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The objective of this phase II and pharmacologic study was to explore the feasibility, toxicity and activity of adaptive intrapatient dose
escalation of cisplatin in a dose-intensive weekly schedule using predefined levels of exposure, with the ultimate aim to improve the
antitumour activity of the therapy in patients with nonsmall cell lung cancer (NSCLC). Platinum DNA-adduct levels in peripheral
white blood cells during treatment were used as the primary parameter for adaptive dosing. If DNA-adduct levels were not available,
the area under the concentration–time curve (AUC) of unbound platinum in plasma was used for dose adaptation. Target levels for
DNA-adducts and AUC have been defined in a previously performed pharmacologic study. The feasibility of adaptive dosing was
tested in 76 patients with stage IIIB and IV NSCLC, who were planned to receive 6 weekly courses of cisplatin at a starting dose of
70 mg m�2, together with daily low oral dose of 50 mg VP16. In total, 37 patients (49%) who were given more than one course
received a dose increase varying from 10 to 55%. The majority of patients reached the defined target levels by a dose increase during
course two. Relevant grade 2 neurotoxicity was observed in eight (10%) patients and reversible ototoxicity grade 2 in 14 (18%)
patients. The strategy of adaptive intrapatient dose adjustment of cisplatin is practically feasible in a research setting even when results
for dose adaptation have to be reported within a short time-period of 1 week. The toxicity appeared to be manageable in this cohort
of patients. In some patients, exposure after the standard dose was substantially lower than the defined target level and significant
dose escalations of more than 50% had to be applied. The response rate (RR) was relatively high: overall 40% (29 out of 72 patients)
partial remission (PR), in patients with stage IIIB the RR was 60% (15 out of 25 patients) and with stage IV 30% (14 out of 47 patients).
Randomised studies are needed to determine whether the adaptive dosing strategy results in better efficacy than standard dosing.
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The prognosis of patients with advanced nonsmall cell lung cancer
(NSCLC) remains poor and this stresses the need to develop novel
treatment strategies. Cisplatin is one of the most frequently applied
agents in the treatment of advanced NSCLC. Treatment with
cisplatin-based chemotherapy has a small but statistically sig-
nificant positive influence on survival (Ruckdeschel, 1990; Souquet
et al, 1995; Non-small Cell Lung Cancer Collaborative Group, 1995;
Van Zandwijk and Giaccone, 1996). Trials comparing supportive
care and supportive care plus cisplatin-based chemotherapy
revealed a 27% reduction in the risk of death and an increased
1-year survival of 10% (Non-small Cell Lung Cancer Collaborative
Group, 1995). Another meta-analysis showed that the response rate
of cisplatin in combination with VP16, or various other anticancer
agents, was 34% in stage IIIB and only 22% in stage IV disease
(Ramanathan et al, 1997). Cisplatin is also one of the most active

agents in the treatment of advanced cervical cancer, mesothelioma,
and head and neck (H/N) cancer. Cisplatin is used in the standard
treatment for metastatic ovarian cancer and testicular cancer
(Loehrer and Einhorn, 1984; Krarup-Hansen and Hanse, 1991;
Kaye et al, 1992; Bajorin et al, 1993). In all these tumour types,
including NSCLC, further improvement of therapy with cisplatin
has been extensively investigated. Cisplatin has been used in
combinations with other different chemotherapeutic agents, such
as DNA-alkylators, topoisomerase II inhibitors, vinorelbine and
gemcitabine (Fukuoka et al, 1992; Liu, 1993; Sculier et al, 1994;
Gridelli et al, 1996; Wozniak et al, 1998; Lippe et al, 1999). Besides
evaluation of different combinations of cisplatin, important other
approaches have focused on increasing the dose and/or the dose
intensity of the drug using higher doses per course (Klastersky
et al, 1986; Gandara et al, 1993), or shortening the treatment
interval (Planting et al, 1993, 1994, 1995a, b, 1996a, b, 1997, 1999).
Cisplatin when applied as a single agent at a 3- or 4-weekly
schedule and a dose of 100 mg m�2 has a low activity in advanced
NSCLC and the overall response rate (RR) varies from 12 to 15%
(Gandara et al, 1993; Wozniak et al, 1999). In several tumour types,
a significant relation has been suggested between the dose intensity
of cisplatin and the likelihood of response and response duration
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(Ozols and Young, 1984; Gandara et al, 1989; Kaye et al, 1992). For
NSCLC results have been less clear (Klastersky et al, 1986; Gandara
et al, 1993; Gralla et al, 1998).

The highest dose intensity reached in these studies was
41 mg m�2 week�1 (Gandara et al, 1993). The dose per course of
cisplatin is limited because of the induction of acute intolerable
side effects, in particular acute gastrointestinal (GI) toxicity,
ototoxicity and renal dysfunction. In most patients, GI toxicity and
renal toxicity can adequately be prevented by use of 5HT3 blockers
in combination with dexamethasone as antiemetics and by
rigorous pre- and posthydration. Inspite of these measures, the
dose per course can reasonably not be pushed significantly higher
than approximately 100 mg m�2. Since cisplatin as a single
agent has little myelosuppressive effects when applied at
standard doses a realistic option is to shorten the treatment
interval. This has extensively been explored in several phase
I and II studies. In these studies, cisplatin has been applied
in weekly schedules as a single agent as well as in combination
with VP16 and recently also paclitaxel (Planting et al, 1993,
1994, 1995a, b, 1996a, b, 1997, 1999). In the weekly schedule of
cisplatin, VP16 was added at a daily low oral dose, because the two
drugs appear to act at least additively (Tsai et al, 1989; Wampler
et al, 1992) and maybe even synergistically, which has been
established in preclinical models (Kanzawa et al, 1997). In the
phase II studies, cisplatin treatment was found active when used at
a dose of 70 mg m�2 in six courses during 7 weeks (i.e. week 1,2,3
and 5,6,7) in combination with VP16 in advanced cervical cancer,
pleural mesothelioma, melanoma and NSCLC (Planting et al, 1997,
1999).

