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Is combination chemotherapy superior to single drug therapy
in the treatment of cancer? The straightforwardness of this
question, implicit in the title of this talk, belies its complexity.
Lacking a simple explanation of cancer, I must dissect the
query and my rejoinders into the many ramifications of
treatment-its purpose, its phases, and its results-cognizant

that no one conclusion, affirmative or negative, will of itself
suffice.

In the most general sense, combinations of therapies,
whether drugs and/or other modalities, will always play an
important role in the management of diseases for which there
exists no single specific and totally effective treatment. When
one treats patients with certain cancers, rheumatoid arthritis,
hypertension, diabetes mellitus, or tuberculosis, to mention
just a few examples, one is frequently unable to control the
total disease process by any single means, and a cure is often
unobtainable. Single agents may suffice during parts of the
illness, but from time to time multiple agents are invaluable. In
each instance the identification of a single, totally effective
treatment would quickly render the combination obsolete, as
has occurred with many bacterial infections and a handful of
neoplasms. In other morbid conditions, for example, multiple
sclerosis, infectious hepatitis, and most disseminated cancers,
no therapy is known to definitely and specifically alter the
natural course of the illness, and in these situations com
binations have been equally unimpressive.

These examples outline some of the indications for com
bination therapy: (a) the illness does not regularly respond to
any single form of treatment, but (b) it can be modified
partially by at least two modalities of therapy.

Combination chemotherapy has most frequently been
explored in the treatment of leukemia, but it has also provided
benefit in certain solid tumors. Evaluation of therapy in solid
tumors, similar to comparative studies of leukemia chemo
therapy, has been hampered in many studies by: (a) lack of
sufficient suitable patients, (b) inability to determine the full
extent of disease, (c) difficulty in establishing criteria of
response, and (d) uncontrolled variation in dosage and spacing
of therapeutic agents (such as radiation therapy). Despite the
aforementioned handicaps, the use of combinations of drugs
with or without radiation therapy has provided sufficient data
in certain malignancies other than leukemia either to suggest
or to prove the superiority of combined therapy versus single
agents. In most instances, the duration of a complete objective
response or tumor-free interval has been used as the criterion

of effectiveness; however, in some studies, survival time has
been the sole reported index of therapy.

Table 1 illustrates the results of several reported studies
dealing with neuroblastoma, retinoblastoma, Wilms' tumor,
testicular neoplasms, Hodgkin's disease, and other malignant

lymphomas. In the studies of metastatic neuroblastoma,
combination chemotherapy or a single agent was used in
addition to surgery and radiation therapy. Pinkel et al. (41)
and James et al. (30) found that combinations of vincristine
and cyclophosphamide gave results superior to those achieved
earlier with either drug alone by the same investigators (29,
40) and by others (46, 52). A larger cooperative study
supported these findings (12). The use of combined-agent
therapy in bilateral retinoblastoma has been reported by
Hyman et al. (27, 42-44). Prior to the institution of
chemotherapy in these patients, orthovoltage radiation
therapy was given to the less involved eye after enucleation of
the more involved eye (42). Subsequently, Reese et al. (43,
44) found an increased response when triethylenemelamine
was added to radiation therapy. Since the report of Farber et
al. (13) which showed that the addition of actinomycin D to
radiation therapy improved the response rate of metastatic
Wilms' tumor, several investigators have examined the role of

actinomycin D as an adjunct to surgery and radiation therapy
in resectable tumors. Some of the analyses were made by
retrospective comparison with conventionally treated patients.
However, these and prospective studies have consistently
shown the superiority of the addition of actinomycin D to
X-ray in obtaining clinical control of hypernephroma,
although survival studies are not yet conclusive (5, 13, 14,26).

Following the demonstrated effectiveness of combination of
drugs in childhood acute leukemia, combined vinca alkyloid-
alkylating agent therapy was evaluated in advanced Hodgkin's

disease and shown to significantly improve the complete
remission rate obtained with single drugs (6, 32). A recent
study comparing cyclophosphamide alone with prednisone and
low- and high-dose combinations of cyclophosphamide and
vincristine demonstrated the superiority of combined over
single-agent therapy in lymphosarcoma and reticulum cell
sarcoma (25). More intensive combinations, which have
included various associations of alkylating agents, Metho-
trexate, vinca alkyloids, prednisone, and procarbazine, and
X-irradiation, have shown still greater effectiveness in
Hodgkin's disease (10, 15, 39, 49) and other lymphomas (47).

Therapeutic trials of combinations of drugs in disseminated
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Table la

AgentsNeuroblastomaVincristineCytoxan

Â±X-rayCytoxan
Â±X-ray Â±surgerySurgery

+ X-ray +vincristine+
CytoxanVincristine

+CytoxanSurgery
+ X-ray + CytoxanorchlorambucilSurgery

+ X-ray +vincristine+
CytoxanNo.

ofpatients228291391728%complete
responses50345614Duration

of response
(months)9.51312-13+512StudiesWindmiller

1966;James
1964;Selawry

1963Pinkel
1962Thurman
1964Pinkel

1968James
1965Pinkel

1968Evans

1969

RetinoblastomaSurgery
+X-rayX-ray

+TEMWilm's

tumorSurgery
+X-raySurgery
+ X-ray +ACTDSurgery
+X-raySurgery
+ X-ray +ACTDSurgery
+X-raySurgery
+ X-ray + ACTD1223072618141353492355126243923959CureCure?6024-58>24>241212Reese

1955Hyman
1966Howard

1964Howard
1964Fernbach
1966Fernbach
1966Burgert
1967Burgert

1967

Chemotherapy of childhood solid rumors. ACTD, actinomycin D;TEM, triethylenemelamine.

testicular neoplasms and breast carcinoma also have suggested
trjat combinations of drugs may prove more beneficial than
single-agent therapy (9,28, 33, 34, 38,48).

