Gemcitabine Plus Cisplatin Repeating Doublet Therapy in
Previously Treated, Relapsed Breast Cancer Patients
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Purpose: To determine the safety and efficacy of
gemcitabine plus cisplatin for patients with relapsed
adenocarcinoma of the breast.

Patients and Methods: Previously treated patients
with adenocarcinoma of the breast received cisplatin
(30 mg/m?) plus gemcitabine (1,000 mg/m?) on days
1, 8, and 15 of each 28-day cycle, which was changed
after patient no. 12 to cisplatin (30 mg/m?) plus gem-
citabine (750 mg/m?2) days 1 and 8 of each 21-day
cycle.

Results: Of 30 patients, three (10%) had complete
and 12 (40%) had partial responses, for an overall
response rate of 50%. Two objective responses were
observed among the four patients accrued after relapse
that followed high-dose/stem-cell therapies. The me-

dian fime to progression was 14 weeks. The median
time to progression for objective responders was 23.5
weeks, with a range of 8 to 68 weeks. Toxicities in-
cluded grades Il and IV neutropenia in 13%, anemia in
6%, thrombocytopenia in 31%, grade Ill nausea in 4%,
and grade Il peripheral neuropathy in 2% of 151 treat-
ment cycles. Moderate alopecia occurred in four pa-
tients. There were no treatment-related deaths.

Conclusion: Cisplatin plus gemcitabine is active and
tolerable for patients with relapsed breast cancer. Re-
sponses observed in previously treated patients, includ-
ing high-dose/stem-cell failures, indicate activity in oth-
erwise drug-refractory patients.
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EMCITABINE (2',2'-difluorodeoxycytidine; dFdC) is  overall tumor specimens and 88% (21 of 24) of the breast

a cytotoxic nucleoside analog, which differs from cancer specimens revealed true synérgy.Prior mecha
other fluoropyrimidines by the fluorine substitution on the nistic analyses had indicated that simultaneous or close
ribose ring in a geminal configuration. The parent com-temporal sequencing of gemcitabine and cisplatin exposures
pound is sequentially phosphorylated by deoxycytidinegptimized the interactiof? Furthermore, the concentration
kinase to the gemcitabine triphosphate dFdCWhich is  ranges examined in our laboratory predicted that the serum
incorporated into DNA, causing masked chain terminafion. concentrations of cisplatin achieved with low-dose admin-
In addition, the diphosphate dFdCDP functions to diminishjgiration schedules would be expected to retain the favorable

intracellular dgoxynucleosi;; pools through the inhibition y, 5 macologic effects in vivo. Based on these findings, a
of ribonucleotide reductase.Gemcitabine has in vitro phase Il trial of low-dose cisplatin plus gemcitabine in a

activity against a broad array of human tumor cell lfhmsd repeating doublet sequence was initiated in patients with

[‘uarzgrgv'ded objective responses in a variety of human SOII%reviously treated, relapsed breast cancer. The original trial

Cisplatin gis-diaminedichloroplatinum [Il]) is among the of C|§plat|n (30 mg/rf) plus gemeitabine (1,000 mgfin
most widely used antineoplastic drugs with broad clinical adm!qlstered gn da}/s 1,8, and 15 of each 2,8'd§y cycle was
activity. Although cisplatin has not been extensively appliedmOOIIerd to cisplatin (30 mg/f) plus gemcitabine (750
in the United States in the first-line treatment of breastmg/mz) 9” days 1 and 8 of each 21-day cycle aft_er the
cancer, it has been shown to provide high objective responsgPservation on day 15 of myelosuppression (primarily
rates when used as initial therapy for this diséhdde thrombocytopenia) in several of the first 12 patients ac-
degree of synergy between cisplatin and cytarabine identicru€d.
fied in prior investigations® has also been found for the
combination of cisplatin and gemcitabiReAlthough the
clinical potential of this combination continues to be inves-
tigated, its success in the treatment of non—small-cell Iun%
cancet? recently led to the approval of the Food and Drug g mitteq August 20, 1999; accepted February 15, 2000,
Administration for this indication. Supported in part by Eli Lilly Company, Indianapolis, IN.
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PATIENTS AND METHODS Patients who had received two or more prior chemotherapy regimens
. ) ) ) were started at a gemcitabine dose of 600 nfg/ill treatments were

