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Abstract An oral combination chemotherapy regimen initially developed for AIDS-
related non-Hodgkin's lymphoma includes lomustine (CCNU), etoposide, cy-
clophosphamide, and procarbazine. This regimen takes advantage of oral
administration, thein vitro synergy of these drugs and their first-line efficacy in
lymphoma, and the ability of lomustine and procarbazineto crossthe blood-brain
barrier. This regimen was used to treat 38 patients with AIDS-related non-
Hodgkin's lymphoma. The overall objective response rate was 66% (34% com-
plete response rate) with a 5% CNS relapse rate, and a median survival duration
of 7.0 months. One-third of the patients survived for 1 year, 11% for 2 years, and
half of the patients survived free from progression of their lymphoma. On the
basis of these resullts, this oral regimen was modified and administered to 5 pa-
tients with AIDS-related primary CNS lymphoma as part of a sequential com-
bined-modality chemotherapy and radiation regimen. Rapid progression of CNS
disease was observed in this group of patients, with a median survival duration
of 1.0 month. The identical regimen was administered to 7 patients with AIDS-
related Hodgkin' sdisease: we observed a71% partial remission rateand amedian
survival duration of 7.0 months. Myelosuppression remains the most significant
clinical toxicity. Our results with this oral regimen appear comparable to those
of standard intravenous combination chemotherapy regimens in patients with
AIDS-related non-Hodgkin's lymphoma.
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In 1989, we set out to design and evaluate an
oral-based combination chemotherapy regimen for
patients with AIDS-related non-Hodgkin's lym-
phoma (NHL). This approach is pragmatic and the-
oretically has several advantages over more tradi-
tional intravenous combination chemotherapy
regimens. Principal advantages of an entirely oral-
based combination chemotherapeutic approach in
this setting include ease of administration and fa-
vourable pharmacoeconomic and quality-of-life
outcomes. Treatment isself-administered, and con-
sequently there is no medical risk to personnel en-
gaged in the administration of cytotoxic chemo-
therapy. Chemotherapy administration costs and
charges are less. Outpatient care is facilitated and
time invested in chemotherapy administration is
markedly reduced. These issues are addressed
throughout this supplement.ll Given this back-
drop, abrief overview of the treatment of AIDS-
related NHL and the rationale for an oral combina-
tion chemotherapy regimen are discussed. Our
experience with this regimen in various AIDS-
related lymphoproliferative malignancies, includ-
ing systemic NHL, primary CNS lymphoma and
Hodgkin's disease, is summarised. Finaly, future
directions and plans for this oral regimen are also
discussed.

1. Brief Overview of AIDS-Related NHL

In general, AIDS-related NHL is characterised
by higher grade (40 to 60%), greater predilection
for extranodal disease (80%), more advanced
clinical stage (60 to 70% stage I11/1V), an aggres-
sive clinical course, and shortened survival (me-
dian, 7 to 8 months) compared with lymphomasin
HIV-seronegative patients.[2-5 At time of presenta-
tion the median CD4+ lymphocyte count is 100
cells/ul.l4 The poor prognosis of AIDS-related
lymphoma initially resulted in the evaluation of
more aggressive and dose-intensive combination
chemotherapy regimens. Early results were dis-
mal, regimens were poorly tolerated, and there
was atrend towards shortened survival.l671 More
traditional NHL combination chemotherapy re-
gimens were then evaluated in conjunction with
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antiretroviral therapy, including the incorpora-
tion of colony-stimulating factors such as granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF), which is known to upregulate HIV viral
replication,!8 and the use of various CNS prophy-
laxis strategies because of the proclivity of AIDS-
related lymphoma to disseminate or relapse in the
CNS.[®l Complete responses (CR) ranged from 20
to 60%, with median survival durations of 4 to 7
months.[2-4]

In June 1997, the AIDS Clinical Trials Group
(ACTG) reported the largest randomised clinical
trial in 198 patients with AIDS-related NHL. The
ACTG 142 study compared standard dose (SD)
methotrexate, bleomycin, doxorubicin (adriamy-
cin), cyclophosphamide, vincristine, and dexa-
methasone (M-BACOD) plus GM-CSF with a
dose-modified [low dose (LD)] m-BACOD regi-
men.[4l All patients received intrathecal cytarabine
(cytosine arabinoside) for meningea prophylaxis
during the first cycle of chemotherapy. The results
of this study confirmed that the dose-modified reg-
imen was associated with less haematol ogical tox-
icity and was better tolerated than SD m-BACOD.
Efficacy in the 2 arms was equivalent, with a 39%
CR with LD versus a52% CR with SD (p = 0.56);
median survival durations were 35 weeks for LD
and 31 weeks for SD (p = 0.25). Poor prognostic
factors identified included age >35 years; history
of intravenous drug use; stage I11/1V disease; and,
most importantly, a CD4+ |ymphocyte count of
<100 cells/pl.[410 A 3% CNS relapse rate was
observed.

