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Abstract Purpose: An all-oral regimen of etoposide and
cyclophosphamide was developed for use in poor-prog-
nosis extensive disease small-cell lung cancer. Limited
pharmacokinetic sampling was used to derive a phar-
macodynamic model predictive of myelosuppression
early in the course of therapy. Patients and methods:
Eligible patients were chemotherapy-naive and had ex-
tensive disease small-cell lung cancer with either SWOG
performance status 2 or serum albumin <3.5 g/dl. The

®rst cohort (n = 18) received etoposide orally at 50 mg
daily and cyclophosphamide orally at 50 mg daily days
1±14 every 28 days. Due to good hematologic tolerance,
the second cohort (n = 39) received both agents orally
at 50 mg twice daily days 1±14 every 28 days. Plasma
etoposide levels were determined in samples drawn at
baseline, and at 1 h, 2 h, and 23.5 h (trough) after the
®rst dose. Linear regression analysis was used to deter-
mine pharmacokinetic and demographic parameters
predictive of myelosuppression. Results: A total of 173
treatment cycles were delivered. Patients on the daily
regimen had a 22% response rate (complete and partial),
a 22% uncon®rmed response rate, and a 5-month me-
dian survival, while patients on the twice-daily regimen
had a 28% response rate (complete and partial), a 13%
uncon®rmed response rate, and a 7-month median sur-
vival. Granulocytopenia and alopecia were the most
common toxicities seen. Signi®cant granulocytopenia
could be predicted for the twice-daily regimen according
to the formula ln(AGC nadir)=7.80 ) 1.88(trough),
with an increased incidence of granulocytopenia if the
etoposide trough value was ³1.49 lg/ml. Conclusion:
Oral etoposide and oral cyclophosphamide given days
1±14 every 28 days is well tolerated and results in an
acceptable response rate and median survival in poor-
prognosis (poor performance status or low serum albu-
min) extensive disease small-cell lung cancer. A trough
etoposide level obtained within 24 h of starting therapy
can predict severe granulocytopenia.

Key words Etoposide á Cyclophosphamide á Oral
chemotherapy á Pharmacodynamics á Small-cell lung
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Introduction

Recent trends in chemotherapeutic treatment have been
in¯uenced both by the traditional goals of increasing
response rate and length of survival and by the parallel
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goals of maintaining quality of life and maximizing
patient time in the outpatient setting, particularly in the
treatment of diseases for which cure may be rare. These
trends are exempli®ed by the management of extensive
disease small-cell lung cancer. The response rate of this
disease to numerous chemotherapeutic agents remains
quite high although cure is rarely achieved [2]. However,
both comorbid (smoking-related) conditions and de-
creased performance status due to the disease itself may
limit the intensity of treatment that can be delivered.
Extended oral administration of chemotherapy would
therefore appear to be a reasonable strategy for deliv-
ering maximum therapy at tolerable intensity in the
outpatient setting.

Several agents with activity against small-cell lung
cancer can indeed be administered by the oral route.
Oral etoposide has been shown to have signi®cant
single-agent activity against small-cell lung cancer even
in debilitated patients [14]. The schedule dependence of
etoposide [29] and the inverse relationship between
oral dose and bioavailability [11] suggest that an ex-
tended low-dose oral regimen may even be the pref-
erable method of administration. Cyclophosphamide is
another agent with activity against small-cell lung
cancer for which signi®cant experience in administra-
tion of extended oral courses exists [1]. Use of these
two agents as a chemotherapeutic doublet has been
attempted in several di�erent tumor types both in vitro
and in vivo.

