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COMBINATION CHEMOTHERAPY AND

ADRIAMYCIN IN PATIENTS WITH ADVANCED

BREAST CANCER
A Southwest Oncology Group Study

I. HooGsTrATEN, MD,* 5. L. GEORGE, mm,* B. SaMAL, Mp,* 8. F. Rivkin, Mp.§

]. J. Costanzi, mp," ]. D). BonneT, Mp,** T. THIGEEN, MD,'"" AND
H. BraINg, Mp*

In Jaouary, 1972, the Sowthwest Onrology Group initiated two randomized
studies for patients with advanced breast cancer. The study for patients with
prior chemotherapy showed a 35% response rate with adriamycin, The study
for patients without previeus chemotherapy consisted of threc ireatment regi-
mens: a weekly repeated combination of eyclaphosphamide, methorexate, f-lu.
orouracil, vincristine, and prednisone; these same five drugs given in courses of 5
days repeated every 4 weeks; and adriamycin as a single agent every 3 weeks, Fur
the 288 cvaluable patients, the response rates were: weekly combinarion 63/106
(58%); intermitent combination 39/98 (40%); and adriamycin 31/79 (39%).
The median duration of response was 8 months for weekly combination, 10
manths for intermittent therapy and only 4 months for adriamycin, Tenkopenia
was the doselimiting toxicity with all three regimens. The weekly combination
is the most effective therapy for patients with advanced discase. Extensive trials
of comhinations that include adriamycin are underway,
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BIMV ANTICANCER DRUGS HAVE DEEN TESTED
in patients with advanced breast cancer
and the results compiled and updated 55
tematically 19 Of the 2§ drugs used thus [ar,
the ellicacy of only eight has been clearly
citahlished, Greenspan® was the first to use
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active agents in combinations and subse-
quently Cooper® combined five commercially
available drugs into a new regimen. Although
4 subsequent evaluation of Cooper's records
did not support the 887, complete response
rate he reported, his initialive nevertheless
has stimulaled an intensive use of the com-
bination throughout the warld.

In 1971, the Southwest Oncology Group
established a Breast Cancer Study Commirtee
and in January, 1972, the Group initiated two
studies for patients with advanced disease, one
for those who had received prior chemother
apy and the second for those without such
therapy. In both studies, adriamycin, the new
antitumor anlibiotic, was compared with two
other modes of therapy. The first study, since
reported, demonsrrated a response rate of 3307,
for adriamycin, which was far superior to the
rate for either CCNU or methyl CUNU, 12
and 3%, respectively.”

In the second study, the results of which
are reported in this paper, the etiicacy of adria-
mycin in the “[resh" patient was compared
with that of the five-drug combination Cooper
regimen and with the same five drugs given
intermirtently in courses at 4-week intervals,
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The choice of the inlermittent therapy of this
randomized study was based on the success of
the well-known MOTT therapy in Heodgkin's
disease.f The intermittent therapy with inten-
sive courses of a drug combination had never
been tested in patients with breast cancer, The
preliminary results of this study have been
presented previonsly.!® This paper reports re-
sults with respect to response only, An analysis
of the prognostic value ol certain patient
characteristics and of the survival will be in
cluded in a later repart.

MATERIALS AND METHODS

The first patient was entered into the study
on January 4 14972 and rthe lasr one on Feb-
ruary 19, 1974, Entry into the study was re-
stricted Lo patients with measurable metastatic
hreast cancer, wha, excepr for hormones, had
not received prior cancer chemotherapy, We
required thal patients with previous hormone
treatment have clearly progressive disease and
that rheir hormone treatment was started ar
least 2 months before entering the study, We
were carelul that a withdrawal response did
not oceur when such hormones were sud-
denly discontinued. Irradiation of ovaries, if
done, had to he completed at least 2 months
hefore entering the study and, again, progres-
sive disease had Lo be present

Prior irradiation of other areas was per-
mitred, provided the patent had active pro-
gressive disease gutside the radiation [eld,
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There was no limil on age or sex, renal func-
tion had to be normal’and informed consent
in accordance with institutional policies had
to be oblained. Padents with a history of
myocardial disease or an abnormal ECG were
onlv randomized for comhbination chemo-
therapy,

The design of the study is outlined in Table
1. Initial chemotherapy in Phase 1 consiseed
of randomization into three Wearment groups,
called "intermittent combination,” “weekly
comhination,” and “adriamycin,” and [ollow-
ing vither relapse or failure Lo respond, a non-
compulsory randomized crossover was pro-
vided in Phasze TI.

