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Gemcitabine in advanced breast cancer

Kurt Possinger

Universitatsklinikum Charité, Medizinische Universitatsklinik und Poliklinik 1,

Schwerpunkt Onkologie und Hamatologie, Berlin, Germany.

The experience with single-agent gemcitabine in advanced
or metastatic breast cancer is reviewed. In all studies, gem-
citabine was administered as a 30 min intravenous infusion
in cycles once a week for 3 weeks followed by 1 week of
rest. In the first European study (gemcitabine 800 mg/m?/
week), of 40 evaluable patients, 14 were chemo-naive, 7 had
received adjuvantchemotherapy, and 19 had received chemo-
therapy for metastatic disease. There were 3 complete re-
sponders and 7 partial responders (all independently vali-
dated by an external Oncology Review Board) for an overall
response rate of 25.0% (95% CI: 12.7%—41.2%). The median
time to declaration of response was 1.9 months and the
median duration of survival for all 40 efficacy-evaluable pa-
tients was 11.5 months. Haematological and non-haemato-
logical toxicities were particularly mild. WHO grade 3 and 4
toxicities included leukopenia (6.8% and 2.3% of patients),
neutropenia (23.3% and 7.0%), AST (6.8% and 2.3%), ALT
(18.2% and 0%), infection (0% and 2.3%), nausea and vomit-
ing (25.0% and 2.3%), alopecia (2.3% and 0%). There was no
grade 3 or 4 creatinine, proteinuria or haematuria. In the
smaller US study (18 evaluable patients, all but one having
received prior chemotherapy for stage IV disease) there were
no responders. However, the mean dose delivered was very
low (577 mg/m?/injection). In an ongoing European trial, with
a starting dose of 1000 mg/m>2, a number of partial respond-
ers have been seen in soft tissue, lung and liver. Gemcita-
bine’s modest toxicity profile and single-agent activity make
it an attractive candidate for trial in combination therapy in
advanced breast cancer where treatment is currently given
to palliate symptoms and improve quality of life.

The European study was conducted by James Carmichael, Philip
Phillip, Helen Kerr and Adrian L Harris from the ICRF Clinical On-
cology Unit, Churchill Hospital, Oxford, UK; and Kurt Possinger and
Maria Beykirch from the Klinikum Grosshadern, Munich, Germany.
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Introduction

In patients with metastatic breast cancer, curative
therapy is beyond our reach at present. It is there-
fore essential to balance the possible objective tu-
mour shrinkage and reduction in tumour-associated
symptoms with the drug-related toxicity the patient
has to cope with. It is important that the type and
intensity of a systemic therapy should be adapted
to the patient’s individual situations. Therefore, in
metastatic breast cancer the main treatment objec-
tives are to improve existing or imminently threat-
ening symptoms caused by the tumour growth, to
retain or restore physical ability for as long as
possible and, if possible, to prolong survival time.
Very few drugs combine therapeutic efficacy with
low systemic toxicity and good tolerability, and
gemcitabine, a novel nucleoside analogue, seems to
be one of these agents.

Preclinical studies with gemcitabine have de-
monstrated extensive activity with efficacy in a wide
variety of murine solid tumour and human xeno-
graft models.! Such activity in solid tumours is un-
usual for a nucleoside analogue and is explained by
gemcitabine’s interesting pharmacology, in which
multiple mechanisms potentiate its activity. Gem-
citabine undergoes intracellular phosphorylation to
its active diphosphate and triphosphate metabo-
lites. The activity of deoxycytidine kinase (the en-
zyme controlling the rate-limiting step in phospho-
rylation) is increased by gemcitabine diphosphate,?
which is also responsible for reducing the activity of
dCMP deaminase (the enzyme responsible for much
of the cellular elimination of gemcitabine).? Elimi-
nation of gemcitabine is also directly inhibited by
gemcitabine triphosphate.* In this way the di- and
triphosphates self-potentiate their activity. These
mechanisms are responsible for the rapid and high
level accumulation of gemcitabine triphosphate in
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tumour cells, and its subsequent slow elimination,
compared with ara-C triphosphate.? The active gem-
citabine nucleotides exert their cytotoxic actions as
follows. Gemcitabine diphosphate inhibits the for-
mation of deoxycytidine triphosphates in general
and deoxycytidine triphosphate in particular.® In
this way gemcitabine triphosphate competes as a
substrate for incorporation into the elongating DNA
chain and substitutes for deoxycytidine nucleotide.
Of interest, the gemcitabine nucleotide allows one
more nucleotide to pair before chain elongation is
terminated. In this way, the incorporation of gem-
citabine is hidden (masked DNA chain termination),
and the lesion is less susceptible to detection and
repair by proof-reading exonuclease enzymes.’