Although the results of the ACTG 142 study
demonstrated the advantages of a modified-dose
regimen, the optimal regimen for AIDS-related
NHL remains undefined. The longest median
survival duration reported for AIDS-related NHL
in a cohort of 46 patients was 18 months.[11-13]
These patients were treated with a 96-hour contin-
uous infusion of cyclophosphamide-doxorubicin-
etoposide; this regimen is presently being further
evaluated by the Eastern Cooperative Oncology
Group in both HIV-seronegative and -seropositive
patients. Theoverall CR ratewith thisregimen was
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57%.111-13] |t isimportant to note that on the basis
of areview of recent clinical trial data, 10 to 20%
of patients with AIDS-related NHL may be cured
(i.e. survive free from progression of their lym-
phoma).[24141 Of patients with good prognostic
factors at presentation, up to 30% may survive for
3 years, and selected patients may be appropriate
candidates for more traditional (e.g. intravenous)
or aggressive cytotoxic chemotherapy.[410]

2. Rationale for an Oral Combination
Chemotherapy Regimen in
AIDS Lymphoma

An oral combination chemotherapy regimen
including lomustine (CCNU), etoposide, cyclo-
phosphamide, and procarbazine has been de-
veloped.[*® The rationale for this regimen is
straightforward and takes advantage of the oral
administration of these agents. All of the drugsin
thisregimen are activein lymphomawhen used as
single agents, with response rates ranging from 10
t0 40%.116-19] These agents have been incorporated
to varying degreesinto front-line combination che-
motherapy regimens for de novo intermediate and
high grade lymphomas.[2) Combination chemo-
therapy is believed to be superior to single agents
in de novo lymphoma.[2l] Both lomustine and pro-
carbazine cross the blood-brain barrier, a quality
that may be of value given the relatively frequent
involvement of the CNS in HIV-related lym-
phoma.[192223] Etoposide has demonstrable syn-
ergy with cyclophosphamide and nitrosoureas in
laboratory models.[23.24 Corticosteroids were pur-
posely omitted from the regimen because of their
additional immunosuppressive effects and possi-
ble promotion of tumour growth in patients with
Kaposi's sarcoma.l?>29 As cardiomyopathy has
been well characterised in HIV-infected patients,
this regimen avoids the potential cardiotoxicity of
doxorubicin-based regimens.[30.31

3. Systemic NHL

A total of 38 patients with AIDS-related inter-
mediate and high grade NHL have been treated
with an oral combination chemotherapy regimen

0 Adis International Limited. All rights reserved.

Table I. Oral combination chemotherapy regimen for patients with
AIDS-related non-Hodgkin’s lymphoma

Drug Dose (mg/m?)2 Day
Lomustine® 100 1
Etoposide 200 1-3
Cyclophosphamide 100 22-31
Procarbazine 100 22-31
G-CSF*¢ 5 uglkg 5-21, 33-42

a All drugs administered orally.

b Lomustine (CCNU) administered during cycle numbers 1, 3,
and 5. Cycles are repeated every 6 weeks.

¢ G-CSF is administered subcutaneously until absolute neutro-
phil count is >10 000 cells/ul beyond the nadir period, which
coincides with days 15 and 36 of each portion of the treat-
ment cycle.

G-CSF = granulocyte colony-stimulating factor.

