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We used the gemcitabine (dFdC) and cisplatin (cis-diamine dichloroplatinum CDDP) resistant mur-

ine NSCLC tumour Lewis Lung (LL) in C57/Bl6 mice to optimise scheduling of both drugs, since in

previous in vivo studies no eVective combination schedule of both compounds was found to overcome

resistance to either drug. dFdC could not be combined at the previously determined maximum toler-

ated dose (MTD) (120 mg/kg, q3dx4) with CDDP at its MTD (9 mg/kg, q6dx2) (mean weight loss

< 15% and < 15% toxic deaths), because of additive toxicity. Therefore, we lowered the dose of dFdC to

60 mg/kg (q3dx4) and of CDDP to 3 mg/kg (q6dx2), which caused an increase in antitumour eVect

compared with the activity of each compound alone at its MTD (growth delay factor (GDF) = 0.55, 0.13

and 2.56 for dFdC and CDDP alone and the combination, respectively). Changing the CDDP treat-

ment schedule giving the total dose (6 mg/kg) only at day 0 caused unacceptable toxicity. This eVect

was not seen when mice were treated with the total dose of CDDP on day 9, but, the anti-tumour eVect

was not enhanced. To decrease toxicity, the dosage of dFdC was lowered to 50 mg/kg and combined

with the total dose of CDDP on day 0, which caused a better antitumour eVect than the combination of

60 mg/kg dFdC and 3 mg/kg CDDP (q6dx2) with acceptable toxicity. Schedule dependency was found

for the combination: dFdC preceding CDDP by 4 h was the best treatment schedule in the LL tumours

(GDF: 2.1) with acceptable toxicity. However, when the interval was increased to 24 h, toxicity became

unacceptable (> 30% weight loss). The reverse schedule, in which CDDP preceded dFdC, did not lead

to an increased antitumour eVect or to increased toxicity. Adding amifostine, a selective chemopro-

tector, to the treatment decreased toxicity of the combination without aVecting the antitumour eVect.

Increasing the CDDP dose to 9 mg/kg (day 0) under amifostine protection led to an improved therapeutic

index. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

20,20-Difluorodeoxycytidine (gemcitabine, dFdC) is a

deoxycytidine analogue [1] with clinical activity against sev-

eral solid tumours, such as ovarian cancer, non-small cell

lung cancer (NSCLC), head and neck cancer (HNC), pan-

creatic cancer and bladder cancer [2]. After entering the cell,

dFdC is phosphorylated to its triphosphate (dFdCTP) which

can be incorporated into DNA, followed by one more deox-

ynucleotide after which DNA-polymerisation stops [3],

which probably determines its cytotoxic eVect. dFdC is also

capable of inhibiting ribonucleotide reductase (RR) [4], an

enzyme with a key role in DNA-repair mechanisms, and can

be incorporated into RNA probably leading to inhibition of

RNA synthesis [5].
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cis-Diamminedichloroplatinum (cisplatin, CDDP) is an

established anticancer drug with a similar spectrum of anti-

tumour activity as dFdC. CDDP is generally considered to

exert its cytotoxic eVect by binding to DNA, resulting in a

number of diVerent adducts [6]. A relationship between pla-

tinum±DNA adduct (Pt±DNA adduct) levels and anti-

tumour response in cultured cells [7] and in patients has been

postulated [8, 9].

Because of the diVerent, possibly complementary mechan-

isms of action, a similar spectrum of antitumour activity and

diVerent side-eVects, CDDP being nephrotoxic and dFdC

being mildly myelotoxic, combination of these drugs has been

investigated. In in vitro studies with colon-, ovarian-, HNC

and NSCLC cancer cell lines a synergistic eVect of both

drugs was found [10, 11] which was time- and sequence-

dependent. The most eVective schedule was 4 h dFdC pre-

incubation followed by the combination of dFdC and CDDP

[10]. The mechanism of synergy appeared to be an increase

in the formation of platinum (Pt)-DNA adducts [12] possibly

due to the incorporation of dFdC into the DNA.