In a pharmocokinetic– dynamic study in 29 patients who
received weekly cisplatin plus daily low-dose VP16, a significant
correlation was found between the area under the unbound plasma
concentration–time curve (AUC) of cisplatin (measured as
platinum by atomic spectroscopy (AAS)) and the likelihood of
tumour response (Schellens et al, 1996). In addition, a highly
significant difference was found between DNA-adduct levels of
platinum, as measured in peripheral white blood cells (WBC) by
AAS in responders (n¼ 10) and non-responders (n¼ 19). The
adduct level in responders was 55% higher compared with
nonresponders at 1 h after the end of the 3-h infusion of cisplatin.
Also at later time points, the responders had significantly higher
WBC DNA-adduct levels than nonresponders. There was also a
highly significant correlation (Po0.001) and linear relation
between the AUC of cisplatin and the DNA-adduct levels in
WBC indicating that variation in the adduct levels is largely
determined by pharmacokinetic variability of cisplatin. In two
recent studies, the feasibility of intrapatient dose adjustment has
been evaluated (manuscript submitted). This has resulted in the
current study to adapt doses of cisplatin during treatment using as
a target the mean value of the platinum DNA-adduct levels in WBC
and AUC of unbound platinum as observed during course one in
the responding patients of the previous pharmacologic study
(Schellens et al, 1996).

METHODS

Selection of patients

Patients were eligible if they had histologically confirmed stage
IIIB or IV NSCLC, they were older than 18 and younger than 80
years, had a life expectancy of at least 3 months, if they had
measurable disease according to WHO criteria (WHO, 1979), a
WHO performance score of 2 or better, adequate bone marrow
function (WBC 43.0� 109 l�1, platelets 4100� 109 l�1), adequate
liver (serum bilirubin o25 mmol l�1, serum albumine 25 g l�1) and

renal function (serum creatinine o140 mmol l�1, or creatinine
clearance 445 ml min�1). They were not eligible if they had
received radiotherapy on the indicator lesion, or when any
radiotherapy was given within 4 weeks prior to start of the study.
New measurable metastases in previously irradiated areas were
accepted as indicator lesions. Patients were also ineligible if they
had neurologic disease that could cause an increased risk for
peripheral or central neurotoxicity, if they had uncontrolled
infections, if they were pregnant or were lactating, or if they had
known cerebral or leptomeningeal metastases. Previous treatment
with cisplatin or carboplatin was not allowed. Patients had to give
written informed consent. The study was approved by the local
ethics committee.

Treatment schedule

Cisplatin was administered in six courses during 7 weeks, which
was on days 1, 8, 15, 29, 36 and 43. Low-dose VP16 was given as an
oral daily dose of 50 mg on days 1–15 and 29–43. Cisplatin was
administered in 250 ml of 3% NaCl as a continuous i.v. infusion of
3 h. Patients were prehydrated with 0.75 l dextrose/saline plus
20 mmol KCl and 2 g MgSO4 administered in 3 h prior to the 3-h
infusion of cisplatin. After the end of the cisplatin infusion,
patients received posthydration with 2 l of dextrose/saline plus
40 mmol KCl and 4 g. MgSO4 administered over 14 h.

Blood sampling for pharmacokinetic and platinum
DNA-adduct measurements

During each of the first three courses, blood samples were to be
taken at 0, 1, 2, 3, 3.5, 4, 5, 6 and 21 h after start of the infusion. The
volume of each sample was 4 ml except at time points 0, 4 and 21 h
where a volume of 16 ml was collected. Samples at these three time
points were also used for the collection of WBC and measurement
of platinum DNA-adduct levels, according to a previously
validated quantitative assay (Ma et al, 1995).

During each of the last three courses only three blood samples
were taken of 16 ml at time points 0, 4 and 21 h after start of the
infusion of cisplatin.

Urine collection

During the first three courses 24 h urine was collected in two
portions for measurement of the platinum excretion.

Dose-individualisation

The dose of cisplatin that was to be administered during the
second course depended on the pharmacokinetic measurements of
cisplatin in plasma and the DNA-adducts in WBC. The secondary
target was the AUC of unbound platinum in plasma. The algorithm
for dose adaptation is summarised in Figure 1. The starting dose in
all patients was 70 mg m�2 according to the previously performed
phase II study (Planting, 1996). As a basis for dose-individualisa-
tion, the pharmacologic data were used of a large pharmacoki-
netic–pharmacodynamic study in 45 patients who received
cisplatin at a dose of 70 or 80 mg m�2 (Schellens et al, 1996). In
that study, the mean AUA (area under the DNA-adduct
concentration–time curve) in the group of responders to cisplatin
therapy was rounded off to 23 (mean 22.6, range 11.5–32.1 (pg
PT h mg�1 DNA)). In the nonresponders, the mean AUA was
rounded off to 14 (mean 13.7, range 7.4 – 21.3 (pg Pt h mg�1 DNA)).
The AUA value of 23, the mean value observed in the responders,
was taken as the target value for the current dose-individualisation
study.

If, in the current study, the observed AUA during course one
was below this defined target value of 23, the patient received a
subsequent dose increase in order to achieve an AUA value of 23
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during the second course. If the observed AUA during the second
course was found to be below 23 again, then a second dose increase
was applied. The maximum allowable dose increase was set at 30%
per course for safety reasons. If the observed AUA during the first
course was found to be higher than 23, then no dose reduction was
applied, and the patient continued treatment at the starting dose of
70 mg m�2 during all courses, since the safety of this dose had
previously been shown.

In the previous pharmacologic study, the mean AUC in the
responders was 3.0 (range 2.30 – 3.82 (mg h ml)�1) and the AUC in
nonresponders was 2.2 (range 1.10 – 3.16 (mg h ml)�1). If, in the
current study, for any reason the AUA could not be determined
then a target AUC value of 3.0 was used for adaptive dosing.
Hence, if the observed AUC was below 3.0 during course one a
dose increase was applied during course two and if the observed
AUC during course two was still below 3.0 then a second dose
increase was applied with a maximum increase per course of 30%,
exactly according to the approach as outlined for the AUA. If the
observed AUC during course 1 was higher than the defined target
of 3.0, then no dose reduction was applied.