A problem of more immediacy and progressively greater
importance is how best to combine drugs. For this discussion
the greatest volume of information may be found in studies of
acute leukemia. The three goals of leukemia treatment are the
rapid control of the morbidity and risk of mortality from the
disease process, the prolongation of normal or at least partially
productive and enjoyable activity, and finally the maximal
extension of useful survival. For the initial control of disease,
at least eight distinct chemicals have proved effective against
one or more varieties of acute leukemia (Table 2). These
include natural products, such as the adrenal glucocorticoids,
the plant alkyloid vincristine, the antibiotic daunorubicin, and
the enzyme asparaginase; synthetic antimetabolites, including
6-mercaptepurine, Methotrexate, and cytosine arabinoside;
alkylating agents, such as cyclophosphamide; and less readily
classifiable agents, such as methylglyoxalbisguanylhydrazone
and the nitrosourea derivatives.

Because none of these drugs was found capable of reverting
all leukemic bone marrows to a normal functional capacity,
they were soon combined for remission induction. A summary
of combination remission induction trials in acute leukemia of
childhood (Table 3) shows that the separate activities of these
drugs almost invariably exhibited at least additive effectiveness
in combination. Similarly, several studies in acute myelocytic
leukemia (Table 4) indicate a higher remission rate for certain
combinations than has been obtained by the use of the
component drugs individually. However, daunorubicin and

cytosine arabinoside alone have achieved remission induction
rates in acute myelocytic leukemia comparable to the best
combination regimens. Thus in acute lymphocytic leukemia,
there is no question that combinations of drugs can achieve
greater initial control, i.e., remission induction at a higher
frequency than any single agent. In acute myelocytic leukemia
this statement can neither be confirmed nor refuted at the
present time.

Can combination therapy prolong the duration of leukemic
cell control? Many remission duration studies have been
performed without satisfactorily answering this question.
First, in acute myelocytic leukemia, the relative paucity of
effective drugs, and the consequent rarity of remission, has
until recently inhibited remission duration studies in this form
of the disease. Thus the question of whether remission can be
extended by any therapy, let alone that of single versus
combination treatments, has not been solved (11,21, 22). On
the other hand, there is much evidence that maintenance
treatment prolongs remission in acute lymphocytic leukemia
of children, and with this disease we can evaluate the efficacy
of combinations.

Table 5 lists several studies directly comparing single drug
remission maintenance therapy with regimens to which other
drugs were added. Short-term treatment with high-dose
courses of Methotrexate and 6-mercaptopurine were as
successful as those using both antimetabolites plus Cytoxan
(23). However, in an earlier study reported by Frei et al. (16),
the combination of Methotrexate and 6-mercaptopurine
resulted in longer first remissions than those obtained using
6-mercaptopurine or Methotrexate alone. Similarly, in two
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Table Ib

Agents
No. of

patients
complete
remissions

Duration of
response
(months) Studies

Hodgkin's disease (Stage III)

Vincristine
Cyclophosphamide
Prednisone
Methotrexate
Procarbazine

Vinblastine +
chorambucil v

Vincristine i
Cyclophosphamide (
Methotrexate /
Prednisone \
Local X-irradiation /
Vincristine
Nitrogen mustard ^
Procarbazine Ã•
Prednisone

Lymphosarcoma
Vincristine
Cytoxan
Cytoxan
Vincristine /
Cytoxan >
Prednisone )
Vincristine ÃŒ
Nitrogen mustard I
Procarbazine I
Prednisone /

Reticulum cell sarcoma
Vincristine
Cytoxan
Cytoxan
Vincristine i
Cytoxan r
Prednisone )
Vincristine \
Nitrogen mustard \
Procarbazine Ã•
Prednisone /

Testicular tumors
ActÃnomycinD
Chlorambucil
ActÃnomycinD +

chlorambucil
ACTD + Methotrexate

+ chlorambucil
ACTD + Methotrexate

+ chlorambucil
Vincristine +

Methotrexate +
Melphalan

Notrogen mustard +
Methotrexate +
Melphalan

Nitrogen mustard +
actinomycin D

Cytoxan
5-Fluorouracil
Methotrexate
Vincristine

56
54
21

7
19

51"

16

43

35
42
14

37

15

27
31
11

26

22
8

31

90

9

8

15

14

17

27
19
9

14
58
27

63

71

81

8.5
14.2
21.5

35.2

47

15
13
9

30.8

37.5

22.7
25

16.2

12.2

55.5

25

13.3

7.1

29.3

? Carbonee/ al. 1968
? CarboneÃ©is/. 1968
? Gordon and DUnnigan 1963

34 Frei and Spurr 1965
4 Brunner and Young 1965

2-7+ Matheero/. 1964

4-12 Lacher and Durant 1965

>32 Moxleyefa/. 1967

>20 DeVita et al. 1969

? Carbone et al 1968
? Carbone et al. 1968
? Hoogstraten et al. 1968

? Hoogstraten et al. 1968

11.7 Serpick 1969

? Carbone et al. 1968
? Carbone et al. 1968
? Hoogstraten et al. 1968

? Hoogstraten et al. 1968

42+ Serpick 1969

9-21 Mackenzie 1966
19,20 Mackenzie 1966

17-64 Mackenzie 1966

7-85 Mackenzie 1966

? Li 1960

? Solomon 1967

? Jacobs 1966

? Jacobs 1966

13.8 Mendelsohn 1969
(mean)

Chemotherapy of adult solid tumors,
"included non-Stage III disease.
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Table 2a

