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A Randomized Trial of Two Uﬁsage

Schedules of Mitomycin C in Advanced
Breast Carcinoma :

!

Eomald 5. Walters, MDD, Debrg Frye, RN, Aman ¥. Buzdar, MD,
Frankie A. Holmes, MD, and Gabriel N. Hortobagyi, MD

For mitomycin C (MMC), an effective agent in the treal-
ment of metastatic breast cancer, the optimal dosing strat-
egy in responding patients must be defined because of the
dose-limiting, long-term hematologic toxic effects. Sixty-
seven patients received trealment for metastatic breast
vancer (MMC 20 mg/m? intravenously) and then were
selected randomly o receive either “standard doses" (SD)
(20 mg/m?, intravenously) or “low doses” (L1) (5 mg/m?,
intravenously) of MMC every 6 weeks. The primary oh-
jective was to show thal the LD regimen would result in
[ewer toxic effects and at least equal disesse contral. Re-
sponse rates in the lwo arms were similar: there were no
complete responses and five partial responses (15%) in
the 5D group and two complete respanses and six partial
responsas [24%) in the LD group (P = 0.332). In the SD and
LD groups, median times to progression (11 versps 12
weeks, respectively), response duration (10 versus 6'z
weeks, respectively], and survival (26 versus 26 weeks,
respeclively) were similar, The hematologic loxicity was
significantly less in the LD group. Nine patients in the LD
group were treated with SD at disease progression, and
one complete response was ohserved, It is concluded that,
in this group of patients, administration of MMC in LD,
compared with S1), resulted in fewer hematologic toxic
effects and similar disease contral. Cancer 1992 &%:
476=-411.

Mitomycin C (MMC) (Mutamycin, Bristol Laboratories,
Syracuse, NY) is an effeclive anticancer agent firs! iso-
lated in Japan in 1958 and released for commercial use
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in the United States in 1974. Crooke and Bradner® re-
viewed the literalure on this agent published until
1976, An update by Doll et ul.® summarized its cificacy
in various gastrointestinal, pulmonary, genitourinary,
squamous cell, and breast cancers. In their article, they
reviewed its mechanism as an alkylating agent, terato-
genic and carcinogenic properties, and pharmacoki-
netics.?

Beginning in 1958, most clinical trials used a daily
dosage schedule of 1 to 7 mg for 4 to 85 days.*® This
corresponded to daily desages of 0.625 to 4.375 mg/
m*/d and total doses of 2.5 to 370 my/m® Because
daily administration schedules were associated with se-
vere myelosuppression, intermittent schedules were de-
veloped and came to be the standard method of ther-
apy.”'® The initial belief, that the objective response
rate correlated with total dese,® was replaced by the
experience thal responders necessarily received more
treatment. The median dose level in responders, at the
time response was achieved, was lower than the total
cumulative dose for nonresponders, suggesting that the
larger cumulative dose for responders was the result
and not the cause of objective response. The “stan-
dard” dosage of MMC used as a single agent is now 15
to 20 mg/m* every 6 to 8 weeks.

Theretore, although toxicity is clearly dose related,
response is not, and the long-term effect of dosage on
continued response has not been defined. Our clinical
observation suggested that response sometimes is lost
in some patients because of the inability to deliver
timely, effective doses.

Single-agent data for MMC in breast cancer have
been reported by Godfrey, Creech ef al,”* Hum et
al,* and Moore et al.,' and the single-agent response
Tates in previously treated patients have been consis-
tently between 15% and 25%.

Because of these considerations, we designed a ran-
domized lrial to investigate two different dosage sched-
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ules in the chronic therapy of patients with metastatic
breast cancer. The question we asked was whether a
lower-dosage maintenance schedule (with presumed
decreased clinical toxic effects) would result in clinical
efficacy similar to that of a more conventional dosage

regimen,
Materials and Methods

Between March 1987 and October 1988, 67 patients
with metastatic breast cancer were assigned randomly
to one of two arms of treatment with MMC, Eligibility
criteria included the following: (1) histologic proof of
metastatic breast cancer; (2) three ur fewer prior chemao-
therapy regimens; (3) no previous exposure to mitomy-
cin or nitrosoureas; (4) life expectancy of at least 12
weeks; (5) Zubrod 2 or lower performance status; (&)
signed informed consent; (7) measurable or assessable
disease; (8) age of at least 18 vears; (9) recovery from
previcus chemotherapy, radiation therapy, or immunao-
therapy; (10) adeguate bone marrow (absolute granulo-
cvtes at least 1,800 and platelets at least 100,000), he-
patic (bilirubin level < 1.6 mg/dl), and renal (serum
creatinine level < 1.5 mg/dl) function; (11) controlled
brain metastases, if they were present; and (12) ade
quate cardiac function (ejection fracton = 50%).