In the previous pharmacologic study also a significant relation
was found between the AUC as well as the AUA and the toxicity, in
particular the thrombocytopenia. The AUC, but not AUA, was also
significantly correlated with the neurotoxicity (in particular, the
log vibration perception threshold). For this reason, a maximum
value of the AUC was accepted, which was arbitrarily set at 3.4 (the
mean value in the responders plus one standard deviation, as
observed in the pharmacologic study). If, for example, a patient
needed a dose increase, because the observed AUA was below the
defined target, but the AUC after the planned dose increase was
expected to exceed the safety limit of 3.4, then no or a lower than
planned dose increase was applied for safety reasons.

The dose and schedule of VP16 were not changed during
the study

After the end of the planned six courses of cisplatin, patients who
showed a tumour response and no unacceptable toxicity would in
principle be treated with 21-day courses of daily oral 50 mg VP16
b.i.d., courses to be repeated on day 28 according to the schedule
of the previously performed phase II study in NSCLC (Planting,
1996). However, continuation of treatment was left to the
discretion of the responsible physician.

Follow-up studies

Prior to start and every week during treatment a physical
examination was performed and the toxicity score (according to
the Common Toxicity Criteria (CTC)) and WHO performance
score were determined. In addition, haematologic parameters
(haemoglobin, leukocyte, granulocyte and platelet counts), serum
chemistry (liver (ASAT, ALAT, gamma-GT, LDH, alkaline,
phosphatase, bilirubin) and renal function (serum creatinine and
measured creatinine clearance), serum albumin and Na, K, Mg, Ca)
were determined weekly.

Neurologic examination (including vibrametry) and audiometry
were performed prior to start and 2 weeks and 3 and 6 months
after the end of cisplatin treatment.

Pharmacokinetic and pharmacodynamic calculations

The AUC of cisplatin was determined using the noncompartmental
trapezoidal method. Cisplatin was measured in plasma as platinum
by AAS according to a validated method (Ma et al, 1996). The
elimination rate constant k (h-1) was determined using the time
points at 4, 5, 6 h after start of the infusion. Curves were
extrapolated to infinity by using C(t)/k, where C(t) is the plasma
concentration at the latest time point ‘t’ (mostly 6 h after start of
infusion). The terminal half-life was calculated by ln 2/k (h). The
total plasma clearance (CL) of unbound platinum was calculated
by Dose/AUC (ml min�1).

The area under the DNA-adduct – time (AUA) was determined
up to the last measured time point at 21 h after start of the infusion
(i.e. by using the time points 0, 4 and 21 h) by applying the
trapezoidal method. The parameter AUA has previously been
defined (Schellens et al, 1996).

Urinary platinum excretion was used to calculate the renal
clearance of unbound platinum during the first 24 h after start of
treatment.

TOXICITY AND RETREATMENT

At any subsequent cycle leukocyte counts had to be X2.0� 109 l�1

and platelets X2.0� 109 l�1 100� 109 l�1. Patients were to be taken
off study in case of treatment delay because of drug-related toxicity
for more than 2 weeks, and any irreversible Xgrade 2
nonhaematologic toxicity (in particular neuro-, nephro- and
ototoxicity), excluding untreated nausea, vomiting and alopecia.
In case patients were taken off study, further treatment was left to
the discretion of the responsible physician.

End points of the study

The clinical and pharmacologic end points of the study were the
RR in stage IIIB and IV NSCLC and the toxicity of the treatment
and the feasibility of adaptive intrapatient dose adjustment to
achieve the desired exposure to cisplatin. The exposure to cisplatin
was defined by DNA adducts in WBC and AUC of unbound
platinum in plasma. Patients were considered evaluable for
response if they had received a minimum of three cycles of
cisplatin.

Course 1:
AUA<23 

and AUC<3.4

Course 2:
AUA<23

and AUC<3.4

Course 3:
AUC<3.4

then same dose all 
subsequent courses

Course 2/3:
AUC>3.4

All subsequent 
courses

Dose increase   max 30%

Dose increase
max 30%

Dose     decrease

A

Course 1:
AUA>23

and/or AUC>3.4

All courses:
same dose 
70 mg m

_2

B

Figure 1 Algorithm for dose adaptation of cisplatin: (A) if the observed
AUA during course one is below the target of 23 (pg Pt h mg�1 DNA) and
the AUC is below the safety limit of 3.4 (mg h ml�1). (B) if the observed
AUA during course one is already higher than the target of 23 (pg Pt h mg�1

DNA) and/or the AUC is higher than or equal to the safety limit of 3.4
(mg h ml�1). (For further details see Methods section.)
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Statistical analysis

No formal ‘a priori’ statistical design was chosen. The study was
performed in a relatively large patient population to enable
adequate assessment of the feasibility of intrapatient dose
escalation. The Pearson correlation coefficients were calculated
between dose and exposure parameters where appropriate. The
Spearman rank correlation coefficients were calculated between
exposure parameters and toxicity scores. Po0.05 was defined as
statistically significant.

RESULTS

In total, 76 patients were entered into the study between 1995 and
1999. Study evaluation was complete in 2001. The main
characteristics are given in Table 1. All patients were evaluable
for pharmacokinetics and toxicity. Four patients were not
evaluable for response, because they did not receive the minimum
number of three courses of cisplatin. Of these patients, two had
early disease progression and two refused further treatment
because of nausea and vomiting after the first and the second
course, respectively.

The 76 patients received in total 381 courses, which means that
on average five courses were administered per patient. The
achieved number of courses is 84% of the planned maximum of
six courses. In all, 18 patients did not complete the planned
cisplatin courses, for reasons outlined in Table 2. In 15 patients, a
treatment delay of 1 week was necessary and in 11 patients of 2
weeks, because of slow recovery of leukocytes and/or thrombo-
cytes. Of the 58 patients who received the planned six courses of
cisplatin, 39 patients reached a dose intensity of
60 mg m�2 week�1, 10 patients with a 1 week delay reached a dose
intensity of 52.5 mg m�2 week�1 and 9 with 2 weeks delay a dose
intensity of 47 mg m�2 week�1. The median dose intensity of all
patients was 54 mg m�2 week�1.