In vivo studies in the dFdC and CDDP sensitive human

HNC xenograft HNX-22B in nude mice also showed that the

combination of both drugs resulted in higher response rates

than for each single agent and that dFdC (100 mg/kg, intra-

peritoneally (i.p.), q3dx4) and CDDP (4 mg/kg, intra-

venously (i.v.) d0 and 6) should be administered either

simultaneously or with a short time interval. However, addi-

tion of dFdC to CDDP did not lead to an enhancement of

activity in the CDDP resistant HNX-14C [13]. In a study

with the murine Colon 26-10 tumour in Balb/C mice dFdC

at 120 mg/kg i.p. (q3dx4) [14] was eVective as a single agent,

but the combination with 4 mg/kg CDDP i.p. showed

enhanced toxicity, which was not expected from results with

non-tumour-bearing mice [15]. At a lower dose of CDDP

(3 mg/kg), schedules with a 24 h interval after or before dFdC

were much more toxic than dFdC alone. The combination of

dFdC and CDDP was also eVective in the dFdC sensitive

human NSCLC xenograft Calu-6 in nude mice when dFdC

was given as a bolus injection every 3 days (150 mg/kg,

q3dx4) and CDDP was given the day after the last dFdC

injection (10 mg/kg, day 10) [16]. However, the eYcacy was

not greater than expected from single agent activity of the two

compounds. In the less dFdC sensitive human NSCLC

xenografts LX-1 and NCI-H460 the combination of both

drugs was not as eVective as in the Calu-6 xenograft.

Based on preclinical studies several clinical studies have

been initiated in NSCLC patients [17±21]. Response rates of

up to 54% have been found in these phase II studies with

both compounds. In these studies again a schedule depen-

dency was observed; the highest response rates were found

when dFdC preceded CDDP for 24 h [18]. However, major

responses were also observed with other schedules and con-

®dence intervals were overlapping.

The aim of this study was to optimise scheduling of both

drugs in a dFdC-resistant tumour, since in previous in vivo

studies with several other tumour types no eVective combi-

nation schedule of both compounds was found to overcome

resistance to either drug. For this purpose we chose the

murine NSCLC tumour LL. The cell line derived from this

tumour showed in vitro synergism [12]. Furthermore, we

tried to decrease the toxicity of the combination with pre-

treatment with amifostine, a protector against chemotherapy-

induced toxicity to the bone marrow and kidneys [22].

MATERIALS AND METHODS

Materials

Gemcitabine (20,20-di¯uorodeoxycytidine, dFdC) was

kindly provided by Lilly Research Center Ltd (Indianapolis,

Indiana, U.S.A.). Each ampoule contained gemcitabine HCI

equivalent to 500 mg gemcitabine, 500 mg mannitol, and

80 mg sodium acetate. The gemcitabine powder was dis-

solved in 0.9% NaCl to reach a ®nal concentration of 12 mg/

ml. Cisplatin (CDDP, Platinol1) was obtained from Bristol-

Myers Squibb B.V. (Woerden, The Netherlands) at a con-

centration of 0.5 mg/ml. Amifostine (S-2-(3-aminopropyla-

mino)-ethylphosphorothioic acid, WR2721, Ethyol1) was

obtained from USB Pharma (Nijmegen, The Netherlands)

and dissolved in 0.9% NaCl to reach a ®nal concentration of

24 mg/ml. All other chemicals were of analytical grade and

were commercially available.

Tumour

The sources and characteristics of the murine LL tumour

(non-small cell lung cancer (NSCLC)) have been described

elsewhere [23]. LL tumours were grown in female C57/Bl6

mice. The mice were kept in an area maintained on a stan-

dardised light/dark cycle and had access to food (RMH-B

10 mm code 2100, Hope Farms, Woerden, The Netherlands)

and water ad libitum. Tumours were transplanted sub-

cutaneously (s.c.) in both ¯anks in the thoracic region in

small fragments of 1±5 mm3. When tumours reached a

volume of 50±150 mm3, treatment was started. Tumour size

was determined using electronic calliper measurement

(0.5�length�width�height) twice a week, which was shown

to be the most reliable method [24]. The calliper was con-

nected to a computer enabling a direct evaluation of the data.