Dombernowsky and Nissen [5] investigated etopo-
side and cyclophosphamide as one of a series of
etoposide-based doublets evaluated for the treatment
of murine L1210 leukemia. In this study etoposide and
cyclophosphamide were administered by the intraperi-
toneal route, and increases in both rate of survival and
number of cures were noted. EstapeÂ et al. [6±9] per-
formed a series of clinical studies in lung cancer and
breast cancer using a combination of intravenous cy-
clophosphamide and oral etoposide. In two separate
studies in lung cancer [6, 8], an overall response rate
of 50% in 38 patients with non-small-cell lung cancer
and 72% in 22 patients with small-cell lung cancer was
noted. Treatment of 27 patients with metastatic breast
cancer resulted in a response rate of 41% [7], with a
response rate of 50% being seen in 16 additional pa-
tients with hepatic metastases from breast cancer [9].
Finally, a combination of oral cyclophosphamide
100 mg per day and oral etoposide 50 mg per day
given for 14 days of a 28-day cycle was used by
Maulard-Durdux et al. [16] in the treatment of 20
patients with hormone-refractory prostate cancer. Im-
provement in performance status was seen in 26% of
patients, relief of bone pain in 71% of patients, and a
50% decrease in prostate-speci®c antigen in 35% of
patients.

One potential advantage of an extended oral regimen
is the ability to modify the duration of therapy during a
course of treatment to maximize e�cacy while main-
taining a tolerable level of toxicity. However, if such

dose adjustments are to be made in a prospective man-
ner, a method to predict signi®cant toxicity from data
points obtained early in each therapy cycle must be de-
vised. If the convenience of the outpatient regimen is to
be maintained, then these data points must be available
without extensive sample collection or an extended
hospital stay.

We have previously investigated [10] a combination
of oral etoposide and oral cyclophosphamide for the
treatment of advanced non-small-cell lung cancer and
found this regimen to be well tolerated. In the present
study, the feasibility, e�cacy and toxicity of a similar
regimen in a series of patients with poor prognosis (se-
rum albumin <3.5 g/dl or SWOG performance status 2)
extensive disease small-cell lung cancer were investi-
gated. In addition, a limited pharmacokinetic sampling
strategy was used to determine whether a predictive
model based on etoposide levels obtained during the ®rst
24 h of treatment could be devised for this regimen in
this patient population.

Materials and methods

Eligibility criteria

Patients eligible for this study were required to have poor prognosis
extensive disease small-cell lung cancer con®rmed by histologic or
cytologic examination. Extensive disease was de®ned as the pres-
ence of detectable tumor beyond a single hemithorax including
mediastinal, hilar or supraclavicular lymphadenopathy or ipsilat-
eral malignant pleural e�usion. Poor prognosis patients were
de®ned as those with serum albumin <3.5 g/dl or SWOG perfor-
mance status 2. These patients therefore had serum albumin or
performance status insu�cient for entry into more aggressive
SWOG small-cell lung cancer studies. Patients could not have im-
mediately life-threatening complications of malignancy, superior
vena cava syndrome, or clinically signi®cant postobstructive
pneumonia, and could not have received prior radiotherapy, che-
motherapy, hormonal or biologic therapy for this malignancy.
Prior surgery was permitted if patients had fully recovered. Mea-
surable or evaluable disease was required. Patients could receive
simultaneous cranial radiotherapy if brain metastases were present
at diagnosis or palliative radiotherapy for speci®c painful sites.
However, concurrently irradiated areas could not be considered
measurable or evaluable sites.

Patients were required to have adequate hematologic reserve
(absolute granulocyte count ³1,500/ll and platelet count not less
than the institutional lower limit of normal), renal reserve (serum
creatinine not more than 1.5 times the institutional upper limit of
normal or measured or calculated creatinine clearance >45 ml/
min), and hepatic reserve (bilirubin less than the institutional upper
limit of normal and SGOT less than 2.5 times the institutional
upper limit of normal). However, SGOT could be up to four times
the institutional upper limit of normal if hepatic involvement by
tumor had been documented. Patients were ineligible who had had
another malignancy within the previous 5 years except for ade-
quately treated basal cell or squamous cell skin cancer or in situ
cervical cancer. Pregnant or nursing women could not participate,
and women and men of reproductive potential were required to
agree to use an e�ective contraceptive method. All patients were
informed of the investigational nature of the study and signed an
Informed Consent Form in accordance with institutional and fed-
eral guidelines. The protocol was approved by the National Cancer
Institute and by the institutional review boards of all participating
institutions.
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Administration of chemotherapy