Drug complete remission

Prednisone6-MercaptopurineMethotrexateVincristineCytoxanCytosine

arabinosideDaunorubicinAsparaginase2

mg/kg/day3.0
mg/kg/day5.0
mg/day2

mg/sq m qweek3
mg/sq m qweek5

mg/kg/day3
mg/kg/day60

mg/sq m/day X5200
IU/kg/day6327225740303867

Drugs effective in childhood acute lymphocytic leukemia.

Drug

Table 2b

Dosage
% complete remission

Child Adult

Prednisone6-MercaptopurineMethotrexateCytosine

arabinosideDaunorubicinMethyl

GAGVincristine1.0-2.0

mg/kg/day3.0
mg/kg/day800-1600
mg/day5.0
mg/kg/day1.25

mgq 6hr10-30
mg, 24hr/day100-600

mg/sq m, 24 hr/day X475-100
mg/sq m, 4 hr/day X460

mg/sq m/day X3760
mg/sq m/day X2-5125â€”160

mg/sqm/day2
mg/sq m/week149111878SO36151010316213744205045

Drugs effective in acute myelocytic leukemia. GAG, glyoxalbisguanylhydrazone.

Table 3a

P VCR MTX MP CYT D

Prednisone(P)Vincristine
(VCR)Methotrexate
(MTX)6-Mercaptopurine
(MP)Cytoxan
(CYT)Daunorubicin

(D)6385808376658557808022458345277680406538

Combinations of effective drugs in the treatment of childhood acute
lymphocytic leukemia (% complete remissions, bone marrow).

Table 3b

DrugPrednisone

Vincristine
DaunorubicinPrednisone

Vincristine
DaunorubicinVincristine

Prednisone
6-Mercaptopurine
Methotrexate
(VAMP)Vincristine

Prednisone
6-Mercaptopurine
Methotrexate (POMP)Dosage100

mg/sq m/day
2 mg/sq m/week

60 mg/sqm/week100

mg/sq m/day
1.5 mg/sq m/week

20 mg/sq m/day X2/week2

mg/sq m/Day 1 only
40 mg/sq m/day X 8
60 mg/sq m/day X 8
20 mg/sq m/Days 1 and42

mg/sq m/Day 1 only
1 gm/sq m/day X 5

500 mg/sq m/day X 5
7.5 mg/sq m/day X 5No.

of % bone marrow
patientsremissions33

9711

10016

8835

94StudiesBernard

1968Mathe'

1967Freireich

1968Henderson

1967

Multiple drug combinations in childhood acute lymphocytic leukemia.
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Table 4 PREDNISONE

No of % completeremissionDrugP

+6-MP6-MP
+MTX6-MP
+6-MMPR6-MP
+MeGAGara-C
+thioguanineara-C
+Cytoxan6-MP,
MTX,MeGAGP,

ara-C, 6-MP,MeGAGVCR,
P, 6-MP, MTXpatients7746292536121732235183Child20404370Adult38244530403543224529StudiesThompson

1965Frei
1961Freireich
1967Boiron
1966Gee
1968Bodey
1968Bernard
1966Bernard
1967Thompson
1965Henderson
1968Henderson

1967

METHOTREXATE

Combinations of drugs in acute myelocytic leukemia. Abbreviations:
P, prednisone; 6-MP, 6-mercaptopurine; MTX, Methotrexate; MeGAG,
methylglyoxalbisguanylhydrazone; ara-C, cytosine arabinoside; VCR,
vincristine; 6-MMPR, 6-methylmercaptopurine ribonucleoside.

Table 5

Maintenance
drugsMTX6-MPCytoxanMTX

+6-MP+
Cytoxan6-MP6-MP,

VCR +PMTXMTX,

VCR + PDuration

of Median duration
treatment of total
(months) remission (days)Studies1.51.51.51.5To

relapseTo
relapse8.08.0159165105160110220315a480aHolland

1968Chevalier

1966Holland

1968

Comparison of combination versus single-drug maintenance of
complete remissions in childhood acute lymphocytic leukemia. See
Table 4 for abbreviations.

"Current estimates based on life table analysis.

studies conducted by Acute Leukemia Cooperative Group B,
longer remissions were obtained when vincristine and
prednisone were added to 6-mercaptopurine and Methotrexate
respectively (7, 24). From these studies we would conclude
that combinations are superior when adequately prolonged
exposure to optimal doses of all drugs can be administered. On
the other hand, survivals of patients in two groups studied by
Frei et al. (17) were identical since the subsequent use of
antimetabolites was more successful in inducing and main
taining second remissions when these drugs were initially used
singly. Survivals for Holland's (24) study are not yet available,
and it is difficult to analyze Chevalier's (7) group since

previous treatment had been given. Finally, remission main
tenance with single agents has occasionally produced periods
of remission (45) or control (8) equivalent or superior to that
seen with combination regimens. Nevertheless, the direct
comparisons cited suggest that, by the criterion of remission
duration, combined therapy is superior to single-agent main
tenance.