The intermitlent combination was repeared
at daweek inrervals and afwer three courses
the vincristine was discontinued. From then
on the other [our drugs were given orally,
Afrer 70 days and increasing discase, the pa-
tent could go e Phass 11

The weekly combination was given eight
times: then the vincristine was deleted, and
the ather four drugs were given orally. Again
after 70 days and increasing disease, the pa-
lient could go to Phase 1L

Adriamyein could be discomtinued when the
patient [ailed to respond afrer three doses. A
total dose limie of 300 mg/m® was stricily
observed 1o prevent the occurrence of myo-
cardial toxicity reported with increased fre-
guency al higher doses®

Parameters to evaluate the patients for
eatent of disease, response, and toxiciry con-

Tasre !, Handemization Schedule

Phaee |

Fatlure or relapss —:-— Phase 11

1, Tntermittent combination

CTX 120 mg/m%/iv/d * 3
MTX 4 mg/m*/iv/d x 5
5.FU 180 me/m/iv/d % 5

VCR 0625 mg/mdfiv/d
PRED 40 mg i w5
Repest courses every 28 davs

2, Weelly combination

VCR 0.623 mg/m®/iv wh

MTX 15 mg/m?/iv/wk

E-IFTT 300 mg,/ mdfiv fwk

CTX 60 mg/m*/po/daily

PRED 30 mg/m?/d % 14 -
20 mg/m?,
1D mg/m? d

3. Adriumyrin
60 g,/ md/iv
overy 3 weeks

Adriamyrin

Adriamycin

Intermitlent combination or
Weekly combination

CIX = Cyclt‘p?:a.iphamide MTX = Methatrexate PRED = Prednizans 5-FU = 5-Fluorouracil VCR =

Vincristine

ek e
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sisged of evaluation of performance, bone
marrow, complete blond counts, BUN, cre-
arinine, calcinm, alkaline phosphatase, 5GO'T,
x ravs of chest, sping, pelvis, and painful areas,
electrocardiogram, and [Umor measurements,

A gpeci:ai Breast Cancer Prestudy Form was,

designed, which asked for more informarion.
The data obtained from these farms are being
analyred with regard to response and survival
and will be the subject of a future report.
rhere was no difference in the incidence of
visceral, vsseous, and soft tissue involvement
in rhe three rearment groups.

Criteria for response and relapse are pro
vided in detail since these are often the cause
of conlroversy.

All rumor sizes were determined by the
measurement, in centimeters, ol the longest
diameter and its perpendicular chrough the
widest portion of rthe tumor. Both measure-
ments had 10 be entered on the How sheets,

Camplete remission (CRE Disappearance of
all clinical evidence of active tumor for a
minimum of £ weeks was considered complete
remission, This did nor necessarily mean nor-
malization of involved skeleton, but required
that x-ravs showed improvement, all lytic le-
sions had recssification, and patient was free
sf anv pain.

Partial remissien (PR} Fifty percent or
greater decrease in rhe sum of the products
af the diameters of measured lesions for a
minimum of 4 weeks was considered parrial
remission, with no simulatanecus increase in
size of any lesion or appearance of new le-
sions, Where skeleron was invalved there had
to be improvement. Hypercaleemia had 1o be
conerolled without any other aid,

Improvemment (IMP): Some reduction in tu-
mur size but less than 509, or in patients
with only skeletal metastases, 3 disappear-
ance of the lesions on x-rav or a steady state,
were cousidered improvement, with no in-

crease in size ol any lesion or appearance of
new lesions.

Ne response (NR): Failure to improve burt
no obvious propression of disease was classi-
fied as no responsc,

Increasing disease (ID): Unequivocal in-
crease of at least 509, in size of any measured
lesion, appearance of new lesion, uncontrolled
hiypercalcemia and/or clearly progressive skel-
etal involverment, were classified as increasing
disease,

Early death (ED}): Death as a result of any
cause within 4 weeks from starr of therapy.
This rarher arhitrary time was chosen because
it meant that patients could not srart a second
course of intermittent therapy.