The initial study schema speci®ed a treatment plan of oral cyclo-
phosphamide 50 mg daily and oral etoposide 50 mg daily days
1±14 every 28 days. However due to good hematologic tolerance by
the ®rst 18 patients, the protocol was amended to increase the doses
to cyclophosphamide 50 mg orally twice daily and etoposide 50 mg
orally twice daily days 1±14 every 28 days. Chemotherapy could be
discontinued after six cycles for patients with a complete response,
a stable partial response or stable disease. Patients who were still
improving after six cycles of therapy could have chemotherapy
continued until a complete or stable partial response was achieved.
Patients who demonstrated progressive disease had chemotherapy
discontinued. Radiotherapy was allowed for palliation of painful
metastases or for treatment of brain metastases at the time of
presentation. Prophylactic cranial radiation was also urged for
patients achieving complete response after 6 months of chemo-
therapy.

A new cycle of chemotherapy could not begin until the absolute
granulocyte count had recovered to at least 1500/ll and platelet
count to at least 100,000/ll. Dose escalation from the daily to the
twice-daily regimen was allowed if the granulocyte nadir was
1500/ll or greater and the platelet nadir was 100,000/ll or greater.
Dose de-escalation from the twice-daily to the daily regimen was
allowed if grade 3 or 4 hematologic or nonhematologic toxicity was
noted. Granulocyte colony-stimulating factor could be used for
patients who developed grade 4 neutropenia or neutropenic fever
on the daily regimen but could not be used prophylactically during
the initial cycle.

De®nitions of response

Complete response was de®ned as complete disappearance of all
measurable and evaluable disease with the appearance of no new
lesions. Partial response of measurable disease was de®ned as at
least 50% decrease under baseline of the sum of the products of
perpendicular diameters of all measurable lesions with the ap-
pearance of no new lesions. Partial response for nonmeasurable
disease was de®ned as greater than 50% decrease in the estimated
area of evaluable tumor as agreed upon by two independent ob-
servers. Progressive disease was de®ned as a 50% increase or an
increase of 10 cm2 (whichever was smaller) in the sum of the
products of all measurable lesions over the smallest sum observed,
or clear worsening of evaluable disease, or reappearance of lesions
that had disappeared, or appearance of any new lesions, or failure
to return for evaluation due to death or deteriorating clinical
condition (unless clearly unrelated to this cancer). Stable disease
was de®ned as disease that did not meet the criteria for complete
response, partial response or progressive disease. Complete or
partial response required documentation of response by repetition
of all baseline X-ray evaluations and scans on at least two separate
occasions (approximately 3±4 weeks apart). If all scans were not
repeated or if response could not be con®rmed, the patient was
considered to have an uncon®rmed response.

Etoposide pharmacokinetic measurements

Peak etoposide concentrations occur 1±2 h following oral admin-
istration of the drug [11, 12, 32]. In an attempt to identify peak and
trough etoposide concentrations, plasma samples were therefore
drawn during cycle 1 prior to administration of the ®rst oral dose
of etoposide and 1, 2 and 23.5 h following administration of the
®rst oral dose of etoposide. Patients on the daily schedule received
day 1 chemotherapy at hour zero and day 2 chemotherapy at hour
24 (after the trough sample had been taken). Patients on the twice-
daily schedule received day 1 chemotherapy at hour zero and hour
12 and day 2 chemotherapy at hour 24 (after the trough sample had
been taken). Heparinized blood samples (7 ml) were centrifuged
within 1 h of collection and the plasma frozen and shipped on dry
ice to the reference laboratory.

Plasma samples (50 ll) spiked with teniposide as an internal
standard were extracted with 5 ml of an ethyl acetate/dichloro-
methane (3:2) solution. The organic layer was removed, dried and
reconstituted in 70 ll 0.01 M sodium acetate/acetonitrile/methanol
solution (57:14:29), and 40 ll was used for HPLC analysis.
Etoposide was assayed using reverse-phase HPLC on a Zorbox-18
Column at 37 °C with a methanol/acetonitrile/water/acetic acid
(30:14:53:3) mobile phase at a ¯ow rate of 1 ml/min. The ultraviolet
absorbance (235 nm) of the eluate was monitored using a Hitachi
K-42 detector. This assay was sensitive to etoposide concentrations
of 0.01 lg/ml and linear over a range of 0.01±10 lg/ml (correlation
coe�cients of 0.997 or better were obtained for all assays). Inter-
and intraassay coe�cients of variation were less than 12% for
quality control throughout the assay curve.