Survival, though a paramount yardstick of therapy, is a most
difficult method of assessing drug regimens in man. Chart 1

6-MERCAPTOPURINE

CYTOXAN

VINCRISTINE
ARA-C

VAMP * POMP *

72

00
o

60

10% Survival

Survival

50% Survival

Â§48

Â§36
S

> 24

12

1956 '57 '58 '59 '60 '61 '62 '63 '64 '65 '66

CALENDAR YEARS

Chart 1. Survival of children with acute lymphocytic leukemia treated
at the National Cancer Institute. The ordinate indicates the duration in
months between diagnosis and death. The abscissa indicates the year of
diagnosis. The solid bars are the median survival of each group. The
cross-hatched and dotted portions mark the additional survival noted
for 25 and 10 percent of patients respectively of patient group. A
serrated bar indicates that insufficient time has elapsed to define
survival. The top portion of the chart lists the therapies available during
the years of this survey. Abbreviations employed are: ARA-C (cytosine
arabinoside, cytarabine), VAMP and POMP (simultaneous vincristine,
prednisone, Methotrexate, and 6-mercaptopurine) according to the
doses and schedules listed in Table 3ft.

shows without much doubt that survival in childhood
leukemia has increased pari passu with the utilization of more
drugs and, at the National Cancer Institute at least, with
increasing use of drug combinations. An undefined increment
in survival has undoubtedly resulted from better facilities for
supportive care (we do not wish to perform a controlled
evaluation of this variable), from improved application of
individual drugs, and from the increasing enthusiasm of other
physicians in treating complications amenable to surgery and
radiotherapy. It is therefore very difficult to ascribe improve
ment in prognosis to any single factor, and in particular to any
single treatment regimen. However, it is a virtual certainty that
the significant prolongation of survival within the last decade
in acute lymphocytic leukemia is a reflection of the additional
drugs available, whether the drugs were given simultaneously
or sequentially.
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The total therapeutic orientation of the therapist must be
toward treatment from diagnosis to either death or cure. Thus
at the onset, he must anticipate management of local or
systemic relapses occurring subsequent to initial therapy.
Many programs have sought to accomplish this by the
systematic application of all known available agents according
to a prearranged priority schedule (1, 2, 31, 37, 54). The
question of whether to give agents in sequence or simulta
neously has not been resolved since the duration of survival
has been indistinguishable in the few controlled studies (16,
17). Furthermore, it has not been shown to matter with
sequential administration whether each drug is given until
leukemic cell regrowth becomes apparent or whether the drugs
are rotated at arbitrary time intervals (1,31,51).

Though each of the sequential combination studies resulted
in a number of long-term remissions and survivals, their
primary purpose has been to control rather than eradicate
leukemia. The concept of total kill through combinations of
fractionally effective drugs has spawned a number of studies
designed to eradicate, if possible, all leukemic tissues. Such
investigations have used as the indicator of effect neither
survival nor the total length of remission, but more specifically
the length of unmaintained remission following the termina
tion of therapy. This duration has been shown to accurately
estimate residual leukemic cell numbers in animal models for
which tumor cell doubling times are precisely known. Similar
analysis of therapeutic regimens in human leukemia, whose
kinetics are much less precisely known, have been performed
with interesting results.

Table 6 summarizes the results of several early intensive
therapy with unmaintained remission programs. From these
we can conclude that treatment during the early part of
remission results in longer remissions than does no therapy;
that given two remission treatments of an equivalent fixed
duration, combinations of effective agents are usually superior

to single drug treatment; and that up to an as yet unspecified
point in time, more prolonged treatment is superior to shorter
treatment with the same drug or drugs. How long to continue
successful maintenance therapy is an unanswered question,
though one which can be readily evaluated by prospective
studies. Chart 2 depicts remission duration for the POMP
protocol at the National Cancer Institute. Intermittent courses
of four drugs, vincristine, prednisone, 6-mercaptopurine, and
Methotrexate, were administered for 14 months, then
terminated. Despite fluctuations, the slopes during and after
therapy were not significantly different, suggesting that
further treatment would have been unnecessary and perhaps
detrimental.

Assuming a leukemia cell doubling time of 4â€”6 days,
consistent with the observable doubling times of most human
acute leukemias, a single mitotically active leukemia cell
should spawn a relapse number of progeny within about 150
days. Using such a model, the extent of leukemia cell
reduction has been assessed for vincristine and prednisone
alone, a combination of the two, the four-drug combinations
VAMP and POMP, and the serial sequential combinations of
Acute Leukemia Group B (19, 21, 23, 53). Such studies have
indicated a progressively greater reduction of the leukemic cell
population with longer and/or more intensive treatment.
Observed rates of relapse were consistent with normally
distributed degrees of leukemic cell reduction regrowing at
rates consistent with those observed in patients in relapse. An
alternative analysis by Holland (23), assuming a constant
degree of reduction of cells and a variable rate of subsequent
cell doubling, indicated doubling times which, for the most
part, were within the variation which might be acceptable for
heterologous leukemias. The more recent combination studies,
POMP and Acute Leukemia Cooperative Group B's protocol