(table 1).13532] patients received the following
dose and schedule of chemotherapy: lomustine
100 mg/m? orally on day 1, on odd treatment
cycles; etoposide 200 mg/m?2 orally on days 1
through 3; and cyclophosphamide and procarbaz-
ine, 100 mg/m? each orally on days 22 through 31.
Cycles were repeated every 6 weeks.['532 In our
second study, the duration of treatment was short-
ened from 5 to 3 cycles and granulocyte colony-
stimulating factor (G-CSF) was added in the hope
of lessening myelosuppression, according to the
following schedule: 5 pg/kg subcutaneously, days
5 through 21 and days 33 through 42 (see table Il
for dose modifications based on haematological
parameters).[32

The overall toxicity of this regimen compares
favourably with that of others. Myelosuppression
was the most frequent and severe toxicity encoun-
tered, with leucopenia being more pronounced
than thrombocytopenia; therewasa57% incidence
of > grade 3 neutropeniaand a49% incidence of =
grade 3 thrombocytopenia with this oral chemo-
therapy regimen. A total of 21 episodes of febrile
neutropenia (21% of treatment cycles) occurred.
The incidence of clinically significant (= grade 2)
nausea, vomiting, diarrhoea, and stomatitis was
low with this regimen.[1532

The addition of G-CSF to the regimen de-
creased the frequency of hospitalisation for febrile
neutropenia and decreased the discontinuation of
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Table Il. Dose modifications based on haematological parameters [dose modifications made on the day of therapy (i.e. days 1 and 22 only)]

WBC count (cells/ul) Platelet count (cells/pl)

Dose (%)? G-CSF dose (ug/kg)®

>4000 >100 000
3000-3999 >100 000
3000-3999 75-99 999
1500-2999 50-74 999
<1499 <49 999

100 5
100 5
75 5
50 10
0 10

a All drugs. For patients who required hospitalisation for fever and neutropenia, the next cycle was administered upon recovery at a 50%
dose reduction compared with the preceding cycle, provided neutropenia was attributable to cytotoxic chemotherapy; afterwards,

25% dose escalations were made up to the 100% dose.

b G-CSF was usually administered in 300pg (5 pg/kg) or 480ug (10 pg/kg) doses to facilitate patient administration. During G-CSF adminis-
tration, complete blood counts with differential were monitored twice weekly; if at any time during the postnadir period (beyond
day 15 and day 36) the ANC was =10 000 cells/ul, G-CSF was discontinued.

G-CSF = granulocyte colony-stimulating factor; WBC = white blood cell.

chemotherapy because of leucopenia.®? Thrombo-
cytopenia, however, was more severe. The inci-
dence of grades 3 and 4 leucopenia, febrile neutro-
penia, and the durations of hospitalisation for
febrile neutropenia were similar in the 2 sepa-
rate studies of patients treated with and without
G-CSF.[32 The median number of cycles received
was 2.5. The overall objective response rate with
this regimen was 66% (CR 34%), with a5% CNS
relapse rate and a median survival duration of 7.0
months.[1532] |n addition, one-third of the patients
survived for 1 year, 11% for 2 years, and half of all
patients survived free from progression of their
lymphoma. Three patients from this cohort remain
alive at 30, 41, and 92 months. These results are
comparable to those reported for intravenous com-
bination chemotherapy regimens.

In the second generation study of the oral com-
bination chemotherapy regimen, objective re-
sponses were observed in 13 of 20 patients (65%)
upon completion of the first cycle of chemother-
apy, and another patient responded after the sec-
ond cycle, giving an overall response rate of
70%.[32 Restaging evaluation was performed in
this study after thefirst cycle of therapy (6 weeks),
which was considered induction treatment. The
majority of these responses were partial remis-
sions, since pathol ogical restaging of thebonemar-
row in patients with initial bone marrow involve-
ment was performed at the end of treatment (3
cyclesof therapy). Thiswasapplicablein 2 patients
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(10%), who werefound to have CRswith restaging
bone marrow examination. Response was not
evaluable or progressive disease was found in the
6 remaining patients (30%) at the time of restaging
after thefirst course of treatment. In addition, doc-
umented objective and durable responses (includ-
ing pathological CR) have been observed in pa-
tients receiving only one cycle of the ora
chemotherapy regimen and with dose modifica-
tions prescribed by protocol .[32

It is of interest that, among the 38 patients we
havetreated, 30 (79%) had 2 or more adverse prog-
nostic factors, as described in the recent follow-up
of theACTG 142trial.[l Thebreakdown of adverse
prognostic factors in our patients was as follows:
age >35 years, 26 patients (68%); history of intra-
venous drug use, 13 patients (34%); CD4+ lym-
phocyte count <100 cells/ul, 21 patients (55%);
and stage I 11/1V disease, 30 patients (79%).