Pharmacodynamic and statistical analysis

Simple and multiple linear regression analysis with forward step-
wise variable selection was used to determine whether predictive
models for absolute granulocyte count nadir or platelet nadir based
on information available early in the course of therapy could be
derived. Potential predictive factors included baseline hemoglobin,
radiotherapy, lactic dehydrogenase, gender, performance status,
serum albumin, and etoposide levels. Simple linear regression
models using trough etoposide levels to predict log granulocyte
count nadir and log platelet nadir, respectively, were then used to
derive the trough level that predicted severe nadirs. Survival was
estimated using the product-limit method [15].

Results

Patient characteristics

A total of 65 patients were registered to this study by 30
Southwest Oncology Group institutions (median 1.5
patients, range 1±6 patients). Of these 65 patients, 57
were considered eligible and analyzable (Table 1). The
eight remaining patients included four with SWOG
performance status 1 and albumin >3.5 g/dl, one with
limited disease small-cell lung cancer, one with non-

Table 1 Patient demographics

Daily arm
(n = 18)

Twice-daily arm
(n = 39)

Age (years)
Median 68.5 68
Range 50±94 46±81

Gender
Male 13 (72%) 22 (56%)
Female 5 (28%) 17 (44%)

Race
White 14 (78%) 35 (90%)
Black 1 (6%) 4 (10%)
Hispanic 1 (6%) 0 (0%)
Asian/Paci®c 2 (11%) 0 (0%)

Performance status
0 0 (0%) 1 (3%)
1 4 (22%) 6 (15%)
2 14 (78%) 32 (82%)

Serum albumin (g/dl)
<3.5 4 (22%) 16 (41%)
³3.5 14 (78%) 23 (59%)
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small-cell lung cancer, one with inadequate staging to
determine disease extent, and one who did not receive
protocol therapy. The 57 eligible and analyzable patients
included 18 of the 21 patients registered to the daily arm
and 39 of the 44 patients registered to the twice-daily
arm. Patients in both arms were predominantly male
and Caucasian with a median age of approximately 68
years. More patients in the twice-daily arm had an ele-
vated LDH (72% versus 50%) and multiple metastases
(31% versus 11%). While approximately 80% of pa-
tients in both arms were eligible for the study due to
poor performance status (performance status 2), eligi-
bility was also established by hypoalbuminemia in 22%
of patients in the daily arm and 41% of patients in the
twice-daily arm. In the daily arm 6% of patients and in
the twice-daily arm 28% of patients had both poor
performance status and hypoalbuminemia. No patient
in either arm had previously required transfusion.

Treatment and response

Treatment was well tolerated in both arms. In the daily
arm, a total of 41 cycles of therapy were delivered with a
median of 2 cycles per patient (ranges 0±6 cycles). In the
twice-daily arm 132 cycles of treatment were delivered
with a median of 3 cycles per patient (range 0±8 cycles).
Dose adjustment between the daily and twice-daily
regimens was allowed on later cycles based on hemato-
logic and nonhematologic toxicity. Of the 41 cycles de-
livered to patients entered on the daily regimen, 18 cycles
(44%) were escalated to the twice-daily regimen while
dose de-escalation to the daily regimen was required in
31 cycles (23%) delivered to patients initially entered on
the twice-daily regimen. Only ®ve patients (all in the
twice-daily arm) discontinued therapy due to toxicity.

Objective response was commonly noted in both
arms of the study (Table 2). Complete or partial re-
sponse was achieved by 22% of the patients and un-
con®rmed response was achieved by 22% of the patients
entered on the daily regimen. Complete or partial

response was achieved by 28% of the patients and un-
con®rmed response was achieved by 13% of the patients
entered on the twice-daily regimen. Survival was slightly
longer for patients on the twice-daily regimen. Median
failure-free survival was 3 months for the daily regimen
and 4 months for the twice-daily regimen while over-
all survival was 5 months for the daily regimen and
7 months for the twice-daily regimen.