A complete response was defined as the disappear-
ance of all evidence of tumor for at least 4 weeks. Bone
lesions were to have improved, as shown by scans, or to
have completely reassified, as shown on routine radio-
graphs. Patients were to be free of all symptoms of
cancer. A partial response was defined as a 50% or
greater decrease in the sum of the products of the diam-
eters of all measured lesions persisting for at least one
cycle of therapy or 4 weeks, Nonmeasurable lesions
must have decreased by at least 30%. No lesion could
increase In size, and no new lesions could appear. A
minor response was defined as a measurable decrease
in lesions that was either too small or too briel to qualify
as a partial remission. For purposcs of analysis, minor
responses were counted as failures, although they may
have indicated biologic activity. Progressive disease
was defined'as any increase grealer than 25% in the
sum of the products of diameters of any measurable
lesion or in estimated size of nonmeasurable lesions, or
as the appearance of any new lesions. Failure was indj
cated by no change, progressive disease, Or & minor re-
sponse. Response duration was measured from the time
of response to evidence of progressive disease; time to
progression was measurcd [rom the start of therapy un-
tl evidence of progressive disease; and survival was
calculated from the start of therapy until the patient
died or was lost to follow-yp.
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Survival comparisons were performed with the Ka-
plan-Meier method,” and responses were compared
by Fisher's exact test.'® The calculation was that 42 pa-
lients per arm would be required to detect a 50% de-
crease-in-Grade 3 or 4 thrombocytopenia, or a ratio of 2
In median survival between the two arms (one-sided, P
= 0.05, with a power of 80%). Because of the low re-
sponse rate and response duration, the study was termi-
nated before the projected accrual was achieved.

All patients received the same initial dose of 20
mg/m* of MMC as an inlravenous injection on day 1,
In patients who had received radiation therapy to more
than four ports or at least 25% of functional bone
marrow, treatment was initated at the lower dose of 15
mg/m’. At registration, patients were assigned ran-
domly to receive maintenance dose levels of either
standard-dose (SD) or low-dose (LDY mitomycin ther-
apy. The dosage levels are outlined below in milligrams
per square meter:

Treatment 1 (5D)
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o
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Treatment 2{LD)
Level -3 -2 -1 0
1.5 5 A8 5

All maintenance doses were to be given every 6
weeks, ur on recovery from the previous course.

Subsequent desage modifications were performed
to achieve nadir granulocyte counts of 500, platelet
counts of 73,000, and Grade (0 to 2 nonhematologic
toxic effects.

Therapy was planned for at least two courses in the
absence of rapidly progressive discase and for at least
three courses in patients who exhibited stable disease in
the absence of Grade 3 or 4 toxic effects.

Prelreatment evaluation included a history and
physical examination, complete blood count, urinalysis,
chest roentgenogram, electrolyte levels, chemical sur-
vey, coagulation profile, and appropriate tests to evalu-
ate the extent of disease. Tumor measurements were
repeated before each subsequent course; more elabo-
rale studies were performed every two courses,

Patients were removed from the study for the fol
lowing reasons: progressive disease after at least two
courses of therapy; the developmenl of unpredictable,
irreversible, or Grade 4 loxic elfects; or the refusal of the
patient to continue in the study.

Characteristics of the patient population are de-
tailed in Table 1. As shown, randomization resulted in
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Tahle 1. Population Characteristics [n = 67)

Arm 1 Arm 2
{standard) (Tow dnse)
Characteristic (n = 34) n = 33)

Median age in vr {range) 51 (28-67) 51 (25=71)

Performance status [Karnafaky)

i} 2 (24%) 9 (27%)
1 16 [49%) 14 {42%)
2 9 (27%) 10 (30%)
Fermale fmale 32/2 33
Prior therapy
Chemotherapy 34 33
Hormones 20 (59%) 17 {32}
Immunclogy 4 [12%) 1(3%)
Radiation therapy 22 (BR%) 23 (0%
Mo, of prior regimons
| 12 (35%) 13 (39%)
2 11 {32"%) 12 (36%:)
3 10 (20%) & [18%)
=3 1 (3% 254
Nu. of priar agents
k] B {18%) 7(21%)
>3 28 (B1%) 26 (79%)
Mo, of sites of diseate
1 B (24%) 9 (27%)
2 B (24%) 11 (33%)
3 11 (3% 3 {9%)
=3 7 (21%) 10 {30%)
Dominand sile
Visceral 25 (74%) 24 {73%)
Bone 3 (14%) i {18%)
Loft tssue S(12%) 3 {U%%)
Menopausal status
Fre 10 (9% 10 {30%)
Post 22 (65%) 23 {70%)
N A 2 (8%) 0
ER status
+ 17 (50%) 11 (33%)
= 14 (425%) 17 (52%)
Unknonwn 3 (B%) B ;15%]

EH: rstragen recepion WA not applicable (males),

the comparability of patients in the 5D and LD arms
with regard to age (median, 51 vears in each), perfor-
mance status, type of previous therapies, number of
previous regimens (mean, 2 persus 1.9), number of pre-
vious agents, sites of disease, dominant site of disease,
menopausal status, and esirogen receptor status
(Table 1).