Helapse: 'The following conditions were
considered as relapse: appearance of new le-
sions; reappearance of old lesions in patients
who achieved a complete remission; for pa-
Lients in parrial remission, an increase of 509
or mere in the product of the diameters of
any of rhe measured tumors over that which
was oblained at the rime of maximum regres-
sion, e.g., tumor of 25 cm® diminished to 8
e during partial remission and increased
to 14 cm® al lime of relapse; appearance or
recurrence ol hypercalcemis; new or progres
sive skeletal involvement; or appearance ol
abnormal clinical or laboratory observations
proven Lo be secondary to active disease.

FEsuLTS

A total of 247 patients entered Phase 1 of
the study. Of these, seven were declared non-
evaluable because there were major prolocol
violations, and seven others, because the in-
vestigator provided inadeguate data to permit
an evaluarion of the records. Of the remain
ing 283 evaluable patients in Phaze T, 97 were
subsequently crossed- over to Phase I of the
study {Tahle 2). Due to a temporary short-

TagLe 2. Kesules of Therapy in Phases T and T1

M. of cases CE FR
FPhase | N o
Intermittent o8 2 31
Weelly 106 19 40
Adriamyein e 4 33
Phise I1 o
Intermittent 24 4 21
Weelly 4 g iz
Adriammycin 49 — 20

Resulrs (570

IMP NK 1D ED
14 12 23 11
18 12 13 1]
10 14 2% 8

i A5 25 L]
] 3 29 ]
3 23 3 16

-
¥
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age of drug the number of adriamycin-treated
patients is less, The response rate of 5997 of
the weekly combination is clearly superior s
the rates of 409, and 39% of the other two
lreatment arms {(p < .05) for comnplete and
partial remissions, When only complete re.
missions are considered the level of sig-
nificance in the difference between weekly
combination results (197%) and those of inler-
mittent and adriamycin ireatment combined
(6%) is even higher (P <. .01). This same trend
is observed in Phase II of the study, when the
weekly trearment, with 40%, responses, is com-
parcd with the other two regimens comhbiped
(2297), although this is not as statistically
significant (p = 04y,

The rime elapsed for response differed for
the three treatment regimens. The weekly
combination resulted in the fasrest respomses;
737 of these occurred within 2 months as
compared with § months for the intermitient
combination and 214 months for adriamycin,
which for this last drug means afrer four in-
jections, At the end of 3 months the PErcent-
age of initial responses QULUTTING in patients
ultimately going into remission on the three
reatment regimens was 749, for intermittent,
9%, for weekly combinarion, and B4 for
adriamycin. OI course, it look much longer
to achieve a complete remission,

In Phase II of rhe study, the two comhina
tions performed less well aller prior adria-
mycin, but this ditference did not approach
statistical significance. The rate of response
to adriamycin after comhination chemother-
apy (21%) was nearly significantly less (p =
U6} than the initial result after no prior
chemotherapy (392,), The overall TESPONSE in
Phase I (177) is significantly better (p < 05)
than rhe overall responsc in Phase II {2807y,

The duration of response to the three treat-
ment arms is shown in Fig, 1. The median
remission durations induced by the combina.
tons are significantly longer than rhose iy
duced by adriamyein (p < .01}, about § months
vi, 4 months, As can he expecled, the median
duration of all CR’s (13 months) wus sipnifi-
cantly longer (p < .01) than thar of the PR's
(7 months), bur rhere was no difference at all
between PR’s and improvements (Fig. 2). This
SEEMS o justify our criteria for improvemenr
as used in this study. The median survival
times were |4 months for the two combina-
tion rreatment arms and 11 months for the
adriamycin group, a difference that is net
statistically significant.
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TasLE 3. Criteria and ﬁegrtr of Toxicity