Adverse reactions

The most common severe adverse reactions (categories
in which more than one patient in at least one arm had
at least grade 3 toxicity) are listed in Table 3. Alopecia
and myelosuppression were the most prominent toxici-
ties seen. However, complete alopecia was considered to
be only a grade 2 toxicity. Evaluating the worst toxicity
(grade 3 or greater) seen in each patient in all cycles,
severe granulocytopenia was seen in 8 patients (44%) on
the daily arm and 25 patients (64%) on the twice-daily
arm. Severe anemia was seen in two patients (11%) on
the QD arm and 8 patients (21%) on the BID arm.
Severe thrombocytopenia was not seen on the QD arm
but was seen in 5 patients (13%) on the BID arm. Severe
respiratory infection was seen in three patients (17%) on
the daily arm and ®ve patients (13%) on the twice-daily

Table 2 Response rates and survival

Daily arm
(n = 18)

Twice-daily arm
(n = 39)

Complete response 0 (0%) 2 (5%)
Partial response 4 (22%) 9 (23%)
Uncon®rmed response 4 (22%) 5 (13%)
Stable disease 0 (0%) 2 (5%)
Progression or early death 7 (39%) 14 (36%)
Inadequate assessment 3 (17%) 7 (18%)
Median survival (months)
Failure-free 3 4
Overall 5 7

Table 3 Common severe
adverse reactions (all cycles)

Daily arm (n = 18) Twice-daily arm (n = 39)

Grade Grade

3 4 5 3 4 5

Anemia 1 1 0 8 0 0
Granulocytopenia 3 5 0 10 15 0
Hypotension 3 0 0 1 0 0
Infection (other) 0 0 1 5 0 1
Leukopenia 6 3 0 10 11 0
Lymphopenia 0 0 0 1 1 0
Nausea 2 0 0 3 0 0
Respiratory infection 2 0 1 4 0 1
Thrombocytopenia 0 0 0 1 4 0
Visual disturbance 0 0 0 2 0 0
Vomiting 2 0 0 1 0 0
Weakness 2 0 0 0 0 0
Weight loss 1 0 0 4 0 0
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arm. Other severe infections were seen in one patient
(6%) on the daily arm and six patients (15%) on the
twice-daily arm, although two patients had both a severe
respiratory and other severe infections.

Since potential correlations between etoposide levels
and myelosuppression during the ®rst cycle of chemo-
therapy were being explored, particular attention was
paid to hematologic toxicity during the ®rst cycle. On
the daily arm one patient (6%) had an absolute granu-
locyte nadir less than 1000/ll on the ®rst cycle and two
patients (11%) had a platelet nadir less than 100,000/ll
on the ®rst cycle. Neither of these patients had a platelet
nadir of less than 50,000/ll. Myelosuppression was more
notable on the twice-daily regimen. Fifteen patients
(48%) had an absolute granulocyte nadir less than 1000/
ll and ®ve patients (16%) had a platelet nadir less than
100,000/ll. However, only one of these ®ve patients had
a platelet nadir less than 50,000/ll.

Etoposide pharmacokinetics and correlations

Etoposide levels were measured at baseline, and 1 h, 2 h,
and 23.5 h after the ®rst dose of etoposide (Table 4).
Baseline levels were undetectable in 47 of the 55 patients
from whom plasma samples were obtained and mini-
mally detectable (below the limits of reliable detection)
in four more patients. The four patients with detectable
baseline etoposide levels may represent sampling error.
Levels at 1 h and 2 h, which re¯ected only the ®rst dose
of etoposide, were similar in both arms. Trough levels
samples were drawn at 23.5 h, immediately before the
day 2 etoposide doses. Trough levels therefore also re-
¯ected the dose of etoposide administered at hour 12 in
the twice-daily arm and were higher in patients treated
on the twice-daily regimen.