6601 (21, 24), have resulted in median durations of unmain
tained remission of such length that analysis by either model

Table 6

InductionPrednisone

(P)
Vincristine (V)DrugsEarly

remissionNone

NoneDuration

of
treatment(months)Duration

of
subsequent
remission

(days)40

60Overall

survival
(months)StudiesFrei

1965

V + P

BIKE (V + P)
VAMP (V + P + MP + MTX)
POMP (V + P + MP + MTX)

6601 (V + P)

None
Methotrexate (MTX)
6-Mercaptopurine (MP)
Cytoxan (CYT)
MTX + MP + CYT
MTX + MP + CYT + BCNU
(MTX + MP + CYT) X 2
V + P + MP + MTX
V + P + MP + MTX

MTX
MTX

1.5
1.5
1.5
1.5
2.0
5.0
5.0

14.0

1.5
8.0
8.0

65
110
90
60

115
160
140
140
240

120
180
315

\
20

24
24
33

Holland 1968

Freireich 1968
Henderson 1967

Holland 1968

Duration of unmaintained remission following various early remission treatment regimens in childhood acute lymphocytic leukemia.
BCNU, 1,3-bis(2-chloroethyl)-l-nitrosourea.
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leads to dubious conclusions, i.e., either reduction of leukemic
cell numbers to less than 1 or a leukemic cell doubling time of
3â€”4 weeks. To explain these results one is encouraged to
abandon a theory of simple exponential regrowth of cells in
favor of some more complex kinetic model. In this regard it is
of interest that the rates of leukemia relapse observed in the
earlier less extensive, and less successful, studies were con
sistent with exponential growth, whereas in the later studies
no such approximation could be made. It is thus reasonable to
consider as a possibility the notion that current chemotherapy
is capable of eliminating most, if not all, of the replicating
mass of leukemic tissue, leaving a residuum of cells which,
though leukemic precursors, are either latent or driven at a
distinctly different and irregular cadence.

12 18 24 30

MONTHS IN COMPLETE REMISSION

36 40

Chart 2. Percent of childhood acute lymphocytic leukemia patients
remaining in complete remission during and after combination chemo
therapy (POMP, see text). The schedule of therapy is indicated in the
lower iefthand portion of the chart: each vertical bar represents a single
five-day course of therapy. The numbers of patients remaining in
remission after 24, 29, 36, and greater than 40 months are found in
parentheses. As of July 1969, the two patients remaining in remission
at 40 months have been continuously free of disease more than 5 years
(four years after completion of their last course of antileukemia
therapy).

If this is indeed the case, it is quite possible that additional
treatment with currently available agents, whose effectiveness
is greatest against rapidly replicating cell lines, will be
unavailing. Not only may they spare latent leukemic pro
genitors while continuing to injure regenerating normal lines,
but they may indeed activate latent leukemic precursors which
by this point are relatively resistant to the drugs. In this
circumstance, treatment beyond the optimum period would
actually shorten subsequent remission, a hypothesis which
can be subjected to clinical evaluation. Definition of an
optimal duration of maintenance would furthermore establish
the point at which alternate therapies (drug or otherwise)
could be initiated in a controlled fashion to assess their

effectiveness against latent residual disease. Trials of such
therapy at a time short of or beyond the point of maximum
suppression of multiplier cells might well fail to recognize a
significant antileukemic effect because of the rapid repopula
tion of mitotically active tumor cells. Studies along the
proposed lines may, for acute lymphocytic leukemia at least,
define the ultimate combination, both in terms of the various
modalities employed and, of equal importance, the precise
sequence and timing of their use. Of course, of equal
importance is the necessity of identifying agents (and models
to predict their utility) which are active against mitotically
latent cells.

At present, perhaps because of the similarity of sensitive cell
populations for most available drugs, leukemia therapies have
been primarily effective in prolonging median durations of
remission and survival. The incidence of truly long-term
remissions and long-term survivals has not been clearly
demonstrated to have increased (Chart 3). Nevertheless, the
overall increase in number of patient days spent in good health

lOOrt

80

> 50

K

t/t

#

40

POMP

TREATMENT;

VAMP + BIKE

POMP

12 24
MONTHS

36 48

Chart 3. Survival of children with acute lymphocytic leukemia
treated initially with combination chemotherapy. The ordinate
indicates the percent of the initial patient group surviving the period of
months indicated on the abscissa. Survival is plotted for all patients
whether or not they achieved remission with the initial combination
protocol. VAMP (see Table 3ft for dose and schedule) and BIKE
(remission induction with vincristine plus prednisone followed by
sequential courses of Methotrexate, 6-mercaptopurine, and cyclophos-
phamide) were each given an average of 5 months as indicated by the
solid black bar. The median survival of patients on these two studies
was virtually identical, and thus their survival was plotted together as
represented by the open circles and interrupted lines. POMP (See Table
3b) was given for an average of 14 months, during the first three at
roughly 2-week intervals and thereafter once per month. Survival of this
group of patients is defined by the solid circles. The solid line segments
of this curve indicate observed survival, the interrupted line segments a
life table estimate. The shaded area defines the limits of possible
survival data for this group. The numbers in parentheses indicate that 8
of the original 35 POMP patients and 10 of the patients receiving
VAMP or BIKE have survived over 4 years.
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and productive, enjoyable occupation has been gratifying
though still far short of the desired goal.