4. Primary CNS Lymphoma

In our initia trial of oral combination chemo-
therapy in patientswith AIDS-related intermediate
and high grade NHL, only 1 of 18 patients (6%)
devel oped CNS disease following treatment.[5] At
time of enrolment, patients were required to have
no evidence of CNS involvement, on the basis of
the absence of clinical signs and symptoms, nega-
tive radiographic studies of the brain, and negative
CSFcytology. Asdiscussed above, 2 of the4 agents
in the combination regimen are known to cross
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theblood-brain barrier, which might provide athe-
oretical advantage for their inclusion in the regi-
men to prevent CNS relapse or progression. Sub-
sequently, these observations were confirmed in
our second trial of the identical oral combination
regimen in which only a single patient out of 20
experienced CNS progression,[32 giving an overall
CNS progression rate in both studies of 5% (2 of
38 patients).

On the basis of these initia results, we em-
barked on a sequential combined-modality chemo-
therapy and radiation trial in patients with AIDS-
related primary CNS lymphoma (table I11).
Patients with biopsy-proven AIDS-related CNS
lymphoma receive a 6-week course of lomustine
and procarbazine. The schedule is as follows:
lomustine 100 mg/m? orally on day 1 and pro-
carbazine 100 mg/m? orally on days 1 through 10
and days 22 through 31, with G-CSF support. This
is followed by a course of whole-brain radiother-
apy. Theradiation doseis administered in a stand-
ard fashion to include the whole brain and menin-
ges. The total dose administered is 50.4Gy in 28
fractions with a daily fraction size of 1.8Gy. Both
theright and left lateral fields are treated daily.

To date, atotal of 5 patients have been treated
with this regimen. The oral regimen isreasonably
well tolerated; however, we have observed very
rapid CNS progression. The median survival for
these 5 patientsis 1.0 month (range, 0.75 to 3.5
months).[33 No patient has yet been ableto complete

Table I1l. Characteristics of patients treated with oral chemotherapy?

the sequential chemotherapy and radiotherapy pre-
scribed by protocol. This approach therefore must
be regarded as investigational. Other studies used
concurrent chemotherapy and radiotherapy in this
setting. These results, which must be considered
preliminary, reveal survival durations of 1 to 3.5
months.[34-36]

Radiotherapy historically has been the primary
treatment modality for primary CNSlymphoma. It
appears that combined-modality chemotherapy
and radiation in HIV-seronegative/indeterminate
CNS Ilymphoma improves median survival by ap-
proximately 3 years and is the preferred ap-
proach.[37 This clearly must be regarded as an in-
vestigational approach in the HIV setting, and
trials are currently underway to define feasibility,
toxicity, and efficacy. In the absence of a clinical
trial, we generally offer definitive radiation ther-
apy or sequential combined-modality therapy (i.e.
one cycle of chemotherapy followed by radiation
in ‘good-risk’ patients), and attempt to wean pa-
tients off corticosteroids as rapidly as possible.

5. Hodgkin’s Disease

It has recently been established that the inci-
dence of Hodgkin's disease isincreased in HIV-
infected patients.[38-491 This tumour has been well
characterised, especially in injecting drug usersin
Europe.l*l Several features of the natural history
of this disease in this setting are worthy of com-
ment. The majority of patients present with stage

NHL-1151 NHL-21%2 pCLES HDI33:34

No. of patients 18 20 5 7
No. of males/females 17/1 19/1 4/1 710
Median age (years) 35 395 42 39
ECOG PS [no. of patients (%)]

0/1 13(72) 10 (50) 4 (80) 5(71)

2/3 5 (28) 10 (50) 1(20) 2 (29)
Median CD4+ (cells/ul) 73 102 4 180
No. of patients (%) with stage 13 (72) 17 (85) ob 6 (86%)
II/IV disease

a All patients received oral combination chemotherapy for AIDS-related lymphoproliferative disease: non-Hodgkin’s lymphoma (NHL), pri-
mary CNS lymphoma (PCL), and Hodgkin’s disease (HD). Patients with PCL received sequential radiation.

b Al patients had stage IE PCL.

ECOG = Eastern Cooperative Oncology Group; PS = performance status.