Correlative analyses were performed in patients for
whom clinical and pharmacokinetic data were available.
Of the 18 patients treated on the daily regimen, analyses
could be performed on 17 patients for granulocytopenia
and 18 patients for thrombocytopenia. Of the 39 pa-
tients treated on the twice-daily regimen, analyses could
be performed on 28 patients for granulocytopenia and
30 patients for thrombocytopenia.

Simple and multiple linear regression analyses were
used to examine the e�ects of etoposide levels and de-
scriptive demographic parameters on the natural loga-
rithm of granulocyte and platelet nadirs (natural
logarithm transformation provided a more Gaussian
distribution) (Table 5). No signi®cant correlation be-

tween hematologic nadirs and either demographic pa-
rameters or etoposide levels was seen for patients
receiving the daily regimen. For the twice-daily regimen
there was a marked correlation between the etoposide
trough level and granulocytopenia with a weak corre-
lation noted between lactic dehydrogenase and granu-
locytopenia. Prior radiotherapy did appear to be
predictive for thrombocytopenia in the daily regimen.
However, this relationship was not maintained in the
twice-daily regimen. In the twice-daily regimen, etopo-
side trough level was signi®cantly correlated with
thrombocytopenia with a weaker correlation being
suggested for lactic dehydrogenase. When multiple lin-
ear regression was performed for granulocytopenia in
the twice-daily regimen, etoposide trough level was the
only variable selected by forward stepwise analysis.
When multiple linear regression was performed for
thrombocytopenia in the twice-daily regimen, etoposide
trough level was again the ®rst variable selected by
forward stepwise analysis with baseline hemoglobin as
the second variable to enter the model.

It is therefore possible to derive predictive models
for both granulocytopenia [ln(AGC nadir)=7.80 )
1.88(trough)] and thrombocytopenia [ln(PLT nadir)=
12.60 ) 0.55(trough)] in patients receiving the twice-
daily regimen using the day 2 etoposide level (trough) as
the only predictive variable (Table 6). An etoposide
trough level ³1.49 lg/ml was found to be associated
with a granulocyte nadir less than 500/ll with 2 of 4
patients (50%) above this level but only 7 of 24 patients
(29%) below this level developing granulocytopenia. In
addition an etoposide trough level ³1.98 lg/ml was
found to be associated with a platelet nadir less than

Table 4 Plasma etoposide levels (lg/ml)

Daily arm Twice-daily arm

Baseline 0.26 � 0.90 0.12 � 0.46
1 h 1.90 � 1.64 1.35 � 1.04
2 h 1.75 � 1.24 1.63 � 1.07
23.5 h 0.66 � 0.99 0.85 � 0.56

Table 5 Univariate analysis for myelosuppression (P-values)

Granulocytopenia Thrombocytopenia

Daily
arm

Twice-daily
arm

Daily
arm

Twice-daily
arm

Etoposide level (trough) 0.86 0.007 0.18 0.002
Etoposide level (1 h) 0.40 0.75 0.062 0.63
Etoposide level (2 h) 0.77 0.30 0.076 0.45
Gender 0.44 0.76 0.076 0.75
Performance status 0.79 0.87 0.39 0.99
Serum albumin 0.95 0.70 0.22 0.69
Lactic dehydrogenase 0.98 0.037 0.20 0.049
Hemoglobin 0.45 0.88 0.53 0.12
Radiotherapy 0.98 0.97 0.006 0.49

Table 6 Parameter estimation [ln(blood count) = X+Y(trough)]

X SE(X) Y SE(Y) R2 P-value

Daily arm
AGC nadir 8.06 0.22 0.04 0.25 0.002 0.86
PLT nadir 12.05 0.14 0.17 0.12 0.11 0.18

Twice-daily arm
AGC nadir 7.80 0.66 )1.88 0.64 0.25 0.007
PLT nadir 12.60 0.16 )0.55 0.16 0.30 0.002
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100,000/ll with 1 of 2 patients (50%) above this level but
only 4 of 28 patients (14%) below this level developing
mild thrombocytopenia. However, the small number of
patients with platelet nadirs in this range (and the ab-
sence of patients with clinically signi®cant thrombocy-
topenia using even the twice-daily regimen) limits the
usefulness of the predictive model for thrombocyto-
penia.

