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Abstract

Etoposideis one of the most active agentsfor the therapy of lymphomas. Oral

etoposide has proven to be active in and clearly beneficial for patients with pre-
viously treated lymphomas. The optimal dose and schedule of oral etoposide for
use in combination chemotherapy are still uncertain, but low daily doses (50 to
100mg) for 10 to 14 days may be near optimal. Studies in previously untreated
pati entsusing combination chemotherapy that includesoral etoposideare needed,
since preliminary data suggest that this agent has excellent activity and tol erabil-
ity when combined or aternated with methotrexate, calcium folinate (calcium
leucovorin), cyclophosphamide, vincristine, and prednisone in the elderly and
medically unfit patient. Combination therapy approaches may also be helpful in
HIV-related lymphomas. Additional studies are warranted.

Etoposideisone of the most active drugsfor the
treatment of patients with lymphoma.lll However,
with a few exceptions, etoposide has not been
widely administered asapart of initial combination
chemotherapy. Etoposide has gained a prominent
role as acomponent of secondary or salvage therapy,
both in standard dose combination chemotherapy
and high dose stem cell transplantation regimens.
Most patients initially receive cyclophosphamide
and doxorubicin as components of combination
chemotherapy in a cyclophosphamide-doxorubicin-
vincristine-prednisone (CHOP) regimen or as a
modified variation. Oral etoposide has only rarely
been used in refractory or medically unfit patients
or the elderly.[24

Since etoposide is very active and can be com-
bined with many other agents, it has the potential
to become even moreimportant in the treatment of
lymphoma. The development of prolonged sched-
ules using low daily doses of oral etoposide has
encouraged its use in lymphomas. The impressive
schedul e dependency seenin small cell lung cancer

and germ cell tumoursis likely to be as profound
in lymphomas.

We have investigated the use of oral etoposide
asasingleagent in previously treated patientswith
lymphoma and as an integral component of initial
combination chemotherapy for elderly and unfit
patients. This review will discuss these and other
related issues.

1. Single Agent Phase Il Study in
Refractory Lymphoma

Thefirst prolonged oral etoposide schedule de-
veloped in aphase |l study used doses of 50 mg/m?
daily for 21 days.®! These results have been pre-
viously published.[?

25 patients with refractory lymphoma were
treated. Patient characteristics are detailed in ta-
blel. All patients with intermediate or high grade
histological findings and with Hodgkin's disease
were considered incurable, having relapsed after
receiving at least one previous multidrug regimen.
All patients with indolent non-Hodgkin’s lym-
phoma (NHL) had received at least one prior
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Table I. Patient characteristics? in a phase Il study of prolonged oral
etoposide in refractory lymphomal®!

Characteristics No. of patients

(n=25)

Gender (male/female) 9/16
Histology

intermediate/high grade NHL 10

low grade NHL 13

Hodgkin's disease 2
No. previous regimens

1

2 7

3 12

>4 2

a Median age, 67 years (range, 31 to 82 years).
NHL = non-Hodgkin’s lymphoma.

chemotherapy regimen. Nine patients had received
previous intravenous etoposide as part of acombi-
nation regimen. All patients had measurable dis-
ease; responses were assessed using standard cri-
teria. Patients received two 21-day courses of oral
etoposide before their responses were evaluated.
The average daily dose for each individual patient
could only be approximated, since etoposide was
available only in 50mg capsules. For example, if a
patient required 85 mg/day, the drug was adminis-
tered at 100, 100, and 50mg on 3 consecutive days,
and thisschedulewasrepeated for 21 days (average
daily dose, 83mg).

Overall, 15 patients (60%; 95% confidence in-
terval, 41 to 77%) had a partia response to oral
etoposide. One patient, classified as a partia re-
sponder in our original report, subsequently be-
came a complete responder. This patient, who was
lost to follow-up, remained disease-free for 50
months after beginning the treatment. Five of 9 pa-
tients who had previously received etoposide had
partial responses. Median time to disease progres-
sion was 5 months (range, 2 to >26 months).