The tumour volume was expressed relative to that deter-

mined on the ®rst day of treatment (day 0). Prior to treat-

ment, mice were randomised into several groups, one group

serving as a control group. Each group consisted of at least 6

mice, corresponding to 12 tumours. Antitumour activity was

evaluated using two diVerent methods; by calculation of the

T/C values, i.e. by dividing the relative tumour volume

(RTV) of treated mice by that of control mice; and with the

growth delay factor (GDF) which was de®ned as the mean

number of tumour-doubling times gained by the treatment

and was calculated with the formula: GDF = (TDtrÿTDcon)/

TDcon. In this formula TDtr is the tumour-doubling time of

treated tumours and TDcon that of untreated tumours. Partial

responses were determined as a reduction of more than 50%

of initial tumour volume after treatment. As a general policy

mice were sacri®ced when the tumour volume reached

approximately 2000 mm3. Body weights of the animals were

recorded immediately before treatment and once daily during

and after treatment. Deaths were seen as being drug related

when the tumour volume on the day of death did not exceed

500 mm3, when death occurred within a week of treatment or

when death was preceded by a sharp weight loss of > 10%.

DiVerences in signi®cance between the antitumour eVects of

a particular treatment were determined by means of a Stu-

dent's t-test.

Doses and schedules

Mice were treated by i.p. bolus injection. An initial dose

®nding study in non-tumour-bearing C57/Bl6 mice found

the dose that caused a maximal weight loss of 15% was

de®ned as the maximum tolerated dose (MTD). Treatment
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was initiated at day 11 after transplantation. All protocols

were approved by the ethics committee for animal experi-

ments of the Free University of Amsterdam and comply with

the UKCCCR Guidelines for the Welfare of Animals in

Experimental Neoplasia [25].

RESULTS

Therapy with single drugs

A summary of the single agent antitumour activity and

toxicity of each compound given in a number of schedules

and doses is shown in Table 1. The LL tumour was resistant

to single agent treatment with CDDP (MTD = 6 mg/kg

(q6dx2, d0, d6); GDF = 0.13) and only moderately sensitive

to dFdC (MTD = 90 mg/kg (q3dx4); GDF = 0.55) (Figure 1).

No signi®cant diVerences between the tumour-doubling

times (TDt) of treatments with both compounds alone were

seen. Toxicity was schedule dependent, the lowest toxicity

was seen after treating mice with only one injection of 6 mg/

kg CDDP on the ®rst day.

Maximum tolerated dose of the combination of dFdC and CDDP

Based on previous combination studies in which almost full

doses of both dFdC and CDDP could be given [13, 15] and

based on the observation that the MTD of Colon-38 tumour

bearing C57/Bl6 mice of dFdC alone was 300 mg/kg, q3dx4,

i.p. [14], we started the combination studies with both com-

pounds at 90 mg/kg dFdC (q3dx4, i.p.) and 9 mg/kg CDDP

(q6dx2, i.p.). Unexpectedly, this initial schedule was exces-

sively toxic for C57/Bl6 mice (29% weight loss, with all toxic

deaths occurring at day 10); therefore, we decreased the dFdC

dose to 60 and 50 mg/kg. This was, however, not suYcient to

decrease toxicity to an acceptable degree (still 29% weight

loss with 3/6 toxic deaths). Since the toxicity pro®le appeared

to be typical for CDDP we decreased the CDDP dose to

3 mg/kg once every 6 days (q6dx2) in combination with

120 mg/kg dFdC (q3dx4). With this schedule toxicity varied

between the experiments and was overall not acceptable;

lowering the dFdC dose to 60 mg/kg resulted in an anti-

tumour activity better than that observed with single agent

CDDP or dFdC at their MTD (Figure 2). The TDts of the

combination were signi®cantly (P < 0.01) lower than those for

CDDP or dFdC alone (GDF = 2.56; 0.13 and 0.55, respec-

tively). In tumour-bearing mice the toxicity pattern was dif-

ferent from that in non-tumour-bearing mice. Therefore,

subsequent scheduling studies were also performed in

tumour-bearing mice.

Schedule dependency of the combination of dFdC and CDDP

Since CDDP is given at diVerent schedules clinically and

since CDDP has a steep dose±response relationship, we

investigated several schedules of CDDP. However, adminis-

tration of the total dose of CDDP (6 mg/kg) on day 0 com-

bined with 60 mg/kg dFdC (q3dx4) was more toxic than the

combination of 3 mg/kg CDDP twice (d0, d6) combined with

60 mg/kg dFdC (q3dx4) (Table 2). Since the tumour

volumes of the mice who survived treatment were much

Table 1. Summary of the antitumour activity of gemcitabine and cisplatin in Lewis Lung tumours

Antitumour eVect Toxicity

Dose

Mean doubling

time of tumours (days)

Growth delay

factor (GDF)