Discussion

Both the feasibility and activity of treatment with a
regimen of oral etoposide and oral cyclophosphamide in
poor-prognosis extensive disease small-cell lung cancer
have been demonstrated in this study. The response rate
of approximately 45% (including uncon®rmed respons-
es) noted in both arms of the study is less than that
reported for oral etoposide alone in small-cell lung
cancer [3] and the duration of survival was limited.
However, in the present study a particularly debilitated
(poor-prognosis) population was chosen for ®rst-line
treatment. Advanced age has previously been used as a
surrogate for debility and poor prognosis [3], but the
validity of this surrogate is limited by the fact that
baseline health status of an elderly population can be
extremely variable. The present study used de®ned cri-
teria for poor prognosis (low albumin or poor perfor-
mance status) to identify a patient population at
maximum risk for rapid deterioration due to either
small-cell lung cancer or comorbid disease. Nevertheless,
response was achieved in almost half of the patients
without an excessive qualitative or quantitative increase
in morbidity. In fact, tolerance of this regimen was
su�cient to allow modi®cation of the study schema from
the original low dose-schedule (50 mg orally daily) to a
full-dose schedule (50 mg orally twice-daily) comparable

to that used in our previous study of non-small-cell lung
cancer [10] which did not select for a poor-prognosis
population. Although an increased level of myelosup-
pression was seen with the full-dose regimen, myelo-
suppression was still not excessive and did not prevent
continuation of therapy. Overall, duration of therapy
was equivalent between the two arms.

A simple model to predict severe granulocytopenia
based on a single etoposide level taken 24 h after the ®rst
dose of oral etoposide was also successfully derived for
the twice-daily regimen. Use of a single trough etoposide
level minimizes patient inconvenience while the ability to
predict granulocytopenia based on data collected by the
second day of therapy could potentially allow adjust-
ment of the duration of a planned 14-day course of oral
therapy during the concurrent cycle. However, the pos-
itive and negative predictive power of this model are
limited, and the value of the model as a patient man-
agement tool will need to be prospectively validated.

Several attempts have previously been made to derive
predictive models for neutropenia using chemothera-
peutic regimens based on extended intravenous admin-
istration of etoposide (Table 7). Ratain et al. [26]
administered etoposide by intravenous infusion and
found that neutropenia could be predicted according to
a model that included steady-state concentration of
etoposide, serum albumin, performance status, and prior
transfusion requirement. Transfusion requirement was
considered to be a surrogate for poor hematologic re-
serve while albumin levels were considered to be signi-
®cant due to the high level of protein binding of
etoposide. Joel et al. [13], examining factors that in¯u-
enced toxicity of etoposide in an intravenous regimen,
have identi®ed serum albumin, performance status, age,
and creatinine clearance as signi®cant factors. Minami
et al. [24] derived a model for predicting leukopenia
after a 14-day etoposide infusion that utilizes a single

Table 7 Predictive factors for myelosuppression during etoposide
administration (IV intravenous, IVCI intravenous continuous in-
fusion, PO oral, AGC absolute granulocyte count, HGB he-
moglobin, PLT platelet, WBC white blood cell count, Css steady

state, C0 trough level before dose, C2/C4/C6/C8/C24 level 2/4/6/8/
24 h after dose, C192 level 192 h after start of infusion, AUC ex-
posure area under the curve, NS not speci®ed)

Reference Etoposide
administration
route

Other
chemotherapy

Parameters
predicted

Etoposide
level

Serum
albumin

Performance
status

Other

26 IVCI ± WBC Css + + Transfusion
13 IV ± WBC, AGC AUC + + Age, creatinine

clearance
24 IVCI ± WBC C192 + ± Total bilirubin,

prior treatment
19 IV Cisplatin WBC, AGC, PLT C2, C4 ± ± ±
27 IVCI ± ± ± ± ± ±
25 PO Carboplatin WBC, AGC, PLT C0, C8, C24 ± ± ±
22 PO ± AGC C4, C6 NS NS ±
23 PO Cisplatin WBC C0, C2 ± NS ±
20 PO Cisplatin WBC, AGC,