Results

Response Data

The response data for patients in the two treatment
arms are shown in Table 2, All patients received exactly

J'!

one induction course of&20dng,/m* MMC, except for
two patients in the SD group and three in the LD arm in
whom treatment was initiated with 15 mg/m?*, Overall
response rates in the two treatment arms were not sig-
nificantly different: 5 of 34 (15%) correspond with 8 of
33 (24%) (P = (.332). All but one was seen after the first
course of trestment. A significantly higher number of
patients in treatment arm 1 displayed progressive dis-
ease after one course of therapy (P = 0.038), which is
certainly a result of undefined patient characteristics,
because the induction therapies were identical.

Responses in the dominant sites of disease were as
follows: in the SD group, five partial remissions oc-
curred in soft Hssue (fwo patients), lung (two patients),
and liver (one patient); in the LD group, two complete
responses occurred in soft tissue, whereas the six partial
remissions were seen in lung (two patients) and liver
{four patients). The overall response rate of 13 of &7
{194%) is comparable to thal of previous reports.

The 67 patients received a total of 120 courses of
mitomycin {(mean, 1.8 courses per patient). The dist
bution of courses did not vary between the treatment
arms, other than that three patients were able to receive
four courses of therapy in freatment arm 2. The median
number of courses received was not significantly differ-
ent between the two treatment arms (1.7 versus 1.9),
nor was the number received after the induclion course
(1.3 in both). No one received more than four courses of
WM, berause of :Jrr:ngress.ive disease. Despite our in-
tentions for the protocol, nearly half (29 of 67) of the
patients received only one course of therapy. In all but
one case (the patient refused to continue), this resulted
from progressive disease.

Toxicity

Table 3 summarizes the hematologic toxicity. The data
are presented for all patients, according Lo the trealment
arm they received, and also for patients who received
more than the first course {which was identical in the
lwo arms). As is easily seen, patients in treatment arm 2,
the LD group, had significantly less leukopenia, granu-
locvtopenia, and thrombeocytopenia The difference in

Table 2, Response Data

Arm 1

(m = 34) Armlin=233
E;;u:.‘u]e-.# TEADOTESE _L'. . 2 [5'5.';,% - 0332
Partal response 5 {15%) o [18%)
Minor response 1 {3%) 20(5%)
Stahile disease 4{12%:) A (24%)
Progression 24 (F1%) 15 (26%) P - 0.038
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Table 3. Hematologic Toxicity
Fatients receiving more than
All patients firal rowrse
Arm 1 Arm 2 Arm 1 Arm 2
{standard: (Tore dose; i (etandard: il dose;
56 rourses) 64 cowrses) 22 courses) 31 vonrses)
Leukocvte count
Median nedir 25 3.3 28 49
Hange 0.&-7.0 1.1=-84 P = 0008 0.7=4.5 2.5=9.n F=0034
% Grade 3 or 4 3 12 14 0
Granulacyle couns
Median nadir 1.5 248 L7 P
Eange 0.2-4.9 [.3=77 F=0.004 0.3=3.2 1.4-7.5 F = {.005
% Grade 3 ar 4 3z 12 73 o
Platelet count
Median nadar 74 122 1 152
Ruange 10-174 5-429 P=10031 10-174 B-2B% P=0023
T Grade 3 or 4 30 14 20 o
Anemia
% Grade 3 or 4 13 ] =233 o 3 P=10.108

ancmis is significant only in patients receiving more
than one course. No Grade 3 or 4 leukopenia, granulo-
cytopenia, or thrombocytupenia was seen in the LD
group, which confirms the known dose effect of MMC
on hematologic toxicity,

Data on nonhematologic toxacity are presented in
Table 4. Nausea and vomiting, stomalitis, malaise, and
diarrhea were not decreased significantly by the admin-
istration of lower doses of MMC. Fewer infections were
seen at the lower doses, consistent with the lower de-
gree of granulocylopenia, Surprisingly, the incidence of

Table 4. Nonhematolngic Taxicity [n = 67)

Arm 1
(standard) Arm 2 (law)
Taxic effects {n = 34) (n = 33)
N.':usuul.r".'-:um.':ting
Grade 1 or 2 15 (44%) 15 (55%) NS
Grade 3 or 4 3(9%)
Stomatibs

Crade 1 or 2 7 (21%) F(21%) NS
Anorexia 10 [(29%) 4(12%) N=s
Malase

Grade 1 or 2 2(35%) & (i8%) M=

Crade 3 2 [6%) 2 (6%}
Infection A (24%) v 209 NS
Ciarrhes r.

