmon, K. A., Cohen, R., Saleh, M.,

: ; ; ~ aacs, C., Young, L., Healey, D., Onetto, N., and Slichenmyer, W.
therapy agents have efficacy in breast cancer and antibody dru{éandomized phase Il study of BR96-doxorubicin conjugate in patients

conjugates have also been studied in clinical trials (10), th&yiih metastatic breast cancer. J. Clin. Onct¥; 478—484, 1999.
efficacy of Taxol in breast cancer together with our results1; gcort, A, M., Geleick, D., Rubira, M., Clarke, K., Nice, E. C.,
suggest that a combined approach could be a logical therapeut®myth, F. E., Stockert, E., Richards, E. C., Carr, F. J., Harris, W. J.,
option for Le’-positive malignancies. Armour, K. L., Rood, J., Kypridis, A., Kronina, V., Murphy, R., Lee,
Numerous criticisms have been made concerning the vaE-T- Liu, Z., Kitamura, K., Ritter, G,, Laughton, K., Hoffman, E.,
lidity of animal models. In general, the therapeutic efficacy of Burgess, A. W., and Old, L. J. Construction, production, and character-
- [ - ization of humanized anti-Lewis Y monoclonal antibody 3S193 for
antitumor agents tends to be overestimated in the nude mousgrgeted immunotherapy of solid tumors. Cancer R&f. 32543261,
model (29). The pharmacokinetic profile in nude mice differs 2000.
from humans, and the MTD of most antitumor agents for nudel2. Kitamura, K., Stockert, E., Garin-Chesa, P., Welt, S., Lloyd, K. O.,
mice is greater than the corresponding clinical dose, which igArmour, K. L., Wallace, T. P., Harris, W. J., Carr, F. J., and Old, L. J.

; ; pecificity analysis of blood group Lewis-y (Deantibodies generated
only partly compensated for by higher doses used in humarigainst synthetic and natural Le(y) determinants. Proc. Natl. Acad. Sci.

studies (23). In addition, with respect to antibody studies, thesa 91:12957-12961, 1994.

lack of expression of antigen in normal tissues in a manner 3 Clarke, K., Lee, F-T., Brechbiel, M. W., Smyth, F. E., Old, L. J.,
comparable to humans and the consequent reduced nonspecifiid Scott, A. M.In vivo biodistribution of a humanized anti-Lewis Y
binding in murine models are known. However, human cancemonoclonal antibody (hu3S193) in MCF-7 xenografted BALB/c nude
xenografts in nude mice have been valuable in screening th#ice. Cancer Res60: 48044811, 2000.

therapeutic potential of new reagents, with good correlationt4- DeNardo, S. J., Kukis, D. L., Kroger, L. A, O'Donnell, R. T.,

having been demonstrated between the sensitivity of tumors tLambom' K. R., Miers, L. A, DeNardo, D. G., Meares, C. F., and
%eNardo, G. L. Synergy of Taxol and radioimmunotherapy with yttri-

a drug in the human body and in BALB/c nude mice (19). The ym-go-labeled chimeric L6 antibody: efficacy and toxicity in breast
significant responses observed in the therapeutic studies deancer xenografts. Proc. Natl. Acad. Sci. US4, 4000—4004, 1997.



3628%%-hu 35193 and Taxol Therapy of Breast Cancer Xenografts

15. DeNardo, S. J., Richman, C. M., Kukis, D. L., Shen, S., Lamborn,clonal antibodies by linear extrapolation to binding at infinite antigen

K. R., Miers, L. A, Kroger, L. A,, Perez, E. A., and DeNardo, G. L. excess. J. Inmunol. Methodg2: 77—89, 1984.

Synergistic therapy of breast cancer with Y-90-chimeric L6 and pacli-3 gajley, M. J., and Smith, I. E. Correlation between experimentally

E?éﬁ: 'Zgngaﬁig?géggig,rzgﬁfgigeligggebpmem of a clinical pro-ng clinically demonstrated activity of two new cytotoxic agents in
) ) ’ : breast cancer. Anticancer ReS:,419-422, 1985.