Theclinical characteristicsand treatment results
in patients with low grade and higher grade lym-
phomas are compared in table II. Clinical charac-
teristics of the 2 groups were similar. The median
age of the group with aggressive NHL was rela-
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tively old (68 years). Most of the younger patients
with intermediate or high grade lymphomas were
included in trials using high dose salvage therapy.
Oral etoposide was active in both indolent and ag-
gressive lymphomas (67 and 50% overall re-
sponses, respectively). However, the median re-
sponse duration was longer in the indolent group
(8 vs 3 months). Two patients with Hodgkin's dis-
ease, one of whom had a partia response, were
included in the low grade group.

Treatment-rel ated toxicity wassimilar to that re-
ported for other groups of previously treated pa-
tientsreceiving this dose and schedul e.[®! Although
myel osuppression was severe in 7 patients [white
blood cell count (WBC) nadirs <1.0 x 10%L], 14
of 25 patients maintained WBCs >2.0 x 10%L.
Most patients who experienced severe myelo-
suppression were able to tolerate subsequent
coursesusing 75% of theoriginal dose. All patients
developed total alopecia; other adverse effects,
however, were unusual .

The overall response rate of 60% in this small
study was encouraging and appeared higher than
reported for refractory patients receiving single
agent intravenous etoposide.[”:8] However, defini-
tive conclusions regarding the comparative effi-
cacy of intravenous and oral etoposide schedules
cannot be made from comparisons of studies that
may have varied with respect to patient selection
and characteristics. In previously treated patients,
itisunlikely that thisoral etoposide schedule could
be safely used with other myel osuppressive agents.
Single agent therapy, however, is often appropriate
for patients with indolent NHL. This schedule is
convenient and well tolerated by most patients.
Others have also confirmed these good response
ratesin patients with lymphoma.[®-11 Although the
short duration of response in patients with aggres-
sive NHL limits the usefulness of etoposidein sin-
gle agent salvage therapy, incorporation of etopos-
ide into a multi-agent first-line regimen may
improve the efficacy of initial therapy.

While the high response rate obtained with
long term oral etoposidein patientswith refractory
lymphoma is impressive, it does not prove the
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Table Il. Clinical characteristics and treatment results: low grade versus intermediate/high grade non-Hodgkin's lymphoma (NHL)!

Characteristics

Low grade NHL +
Hodgkin's disease (n = 15)

Intermediate and high grade
NHL (n = 10)

Mean no. of previous regimens

Median age (years)

Patients with progressive lymphoma while receiving previous
regimen (%)

Median interval, most recent treatment to study entry (months)
Overall response rate (%)

Median response duration (months)

2.6

67
62

4
67
8

2.3
68
70

1
50
3

superiority of this schedule. The achievement of
responses in patients previoudy treated with intra-
venous etoposide suggests a difference in efficacy
between the 2 schedules. Most of the patients who
received long term oral etoposide, however, did not
start therapy immediately after disease progression
while receiving intravenous etoposide. These pa-
tients may not actually berefractory to intravenous
etoposide, and may have responded equally well to
re-treatment with intravenous etoposide.

Two patients demonstrated aresponse to the ex-
tended schedule immediately after progression on
the standard 3-day schedule. These patients re-
sponded to the 21-day schedule after definitivedis-
ease progression with an etoposide-containing
combination regimen. In both of these patients,
long term oral etoposide produced remissions im-
mediately after they had demonstrated resistance
to, and progression with, combination regimens
containing standard (or higher) doses of intrave-
nous etoposide given over a 3-day schedule. These
results support the superiority of thelong term oral
schedule compared with the standard dose and
schedule.