Phase I and phase II studies have suggested that
the balance between activity and tolerability is
best achieved in a weekly schedule whereby gem-
citabine is given once a week for 3 weeks, followed
by a week of rest. In the early phase II studies a
starting dose of 800 mg/m? was chosen. In the
breast cancer programme there were two early
studies at this low starting dose (now completed),
and a third study is ongoing at a starting dose of
1000 mg/m?.

European study

In the European Study’ patients were recruited in
two centres (ICRF Clinical Oncology Unit, Churchill
Hospital, Oxford, UK; Med. Klinik III, Klinikum
Grosshadern Universitit, Miinchen, Germany). Gem-
citabine was administered on an out-patient basis
at a dose of 800 mg/m? given by 30 min i.v. infusion
once weekly for 3 weeks followed by 1 week of rest,
this constituting 1 course of chemotherapy. Toxicity
was scored monthly using WHO criteria, and the
clinical response was initially assessed using WHO
criteria following 2 courses of chemotherapy. Forty-
four patients with advanced breast cancer (loco-
regional recurrence or metastatic disease) with
measurable disease were admitted to the study. The
most common sites of metastatic disease were liver
(50% of patients), bone (45%) and lymphadenopa-
thy (37%). Patients were allowed a maximum of one
regimen of chemotherapy as adjuvant treatment or
for advanced disease. They had to be aged between
18 and 75 years with a WHO performance status of
2, serum creatinine < 150 mmol/l, serum bilirubin
less than twice normal, and ALT/AST less than 3
times normal. Patients with endocrine or radio-
therapy in the 4 weeks before the start of the study,
with symptomatic involvement of the central nerv-
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Table 1. Patient characteristics

No. patients 44
Age (years)

Median 54.5

Range 32-77
Performance status

0 14

1 25

2 5
Menopausal status

Pre 9

Peri 4

Post 31
Histology

Ductal 35

Lobular 3

Adeno 5

Mixed 1
Spread

Loco-regional 4

Metastatic 40

ous system, concomitant cytotoxic, hormonal treat-
ment, immunotherapy, corticosteroids (except cor-
ticosteroid antiemetics and oral contraceptives) or
experimental agents were excluded. The patient
characteristics are summarized in Table 1.

81.2% of doses were given as assigned, 1.1% of
doses were omitted (more than half of these be-
cause of progressive disease), 15% were reduced
and 2.7% were escalated.

For all 40 patients receiving at least 1 course of
gemcitabine, overall response rate was 25% (95%
CL: 12.7%—41.2%). All responses were confirmed
by an independent Oncology Review Board. Re-
sponses were seen in soft tissue (breast, lymph
nodes) and in 4 patients with liver metastases. Re-
sponse by tumour histology was as follows: well
differentiated 1, moderately differentiated 1, poorly
differentiated 3, differentiation unknown 5. Five
responders had received previous chemotherapy,
3 had received up to 3 hormonal therapies, and 2
were chemotherapy and hormonal therapy naive.
Responses were generally noted early on in treat-
ment (after 8 weeks two-thirds of eventual respond-
ers had been declared as such) and times to com-
plete response were 1.9, 1.9 and 2.1 months. The
duration of response ranged from 6 to 43+ months.
Median overall survival times were 18.6+ months for
responders and 8.6+ months for non-responders.



Table 2. Laboratory values: maximum WHO grades
experienced during treatment (% of patients)

WHO grades

0 1 2 3 4

Haemoglobin 477 455 45 23 O
Leukocytes 182 182 545 6.8 23
Segmented neutrophils 256 16.3 279 233 7.0
Platelets 864 68 23 23 23
Bilirubin 977 23 0 0 0
AST 250 364 295 68 23
ALT 455 364 O 182 0
Alkaline phosphatase 659 205 136 O 0
Urea 810 190 O 0 o]
Creatinine 1000 O 0 0 0
Proteinuria 5568 349 93 0 0
Haematuria 628 209 163 O 0

Table 3. Non-haematological toxicity: maximum WHO
grades experienced during treatment (% of patients)

WHO grades

0 1 2 3 4
Infection 909 45 23 0 23
Fever 705 205 9.0 0 0
Hair loss 772 91 114 23 0
Consciousness 545 250 182 23 O
Pulmonary 864 68 68 0 0
Allergic 977 O ] 23 O
Cutaneous 75.0 18.2 45 23 0
Peripheral neurotoxicity 97.7 23 0 0 0
Nausea/vomiting 386 273 68 250 23
Oral 887 45 68 O 0
Diarrhoea 864 45 91 0 0
Constipation 932 68 0 0 0

There were a number of symptomatic benefits,
including decreased analgesic consumption (med-
ian duration of improvement 11.6 weeks), increased
performance status (median duration 4 weeks), and
decreased pain score (median duration 18 weeks).