Max

T/C (day)y PRz
MWLx

(%)

Deathsk
n/total

Gemcitabine*

Control 3.2 � 0.9

50 mg/kg 7.15 0.59 0.51 10 0/11 4.7 0/6

60 mg/kg 5.1 0.88 0.50 11 0/11 6.5 0/6

90 mg/kg 4.86 0.55 0.42 13 0/10 9.3 1/6

120 mg/kg { { 0.4 � 0.3 9 0/26 11.6 5/17

Cisplatin

Control 3.2 � 0.9

3 mg/kg (d0, d6) CDDP 3.7 � 1.0 0.3 � 0.5 0.8 � 0.3 6 0/28 0.5 0/18

6 mg/kg (d0, d6) CDDP 5.07 0.13 0.91 9 0/11 4.1 0/6

6 mg/kg (d0) CDDP 3.53 0.12 0.44 3 0/10 4 0/6

*dFdC was dosed as q3dx4. yThe day at which this was observed. zPartial response (greater than 50% reduction in volume) recorded per total

number of tumours. xMaximal weight loss (%) due to drug treatment as compared with the ®rst day of treatment (day 0). kTotal of deaths due

to drug treatment. {Tdt, too toxic to determine, although the dose was tolerable in previous studies with dFdC [14]. GDF, (TDtrÿTDcon)/

TDcon. Values of > 1 indicate that the tumour is sensitive; T/C, RTVtr/RTVcon, tumour:control ratio.

Figure 1. Antitumour eVect of dFdC or CDDP in LL tumours.
Growth curves of untreated tumours (*) and tumours treated
with dFdC at its MTD (90 mg/kg; &) and at 60 mg/kg alone (~)
and CDDP at its MTD (6 mg/kg; ^) and at 3 mg/kg alone (!)
are shown. Volumes are expressed relative to those observed
at the start of the treatment and are presented as means
� SEM (standard error of the mean). The arrows indicate the
days of treatment. The average of the maximal tumour volume

of control mice was 1975 � 234 mm3.
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lower for the combination of 60 mg/kg dFdC (q3dx4) with

6 mg/kg CDDP on day 0 than for the combination of 60 mg/

kg dFdC (q3dx4) with 3 mg/kg CDDP (d0, d6), we treated

mice with a reduced dose of dFdC (50 mg/kg (q3dx4)) com-

bined with 6 mg/kg CDDP on day 0. This treatment had a

signi®cantly improved antitumour eYcacy (P = 0.02) com-

pared with the combination of 60 mg/kg dFdC (q3dx4)

combined with 3 mg/kg CDDP (d0, d6). Previous in vitro

studies had shown that sequential treatment with dFdC or

CDDP was more synergistic than simultaneous treatment.

Therefore, dFdC and CDDP were not only administered

simultaneously but also sequentially at similar doses. These in

vitro scheduling studies showed diVerent degrees of eYcacy,

therefore, we used intervals of 4 and 24 h. Thus, mice were

treated with 50 mg/kg dFdC 4 h or 24 h before CDDP (6 mg/

kg) on day 0, or with 6 mg/kg CDDP 4 h or 24 h before

50 mg/kg dFdC on day 0, followed by three treatments with

dFdC alone (days 3, 6, 9). In the same experiment the interval

with dFdC 4 h before CDDP was signi®cantly more eVective

than the simultaneous exposure of both drugs (P = 0.03)

Figure 2. Antitumour eVect of the combination of dFdC and
CDDP in LL tumours. Growth curves of untreated tumours
(*) and tumours treated with several combinations are
shown: 120 mg/kg dFdC (q3dx4) combined with 3 mg/kg CDDP
(d0, d6) (&), 90 mg/kg dFdC (q3dx4) combined with 3 mg/kg
CDDP (d0, d6) (~) and 60 mg/kg dFdC (q3dx4) combined with
3 mg/kg CDDP (d0, d6) (!). Volumes are expressed relative to
those observed at the start of the treatment and are presented
as means � SEM (standard error of the mean). The inset indi-
cates the number of mice which died during the experiment.
The arrows indicate the days of treatment. The average of the
maximal tumour volume of control mice was 1655�471 mm3.