Crade I or 2 B (24%) "Y' A% Ns
Hemmurrhage 3 (9% s 2 (o) Ny
Pulmonary 2 (&%) o Nz
ﬂ_-?ipl}'ﬁc‘—-u_rpr:uc 1(3%) 1[3%) NS
}in’:‘l Sigmificene. .

£
o

hemorrhage was similar, although the numbers are
small. Less anorexia, malaise, and hemorrhage were
observed at lower doses when only those patients who
received more than one course were considersd. Pulmo-
nary toxic effects, as manifested by diffuse interstitial
infiltrates not attributable to congestive heart [ailure or
tumor, were secn in only two patients receiving S0, The
hemolytic-uremic syndrome was manifested by one pa-
Hent in each group. We could not draw significant con-
clusioms regarding the two latter complications because
too few patients received sufficient long-term therapy.

T'ime to Progression, Response Duration,
and Survival Data

Table 5 shows the data regarding time to disease pro-
gression, response duration, and survival of patents in
the two treatment arms, Again, the two groups—specifi-
cally patients who received more than one cou rse of
therapy—were compared. There were no significant
differences between the groups in regard Lo median
Hme (o progression (11 versus 12 weeks), response dura-
Uon (10 versus 6% weeks), or survival (26 versus 26
weeks). The administration of lower doses of MMC nei.
ther allowed more therapy to be administered nor had a
detrimental effect on survival.

Crossover of Patients With LD tn Subsequent 5D

Table 6 summarizes data for nine patients who initially
were selected randomly to receive the LD regimen and
then, on Progression of their disease, were reinduced
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Tahle 5. Time 1o Progression, Duration of Response, and Survival e
= All patients
: Patients receiving more
Arm 1 Arm 2 . than first course
(standard] o dosg)
fn =34 =33 i Arm 1 Arm 2
Median time to progressiun 11wk 12 wk MNa 14 wk 12 wk N5
Hesponee duretion 10 wk 8.5 wk mG 10.5 wk f wi ME
n=#a in =10}
Survival
hedian 26 wk 2hwk M5 3wk 32wk K5
Range H-56 wk &=-103 wk

ME: not signaficant,

with the 5D of MMC, As indicated, one of {he nine had
a complete response of more than 21 months duration
and another achieved a partial remission but died of
pn]monar_‘,f toxicily 30 months later. Thus, there was
some evidence of retention of a dose-response effectin
patients in whom disease progressed on lower doses af
oMy,

Discussion

The population group for this trial consisted of patients,
mostly women, with metastatic breast cancer who had
roceived a mean of two prior chemotherapeutic regi-
mens, All were either estrogen receptor negative or had
unsuccessful hormonal therapy. Seventy-four percent
of the patients in cach treatment arm had visceral in-
volvement as the dominant site of disease (mostly liver
and parenchymal lung). The population was approx

mately two-thirds postmenopausal.

The overall response rate in these patients who re-
ceived identical initial doses of MMC at 20 mg/m® was
19%, which compares favorably with previous reports.
Az usual, most of the responses were partial remissions,
with only two complete remissions occuming. In 39 of
the 67 patients, progressive discase was found after the

Table f. Re-Treatment Wilh Standard Duses of Patients
Wha Had Disease Progression at Low Doses (n =9

Initial response (no.)

51.1I:|'\_-ii:l.‘|u?1‘lt responge (no.)

CR ) CR (1) 21+mo
MR = & wk
FR (3} FL (3]
SO (4} 5 {21 3. 4 me
T (1)
PR {1} fied of towde effects
at 30 mao

CB: complete respense; MR minor respoanse; PR: partial resgonse; PT: pro
gressiom; S0 stable disease.

first course of therapy, and 29 of these patients were
remmoved from the study after the initial course of
MMC. The median number of treatments received was
1.7 in the SD group and 1.9 in the LD group.

The lower dosage regimen resulied in fewer hema
tologic and nonhematologic toxic effects. Specifically,
significantly less Grade 3 or 4 leukopenia, granulocyto-
nemia, thrombocylopenia, and anemia occurred, The
nonspecific side effects of chemotherapy did not
change as dramatically, and the incidence of pulmo-
nary and hemolyfic uremic syndromes was too small
for meardngful comparisons.

Unfortunately, although there were fewer Loxic ef-
focts, disease progression did not allow the administra-
tion of more therapy; therefore, remission duration,
lime to progression, and survival were not prolonged
significantly. Because few patients responded and the
study was terminated early, this study does not have
the statistical support to assert an advantage for one
approach versus the other.

In a few patients with progressive disease, re-treat-
ment with SD recaptured a response, and in two pa-
tients the response resulted in significant remissions of
91 months or longer and 30 months.
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