Pharmacokinetic data, DNA-adduct levels and dose
adaptations

Of the 75 patients, who received more than one course, in total 37
patients (49%) received a dose increase, because the initial
pharmacokinetic parameters were below the defined target level
during course one. The magnitude of the dose increases vs the
percentage of patients is shown in Figure 2. In individual patients,
the dose increase varied from 10 to 55%. The mean dose increase
was 28% (Tables 2 and 3). Of the 37 patients who received a dose
increase after the first course, 28 patients reached the target value
of DNA adducts during the second course and in nine patients a
modest (10–15%) further dose increase was necessary. In four
patients, the AUA remained below the target of 23 pg (Pt h mg�1

DNA); however, further dose increases were restricted by the high
level of the AUC. The AUA and AUC data are given in Table 4.

The main pharmacokinetic data of cisplatin during course one
are given in Table 5. Total plasma clearance of unbound platinum
was 5837152 ml min�1 and renal clearance was 164736 ml min�1.
The clearance data obtained during course two and three were of
the same order as those of course one.

The correlation coefficient (R) between AUC and AUA during
course one was 0.61 (Po0.01; N¼ 76), during course two 0.51
(N¼ 75; Po0.01) and during course three 0.68 N¼ 65; Po0.01)
(Figure 3). The correlation coefficient between dose and AUC
during course one was 0.21 (not significant NS; N¼ 76) and
between dose and AUA 0.17 (NS; N¼ 76).

Tumour response

In total, 72 patients were evaluable for response. None of the
patients developed a clinical complete remission (CR). Twenty-
nine or 40% of the patients developed a partial remission (PR), 28
(39%) remained stable during the treatment period with cisplatin
and 15 (21%) showed progressive disease during or at the end of
the planned treatment with cisplatin. The responses per tumour

Table 1 Patient characteristics

Total entered 76
Male 49
Female 27
Median age (range) 56 (33–72)
Median WHO performance score (range) 1 (0–2)
Stage III B 27

IIIB with pleural effusion 6
IIIB with T4 tumour 7
IIIB with N3 nodes 14
IV 49

Prior chemotherapy 0
Prior radiotherapy 11

Table 2 Reasons for patients not to complete the six planned cisplatin
courses (total entered 76)

No. of cisplatin
administrations No. of patients Reason off study

1 2 Patient refusal
2 2 Patient refusal, early PD
3 5 3*PD, ototoxicity, delay >2 weeks
4 3 3*delay >2 weeks
5 6 3*PD, 3*delay>2 weeks

Table 3 Cisplatin dose during courses one and two

Course 1 2

Cisplatin (mg) Mean 127 162
s.d. 15 29
Range 105–165 105–185
N 76 75

60

50

40

30

20

10

0
0 51-6041-5031-4021-3011-20

Cisplatin dose escalation (%)
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%
)

1-10

Figure 2 Magnitude of the dose increase of cisplatin expressed as
percentage of the starting dose vs the percentage of patient (N¼ 76).
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stage are given in Table 6. The median response duration in stage
IIIB was 34 weeks (range 20–54 weeks) and in stage IV 26 weeks
(range 14–38 weeks). All patients who developed a PR continued
with oral VP16 as single agent. Most patients needed an interval of
2–3 weeks instead of the planned 1 week to recover from grade
1–2 myelosuppression after the end of cisplatin treatment. The
median number of courses of VP16 was 3 (range 1–7).

Toxicity

The main toxicities observed are given in Table 7, scored as worst
toxicity per patient. The combination of dose intensive weekly
cisplatin plus daily low-dose VP16 induced significant myelosup-
pression with leuko- and granulocytopenia, which necessitated
dose delays of 1– 2 weeks in 18 patients. Two patients went off
study after three courses, four after four courses and three after
five courses, because recovery of granulocytes took more than 2
weeks. Mild to moderate anaemia was the most frequent

observation and the majority of patients (41 out of 76) needed
one or more red blood cell transfusions during treatment. Anaemia
developed gradually mostly after three courses. Mild to moderate
ototoxicity was observed; however, it did not lead to manifest
hearing loss. Most of the reported toxicities started to develop after
two to three courses

Also, mild to moderate nausea (grade 1– 2) and vomiting (grade
1–2) occurred frequently. Reversible grade 1 nephrotoxicity
developed in 14% of the patients and was therefore a relatively
infrequent toxicity. Neurotoxicity consisted of mild to moderate
paraesthesias, and sensory neuropathy, a common pattern
associated with intensive cisplatin therapy, which developed in
the majority of patients (72%).

No significant relations were found between exposure para-
meters (dose, AUC, AUA) and toxicity scores, including neuro-
toxicity parameters.

DISCUSSION

Assessment of the optimal treatment of advanced NSCLC has been
subject of numerous clinical trials. Cisplatin single-agent therapy is
clearly inferior to combination therapy with active agents,
including VP16, paclitaxel and gemcitabine. The combination
with VP16 has been extensively investigated and the RR in
advanced disease averages 30% (Klastersky, 1986). Prospective
trials aimed to improve the RR, time to progression (TTP) and

Table 4 Area under the DNA-adduct– time curve (AUA) in WBC and AUC of unbound platinum in plasma in 76 patients

Course 1 2 3 4 5 6

AUA (pg Pt h mg�1 DNA) Mean 16.5 22.6 24.9 23.9 26.9 28.9
s.d. 3.2 4.1 4.6 4.4 5.3 4.8
Range 10.2–29.0 16.7–39.1 19.5–45.8 16.1–42.1 17.4–42.1 20.6–52.4
N 76 75 65 49 49 31

AUC (mg h ml�1) Mean 2.1 2.9 2.7 ND ND ND
s.d. 0.5 0.6 0.4
Range 1.1–3.5 2.2–4.1 2.1–4.4
N 76 75 65

ND=not determined.