2. Phase Il Study of a Long Term Oral
Etoposide-Containing Combination

Regimen for Elderly or Unfit Patients

with Aggressive NHL

Combination chemotherapy in elderly and unfit
patients with intermediate or high grade NHL re-
mains inferior, with most investigators reporting
cure rates of less than 30%.22 Many trialsin ag-
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gressive lymphoma excluded patients aged more
than 65 years. The disappointing results are due, at
least in part, to the difficulty of administering
standard combination regimens to patientsin this
age group. Wetherefore conducted aphase |1 study
to evaluate the tolerability and efficacy of along
term oral etoposide-containing combination regi-
men in this patient population. These results have
been reported previously.!4

In this study, combination chemotherapy was
used, with the following modifications specific to
patients who were elderly or who had severe coex-
istent medical illnesses: (i) short duration of treat-
ment; (ii) avoidance of agents known to be poorly
tolerated by elderly patients; and (iii) incorpora-
tion of a low dose, long term schedule of oral
etoposide.

Considered for this study were all patients with
intermediate or high grade NHL who were older
than 65 years or who had severe coexisting medical
problems precluding treatment with standard re-
gimens. Other eligibility requirements included
the following: (i) stage Il, 111, or IV disease; and
(ii) no previous chemotherapy. Performance status
was not used asacriterion for patient exclusion. 31
patients were treated.

The design of the 15-week chemotherapy regi-
men is shown in table I11. Blood cell counts were
measured weekly during oral administration of
etoposide. The etoposide dose was decreased by
50% if the total WBC was 2 to 3 x 10%L and was
stopped if the WBC was <2 x 109L. 75% of the
original dose of etoposi de wasadministered during
the second coursefor patientswho requireditspre-
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Table Ill. A 15-week combination regimen? for the treatment of elderly or unfit patients with aggressive non-Hodgkin’s lymphomal“l

Agent + dose

Week

1

50 mg/m? etoposide orally per day -
40 mg/m? methotrexate IV (with folinic acid rescue) X
60mg prednisone orally per day N
500 mg/m? cyclophosphamide IV

12 mg/m? mitoxantrone IV

1 mg/m? vincristine IV

X X X |

a Schedule repeated once starting week 9.
IV = intravenous; - = for 1 week; X = single dose.

mature discontinuation during the first course or
who devel oped fever asaresult of neutropenia. Cy-
clophosphamide, mitoxantrone, vincristine, and pre-
dnisone were administered at full dose. These
drugs were delayed 1 week if the WBC was <2
x 10%L on day 35.

Patients were evaluated after completion of
treatment, and were categorised by treatment re-
sponse according to standard criteria. Standard
guidelines were used to assess toxicity.[1!

Patient characteristicsareillustrated in table 1V.
The median age of the patients was 71 years, and
12 patients (39%) were aged =75 years. 24 patients
(77%) had one or more than one characteristic gen-
erally considered indicative of apoor prognosis. 26
patients (84%) had one or more than one severe
coexisting medical problem, including cardiovas-
cular disease, chronic obstructive pulmonary dis-
ease, diabetes mellitus, chronic renal insufficiency,
or history of malignancies.

28 of 31 patients completed the 15-week course
of treatment and were evaluable for response and
toxicity. Three patients discontinued therapy dur-
ing thefirst 10 days: 2 patientswere unableto swal-
low oral etoposide capsul es, and one patient moved
to another city. 18 patients (64%) who completed
treatment achieved a complete response, and the
remaining 10 patients (36%) had apartial response.
One of the partial responders achieved a complete
response following radiation therapy to asinglere-
sidual radiographic mass.

Ten (56%) of the compl ete respondersremained
in continuous complete remission for a median of
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28 months (range, 16 to 41 months). Two patients
who had complications arising from pre-existing
cardiovascular disease died at 13 and 26 months
without evidence of relapse. The other 6 patients

Table IV. Patient characteristics? in a phase Il study of a long term
oral etoposide-containing combination regimen for elderly or unfit
patients with aggressive non-Hodgkin’s lymphoma (from Young et
al.,[ with permission of Oxford University Press)

Characteristic No. (%) of patients
ECOG performance status

0 3(10)

1 14 (45)

2 8 (26)

3 6 (19)
Gender

male 17 (55)

female 14 (45)
Stage

Il 12 (39)

n 4 (13)

v 15 (48)
Histological type

large, noncleaved cell 18 (58)

large, cleaved cell 8 (26)

immunoblastic sarcoma, B cell 2 (6)

peripheral T cell 2 (6)

small, noncleaved cell 1(3)
Extranodal sites

0-1 20 (64)