Table 2. Schedule dependency of the eYcacy of the gemcitabine±cisplatin combination in LL tumours

Antitumour eVect Toxicity

Dose/schedule* TDty (days) GDF Max T/C (day)z PRx MWLk (%) Deaths{ n/total

Control 2.58 0 0/6

60 mg/kg dFdC + 3 mg/kg (d0, d6) CDDP 9.18 2.56 0.21 9 0/9 7.9 0/6

Control 2.72 0 0/5

60 mg/kg dFdC + 6 mg/kg (d0) CDDP ** ** 0.15 11 0/11 18.6 3/6

60 mg/kg dFdC + 6 mg/kg (d9) CDDP 6.13 1.25 0.42 11 0/11 19.5 1/6

Control 4.5 0.3 0/4

50 mg/kg dFdC + 6 mg/kg (d0) CDDP 11.5 1.56 0.23 10 0/11 13.5 0/6

6 mg/kg (d0) CDDP 4 h!50 mg/kg dFdC 13.2 1.93 0.29 10 1/12 15.5 0/6

50 mg/kg dFdC 4 h!6 mg/kg (d0) CDDP 13.9yy 2.08 0.13 10 1/11 18.4 0/6

Control 2.5 0 0/6

50 mg/kg dFdC + 6 mg/kg (d0) CDDP 12.8zz 4.12 0.11 10 0/11 19.4 2/6

50 mg/kg dFdC 24 h!6 mg/kg (d0) CDDP ** ** 0.16 7 0/11 27.6 2/6

6 mg/kg (d0) CDDP 24 h!50 mg/kg dFdC 7.81 2.12 0.29 10 0/10 14.7 1/6

*dFdC was dosed as q3dx4. yMean doubling time of tumours. zThe day at which this was observed. xPartial response (greater than 50%

reduction in volume) recorded per total number of tumours. kMaximal weight loss (%) due to drug treatment as compared with the ®rst day of

treatment (day 0). {Total of deaths due to drug treatment. **TDt, too toxic to determine. yySigni®cantly higher than TDt of mice treated with

50 mg/kg dFdC + 6 mg/kg CDDP d0 (P = 0.03). zzSigni®cantly higher than TDt of mice treated with CDDP 24 h before dFdC (P < 0.01).

GDF, (TDtrÿTDcon)/TDcon. Values of > 1 indicate that the tumour is sensitive; T/C = RTVtr/RTVcon, tumour:control ratio.

Figure 3. Schedule dependency of the antitumour eVect of the
combination of CDDP and dFdC in LL tumours. Growth
curves of untreated tumours (*) and tumours treated with
several combinations of 50 mg/kg dFdC (q3dx4) and 6 mg/kg
CDDP (d0) are shown: simultaneous (&), dFdC 4 h before
CDDP (!), CDDP 4 h before dFdC (~) and CDDP on day 9
combined with 60 mg/kg dFdC (^). Volumes are expressed
relative to those observed at the start of the treatment and are
presented as means � SEM (standard error of the mean). The
arrows indicate the days of treatment. The average of the
maximal tumour volume of control mice was 1348�205 mm3.
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(Figure 3, Table 2). However, when dFdC preceded CDDP

by 24 h, the combination was lethal to all mice. Similarly,

when CDDP preceded dFdC by 4 h the combination was

more eVective than the simultaneous exposure, although not

signi®cant. This combination was eVective with a 24-h inter-

val, although less eVective than the simultaneous combina-

tion (P < 0.01). Previous studies reported by Tanzer and

colleagues [16] indicated that treatment of mice with CDDP

after the last dFdC dose increased the antitumour activity of

treatment with dFdC alone and was better than with CDDP

alone, when administered at a similar tumour volume.

Therefore, we administered the total dose of CDDP (6 mg/kg

CDDP) on day 9. However, this was signi®cantly less eVec-

tive (P < 0.01) than the treatment with 6 mg/kg CDDP at day

0 combined with 60 mg/kg dFdC (q3dx4).