Table 5 Total plasma clearance (CL) of unbound platinum (Pt), urinary excretion (0–24 h after start of infusion), renal clearance, and
terminal half-life (t1/2) of Pt in plasma during course one

CL unbound Pt (ml min�1) Urinary Pt excretion (% dose) Renal CL Pt (ml min�1) t1/2 (h)

Mean 583 29 163 0.47
s.d. 152 6 36 0.16
Range 381–1223 11–38 87–262 0.31–1.06
N 76 69 69 76

0

20

40

60

0 1 2 3 4 5

AUC unbound Pt (�g h ml
_1

)

A
U

A
 (

pg
 P

t.h
 �

g_ 1
 D

N
A

)

course 1 (R=0.61)

course 2 (R=0.51)

course 3 (R=0.68)

Figure 3 Correlation between the exposure (AUC) to unbound
cisplatin during the first three courses and the DNA-adduct levels in
WBC (AUA). The correlation coefficients are given (R).

Table 6 Tumour response in 72 evaluable patients with advanced stage
IIIB or IV NSCLC

Stage IIIB Stage IV All patients

No. of patients 25 47 72
CR F F F
PR 15 (60%) 13 (30%) 29 (40%)
s.d. 10 (40%) 18 (38%) 28 (39%)
PD F 15 (32%) 15 (21%)
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survival have focused on dose intensification of cisplatin in
combination with VP16. Gralla et al (1981) reported that cisplatin
120 vs 60 mg m�2 plus vindesine every 4 weeks resulted in an RR of
43%, equal in both arms, but the TTP was 12 vs 5.5 months and the
survival was more than double favouring the high-dose arm. In
another randomised study of Gandara et al (1989), cisplatin
50 mg m�2 on days 1 and 8 vs 100 mg m�2 on days 1 and 8 in a
4-weekly schedule in stage IV NSCLC resulted in a low RR of 12%
in the low dose and 14% in the high-dose arm. In combination
with mitomycin C, which was the third arm of the study, the RR
was 27%. The highest dose intensity of cisplatin reached was
41 mg m�2 week�1.

Inspite of these high doses per course the RRs of high-dose
cisplatin are disappointing. Randomised studies have thus far not
shown survival benefit of regimens applying high doses of cisplatin
vs standard cisplatin containing treatment schedules in NSCLC
(Gandara et al, 1989; Font et al, 1999). In these studies, all patients
received either a high or a standard dose of cisplatin. The interval
between the administrations of cisplatin was usually 2–3 weeks.
Another important approach to intensify therapy with cisplatin is
to decrease the treatment interval, thereby increasing the dose
intensity. Studies by Planting et al have clearly shown that weekly
dose-intensive cisplatin at a dose of 70 mg m�2 plus low daily
dose of 50 mg VP16 is feasible and active (Planting et al, 1993,
1994, 1995a, b, 1996a, b, 1997, 1999). Based on preclinical and
clinical data supporting the combination of cisplatin and VP16,
VP16 was added in an attempt to improve the activity of cisplatin
therapy (Tsai et al, 1989, Donnadieau et al, 1991; Wampler et al,
1992; Kanzawa et al, 1997). In NSCLC, weekly 70 mg m�2 (weeks 1,
2, 3 and 5, 6, 7) of cisplatin plus low dose of VP16 was investigated
in stage IIIA, IIIB and IV patients (Planting, 1996). In the 17
patients with stage IIIB, of whom 13 completed therapy, the overall
RR was 35% (six out of 17 patients). In stage IV disease in that
study the overall RR in 29 patients was 31%. The same weekly
schedule of cisplatin plus VP16 induced favourable RRs in chemo-
naive pleural mesothelioma (Planting et al, 1994; 1995b), meta-
static melanoma (Planting et al, 1996b) and advanced cervical
cancer (in preparation), tumour types that are known to be only
marginally sensitive for chemotherapy.

In a retrospective pharmacologic study, we have shown that the
levels of DNA adducts formed in WBC as well as the AUC of
unbound platinum in plasma were highly correlated with the
likelihood of tumour response in 29 patients with advanced solid
tumours, mostly NSCLC, pleural mesothelioma, cervical cancer
and carcinoma of unknown primary site who were treated with
weekly cisplatin plus daily low-dose VP16 (Schellens et al, 1996).
Such positive relation was also established in a cohort of 16
patients with advanced H/N cancer treated with cisplatin as the

single agent. This has been the starting point for adaptive
intrapatient dose escalation with the aim to improve the RR of
cisplatin therapy. Two recent explorative studies in cervix cancer
(weekly cisplatin plus low-dose VP16) and H/N cancer (weekly
cisplatin as single agent) (submitted) revealed that the procedure
of dose adaptations using DNA-adduct levels and/or AUC of
cisplatin is feasible in a research setting, even when the turnaround
time for reporting of analytical and pharmacokinetic results is as
short as 1 week.

In the current phase II and pharmacologic study, the RR of the
weekly therapy of cisplatin plus low-dose VP16 was the primary
end point, besides assessment of the feasibility in a large
prospective study. The RR in stage IIIB was 60% in 25 patients
evaluable for response and 30% in 47 patients with stage IV
disease. The RR of 60% in 25 patients with stage IIIB is
encouraging compared with historical controls applying cisplatin
in combination with VP16 at a 3- or 4-weekly schedule and also
compared with the outlined weekly schedule of cisplatin plus low
dose of VP16 (Planting, 1996). Clearly, prospective randomised
studies are necessary to reveal whether the activity, and more
important the TTP and survival, can be increased by intrapatient
dose escalation of cisplatin. In stage IV disease, the RR of our
study was in the same range as reported by Donnadieu et al (1991)
and Planting (1996). However, the RR in the current study appears
to be higher than compared with cisplatin at a high dose as single
agent at a 3- or 4-weekly schedule (Gandara et al, 1989). Therefore,
development of other novel approaches is necessary to improve
the treatment outcome in patients with stage IV disease.