Degres
T'_'-"‘:"‘E 1 2 i - 3 "-.
Leukopenin (WEBC,/ mm?#) ,000-3, 999 1.000-2 000 &2 1,000-1,000 < 1,000 d
Thrombocytopenta
{/mm?) T3, 00099 900 30, 000-74 99 25, 00049, 990 =2 25 {0
Gastroinrestinal
stomatitis - erythema ulcers-ahle to eqt wleers-unable to eat
TIHUSEE vomiting naugea only vumiting can be vomiting in spite of
prevented antiemetics
Meuroiogic DTR decreased or DTR absant, wealness, fncapacity, paresis
paresthesias tolerable pain intolerabie pain
CEFLHHC EI{G’ chan;es -1.:'|']|_'_L-f1||||zu'_,' CHF, 'l.-'l_'rl._!':_cu:.d.]'
tachycardia or
pericarditiz
Alopecia Hair loss when connbing Noticeable thinning bald

ToxioTy

The criteria and degrees of toxicily used in
the evaluation of this study are shown in
Table 5 Four degrees are used for hemato-
logic toxicity and three for all other types.
These criteria are almeost identical to those
proposed by the Combination Chemotherapy
Subcommitiee of the Breast Cancer Treat-
ment Program of the NCI. The percentages
ol palients with toxicity, by rype of roxicty,
treatment, and degree of toxicity, are piven
in Table 4,

Noticeable iz the degree of leukopenia
caused by adriamycin, which is abour the same
as for the two combinations. None of Lhe

Tapit 4. Type and Degree of Toxicity for each Treatment Group

treatments resulted in much  thrombocyto-
pénia. Adriamvcin in particular appears to
have a plateler-sparing effect. The patients
having a severce depression (380 were cases
with marked tumor infiltration of their bone
marrow. The gastrointestinal side effects of
adriamycin are marked and almase all parients
require antiemerics. Even with rhese, the
vomiring, usually lasting 24—48 hours, was not
controlled in 2279 of the patients. Adra-
mycin also results in marked alopecia, which
15 complete in 6047, Hair loss was not reported
in 24 parienrs, six because rhey had an early
death, some because they [ailed to respond
while still having hair, and athers prohably
Lecause their investigator [ailed to report it.

Dregres of Toxicity (9]

Type Treatment i} 3 3 4
1 28 A 22 0 i1
Leukupenia 11 26 21 25 23 5
11 I 4 22 20 3
I 63 13 g i B
Thrombacytopenia i1 i z 0 5 2
Il Q0 5 1 1 3
I 64 S 17 4
.1, loxicity 11 1 7 10 2
111 35 10 33 22
I = - 68 11 iy 1]
Alopecia 1l &7 2 19 12
111 28 —_ 12 i)
Neurnlogic i B4 5 10 1
11 69 (B 19 1
5 1 3 1

_Ear-:liar: Il 9

[ = Tntermittent Combination. 11 = Weekly Cambinatinn. ITT = Adriamycin,
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In addition to Lhe side effeers listed in
Table 4, there were 1] patients with cyclophos-
phamide-induced evstitis, 1l but one as a
result of the daily wreatment. Two of thess
WETE severe enough to require blood trans
fusions. Cardiac toxicity due tw sdriamycin
was present in [our patients whose total dose
ranged [rom only 180 ro 485 g /mé, In three,
the EK(+ changes or arrhythmias were present
On two occasions after a dose and ig the fourth
patient congestive hearr failure ocenred. This
patient received a tolal of 483 mg/m* and
she remained in failure untl deayh from her
malignancy. The ages of thes patients ranged
from 44 o 59 VEears,

The causes of early death and the degrees
ol loxicity in such cases are given in Table 5,
No less than 15 of the 22 patients had mas.
sive liver involvement and in nine of these,
it was the direct cause of death, Three pa-
tients with massive liver merastases died with
severe myelosuppression and gram-negarive
scpricemia. Fatal bleeding occurred in two,
and a third had massive embol] with ds50-

Vaol, 38

clated rhrombocyrapenia, Although the over-
2ll degree of leukupenia in patients with liver
IMELASIAses was nol significantly waorse than
those without, in 149 of these patients the
WEC drapped to belaw 1000/mm=2, as com
pared with 5% ol the other paticnrs,