In summary, the question of the value of combination
chemotherapy in the treatment of cancer has required a
combination answer, the components of which have some
persuasiveness, but no one of which is in itself entirely
adequate. One continues to be impressed by the elusiveness of
the stem cell and by the crude and indirect methods at our
disposal to detect and/or affect it. Leukemia remains at
present the most appropriate available tumor with which to
study the effects of therapy on a variably self-replicating
malignant cell line. In acute lymphocytic leukemia in
particular, there is clinical evidence to suggest temporary
elimination of the rapidly doubling pool of neoplastic cells. It
is at this point in therapy that specific antitumor agents are
required, and thus it is at this point that future trials of
candidate therapies should be directed. Combination therapies
are mandatory in diseases such as leukemia for which known
modalities of treatment are inadequate in and of themselves.
As drugs become identified in greater number with effective
ness against other neoplasms, the problem of how best to
combine their activities will similarly become of paramount
importance.

REFERENCES

1. Australian Cancer Society's Childhood Leukemia Study Group.

Cyclic Drug Regimen for Acute Childhood Leukemia. Lancet, 1:
313-319,1968.

2. Bernard, J. Acute Leukemia Treatment. Cancer Res., 27:
2565-2569, 1967.

3. Bernard, J., Boiron, M., Jacquillat, C., and Weil, M. Rubidomycin
in 400 Patients with Leukemia and Other Malignancies. Abstracts
of the Simultaneous Sessions. XII Congress. Intern. Soc. Hemat., p.
5, 1968.

4. Brunner, R. W., and Young, C. W. A Methylhydrazine Derivative in
Hodgkins Disease and Other Malignant Lymphomas. Ann. Internal
Med., 63: 69-86, 1965.

5. Burgert, E. O., Jr., and Glidewell, O. (Acute Leukemia Cooperative
Group B). Dactinomycin in Wilm's Tumor. J. Am. Med. Assoc.,
199: 464-468, 1967.

6. Carbone, P. P., Spun, C., Schneiderman, M., and Scotto, C. (Acute
Leukemia Group B and Eastern Solid Tumor Group). Management
of Patients with Malignant Lymphoma: A Comparative Study with
Cyclophosphamide and Vinca Alkaloids. Cancer Res., 28:
811-822, 1968.

7. Chevalier, L., and Glidewell, O. (Acute Leukemia Cooperative
Group B). Schedule of 6-Mercaptopurine and Effect of Inducer
Drugs in Prolongation of Remission Maintenance in Acute
Leukemia. Proc. Am. Assoc. Cancer Res., 8: 10, 1967.

8. Colebatch, J. H., Baikie, A. G., Clark, A. C. L., Jones, D. L., Lee,
C. W. G., Lewis, I. C., and Newman, N. M. (Australian Cancer
Society's Childhood Leukemia Study Group). Cyclic Regimen for

Childhood Leukemia. Letter to Editor. Lancet, 2: 869, 1968.
9. Cooper, R. G. Combination Chemotherapy in Hormone Resistant

Breast Cancer. Proc. Am. Assoc. Cancer Res., 10: 15, 1969.
10. DeVita, V. T., Serpick, A., and Carbone, P. P. Combination

Chemotherapy of Advanced Hodgkin's Disease: The NCI Program,

A Progress Report. Proc. Am. Assoc. Cancer Res., 10: 19, 1969.
11. Ellison, R. R., Holland, J. F., Weil, M., Jacquillat, C., Boiron, M.,

Bernard, J., Sawitsky, A., Rosner, F., Gussoff, B., SUver, R. T.,
Karanas, A., Cuttner, J., Spurr, C. L., Hayes, D. M., Blom, J.,

Leone, L. A., Haurani, F., Kyle, R., Hutchison, J. L., Forcier, R. J.,
and Moon, J. H. (Acute Leukemia Cooperative Group B).
Arabinosyl Cytosine: A Useful Agent in the Treatment of Acute
Leukemia in Adults. Blood, 32: 507-523, 1968.

12. Evans, A. E., Heyn, R. M., Newton, W. A., Jr., and Leikin, S. L.
(Children's Cancer Study Group A). Vincristine Sulfate and

Cyclophosphamide for Children with Metasta tic Neuroblastoma. J.
Am. Med. Assoc., 207: 1325-1327,1969.

13. Farber, S., D'Angio, G., Evans, A., and Mitus, A. Clinical Studies of
Actinomycin D with Special Reference to Wilm's Tumor in
Children. Ann. N. Y. Acad. Sci., 89: 421-425, 1960.

14. Fernbach, D. J., and Martyn, D. T. Role of Dactinomycin in the
Improved Survival of Children with Wilm's Tumor. J. Am. Med.
Assoc., 195: 1005-1009,1966.

15. Frei, E., HI, DeVita, V. T., Moxley, J. H., III, and Carbone, P. P.
Approaches to Improving the Chemotherapy of Hodgkin's Disease.
Cancer Res., 26: 1284-1289,1966.