Decreasing the toxicity of the combination

Since control of CDDP toxicity appeared to be a major

hurdle in the combination studies of CDDP with dFdC we

attempted to control toxicity with amifostine. Since amifos-

tine decreased toxicity of the combination of 5-¯uorouracil

(5-FU) plus CDDP [26], we used a schedule similar to that

given previously. Thus, amifostine was given 5 min before

CDDP at 120 mg/kg in the simultaneous combination of

60 mg/kg dFdC (q3dx4) and 6 mg/kg CDDP (d0) or 3 mg/kg

CDDP (d0, d6) (Table 3, Figure 4). Toxicity was not

decreased in the combination of 3 mg/kg CDDP (d0, d6) and

60 mg/kg dFdC (q3dx4), but was signi®cantly decreased

(P = 0.03; day 6) for the 6 mg/kg CDDP combination. Ami-

fostine did not aVect the antitumour activity of the combina-

tion. However, its addition resulted in a clearly improved

therapeutic index. Thereafter, the dose of CDDP was esca-

lated in combination with amifostine, resulting in a tolerable

dose of CDDP of 9 mg/kg, which is lethal on its own. Toxi-

city of the combination of 50 mg/kg dFdC (q3dx4) with 9 mg/

kg CDDP (d0) was signi®cantly decreased (P = 0.03). Much

to our surprise, the toxicity of the combination of 50 mg/kg

dFdC with 6 mg/kg CDDP (d0) was not decreased. Alto-

gether, amifostine increased the antitumour eVect of both

combinations, resulting in the best therapeutic index for the

combination of 9 mg/kg CDDP (d0) and 50 mg/kg dFdC

(q3dx4) (GDF = 4.01; P = 0.04).

DISCUSSION

This study shows that the eYcacy of the combination of

dFdC with CDDP is very schedule dependent, but is more

eVective than each drug alone at its optimal schedule. The

sequence and time interval between the two drugs appear to

be important determinants of antitumour activity, similar to

what was previously shown in HNC xenografts and a murine

colon tumour [13, 15]. Moreover, the eYcacy of the combi-

nation could be even further increased by the addition of

amifostine, which allowed an increase in the dose of CDDP.

In a previous study we failed to increase the antitumour

activity of the dFdC insensitive HNC xenograft HNX-14C

[13], whereas the sensitive HNX-22B xenograft could be

Table 3. EVect of amifostine on the toxicity and antitumour eYcacy of the combination of gemcitabine and cisplatin

Antitumour eVect Toxicity

Dose*

TDty
(days) GDF

Max

T/C (day)z PRx
MWLk

(%)

Deaths{
n/total

Control 2.58 0 0/6

60 mg/kg dFdC + 6 mg/kg (d0) CDDP + 120 mg/kg amifostine 9.99 2.87 0.16 9 3/10 9.9 0/6

60 mg/kg dFdC + 3 mg/kg (d0, d6) CDDP + 120 mg/kg amifostine 7.83 2.03 0.32 9 0/11 14.9 0/6

Control 2.69 0 0/6

50 mg/kg dFdC + 6 mg/kg (d0) CDDP + 120 mg/kg amifostine 9.59 2.57 0.23 10 1/12 18.1 2/6

50 mg/kg dFdC + 9 mg/kg (d0) CDDP ** ** 0.11 7 1/11 29.6 6/6

50 mg/kg dFdC + 9 mg/kg (d0) CDDP + 120 mg/kg amifostine 13.48yy 4.01 0.12 10 0/11 23.3 0/6

*dFdC was dosed as q3dx4. yMean doubling time of tumours. zThe day at which this was observed. xPartial response (greater than 50% reduction

in volume) recorded per total number of tumours. kMaximal weight loss (%) due to drug treatment as compared with the ®rst day of treatment

(day 0), including the day after ®rst treatment at which this was observed. {Total of deaths due to drug treatment. **TDt, too toxic to determine.

yySigni®cantly higher than TDt of mice treated with 50 mg/kg dFdC + 6 mg/kg CDDP (d0) alone or in combination with amifostine (P = 0.04 and

0.05, respectively). GDF, (TDtrÿTDcon)/TDcon. Values of > 1 indicate that the tumour is sensitive; T/C RTVtr/RTVcon, tumour:control ratio.

Figure 4. The antitumour eVect of increasing doses of CDDP
in combination with dFdC under amifostine (WR) protection.
Growth curves of untreated tumours (*) and tumours treated
with the combination of 50 mg/kg dFdC (q3dx4) and CDDP
(d0) with and without amifostine are shown: dFdC combined
with 6 mg/kg CDDP with (~) or without amifostine (&) and
dFdC combined with 9 mg/kg CDDP with (^) or without
amifostine (+). Volumes are expressed relative to those
observed at the start of the treatment and are presented as
means � SEM (standard error of the mean). The inset indi-
cates the number of mice which died during the experiment.
The arrows indicate the days of treatment. The average of the
maximal tumour volume of control mice was 2101�284 mm3.
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made much more sensitive. Therefore, it was postulated that

a tumour should have a certain sensitivity to each drug in

order to achieve an additive eVect from the combination. The

LL tumour is less sensitive to either dFdC and CDDP alone

than the HNX-14C; however, from this study it appears that

the resistance to the combination according to the HNC

xenograft schedule, could be overcome in the LL tumour by

adjusting the CDDP schedule.