>2 11 (35)
Tumour bulk >10cm 7 (23)
Fever, sweats or weight loss >10% 14 (45)
Elevated lactic dehydrogenase level 11 (35)

(2250 1U)

a n=31; median age, 71 years (range, 59 to 84 years).
ECOG = Eastern Cooperative Oncology Group.
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with complete remission relapsed at a median of
16 months (range, 2 to 24 months). Two of these
patients achieved a second complete remission,
and 1 of these 2 patients was treated again with
the same regimen. 17 patients (10 with disease
in first complete remission) remained alive. The
progression-free survival for the entire group was
47% £ 10% (mean + SE) at 28 months.

The 28 evaluabl e patients received a median of
more than 90% of the planned treatment doses.
Treatment was delayed in only 3 instances, when the
administration of cyclophosphamide, mitoxan-
trone, vincristine, and prednisone was postponed for
1 week. No treatment-related deaths occurred. Eight
patientsrequired brief hospitalisationsfor treatment
of fever related to neutropenia. The median WBC
nadirs during courses 1 and 2 were 3.4 x 10%L and
2.8 x 109/L, respectively. No grade 4 thrombocyto-
penia occurred; 9 patients required red blood cell
transfusions during therapy. Other than alopecia,
nonhaematological toxic effects were mild except
in one patient, who developed grade 4 mucositis
in conjunction with neutropenia.

This combination regimen was feasible and rel-
atively well tolerated in this group of patients. The
complete response rate and the survival rate with
thisregimen in this small study may be superior to
those with other reported regimens for this patient
group.!*2 Unlike other reported regimens,[12 how-
ever, this regimen resulted in mild to moderate
myel osuppression and rarely required dose reduc-
tions. In addition, no treatment-related mortality
occurred with thisregimen, and other nonhaemato-
logical toxic effects were mild to moderate.

Definitive comparisons with other standard re-
gimens cannot be made on the basis of thislimited
phase Il study. However, because of the observed
efficacy and limited toxicity, this regimen or mod-
ifications of it deserve continued evaluation in the
treatment of elderly patients with large cell and
other aggressive NHLs. Thisapproach may also be
particularly applicable to HIV-related lymphoma.[:4!

0 Adis International Limited. All rights reserved.

3. Prolonged Administration of Low
Dose Intravenous Etoposide in
Lymphoma - Attempt to Define an
Optimal Dose

Administration of 100mg of oral etoposide pro-
duces peak plasma concentrations of 1.8 to 3
mg/L.[*5 Myelosuppression with etoposide ap-
pears to depend on peak etoposide serum concen-
trations, while antitumour effects are related to du-
ration of tumour exposuretorelatively low etoposide
concentrations (about 1 mg/L). A study wascarried
out using along term, low dose continuous infu-
sion schedule as a method of avoiding high peak
serum etoposide concentrations, and steady-state
concentrations of etoposide were measured.[1€]
The objectives of this study were to determine an
etoposide concentration necessary for cytotox-
icity against sensitive neoplasms and to confirm our
belief that this scheduleisnot myelosuppressive.

15 patientswith etoposi de-sensitive neoplasms,
including 10 patients with NHL, were treated in
this phase 1/11 study. Etoposide was mixed in
saline (maximum concentration of 0.4 g/L) and
was administered as a continuous infusion by a
portable infusion pump. A dose of 25 mg/m?/day
was selected as the initial dose level, since this
infusion rate should produce a constant serum
etoposide concentration of 0.5 to 1.0 mg/L. A
21-day infusion was planned, followed by a 1-week
rest period, similar to our experience with the long
term oral etoposide schedule. We learned that in-
fusionsof morethan 21 consecutive dayswere pos-
sible in most patients. Patients were subsequently
treated continuously as long as their WBC re-
mained >2 x 10%/L, platelet count >75 x 10%L, and
tumour progression was not evident. Those who
developed myelotoxicity, necessitating an inter-
ruption of therapy, were usually restarted at 75%
of theinitial dose.