16. Frei, E., Ill, Freireich, E. J., Gehan, E., Pinkel, D., Holland, J. F.,
Selawry, O., Haurani, F., Spun, C. L., Hayes, D. M., James, G. W.,
Rothberg, H., Sodee, D. B., Rundles, R. W., Schroeder, L. R.,
Hoogstraten, B., Wolman, I. J., Traggis, D. G., Cooper, T., Gendel,
B. R., Ebaugh, F., and Taylor, R. (Acute Leukemia Cooperative
Group B). Studies of Sequential and Combination Antimetabolite
Therapy in Acute Leukemia -6-Mercaptopurine and Methotrexate.
Blood, 18.431-454,1961.

17. Frei, E., Ill, Karon, M., Levin, R. H., Freireich, E. J., Taylor, R. J.,
Ilananiun, J., Selawry, O., Holland, J. F., Hoogstraten, B., Wolman,
I. J., Abir, E., Sawitsky, A., Lee, S., Mills, S. D., Burgert, E. O., Jr.,
Spurr, C. L., Patterson, R. B., Ebaugh, F. G., James, G. W., III.,
and Moon, J. H. (Acute Leukemia Cooperative Group B). The
Effectiveness of Combinations of Anti-leukemic Agents in Inducing
and Maintaining Remission in Children with Acute Leukemia.
Blood, 26: 642-656, 1965.

18. Frei, E., IH, Spurr, C. L., Brindley, C. O., Selawry, O., Holland, J.
F., Rail, D. P., Wassermann, L. R., Hoogstraten, B., Shnider, B. L,
Mclntyre, O. R., Matthews, L. B., Jr., and Miller, S. P. Clinical
Studies of Dichloromethotrexate (NSC 29630). Clin. Pharmacol.
Therap.,6: 16-171,1965.

19. Freireich, E. J., Henderson, E. S., Karon, M. R., and Frei, E., HI.
The Treatment of Acute Leukemia Considered with Respect to
Cell Population Kinetics. In: The Proliferation and Spread of
Neoplastic Cells, pp. 441-452. Baltimore: The Williams & WiJJcins
Co., 1968.

20. Gordon, B. M., and Dunnigan, M. G. Steroid Therapy in Lymphoid
Tissues. Brit. J. Cancer, 17: 579-582,1963.

21. Henderson, E. S. The Therapy of Acute Leukemia. Sem. Haemal.,
6: 271-319,1969.

22. Henderson, E. S., and Serpick, A. (Acute Leukemia Cooperative
Group B). The Effect of Combination Drug Therapy and
Prophylactic Oral Antibiotic Treatment in Adult Acute Leukemia.
Clin. Res., 15: 336,1967.

23. Holland, J. F. Progress in the Treatment of Acute Leukemia. In:
Perspectives in Leukemia, p. 217. New York: GruÃ±e& Stratton,
1968.

24. Holland, J. F., and Glidewell, O. (Acute Leukemia Cooperative
Group B). Induction, Consolidation, Intensification, Reinduction,
and Maintenance Chemotherapy of Acute Lymphocytic Leukemia.
Abstracts of Simultaneous Sessions, XII Congress, Intern. Soc.
Hemat., p. 9, 1968.

25. Hoogstraten, B., Owens, A. H., Lenhard, R. E., Glidewell, O. J.,
Leone, L. A., Olson, K. B., Harley, J. B., Townsend, S. R., Miller,
S. P., and Spurr, C. L. (Acute Leukemia Group B and Eastern
Cooperative Oncology Group). Combination Chemotherapy in
Lymphosarcoma and Reticulum Cell Sarcoma. Blood, 33:
370-378, 1969.

DECEMBER 1969 2279

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2272/2384801/cr0290122272.pdf by guest on 19 M

ay 2023



Edward S. Henderson and Richard J. Samaha

26. Howard, R. Nephroblastoma: Improved Prognosis with Actinomy-
cin D. Med. J. Australia, 2: 141-142, 1964.

27. Hyman, G. A., Ellsworth, R. M., Feind, C. R., and Tretter, P.
Combination Therapy in Retinoblastoma (A 15 Year Summary of
Methods and Results). Arch. Ophthalmol., 80: 744-746, 1968.

28. Jacobs, E. M., Johnson, F. D., and Wood, D. A. Stage III Metastatic
Malignant Testicular Tumors. Cancer, 19: 1697-1704, 1966.

29. James, D. H., Jr., and George, P. Vincristine in Children with
Malignant Tumors. J. Pediatrics, 64: 534-541, 1964.

30. James, D. H., Jr., Hustu, H. O., Wrenn, E. L., Jr., and Pinkel, D.
Combination Chemotherapy of Childhood Neuroblastoma. J. Am.
Med. Assoc., Â¡94:123-126, 1965.

31. Krivit, W., Brubaker, C., Thatcher, L. G., Pierce, M., Perrin, E., and
Hartmann, J. R. (Children's Cancer Group A). Maintenance

Therapy in Acute Leukemia of Childhood. Comparison of Cyclic
vs. Sequential Methods. Cancer, 21: 352-356, 1968.

32. Lacher, M. J., and Durant, J. R. Combined Vinblastine and
Chlorambucil Therapy of Hodgkin's Disease. Ann. Intern. Med.,

62: 468-476, 1965.
33. Li, M. C., Whitmore, W. F., Jr., Golbey, R., and Grabstald, H.

Effects of Combined Drug Therapy on Metastatic Cancer of the
Testis. J. Am. Med. Assoc., Â¡74:1291-1299, 1960.