0 Adis International Limited. All rights reserved.
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11 and IV disease (often with extranodal disease)
and, as a result, systemic chemotherapy is the
mainstay of treatment.[41:42 The most common
histological subtypes are mixed-cellularity and
lymphocyte-depleted, and mediastinal involve-
ment occurs less frequently than in de novo
Hodgkin’s disease. The frequency of Epstein-Barr
virus genome expression appears to be higher in
HIV-related Hodgkin's disease compared with de
novo disease. Current treatment approaches have
generally focused on traditional chemotherapy
for Hodgkin's disease, with the greatest experi-
ence reported for the doxorubicin, bleomycin,
vincristine, and dacarbazine (ABVD) regimen.
The complete remission rate is about 50%, and
median survival is approximately 18 months.[42
Although the optimal chemotherapy regimen re-
mains to be established, a variety of regimens are
currently under investigation. It also remainsto be
established whether a dose-modified approach
similar to that for NHL is appropriate, and pros-
pects for progression-free and long term survival
need to be identified.

We have treated 7 patients with AIDS-related
Hodgkin's disease using the all-oral NHL regimen
outlined in table 1.1431 The rationale for studying
this particular combination in Hodgkin's diseaseis
straightforward. All of thedrugshaveknownsingle
agent activity in Hodgkin’s disease, with responses
ranging from 20 to 60%.12344-471 A|| of these agents
have been incorporated to varying degrees into
front-line and salvage combination chemotherapy
for de novo Hodgkin’s disease.[48-51 This approach
also capitalises on the advantages of an oral regi-
men, as discussed at the outset.

To date, our experience has been encouraging.
We have observed 5 partial remissionsin 7 patients
(71%), with a median survival duration of 7.0
months (range, 2.5 to 43 months).[3343 There ap-
pearsto be no difference in the toxicity of thisreg-
imen between patients with AIDS-related Hodg-
kin's disease and NHL patients. We continue to
recruit patients to this particular study to further
define the toxicity profile and efficacy of the ora
regimen in this setting.

0 Adis International Limited. All rights reserved.

6. Future Directions

Our experience with an oral combination chemo-
therapy regimen consisting of lomustine, etopo-
side, cyclophosphamide, and procarbazine in 50
patients with various AIDS-related lymphopro-
liferative diseases has been favourable. The effi-
cacy of thisregimenin NHL and Hodgkin' sdisease
appears comparabl e to that reported for traditional
intravenous combination chemotherapy regimens.
Overdl median surviva for NHL was 7 months,
with 1.0 month for CNS lymphoma, and 7.0
months for Hodgkin's disease (fig. 1).[33 Surpris-
ingly, patient compliance has not been amajor is-
sue. This, however, will need to be further evalu-
ated, as the mgjority of patients have been treated
prior to the protease i nhibitor-based combination
highly active antiretroviral therapy (HAART)
era

Given our initial experience with this regimen,
we are in the midst of launching an international
dose-modified oral combination chemotherapy
regimen for patients with HIV-associated NHL
based on the recent follow-up of the ACTG 142
study and collaborating institutions in Uganda and
Kenya. Inthisparticular trial, patientsin the United
Stateswill receive a50% dose reduction of all che-
motherapy agentsin the regimen.

We have further evaluated the toxicity profile
and efficacy of the identical oral combination che-
motherapy regimen in alimited number of elderly
patients with de novo NHL. Many elderly patients
are not suitable candidates for doxorubicin-based
combination chemotherapy, and there may be ad-
vantages in avoiding high dosages of corticoste-
roids in these patients as well. Myelotoxicity re-
mainsthe most significant clinical toxicity. Further
dose modification of the oral regimen, perhaps us-
ing a more protracted dosage schedule for etopo-
side, may be appropriate.

In summary, oral combination chemotherapy in
the management of AIDS-related lymphoprolifera-
tive diseases is feasible, can be administered with
acceptable clinical toxicity, and offers many prac-
tical advantages compared with standard intrave-
nous chemotherapy regimens. Further dose modi-
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Fig. 1. Kaplan-Meier survival curves for AIDS-related non-Hodgkin’s lymphoma (NHL): 38 patients, median survival of 7.0 months;
primary CNS lymphoma (PCL): 5 patients, median survival of 1.0 month; and Hodgkin’s disease (HD): 7 patients, median survival

of 7.0 months.

fication of the oral regimenin thissetting may well
improve the therapeutic index of the regimen and
significantly lessen the myelosuppression. Ongo-
ing studies of this regimen are planned. In appro-
priate patients who are highly desirous of an oral
treatment approach for a variety of reasons, this
regimen isasuitable alternative to moretraditional
intravenous chemotherapy regimens.
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