. Eligible patlents_had measurable or assessable histologically CON3gministered on an outpatient basis.
firmed breast carcinoma that had progressed after at least one prior
chemotherapy regimen for systemic recurrence. All patients had RESULTS
Eastern Cooperative Oncology Group performance states ®fwith
adequate bone marrow, hepatic, and renal function. Inclusion criteria  Thirty-one patients entered the study between May 1997
were as follows: absolute neutrophil count=f1,000x 10° cells/L, and October 1998. Baseline characteristics for the partici-

platelet count of= 100,000x 10° cells/L, creatinine level less than 2.0 nts are listed in Table 1. On tient devel d clinical
mg/dL, bilirubin level less than two times normal, and the absence ofpa S are liste abie L. € pate eveloped clinica

active infection, clinical congestive heart failure, hypoxemia, and €vidence of brain metastases at the second week and was
second malignancy within 5 years. Concurrent radiation or hormonaldisqualified from formal evaluation. The remaining 30
therapy was not allowed; however, patients with clinically stable patients, who received at least one cycle of therapy, are

metastases of the brain or other sites who had completed radiatioihduded in the analysis. The objective response rates for the
therapy were permitted. Patients were eligible regardless of the natu

r . . .

of prior therapy, including high-dose therapy with stem-cell rescue andfs’0 patlen_ts are 'prowded |n' Table 2. Responses were
prior exposure to cisplatin or gemcitabine, provided that the two drugsOPserved in soft tissue, lung, liver, and bone. No responses
were not given together. When possible, patients with accessible siteere observed in the CNS, with eight of the 30 patients
of recurrence, including pleural effusions, ascites, cutaneous metast#ailing in this site and with six of these eight having
ses, and palpable lymph adenopathy, had tissue submitted for b“ndeSbjeCtive systemic responses at the time of CNS relapse.

ex vivo laboratory analysis of sensitivity to gemcitabine plus cisplatin.AmOn responding patients (complete and partial respond-
The results of ex vivo analyses were withheld from consideration until 9 P gp ( P P p

completion of therapy and were not used in the selection of patients fo€''S), the times to progression were a median of 23.5 weeks
the trial. The primary end points of the trial were the safety of the and a mean of 25 weeks.

therapy and its efficacy, which were measured as objective response Toxicity was primarily hematologic (Table 3). Data on
rate and time to progression, with a secondary end point that comparesvera” survival are provided in Fig 1. Of 22 patients for

ex vivo drug sensitivity with clinical outcome. All patients were hom tissue blocks were assessable. five were found
provided a thorough explanation of the study, and all patients providedN ’

written informed consent. The study was approved by the sponsoring0Sitive and 17 negative for HER-2 overexpression. An
organization, Eli Lilly Company, Indianapolis, IN, and by the Western analysis of outcome by the number of prior treatment
Institutional Review Board. regimens (one or twg = three) was conducted. These data

The ex vivo analyses of sensitivity to gemcitabine plus cisplatinwereare included in Table 4. A comparison between time to

conducted on fresh specimens of tumor submitted to the laboratory aa tment broar ion and ex viv nsitivity to th mbi-
previously describedf Treating physicians were blinded to the results eatment progression and € 0 sens y lo the co

of the analyses until completion of therapy. The detection of HER-2Nnation of cisplatin plus gemcitabine for the 12 patients for
overexpression was conducted using anté#aB-2 mouse monoclonal  whom tissue was provided is reported in Fig 2.
immunoglobulin G1, as previously described, with results scored from
1+ to 4+ with the anti-cerbB-2 Detection Kit (Ventana Medical DISCUSSION
Systems, Inc, Tucson, AZ).

Statistical calculations were performed using SPSS software, version The management of advanced and recurrent breast cancer
7.5 (SPSS, Inc, Chicago, IL). Survival curves were generated using theontinues to evolve. Single-agent gemcitabine has provided

life-table function. Compal’isons were performed Using the Wilcoxon objectlve responses in apprOXImately 20% of patlents in a

(Gehan) test, which compared the following subgroups: HER-2 (P0Siggiag of four clinical trials in advanced breast cart€éf
tive v negative), assay (sensitiveesistant), number of prior treatments

(one or twov = three). Results were considered significant afthe.05. The druQ’_S mild toxicity prof'le’ aCt'V'tY in solid tumors,
and relative non-cross-resistance with other classes of
Treatment Plan drugg® offer opportunity for study. Gemcitabine’s utility in
The repeating doublet schedule of cisplatin plus gemcitabine wagOmbination therapy, specifically with cisplatin, may hold
initially administered on days 1, 8, and 15 of each 28-day cycle. In thisthe greatest clinical potential.
group of previously treated breast cancer patients, cytopenias that The laboratory and clinical finding of activity for this
occurred on day 15, primarily thromchytopen|a| led to amodlflcatloncombination in a previously treated patient with drug-
of the protocol after the accrual of patient no. 12 to a schedule of days fract d d . ided th ti |
1 and 8 of each 21-day cycle. Both schedules were otherwise identicarle rac qu’ advance ovarlan cancer pFQVI e ) _e ra |qna e
and were administered as follows. for a clinical study of gemcitabine and cisplatin in ovarian
All patients received hydration with D51/2 normal saline (NS) at 200 cancer, preliminary results of which have been repofted.
mL_over_ 1 hour. Patients vyere pre_medicated with granisetron (Kytril; The observation that activity for Cisp|atin p|us gemcitabine
SmithKline Beecham, Philadelphia, PA) 1 mg intravenously and extended to a variety of human tumors in primary culture,

dexamethasone 10 mg intravenously. Cisplatin at 30 rAghas . .
administered in 250 mL of NS with 12.5 g of mannitolcat g of including breast Canceﬁg’SUggeSted a treatment strategy