The WHO toxicity grades for laboratory param-
eters are given in Table 2. Haematological toxicity
was generally mild; in particular very little platelet
toxicity was observed, 86.4% of patients having no
abnormal platelet count. Although the most sensi-
tive indicator of myelosuppression was neutro-
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penia, with WHO toxicity grades 3 and 4 of 23.3%
and 7.0% respectively, the incidence of infection
associated with this level of neutropenia was very
low. Liver and renal toxicity were minimal. Only 1
patient discontinued treatment due to liver toxicity.

The WHO toxicity grades for symptomatic toxi-
city are given in Table 3. The only WHO grade 4
symptomatic toxicities were infection (2.3%) and
nausea and vomiting (2.3%). WHO grade 3 toxicities
were few but included nausea and vomiting (25%:
this is misleading as a large proportion of patients
were receiving prophylactic antiemetics), hair loss
(2.3%) and cutaneous symptoms (2.3%).

Flu-like symptoms were reported in 6.8% of pa-
tients, although the incidence of fever was low and
easily managed. Peripheral oedema and oedema
were reported in 9.1% and 4.5% of patients but there
was no evidence of any association with cardiac,
hepatic or renal failure.

US study

Gemcitabine at a starting dose of 800 mg/m?/wk
was also evaluated in a smaller US study. Patients
had to have received no more than one previous
chemotherapy regimen for metastatic disease and
could have received one course of adjuvant ther-
apy. In this study there were 18 evaluable patients,
all of whom had stage 1V disease. Prior therapy in-
cluded surgery (all 18 patients), radiotherapy (10
patients), chemotherapy (17 patients),and hormon-
al therapy (11 patients). None of these patients re-
sponded to treatment with gemcitabine. The mean
dose delivered was calculated as 577 mg/m?/injec-
tion, which was considerably lower than that in the
European study, 725 mg/m?/injection. Although the
absence of objective responses was disappointing,
it should be borne in mind that in this small study
all but one of the patients had been given gemcita-
bine second or third line as palliative chemotherapy
for stage IV disease, and the mean dose received by
patients was < 600 mg/m?/injection. There was little
platelet toxicity (10% of patients reporting WHO
grade 3 with no grade 4) and no patients required
platelet transfusions. Myelosuppression was sig-
nificant in this pretreated population, with WHO
grade 3 leukopenia in 20% of patients (no grade 4),
and WHO grade 3 and 4 segmented neutrophils in
25% and 20% of patients respectively. Haemato-
logical toxicity was the major cause of dose omis-
sions in these pretreated patients who would be
expected to have diminished bone marrow reserves
compared with chemo-naive patients.
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Second European study

The differing results of the first European study and
the US study led to a third study in which single-
agent gemcitabine was given to a more homogene-
ous prognostic group. Patients had to be chemo-
naive for metastatic breast cancer, and where they
had received adjuvant chemotherapy this treatment
had to have finished at least 1 year before enrol-
ment in the study. In this multicentre study gemcita-
bine was administered in doses of 1000 mg/m?,
again given weekly for 3 weeks every 4 weeks.
To date, 23 patients have entered this study and
a number of responses have been seen in soft tissue,
lung and liver. One patient was withdrawn from the
study due to a cutaneous allergic reaction 24 h after
the infusion of gemcitabine. In the other patients
haematological and non-haematological toxicities
were very mild, with a maximum of WHO grade 2.