Discussion

Afrer an appropriate dose and schedule of
4 new agent has been determined in a Phace
I study, the agent is then tried in Phase I7
studies. Only parients with prior chemother.
apy are used routinely, a practice with sev
eral disadvantages: a) there is a high percent.
age of incomplete trials due to cariy deaths:
b} the drug dase is [requently too low because
of prior bune marrow damage: ¢} patient and
physician enthusiasm is al a low key, which
mu. lead to early rewaoval from studv; dY ton
many disease symproms are judged to he due
to drug toxicity: and e) valuable time is last
in the correct evaluation of (he drug. These
disadvantages are removed when one em ploys

TARLE 5. Details of Patients witl Early Lieaths
Age Day of Liver Thrombn-
Treatment years) death thetast,* Leukopernia C¥tnenia Cauze of death
Intermittent
I8 I5 ] 4 4 Hemorrhage
53 13 3 & Z Grum-negative sepais
o o K 4 3 Gram-negative sepuis
50 26 0 4 3 Cram-negative sepeis
a7 21 K 4 4 Tumuor
i 23 {i ] 01 Tumer
38 21 ] il 4 Pulmonary emboli
k1v) 20 3 - - Tumaor
54 15 3 — — Tumor
73 fi q - - T
Weeldly
43 14 3 4 4 Gram-negative SURiS
59 3T 1 1 4 Hemorrhuge
fia 17 3 i ) Tumor
i3 22 | i 0 Tumar
e 7 S — — Tirmar
13 13 1 fl 1 Tumar
Adviamyeis o
1 g 3 n ] Unknown
w7 g ] 4 2 Tumor
i4 ; 27 3 I [ Tumor
9 3 a — - Hyperealeemia
=2 = 3 i u Tumar
— 649 17 5 3 i o Fumine
*O0 = nones i =emild, ? = modernee: 3 = massive. -

"
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the new agent as the firs drug. On the other
hand, it is frequently argued that the use of
NEW agents in patients whg have received pg
prior rhemmhﬁrap;.- may be unethjcaj since j|
expuscs them (o a potentially inferipr therapy
first. Yet in the field of Caicer r_flfmuihfl'iip}'
there are sufficient examples to conrradice fe
argument.  Remissinn malntenance wirh
placebo in childrey with acute leukemia dig
net Compramise the subsequent survival® In
A combination radiatinn chemotherapy study
of Stage IIT Hodgkin's disease, rthe median
remission duration fop chematherapy alope
wias 1 months a fompared with gver oy
months for e comhination, yet there i no
difference in Subﬁfqucﬂ! survivgl,1

Breasr cancer s 3 relatively glany disegse
and permits a crogs.over 1 established effpc.
tve therapy after failure with the new agent
or relapse where 5 remission had been op.
lead for possible acriv; Ly in this disease in ji
Phase I seudies ang thus was chasen in this
Phase 111 study as the pew 4EENL to be rested.

The bLect resilis for remission Inducrion,
5997, were obtzined with the weekly com
hination. This i, similar (o the 639 (11/18)
ancl 877 (6/9) rutes of responses already pe.
Ported in patiens without prier chemotler.
apy.*4¢ The median dupasi o1 of our responses,
250 days, Compares well with the wedian of
150 days reported by Duvis pr a4

The resules wiry the intermirrent fve-drug
combination gre L}isappufnting. Cnee oh
tained, the TeSponses lasted a mediag of 310
elays,

SWOG naw has EXPErivnes with adriamyein
is A single agent in §15 Parients with hregs
calcer!* In parienis wigly Prior t‘hemrr:h-::rﬁp}-‘.
WE reparled a mean of S0%, responses in (hree
studies? 13,14 o o median duration of re-
SPonse of 4 monthy, The response rate did
AUL Appear o be deserelaged Almann eg g1,
found 500 (10,/20) responses ro Primary rhey.
apy with adriamycin, huy N & cross-over afrey
4 combination Frogram. only ppe Among nine
Datients responded. In auy study 2097 of the
cases had 3 remission wirl adriamycin as e
stoud line pearment, 1647 with the weekly
ind 259 with the intermirren; combination
(Table 2). The good result with the weekly
livedrug regimen, an eflocrive program, again
SUDPOrts our belief that a new mode of
L‘?‘enmthurap;.- can he tisted withauy added