34. Mackenzie, A. R. Chemotherapy of Metastatic Testis Cancer.
Cancer, 19: 1369-1376, 1966.

35. Mathe, G., Hayat, M., and Schwarzenberg, L. Acute Lymphoblastic
Leukemia Treated with a Combination of Prednisone, Vincristine,
and Rubidomycin. Value of Pathogen-Free Rooms. Lancet, 2:
380-382, 1967.

36. Mathe, G., Schneider, M., Cattan, A., Amiel, J. -L., and Schwarzen
berg, L. Clinical Trials with Methylglyoxal-bis-(guanylhydrazone)
and with N-isopropyl-a-(2-methylhydrazino)-p-toluamide in
Various Leukemias and Hematosarcomas. In: P. A. Plattner (ed.)
Chemotherapy of Cancer, pp. 204-211. Amsterdam: Elsevier,

f37. Mathe, G., Schwarzenberg, L., Amiel, J.-L., Schneider, M., Callan,
A., and Schlumberger, J. -R. Traitment de al Leucemia AiguÃ«
Lymphoblastique Pendant Une Remission par l'irradiation du
SystÃ¨meNerveux Central et I*administration Successive de Cures

de Huit Composes Chimotherapiques. Sem. Hop. Paris, 42:
2960-2965, 1966.

38. Mendelsohn, D. Combination Chemotherapy of Disseminated
Testicular Tumors. Abstract 5th Annual Meeting American Soc. of
Clin. Oncology, 1969. Cancer Chemotherapy Rept., 53: 90, 1969.

39. Moxley, J. H., Ill, DeVita, V. T., Brace, K., and Frei, E., III.
Intensive Combination Chemotherapy and X-irradiation in
Hodgkin's Disease. Cancer Res., 27: 1258-1263, 1967.

40. Pinkel, D. Cyclophosphamide in Children with Cancer. Cancer, 15:
42-49, 1962.

41. Pinkel, D., Pratt, C., Holton, C., James, D., Jr., Wrenn, E., Jr., and
Hustu, H. O. Survival of Children with Neuroblastoma Treated
with Combination Chemotherapy. J. Pediatrics, 73: 928-931,

1968.
42. Reese, A. B., Hyman, G. A., Merriam, G. R., Jr., Forrest, A. W.,

and Kligerman, M. M. Treatment of Retinoblastoma by Radiation
and Triethylene Melamine. A.M.A. Arch. Ophthal., 53: 505-513,
1955.

43. Reese, A. B., Hyman, G. A., Tapley, N. duV., and Forrest, A. W.
The Treatment of Retinoblastoma by X-ray and Triethylene
Melamine. A.M.A. Arch Ophthal., 60: 897-906, 1968.

44. Reese, A. B., Merriam, G. R., Jr., and Martin, H. E. Treatment of
Bilateral Retinoblastoma by Irradiation and Surgery (Report on
15-year Results). Am. J. Ophthalmol., 32: 175-190, 1949.

45. Selawry, O. S. (Acute Leukemia Cooperative Group B). New
Treatment Schedule with Improved Survival in Childhood
Leukemia Intermittent Parenteral vs. Daily Oral Administration of
Methotrexate for Maintenance of Induced Remission. J. Am. Med.
Assoc., Â¡94:75-81, 1965.

46. Selawry, O. S., and Hananian, J. Vincristine Treatment of Cancer
in Children. J. Am. Med. Assoc., Â¡83:741-746, 1963.

47. Serpick, A. A., Lowenbraun, S., and DeVita, V. T. Combination
Chemotherapy of Lymphosarcoma (LSA) and Reticulum Cell
Sarcoma (RCS). Proc. Am. Assoc. Cancer Res., Â¡0:78, 1969.

48. Solomon, J., Steinfeld, J. L., and Bateman, J. R. Chemotherapy of
Germinal Tumors. Cancer, 20: 747-750, 1967.

49. Stutzman, L. (Acute Leukemia Cooperative Group B). Simulta
neous vs. Sequential Multiple Agent Chemotherapy of Hodgkins
Disease. Abstract. Annual meeting of the American Society of
Clinical Oncology, 1969. Cancer Chemotherapy Kept., 53: 95,
1969.

50. Thurman, W. G., Fernbach, D. J., and Sullivan, M. P. (Southwest
Cancer Chemotherapy Study Group). Cyclophasphamide Therapy
in Childhood Neuroblastoma. New Engl. J. Med., 270:
1336-1340, 1964.

51. Willoughby, M. L. N., and Laurie, H. C. Cyclic Chemotherapy in
Childhood Acute Leukemia. Arch. Disease Childhood, 43:
187-194, 1968.

52. Windmiller, J., Berry, D. H., Haddy, T. B., Vietti, T. J., and Sutow,
W. W. (Southwest Cancer Chemotherapy Study Group). Vincristine
Sulfate in the Treatment of Neuroblastoma in Children. Am. J.
Disease Children, 777: 75-78, 1966.

53. Zelen, M. Leukemia Models: Mice and Men. In: The Proliferation
and Spread of Neoplastic Cells, pp. 463-477. Baltimore: The
Williams & Wilkins Co., 1968.

54. Zeulzer, W. W. Implications of Long-Term Survival in Acute Stem
Cell Leukemia of Childhood Treated with Composite Cyclic
Therapy. Blood, 24: 477-494, 1964.

2280 CANCER RESEARCH VOL. 29

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2272/2384801/cr0290122272.pdf by guest on 19 M

ay 2023