The 76 patients received on average 5.0, or 84%, of the planned
maximum of six courses. This illustrates that despite the dose
increase, the dose intensive schedule is practically feasible in
chemo-naive patients in good clinical condition. The achieved
median dose intensity of cisplatin of 54 mg m�2 week�1 is relatively
high considering the combination with daily VP16. The median
dose intensity of cisplatin in our study is comparable to the dose
intensity of weekly cisplatin in combination with radiation in
cervix cancer.

Prior to the execution of the study a dosing algorithm was
designed allowing maximally 30% dose escalations, which was
arbitrarily chosen for safety reasons. In most patients one dose
escalation was sufficient. In 49% of the patients, a dose increase of
10–55% was necessary to reach the defined target levels of DNA
adducts and/or AUC. The wide range of dose escalations reflects
the variability in the pharmacokinetics of cisplatin. In 24% (nine
out of 37 patients) of the patients who needed a dose increase, a
second increase was necessary after the second course, because the
target levels had not been reached after the first dose increase. In
five patients, the AUC level became higher than the upper limit of

Table 7 Main CTC graded toxicities in 76 patients that are probably or definitely related to cisplatin therapy. Toxicities are scored as worst grade per
patient

Toxicity Grade 1 N (%) Grade 2 N (%) Grade 3 N (%) Grade 4 N (%)

Leucocytopenia 18 (24%) 24 (32%) 13 (17%) 3 (4%)
Neutropenia 15 (20%) 29 (38%) 16 (21%) 6 (8%)
Thrombocytopenia 21 (28%) 23 (30%) 11 (14%) 2 (3%)
Anaemia 26 (34%) 42 (55%) 0 0
Neurotoxicity 55 (72%) 8 (10%) 0 0
Ototoxicity 29 (38%) 14 (18%) 0 0
Nephrotoxicity 11 (14%) 0 0 0
Alopecia 27 (36%) 16 (21%) F F
Nausea 48 (63%) 10 (13%) 4 (6%) F
Vomiting 27 (36%) 2 (3%) 2 (3%) 0
Diarrhoea 9 (12%) 1 (1%) 0 0
Anorexia 38 (50%) 7 (9%) 0 0
Fatigue 37 (49%) 9 (12%) 0 0
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3.4 during course three, the level which was chosen for safety
reasons, although from course two to three no dose escalation was
applied. Apparently, this was caused by intrapatient variability in
pharmacokinetics of cisplatin. The maximum AUC reached was 4.4
in one patient.

In all patients during course one, the DNA-adduct levels could
be determined and dose escalations were based on adduct levels.
Theoretically, this parameter may be more of interest than
the AUC, because the DNA-adduct formation is considered to be
the cytotoxic lesion of cisplatin (Eastman and Schulte, 1988).
If the current strategy of intrapatient dose escalation is going to be
applied at a wider scale in the future, then the study design should
be simplified. The AUA was significantly correlated with the AUC
of cisplatin (Schellens et al, 1996). This is confirmed in the current
study, as demonstrated by the significant correlation between
DNA-adduct levels in WBC and the AUC during all investigated
three courses. The AUC may be used as the main parameter for
dose adaptation. In addition, the number of samples for estimation
of the AUC of cisplatin may be reduced. At present, the data of this
and other studies are being used to design a limited sampling
model in order to further improve the practical application of
adaptive dosing for cisplatin.

The main pharmacokinetic parameters of cisplatin, in particular
plasma clearance, terminal half-life and renal clearance, are in the
same range as previously described (Reece et al, 1987, 1989;
Schellens et al, 1996).

The toxicities of the applied dose-intensive cisplatin therapy
plus low-dose VP16 are mainly related to neurotoxicity, ototoxi-
city, haematologic and GI toxicity. The great majority (80%) of
patients developed mild (72%) to moderate (8%) neurotoxicity
that presented as paresthesias. Ototoxicity was another frequently
observed toxicity and 14% of the patients developed relevant but
reversible CTC grade 2 toxicity. It is anticipated that in particular
this toxicity precludes further dose intensification of cisplatin. This
toxicity was also observed in previous high-dose studies (Gandara
et al, 1989; Planting et al, 1995; Planting, 1996). The majority of the
patients also developed anaemia, which frequently necessitated
blood transfusions. This was also found in previous studies with
the weekly schedule of cisplatin plus low-dose VP16 (Planting et al,
1995b). On average, the GI toxicity was manageable. Only two

patients discontinued therapy because of subjective unacceptable
toxicity (scored as CTC grade 2 nausea and vomiting). Renal
toxicity was an unusual finding. Only 14% of the patients
developed grade 1 toxicity. This may be because of administration
of cisplatin in hypertonic (3%) NaCl, rigorous pre- and
posthydration and frequent instruction of the patient. We found
no significant relation between the dose intensity of cisplatin and
the observed toxicities. We anticipate that the main reason for this
lack of relation is the narrow range of the exposures to unbound
cisplatin during repeated courses. The coefficient of variation in
the AUC of unbound Pt was only 15% during course three. The
range of the AUC of unbound Pt was three-fold during course one,
which reduced to two-fold during courses two and three. Also, the
AUA data showed little variation most likely as a results of dose
adaptation

In conclusion, the strategy of intrapatient dose adjustment for
cisplatin is practically feasible in a research setting even when a
short turnaround time of 1 week is the limit for reporting of
results. At the applied initial dose level of 70 mg m�2 in total 37
(49%) of the patients needed a dose increase, varying from 10 to
55% to reach predefined exposure levels.

The RR of 60% in stage IIIB NSCLC is encouraging. A
randomised study comparing individualised dose vs standard dose
cisplatin applying the same schedule of administration may
unravel whether the adaptive dosing strategy results in improved
TTP and survival. The latter end point should be considered the
primary objective in such pivotal trial. Prior to the execution of
such randomised study, we currently explore schedule-intensive
cisplatin in combination with gemcitabine as a basis for adaptive
dosing in NSCLC. In addition, combined modality of cisplatin-
based chemotherapy and radiation can be considered for stage IIIB
NSCLC. In stage IV disease, other novel concepts are needed to
improve therapy.