MgSO,, over 1 hour. Posthydration with 250 mL D51/2 NS over 1 hour applicable to diseases not generally targeted for the combi-
was followed by gemcitabine at 750 mg/in 250 mL NS over 1 hour.  nation. Resistance to cisplatin seems to be primarily medi-
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Table 1. Patient Characteristics
No. of Prior
Patient No. Age (years) Treatments Regimen XRT Site of Disease
1 37 3 CA, NOV/NVB, TXT No Bone, liver
2 53 3 CAF, BMT, 5-FU Yes Bone, lung
3 58 3 CMF, NVB, TAX No Bone
4 70 3 MITO-C/NOV, TAX, NVB No Soft tissue, bone
5 74 1 CMF No Soft tissue, bone
6 60 5 CAF/MTX, TAX, NVB, 5-FU, TAX No Liver, lung, bone
7 43 2 CA, TAX Yes Bone
8 63 2 NVB, CMF No Soft tissue, bone
9 76 3 NVB, 5-FU, TAX No Lung, bone
10 66 1 TAX Yes Lung, bone
11 71 3 NVB, TAX, CMF Yes Lung, bone, liver
12 57 3 TAX, ADR, NOV No Liver
13 42 4 CA, TAX, NVB, MTX Yes Brain, bone, soft tissue
14 56 1 TAX No Bone
15 67 1 CAF No Soft tissue, bone
16 37 1 TAX Yes Bone
17 48 4 TAX, TAX/ADR, CAF, CA No Lung, soft tissue
18 66 1 CA Yes Bone, lung, soft tissue
19 46 1 TAX Yes Bone
20 67 3 CTX/5-FU, NVB, TAX Yes Bone
21 48 3 BMT, TAX, NVB No Lung, liver
22 50 2 NVB, CMF No Lung, bone
23 44 1 Ukrain* Yes Lung
24 55 3 TAX, NVB, TXT No Lung, bone
25 54 1 ADR No Lung, bone
26 49 5 CAF, CMF, BMT, TAX, PP/VP16 No Soft tissue
27 72 2 TAX, CA No Lung
28 49 3 TAX, CA, BMT Yes Soft tissue
29 38 2 CA, TAX Yes Bone, lung, soft tissue
30 47 4 CA, IFX/ADR, Interferon, IL-2 Yes Bone

Abbreviations: ADR, doxorubicin; BMT, bone marrow transplantation; CA, cyclophosphamide/doxorubicin; CAF, cyclophosphamide/doxorubicin/fluorouracil;
CMF, cyclophosphamide/methotrexate/fluorouracil; CTX, cyclophosphamide; 5-FU, fluorouracil; IFX, ifosfamide; IL-2, inferleukin-2; MITO-C, mitomycin-C; MTX,
methotrexate; NOV, mitoxantrone; NVB, vinorelbine; PP, carboplatin; TAX, paclitaxel; TXT, docetaxel; VP16, etoposide; XRT, radiation therapy.

*J.W. Nowicky Pharmaceuticals, Vienna, Austria.

ated by nucleotide excision rep&Eiand mismatch repaff® repeated induction of genomic insult followed by repair
After DNA platination, DNA polymerases rapidly incorpo- inhibition, as had been reported previouStyConcentra

rate nucleosides into sites of DNA damage. To enhance théon-range studies conducted in our laboratory indicated that
degree of dFACTP incorporation, in keeping with in vitro synergy persisted at successively lower cisplatin concentra-
observations, cisplatin and gemcitabine were administereglons (ie, 13.2 to 1.65g/mL continuous exposures in fixed

in a repeating doublet sequence such that both drugs wefgtios with gemcitabine). Prior observations in the A2780
given each day of therapy. The rationale was based on thgyarian carcinoma cell line had revealed that the wild-type

Table 2. Patient Responses (N = 30)

and cisplatin-resistant subclones were sensitive, whereas
gemcitabine-resistant subclones remained resistant to the

two-drug combinatiot? Cells with efficient DNA repair
% may be uniquely sensitive to agents that target excision

Type of No. of
Response Patients
CR 3
PR 12
SD 11 36
DP 4 13

10 repair processes. A comparison of ex vivo results from
40 previously treated versus previously untreated breast cancer
specimens in our study revealed comparable degrees of