The optimal schedule in C57/Bl6 mice bearing the LL

tumour was based on a high-dose of CDDP treatment only

on day 0. This schedule was not only diVerent from the

schedule used in the HNC xenografts, but also from the

eVective schedule used in Calu-6 human lung xenografts,

either CDDP on day 0 and day 6 or a high-dose of CDDP at

day 9, respectively [16]. The schedule with delayed high-dose

CDDP was ineVective for the LL tumour, possibly because

the schedule used in the human lung xenografts was designed

to treat tumours with a similar size by CDDP, i.e. tumours

which were treated with CDDP alone had a similar size as

tumours treated with dFdC, for that purpose tumours have to

be sensitive to dFdC alone, which LL tumours are not,

resulting in tumours too large to be treated at day 9. This

might also account for the inactivity of the schedule used in

the HNC xenograft studies. Apparently, alternative schedules

such as repeated low-dose CDDP and delayed CDDP, are

only eVective in relatively sensitive tumours.

The schedule dependency studies revealed that LL

tumours responded best to a treatment with a sequential

administration of dFdC and CDDP with a 4-h interval.

These data agree with previous studies in the HNX-22B

xenograft in which dFdC preceding CDDP with a 4 h inter-

val, showed the highest antitumour activity [13]. However, in

both studies treatment of mice with dFdC 24 h before CDDP

increased toxicity to an unacceptable level, while CDDP 24 h

before dFdC failed to show an increase in the eYcacy com-

pared with simultaneous combination. Partial responses were

observed in both 4 h interval studies in LL tumours, this in

contrast to the simultaneous exposure where no partial

responses were observed. However, in contrast to the study in

the HNX-22B xenograft where three cures were found, no

cures were seen in this study. However, the HNX-22B xeno-

graft already showed sensitivity to each drug alone.

The reason for the diVerence in toxicity between non-

tumour bearing and tumour-bearing mice remains unknown.

However, these more severe side-eVects were also found in

previous studies with HNC xenografts and a murine colon

tumour [15]. It was proposed that this toxicity might be

related to tumour-dependent metabolic eVects exerted by the

drug related to signal transduction, nucleotide pools and

energy status of the tumour, as was found in euthymic mice

[27]. However, the increased toxicity is found in almost all

studies combining both compounds, even though three dif-

ferent mouse strains and four diVerent tumour types were

used. Therefore, it appears to be related to the interaction of

both compounds, which might be, as was postulated for 5-

FU, related to an increased RNA synthesis inhibition by

dFdC and CDDP [12].

In this study we managed to reduce toxicity by pretreating

mice with amifostine without aVecting the antitumour eVect

of the combination of dFdC and CDDP. In previous studies

with combined 5-FU/CDDP and carboplatin treatment

an increase in gastrointestinal and haematological toxicity

was found compared with each compound alone [26, 28].

Amifostine could protect the myelotoxicity, gastrointestinal

toxicity and nephrotoxicity typical for CDDP and carbopla-

tin. Since amifostine also reduced dFdC-CDDP induced

toxicity but not dFdC toxicity, dFdC apparently increased

CDDP-related toxicities. This ®nding might be very impor-

tant for future use of the combination in the clinic. Since the

clinical activity of these compounds is strongly dose-related,

pre-treatment with amifostine might improve the response

rate of the combination of dFdC and CDDP in NSCLC

[17±19].

The results presented here can give further insight in the in

vivo interaction between dFdC and CDDP. This study shows

that the schedule dependency between both compounds

plays an important role in both antitumour response and

toxicity patterns, which is of major interest for the treatment

of tumours in the clinic: more schedules may be active. Fur-

thermore, this study shows that resistance to the combination

can probably be overcome by adjusting the CDDP schedule

and that the total dose of the combination of both com-

pounds can be increased by co-treatment with the toxicity

protector amifostine, which might be an indication for a role

for this compound in patient treatment.
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