16. King, D. J., Antoniw, P., Owens, R. J., Adair, J. R., Haines, A. M. R. . . .
' f s ' A ’ ' ' ' 24. Scott, A. M., and Welt, S. Antibody-based immunological thera-
Farnsworth, A. P. H., Finney, H., Lawson, A. D. G., Lyons, A., Baker, T. S., pies. Curr. Opin. Immunol9: 717-722, 1997.

Baldock, D., Mackintosh, J., Gofton, C. Yarranton, G. T., McWilliams, W., ! .
Shochat, D., Leichner P. K., Welt, S., Old, L. J., and Mountain, A. 25. Tschmelitsch, J., Barendswaard, E., Williams, C., Jr., Yao, T-J.,

Preparation and preclinical evaluation of humanised A33 immunoconjuCohen, A. M., Old, L. J., and Welt, S. Enhanced antitumor activity of
gates for radioimmunotherapy. Br. J. Cand, 1364—1372, 1995. combination radioimmunotherapy3i- labeled monoclonal antibody
17. Levenson, A. S., and Jordan, V. C. MCF-7: the first hormone-A33) with chemotherapy (fluorouracil). Cancer Res7; 2181-2186,
responsive breast cancer cell line. Cancer R£&.3071-3078, 1997. 1997.

18. Huseby, R. A., Maloney, T. M., and McGrath, C. M. Evidence for 26. Peterson, J. A, Blank, E. W., and Ceriani, R. L. Effect of multiple,
a direct growth-stimulating effect of estradiol on human MCF-7 dalls  repeated doses of radioimmunotherapy on target antigen expression
vivo, Cancer Res44: 2654—2659, 1984. (breast MUC-1 mucin) in breast carcinomas. Cancer Re5.1103—

19. Inaba, M., Kobayashi, T., Tashiro, T., Sakurai, Y., Maruo, K., 1108, 1997.

Ohnishi, Y., Ueyama, Y., and Nomura, T. Evaluation of antitumor 27. Siegel, J. A., Pawlyk, D. A,, Lee, R. E., Sasso, N. L., Horowitz,
activity in a human breast tumor/nude mouse model with a speciall. A., Sharkey, R. M., and Goldenberg, D. M. Tumor, red marrow, and
emphasis on treatment dose. Cancer (Philé4.,1577-1582, 1989. organ dosimetry fot*4-labeled anti-carcinoembryonic antigen mono-
20. Hunter, W. M., and Greenwood, F. C. Preparation of iodine-131¢lonal antibody. Cancer Re$0: 1039s-1042s, 1990.

labeled growth hormone of high specific radioactivity. Nature (Lond.), 28. Sharkey, R. M., Motta-Hennessy, C., Pawlyk, D., Siegel, J. A., and
194: 495, 1962. Goldenberg, D. M. Biodistribution and radiation dose estimates for
21. Nikula, T. K., Curcio, M. J., Brechbiel, M. W., Gansow, O. A., Yttrium- and iodine-labeled monoclonal antibody IgG and fragments in
Finn, R. D., and Scheinberg, D. A. A rapid, single vessel method fornude mice bearing human colonic tumor xenografts. Cancer Bes.,
preparation of clinical grade ligand conjugated monoclonal antibodies2330-2336, 1990.

Nucl. Med. Biol.,22: 387-390, 1995. 29. Giuliani, F. C., Zirvi, K. A., and Kaplan, N. O. Therapeutic re-
22. Lindmo, T., Boven, E., Cuttitta, F., Fedorko, J., and Bunn, P. A., Jr.sponse of human tumor xenografts in athymic mice to doxorubicin.
Determination of the immunoreactive fraction of radiolabeled mono- Cancer Res41: 325-335, 1981.