The median duration of therapy was 17 weeks
(range, 3to 80 weeks). Thetotal dose administered
ranged from 525 to 8838 mg/m? (median, 1620
mg/m?2). Myel osuppression was the major toxicity,
but it was relatively mild in most patients. Two
heavily pretreated patients devel oped grade 4 |eu-
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copenia after infusion durations of less than 28
days. Grade 4 leucopenia occurred in 2 other pa-
tients, but only after prolonged etoposide infusions
(15 and 49 weeks). Many patients who tolerated
prolonged infusions (greater than 28 days) devel-
oped moderate leucopenia (WBC 2 to 3 x 109/L),
but they tolerated continuation of the infusion
without further myelosuppression. Severe myelo-
suppression was seen during only 4 of atotal of 353
weeks on therapy. The leucopeniaresolved 2 to 8
days after discontinuation of therapy. Thrombo-
cytopeniawas rare (2 patients). Anaemiawas seen
in 14 patients, and 8 had haematocrits less than
25%. Mild mucositis occurred in 27% (4 patients),
and was accompanied by myelosuppression in 2
patients. Alopeciawas seenin al patients, but ano-
rexia, nausea, and fatigue were mild.

Five of the 10 patients with NHL responded to
long term infusional etoposide (4 partial responses
and 1 completeresponse). Threepatientswith NHL
had prolonged partial remissions (6, 11, and 18.5
months). Each of these patients had received at
least one previous chemotherapy regimen (range,
1to 4), and 2 had previously received intravenous
etoposide given as astandard 3- to 5-day schedule.
Themean serum etoposi de concentration measured
was 0.7 + 0.4 mg/L during the infusion of 25
mg/m?/day (range, 0.2to 2.1 mg/L). Thisdose and
schedule were active, as demonstrated by a high
response rate in previously treated patients with
NHL. The results of this study are consistent with
the hypothesisthat etoposide concentrations above
a critical threshold (near 0.7 mg/L) are cytotoxic
against lymphoma and that severe myelosuppres-
sion is rare with this schedule. These results sup-
port the use of low dose (50 to 100mg) daily
etoposide for lymphoma. Although the optimal
dose or scheduleisnot known, datafrom small cell
lung cancer studies coupled with these data from
thelong term infusional study suggest an oral dose
of 50 to 100mg per day for 10 to 14 days. This
active dose/schedule will probably avoid severe
myelosuppression in most patients. However,
patients surviving long term may be at asmall risk
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of secondary leukaemia, a complication now
recognised with etoposide.

4. Discussion

The schedule dependency of etoposide is clini-
cally important. The added efficacy of the optimal
schedule will most probably be seen in tumours
sensitive to the drug, such as lymphomas. Increas-
ing evidence suggests that long term schedul es of
oral etoposide have increased efficacy when com-
pared with the standard intravenous dose and
schedules. Single agent oral etoposide represents
an additional option for the treatment of low grade
lymphomas. The contribution, if any, of long term
oral etoposide-containing combination chemother-
apy in patients with lymphomas remains to be
firmly established. We are close to identifying a
dose and schedule that produce high activity with
minimal or no myelosuppression. Thisdoseis near
50 to 100mg orally per day. The 21-day schedule
is moretoxic than a shorter (10- to 14-day) sched-
ule and does not appear to offer any therapeutic
advantage. Long term oral etoposide should bein-
corporated into study protocolsfor thetreatment of
patients with large cell and high grade lymphomas.

Several etoposide-containing regimens that oc-
casionally included oral etoposide have been used
for elderly patients with aggressive lymphomas.
One of these included oral etoposide for 5 days,
mitoxantrone, and prednimustine (VMP), and was
inferior to the standard CHOP regimen in good-
performance-status patients.['*2 CHOP currently
represents the standard regimen, but the long term
survival rateis no greater than 30%. The appropri-
ate dose and schedule of etoposide used in combi-
nation chemotherapy may therefore proveto be su-
perior to CHOP. Further study is necessary, not
only intheelderly, but also in patientswith aggres-
sive lymphomas.
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