ACKNOWLEDGEMENT

This study was supported by the Dutch Cancer Society Grant no.
NKI 95-1059.

REFERENCES

Bajorin DF, Sarosdy MF, Pfister DG, Mazumdar M, Motzer RJ, Scher HI,
Geller NL, Fair WR, Herr H, Sogani P (1993) Randomized trail of
etoposie and cisplatin versus etoposide and carboplatin in patients with
good-risk germ cell tumors: a multinstitutional study. J Clin Oncol 11:
593 – 595

Common Toxicity Criteria (1998) Cancer Therapy Evaluation Program,
Division of Cancer Treatment. National Cancer Institute, Bethesda MD,
USA

Eastman A, Schulte N (1988) Enhanced DNA repair as a mechanism of
resistance to cis-diaminedichloroplatinum (II). Biochemistry 27: 4730 – 4734

Font A, Moyano AJ, Puerto JM, Tres A, Garcia-Giron C, Barneto I, Anton A,
Sanchez JJ, Salvador A, Rosell R (1999) Increasing dose intensity of
cisplatin – etoposide in advanced nonsmall cell lung carcinoma: a phase
III randomized trial of the Spanish Lung Cancer Group. Cancer 85:
855 – 863

Fukuoka M, Negoro S, Masuda N, Kusoni Y, Matsui K, Ryu S, Takifuji N,
Kudoh S, Takada M, (1992) Mitomycin C vindesine and cisplatin in
advanced non-small cell lung cancer: a phase II study. Am J Clin Oncol
15: 18 – 22

Gandara DR, Wold HG, Perez EA, Deisseroth AB, Doroshow J, Meyers F,
McWhirter K, Hannigan J, De Gregorio MW (1989) Cisplatin dose
intensity in non-small cell lung cancer: phase II results of a day 1 and 8
high-dose regimen. J Natl Cancer Inst 81: 790 – 794

Gandara DR, Crowley J, Livingston RB, Perez EA, Taylor CW, Weiss G,
Neefe JR, Hutchins LF, Roach RW, Grunberg SM, Braun TJ, Natale RB,

Balcerzak SP (1993) Evaluation of cisplatin intensity in metastatic non-
small cell lung cancer: a phase III study of the Southwest Oncology
Group. J Clin Oncol 11: 873 – 878

Gralla RG, Casper ES, Kelsen DP, Braun Jr DW, Dukeman ME,
Martini N, Young CW, Golbey RB (1981) Cisplatin plus vindesine
combination chemotherapy for advanced carcinoma of the lung. A
randomized trial investigating two dosage schedules. Ann Intern Med 95:
414 – 420

Gridelli C, Perrone F, Palmeri S, D’Aprile M, Cognetti F, Rossi A, Gebbia V,
Pepe R, Veltri E, Airoma G, Russo A, Incoronato P, Scinto AF, Palazzolo
G, Natali M, Leonardi V, Gallo C, De Placido S, Bianco AR on behalf of
the Gruppo Oncologico Centro-Sud-Isole (1996) Mitomycin C plus
vindesine plus etoposide (MEV) versus mitomycin C plus vindesine plus
cisplatin (MVP) in stage IV non-small cell lung cancer: a phase III
multicentre randomized trial. Ann Oncol 7: 821 – 826.

Kanzawa F, Nishio K, Fukuoka K, Fukuda M, Kunimoto T, Saijo M (1997)
Evaluation of synergism by a novel three-dimensional mode for the
combined action of cisplatin and etoposide on the growth of a human
small-cell lung cancer cell line, SBC3. In J Cancer 71: 311 – 319

Kaye SB, Lewis CR, Paul J, Duncan ID, Gordon HK, Kitchener HC,
Cruickshank DJ, Atkinson RJ, Soukop M, Rankin EM (1992) Randomised
study of two doses of cisplatin with cyclophosphamide in epithelial
ovarian cancer. Lancet 340: 329 – 333

Klastersky J (1986) Therapy with cisplatin and etoposide for non-small cell
lung cancer. Semin Oncol 13: 104 – 114

Dose escalation of cisplatin

JHM Schellens et al

820

British Journal of Cancer (2003) 88(6), 814 – 821 & 2003 Cancer Research UK

C
lin

ic
a
l



Klastersky J, Sculier JP, Ravez P, Libert P, Michel J, Vandermoten G,
Rocmans P, Bonduelle Y, Mairesse M, Michiels T, Thiriaux J, Mommen
P, Dalesio O and the EORTC Lung Cancer Working Party (1986) A
randomized study comparing a high and a standard dose of cisplatin in
combination with etoposide in the treatment of advanced non-small cell
lung carcinoma. J Clin Oncol 4: 1780 – 1786

Krarup-Hansen A, Hansen HH (1991) Chemotherapy in malignant
mesothelioma: a review. Cancer Chemother Pharmacol 28: 319 – 330

Lippe P, Gummarello D, Monterubbianesi MC, Silva RR, Giuliodori L, Mari
D, Santo, Pasini F, Cetto GL, Rossi D, Porfiri E, Cascinu S, Cellerino R.
(1999) Weekly gemcitabine and cisplatin in advanced non-small cell lung
cancer: a phase II study. Ann Oncol 10: 217 – 221

Liu RJ (1993) Chemotherapy outcomes in advanced non-small cell lung
carcinoma. Sem Oncol 20: 296 – 301

Loehrer PJ, Einhorn LH (1984) Drugs five years later. Cisplatin. Ann Intern
Med 100: 704 – 713

Ma J, Verweij J, Planting AS, de Boer-Dennert M, van Ingen HE, van der
Burg ME, Stoter G, Schellens JH (1995) Current sample handling
methods for measurement of platinum-DNA adducts in leucocytes in
man lead to discrepant results in DNA adduct levels and DNA repair.
71: 512 – 517

Non-small Cell Lung Cancer Collaborative Group (1995) Chemotherapy in
non-small cell lung cancer: a meta-analysis using updated data on
individual patients from 52 randomized clinical trials. BMJ 311: 899 – 909.