Tisk, provided ffective wearment i availahle
#% 4 backup,

CHJ:MIJTHEMPY M BrreasT Cancer .
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With respect to future studies, especially the
adjuvant nhemutherap}-' trials, the
quired to obtain a i 3
Mmay be important, For the hest combination
in this study weekly, 3 months i quite ada.
quate. Of rhe pariengs Tesponding (o adyis.

mycin, 80% did so with the fourth dose.
O'Bryan e a11s found that S0% ol their

Patients why responded did so with the fourth
dose and one could therefora advocate ipter
ruption of this drug at that time angd keep
the Yemaining doses in resepve for furure yse.

Of interest is the identical durarion of the
partial responses and e improvements, he
latter gy OU Lonsisted mainly of parienys whose
disease was ranfined e the skeletun, ay arsa
of involvemenr i which response jy difficult
10 measure, As far us the TESpONSE rure i
Phase IT is woncerned, one could g5k whether
patients who Lad already responded once in
Phase I did better than rhe nonresponders
Plus thase with Increasing disease. This was
nol the case since (he TEsponse rates of such
Patients in Phase II were 2% and 279, TEspec-
tively.

The two combinations WETe quite compar.
able a5 far as gyeral] myelosuppressive effegy
was concerned, but the S-day conrse was 2850
ciated with more lile-threatening leukopenia
and three such patients had a fagul gram-
LeTative sepsis, Adriamyein cauged hardly anv
:hroml:lu-:".}'m_ucm'nJ comfirming  al previous
reports. Most prher tuRicity way docepiable,
A special word of caution is needed [or -
Lients with severs Jjver Involvernens, Benjamin
et al? ljuve already reported the higlier ij.
cidenge of LoXicity with adriamycin in such
patients, but (his can also be true far parients
freated with combination schedules. Cipe may
do well 10 starr with 2 lower drup dose when
mast of the Liver is replaced by tumor and g
advogare slarting {'henmrhe:'ap}' 25 S000 as
liver involvemeny s detected,

This stidy showed that the weekly con-
binarion chemotherapy Program is superigr
in efficacy for advanced breast ecancer Lo an
intermirrent program of adriamvein, g pa
tients withoyt prior chemotherapy (his jag
drug induced 3 higher response raie th an that
reporied with any orher single agent, How-
ever, the responses are of shorr duration and
it appears thos far that adriamyein can best
be used for remission mduction. Studies of
combinations with ether ARents are in prog-
ress,
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APPENDIX
fustainitfons P::rn'l.*.:'::\:;.':::g in the Seedy
No of evaluable
Institition patients
Waryne State University Schaal of Medici 71
The University of Joa nses Medical Cen 6.5
Tumor Inssien, of the Swedish Hospital Medica!
Senttle, WA Al
University of Texys Medical Oranch at Calveson, TX 27
Scott and White Cliniv, Temple, % 24
University of Mistissippi Medical Center, Tacksan, WS 23
Bronlo: Army Medieg) Center, Fort Sam H-:n'.'.nr:r'., T 1%
Cleveland Clinie, Clevelund, OH 16
Uhio Stare ITniv vreity Heepitals, Columbus, 04 ; 15
University of New Mexira School uf Medizine, Albuguerque, MM 11
Ollahoma Medica) Research Foundation, Okluhgma City, OF ii]
Wilierd Hap USATF Medieal Center, Lackland AFE, Saq
Antonje, TX vl
Albert Einutein Medical Cunter, Fhiladelphis, Pa L]
University of Arltansas Mediea) Center, Little Rack, AR 8 I
uuntain Stutes Tumgy Institite, Boise, Tdphg 3 3
Byl College of Medizing, Heuston, TX ] E
VAL Research Hoaspital, Chicapn 1 4 E
:nivars:'t:.' of Arzong Medical Centar, Tauzsen, 4% 2 f
Rorgess Medipa] Center, Kalamazop, M1 2 '
Henry Ford Hespital, Detrojs, M i
M. T, Andurgan Hospital and Tumar Institists, Muonztan, Tx 1
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