PLT, HGB
C0 ± ± ±

18 PO Cisplatin WBC, AGC C0 ± ± ±
28 PO ± AGC C0 ± ± ±
32 PO ± AGC C0 ± ± ±
Present study PO Cyclophosphamide AGC, PLT C0 ± ± ±
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etoposide level, serum albumin, total bilirubin, and prior
treatment status. However, Miller et al. [19], using a
regimen of intravenous etoposide and cisplatin, found
that prediction of granulocytopenia and thrombocyto-
penia requires only peak etoposide levels taken 2 h and
4 h after administration of etoposide and is not depen-
dent upon serum albumin or performance status. By
contrast, Robert et al. [27] examined a regimen of
etoposide by intravenous continuous infusion and found
that none of the above variables e�ectively predicts
myelosuppression.

Attempts to derive predictive models for regimens
based on extended oral administration of etoposide have
yielded more consistent results. Ohune et al. [25], Mill-
ward et al. [22] and Minami et al. [23] all found that
leukopenia can be predicted using models derived from
multiple peak etoposide levels obtained several hours
after administration of oral etoposide. None of these
models depends upon serum albumin or performance
status. Miller and Tolley [18], Miller et al. [20], Sessa
et al. [28], and Zucchetti et al. [32] have identi®ed
models similar to ours in which granulocytopenia can be
predicted using a single trough etoposide level without
inclusion of peak etoposide levels, serum albumin, or
performance status. Although serum albumin levels
achieved borderline signi®cance in some of our linear
regression analyses, it would appear that the e�ect of
this parameter on granulocytopenia produced by an oral
etoposide regimen is far overshadowed by the predictive
value of the etoposide trough level itself. However,
Miller et al. [21] have cautioned that a model highly
predictive of population pharmacodynamics may still
not have the precision or accuracy necessary for indi-
vidual dose adjustment.

Miller et al. [20] and Ohune et al. [25] found plasma
etoposide levels to be predictive of thrombocytopenia
without a confounding e�ect of performance status. This
is consistent with our own results in which a predictive
model for thrombocytopenia based upon trough
etoposide level could be derived. However, only mild
thrombocytopenia was predicted even when a very high
trough etoposide level was noted. Since severe throm-
bocytopenia is not a major problem with this regimen,
use of a predictive model for thrombocytopenia may
have limited clinical value.

The value of regimens based upon oral etoposide
alone in poor-prognosis small-cell lung cancer has re-
cently been questioned. Souhami et al. [30] and the UK
Medical Research Council [17] reported studies in which
small-cell lung cancer patients were randomized between
oral etoposide and standard intravenous infusion che-
motherapy. Both studies showed a better response rate
and survival in the combination chemotherapy arms.
Souhami et al. [30] also reported less tumor-related
toxicity but noted increased chemotherapy-related tox-
icity (particularly nausea and vomiting) with combina-
tion chemotherapy. The importance to patients of
chemotherapy-related toxicities, such as nausea and
vomiting, should not be underestimated. Coates et al. [4]

demonstrated that nausea and vomiting are indeed the
two toxicities of chemotherapy most feared by patients.
Of interest, Tebbutt et al. [31] reported a comparative
review of tolerance of small-cell lung cancer chemo-
therapy in elderly and younger patients. Although sim-
ilar levels of toxicity were observed in both groups,
elderly patients were more likely to have reduction in
dose or reduction in number of cycles. Even an expec-
tation of greater chemotherapy-related toxicity may
therefore be a determining factor in successful adminis-
tration of chemotherapy in poor prognosis or fragile
patient populations.

Studies using single-agent oral etoposide for small-
cell lung cancer are not strictly comparable to the
present study in which combination oral chemotherapy
was used. As additional oral chemotherapeutic agents
with signi®cant activity against small-cell lung cancer are
developed, numerous combination oral chemotherapy
regimens will become possible. If use of the plasma
etoposide concentration obtained early in each course of
therapy can be shown to allow optimal dose adjustment
to prevent toxicity, then the goals of maximizing patient
response and dose intensity while minimizing severe
drug-related toxicity during treatment of extensive dis-
ease small-cell lung cancer may be realized.
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