Ozols RF, Young RC (1984) Chemotherapy of ovarian cancer. 11: 251 – 263
Planting AST, van der Burg MEL, de Boer-Dennert M, Stoter G, Verweij J

(1993) Phase I/II study of a short course of weekly cisplatin in patients
with advanced tumors. Br J Cancer 68: 789 – 792

Planting AST, Schellens JHM, Goey SH, van der Burg MEL, de Boer-
Dennert M, Stoter G, Verweij J (1994) Weekly high-dose cisplatin in
malignant pleural mesothelioma. Ann Oncol 5: 373 – 374

Planting AST, van der Burg MEL, de Boer-Dennert M, Stoter G, Verweij J
(1995a) Phase I study of weekly high-dose cisplatin combined with long-
term oral etoposide in advanced solid tumors. Ann Oncol 6: 190 – 192.

Planting AST, van der Burg MEL, Goey SH, Schellens JHM, van den Bent
MJ, de Boer-Dennert M, Stoter G, Verweij J (1995b) Phase II study of a
short course of weekly high-dose cisplatin combined with long term oral
etoposide in pleural mesothelioma. Ann Oncol 6: 613 – 615

Planting AST (1996) Weekly scheduling of cisplatin: feasibility, efficacy and
perspective. Thesis, Erasmus University Rotterdam

Planting AST, van der Burg MEL, van den Bent MJ, de Boer-Dennert M,
Stoter G, Verweij J (1996a) Phase II study of a short course of weekly
high-dose cisplatin combined with long term oral etoposide in metastatic
colorectal cancer. Br J Cancer 73: 1265 – 1267

Planting AST, van der Burg MEL, Goey SH, Schellens JHM, Vecht C, de
Boer-Dennert M, Stoter G, Verweij J (1996b) Phase II study of a short
course of weekly high-dose cisplatin combined with long term oral
etoposide in metastatic malignant melanoma. Eur J Cancer 32A:
2026 – 2028

Planting AST, de Mulder PH, de Graeff A, Verweij J (1997) Phase II study of
weekly high-dose cisplatin for six cycles in patients with advanced
squamous cell carcinoma of the head and neck. Eur J Cancer 33: 61 – 65

Planting AST, Catimel G, de Mulder PH, de Graeff A, Hoppener F, Verweij
J, Oster W, Vermorken JB (1999) Randomized study of a short course of
weekly cisplatin with or without amifostine in advanced head and neck
cancer. EORTC Head and Neck Cooperative Group. Ann Oncol 10:
693 – 700.

Ramanathan RK, Belani CP (1997) Chemotherapy for advanced non-small
cell lung cancer: past, present, and future. Sem in Oncol 24: 440 – 454

Reece PHA, Stafford I, Russel J, Khan M, Fill PG (1987) Creatinine
clearance as a predictor of ultrafilterable platinum disposition in cancer
patients treated with cisplatin: relationship between peak ultrafilterable
platinum plasma levels and nephrotoxicity. J Clin Oncol 5: 304 – 309

Reece PHA, Stafford I, Abbott RL, Anderson C, Denham J, Freeman S,
Morris RG, Gill PG, Olweny CL (1989) Two versus 24-hours infusion of
cisplatin: pharmacokinetic considerations. J Clin Oncol 7: 270 – 275

Ruckdeschel JC (1990) Is chemotherapy for metastatic non-small cell lung
cancer ‘worth it’? J Clin Oncol 8: 1293 – 1296

Schellens JHM, Ma J, Planting AST, van der Burg MEL, van Meerten E, de
Boer-Dennert M, Schmitz PIM, Stoter G, Verweij J (1996) Relationship
between the exposure to cisplatin, DNA-adduct formation in leucocytes
and tumor response in patients with solid tumors. Br J Cancer 73:
1569 – 1575

Sculier JP, Paesmans M, Libert P, Bureau G, Dabouis G, Thiriaux J, Michel
J, van Cutsem O, Schmerber J, Giner V, Berchier MC, Sergysels R,
Mommen P, Klastersky J for the European Lung Cancer Working Party
(1994) Long-term survival after chemotherapy containing platinum
derivatives in patients with advanced unresectable non-small cell lung
cancer. Eur J Cancer 30A: 1342 – 1347

Souquet PJ, Chauvin F, Boissel JP, Bernard JP (1995) Meta-analysis of
randomised trials of systemic chemotherapy versus supportive treatment
in non-resectable non-small cell lung cancer. Lung Cancer (Suppl 1):
S147 – S154

Tsai CM, Gazdar AF, Venzon DJ, Steinberg SM, Dedrick RL Mushine JL,
Kramer BS (1989) Lack of in vitro synergy between etoposide and cis-
diaminedichloroplatinum (II), Cancer Res 49: 2390 – 2397

Wampler GL, Carter JR WH, Campbell ED, Keefe PA (1992) Relationships
between various uses of antineoplastic drug-interaction terms. Cancer
Chemother Pharmacol 31: 111

WHO (1979) Handbook for Reporting Results of Cancer Treatment. Geneva:
World Health Organization.

Wozniak AJ, Crowley JJ, Stanley P, Balcerzak P, Weiss GR, Spiridonidis CH,
Baker LH, Albain KS, Kelly K, Taylor SA, Gandara DR, Livingston RB
(1998) Randomized trial comparing cisplatin with cisplatin plus
vinorelbine in the treatment of advanced non-small cell lung cancer: A
Southwest Oncology Group Study. J Clin Oncol 16: 2459 – 2465

Van Zandwijk N, Giaccone G (1996) Treatment of metastatic non-small cell
lung cancer. Curr Opin Oncol 8: 120 – 125

Dose escalation of cisplatin

JHM Schellens et al

821

British Journal of Cancer (2003) 88(6), 814 – 821& 2003 Cancer Research UK

C
li
n

ic
a
l