NOTE. There were 20 measurable patients and 10 assessable.
Abbreviations: CR, complete response; PR, partial response; SD, stable

disease; DP, disease progression.

sensitivity, ex vivo, with a trend toward greater sensitivity
and synergy in the previously treated group. Although the
sample size is small, the observation of objective responses
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Table 3. Toxicities (N = 151 cycles) Table 4. Statistics
Grade (no. of cycles) Median
.. o Survival Time to
Toxicity Il I} \'2 land IV Total % No. of Time Progression

WBC count 80 17 2 19 13 Variable Patients (weeks) P (weeks) P
ANC 42 4 15 10 Overdll 30 46 14
HgB level 144 6 0 6 4 No. of prior treatments
PLT count 32 33 14 47 31 1or?2 11 54 <17 22 < .32
N/V 0 6 0 4 >3 19 41 14
Peripheral neuropathy 4 0 0 3 Assay status
Alopecia 4 0 0 3 Sensitive 6 62 < .49 36 <.03

Abbreviations: ANC, absolute neutrophil count; HgB, hemoglobin; PLT, Resistant 6 43 15

platelet; N/V, nausea/vomiting.

/the specific treatment administered. Overall, the regimen
roved to be tolerable.

Optimal doses and schedules for the combination of
cisplatin plus gemcitabine remain to be determined. A

The current report indicates clinical activity for the . .
. . . R gomparison of schedules in non-small-cell lung cancer
combination of cisplatin plus gemcitabine in relapsed breas . . X .
suggested that cisplatin on day 2 or day 15 combined with

cancer. Toxicity, primarily hematologic in the form of e

y' P y g . %emcnablne on days 1, 8, and 15 or days 1 and 15 was
thrombocytopenia, was manageable with scheduled dos . . S

superior to the schedule used in this trial of breast cancer

reductions. A comparison of response rates in the patients " . . .
b b P atients** Our experience with repeating doublet schedules

who received the days 1 and 8 schedule versus the days E L . .
. in this trial and in the treatment of advanced ovarian
8, and 15 schedule revealed no differences. Responses In 1 . . S L
. . Lo - cancef! is consistent with prior in vitro and in vivo
liver, lung, bone, and soft tissue sites indicate activity for . . . )
. L . .. observation® and raises the question of whether optimal
visceral recurrences. The lack of activity in patients with

CNS disease and the development of clinically s.ignificantSCthjUIeS may be disease-specific.

. . . . In this trial, only five of 22 assessable patients exhibited
brain and leptomeningeal recurrences in patients who en- . . . . .
. . . HER-2 overexpression by immunohistochemistry. This
joyed otherwise good systemic responses suggest that this ) . .
L .small sample size precluded formal analysis of impact of
combination does not adequately penetrate the blood-bralp' . .
ER-2 overexpression on outcome. The number of prior

barrier to provide CNS protection. treatment regimens, one or two versus three or more on
Although a response rate of 50% was observed, the 9 !

. - L outcome, did not achieve significande € .32). However,
treatment was not curative. In this light, toxicity with regard . .
. o .~ . among those patients for whom ex vivo laboratory analyses
to quality of life is important. The most common subjective

treatment-related side effect, reported by 44% of the payvere conducted, there was a significant difference between

tients, was mild to moderate fatigue. This was followed bydrug-res.|stant patients gnd drug.-ser?smve patients \.Nlth res
gard to time to progression. Median time to progression and

moderate nausea without vomiting in 36% of the patients. . . .
o . . . median overall survival times were 36 and 62 weeks among
On questioning, 42% of the patients described having . . .
atients who were found to be sensitive ex vivo and 15

emotional distress, such as fear, nervousness, or anxie leeks P — .03) and 43 weeks among those who were
which they attributed to the disease recurrence and not to o 9

in two of four patients who had relapsed after high-dose
stem-cell therapies supports the study of the combination i
this patient population.

10 1.0
i 8 —

8 N=30 P=.03

64 61

4 4 Assay

2 24 < Resistant N=6
0.0 . . . . = Sensitive N=6

oo - - - - - - - - 0 10 20 30 40 50

WEEKS Weeks

Fig 1. Survival. Fig 2. Time to progression.
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assay-resistant, respectively. The latter did not achieverug-resistant patients, even after high-dose/stem-cell ther-

significance R = .49). This finding is similar to prior apy, suggests relative non—cross-resistance with other drug

observations in small-cell lung cancer wherein a survivalcombinations. Future trials are warranted that use this

advantage H = .035) was observed in the assay drug-combination with earlier stage disease and incorporate

sensitive group?® The laboratory-based selection of breast consideration of its inclusion into consolidation strategies.

cancer as a target for cisplatin plus gemcitabine in this study

suggests that future studies might incorporate this technique

or related techniques into trial design or for the selection of ACKNOWLEDGMENT
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