Discussion

The systemic treatment of patients suffering from
advanced breast cancer is still unsatisfactory. Im-
pressive tumour remissions can be achieved with
hormonal and cytotoxic drugs, but curative therapy
is beyond our reach at present. This emphasizes the
importance of the development of drugs combin-
ing high therapeutic efficacy with low systemic
toxicity and simple administration. The nucleoside
analogue gemcitabine promises to be such a drug.
Gemcitabine is a pro-drug requiring intracellular
phosphorylation to its active nucleotides. Its cyto-
toxic activity is related to its incorporation into
DNA, and the consequent inhibition of further DNA
synthesis. An important variable for the therapeutic
index of gemcitabine is the duration of infusion.
According to pharmacokinetic studies an optimal
intracellular level of gemcitabine triphosphate can
be achieved at an infusion rate of 10 mg/m?/min,
but most phase I and II studies in patients with solid
tumours have been conducted using a weekly
schedule of administration with doses between 800
and 1000 mg/m? infused over 30 min. It remains to
be clarified whether longer perfusion times adapted
to the cellular phosphorylation capacity (10 mg/m?/
min) will increase the therapeutic efficacy.
Overall, the toxicity profile of gemcitabine, ad-
ministered as a 30 min infusion once a week for 3
consecutive weeks followed by a week of rest, is
extremely favourable. Dose-limiting toxicity is
myelosuppression. Neutropenia is prevalent but
not severe (Table 2), and more importantly the in-
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cidence of infection is very low. The low incidence
and grade of granulocytopenia and neutropenia is
in marked contrast to the levels of grade 3 and 4
granulocyte toxicity routinely seen in single-agent
therapy with doxorubicin, paclitaxel, docetaxel or
ifosfamide. Also in contrast to other cytotoxic drugs,
gemcitabine causes very little nausea and vomiting.
The incidence of 25% grade 3 toxicity is misleading
as it includes prophylactic use of antiemetics in
some patients. Hair loss is a major problem with
many cytotoxic treatments. With gemcitabine how-
ever, WHO grade 3 and 4 hair loss was only 2.3%
and 0%, and this is an important benefit in the
population with breast cancer. Flu-like symptoms
have been reported with gemcitabine: in the Euro-
pean study 3 patients experienced these symptoms,
which were mild, transient and easily treated with
acetaminophen. There was no WHO grade 3 or 4
fever. Peripheral oedema was reported in 9.1% of
patients as being mild, transient, with no evidence
of any association with cardiac, hepatic or renal
failure. Cumulative haematological or non-haemato-
logical toxicity patterns have not been recognized.
This toxicity profile suggests that gemcitabine may
be easily incorporated into combination chemo-
therapy regimens without significantly compromis-
ing the doses of the other agents. To maintain the
favourable toxicity profile of gemcitabine, especial-
ly the minor hair loss and nausea and vomiting,
combination with mitoxantrone or fractionated
weekly administration of 4'-epidoxorubicin would
be suitable chemotherapy regimens.

As in all pivotal phase II gemcitabine studies,
response rates have undergone rigorous evaluation.
A panel of five experienced independent oncolo-
gists evaluated the response of each investigator-
determined responder to gemcitabine therapy, re-
viewing the clinical history, signs, symptoms and
the appropriate radiological tests. Drugs effective in
the treatment of metastatic breast cancer achieve
objective responses in up to 50% of previously un-
treated patients; however many of these agents are
associated with unpleasant toxicities.

In conclusion, gemcitabine has been shown to
be active in advanced breast cancer. The objective
response rate of 25% seen in the European Study
was validated by an independent Oncology Review
Board, and is in the range of other single agents
used in breast cancer. In the European Study two-
thirds of the patients had previous chemotherapy.
Therefore another study was started enrolling pa-
tients who had not received cytotoxic pretreat-
ment. In this ongoing study objective remissions
have been seen. Although increased survival re-



mains the ultimate objective of therapy, metastatic
breast cancer remains incurable at this time, and
most current treatment is given with the expectation
of palliating symptoms and improving quality of
life. Under these circumstances an acceptable toxi-
city profile of a drug is of great importance. Gem-
citabine is very well tolerated and easy to administer
on an out-patient basis. Dose-limiting toxicity is leu-
kopenia. Administered as a 30 min infusion once a
week for 3 consecutive weeks followed by a week
of rest, leukopenia WHO grade 3 or 4 occurred in
fewer than 10% of the patients. WHO grade 3 hair
loss was seen in only 2.3% of patients, with no grade
4 alopecia. The incidence and intensity of nausea
and vomiting was relatively low and was controlled
with simple antiemetics such as metoclopramide.
Gemcitabine deserves further evaluation in breast
cancer and is a logical candidate for combination
chemotherapy. Separate studies are underway in
metastatic breast cancer with gemcitabine and 4'-
epidoxorubicin and mitoxantrone.
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