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BACKGROUND. Anorexia and cachexia are well-known sequelae of cancer that con-
tribute to morbidity and mortality. In several studies in patients with non-hor-
mone-sensitive tumors, synthetic progestogens were shown to exert beneficial
effects on appetite and weight loss. The current study was undertaken to investigate
the effects of medroxyprogesterone acetate (MPA) on food intake, body composi-
tion, and resting energy expenditure (REE).

METHODS. Fifty-four patients with non-hormone-sensitive cancer, generally char-
acterized by substantial weight loss and hypermetabolism, received either MPA,
500 mg, or placebo twice daily for 12 weeks (double-blind study). Food intake was
measured by dietary history, body composition was assessed by deuterium dilution
(fat mass, fat-free mass), and REE was obtained by indirect calorimetry.
RESULTS. Compared with placebo, 12 weeks of MPA led to an increase in energy
intake (between-group difference, 426 kcal/day; P = 0.01) that was significantly
associated (r = 0.68, P = 0.003) with an increase in fat mass (between-group
difference, 2.5 kg; P = 0.009). Fat-free mass was not significantly influenced. REE
increased during MPA treatment: at 6 weeks, the between-group difference in
change was 135 kcal/day (P = 0.009); after 12 weeks, this difference was 93 kcal/
day (P = 0.07).

CONCLUSIONS. The authors conclude that MPA is able to stimulate increased food
intake significantly and to reverse fat loss concomitantly in patients with non-—
hormone-sensitive cancer. Cancer 1998;82:553-60.

© 1998 American Cancer Society.

KEYWORDS: cancer, cachexia, therapy, medroxyprogesterone acetate, food intake,
body composition, resting energy expenditure.

ubstantial weight loss, eventually leading to cachexia, is a well-

known complication of advanced stage cancer.' Metabolic distur-
bances (including hypermetabolism) and a food intake that is too low
to meet metabolic needs are considered to be important contributing
factors in its complex pathophysiology.>* Because cachexia is associ-
ated with an unfavorable effect on morbidity and mortality,”~" several
agents have been tested for their ability to improve cancer-related
weight loss. Agents such as corticosteroids,®® cyproheptadine,'® and
hydrazine sulfate,'' however, have failed to show such properties in
controlled human studies.

Synthetic progestogens—megestrol acetate and medroxyproges-
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terone acetate (MPA)—have been shown to improve
appetite and weight, independent of tumor response,
when used in the treatment of disseminated breast
carcinoma.'®® Subsequently, several placebo-con-
trolled studies with these agents have been performed
in patients with non-hormone-sensitive cancer.'*™*°
In these studies, a beneficial influence was observed,
with minimal side effects on appetite and (at least in
a subgroup of patients) weight gain.

However, there is very little evidence from con-
trolled studies as to whether improved appetite in
these patients also results in an increase in food intake
and whether the observed weight gain represents tis-
sue mass and not just fluid retention, which is a re-
ported side effect of synthetic progestogens.'>'#?° To
clarify these issues, we conducted a double-blind, pla-
cebo-controlled study in patients with advanced stage,
non-hormone-sensitive cancer to investigate the ef-
fects of MPA on food intake and body composition.
The effects of MPA on resting energy expenditure
(REE) were also assessed.

PATIENTS AND METHODS

Patients

The present study was performed on a subgroup of
patients participating in a multicenter study investi-
gating the effects of MPA on appetite, weight, and
quality of life in advanced stage, non—hormone-sensi-
tive cancer.” The subgroup was formed by patients
recruited at the University Hospital Maastricht, The
Netherlands. Patients with the following histologically
or cytologically diagnosed, non-hormone-sensitive,
incurable malignancies were considered eligible: non-
small cell carcinoma of the lung; mesothelioma; carci-
noma of the digestive tract or pancreas; carcinoma
of the kidney, bladder, or ureter; and disseminated
carcinoma of unknown origin. All patients were re-
quired to have a Karnofsky performance status score
=60%. Exclusion criteria were as follows: brain metas-
tases; thromboembolic events during the past year;
poorly controlled hypertension or heart failure; diabe-
tes mellitus or thyroid disease; the use of oral or paren-
teral corticosteroids, androgens, progestogens, anti-
convulsants, or rifampicin; jaundice; serum creatinine
level > 200 pmol/L; enteral or parenteral tube feed-
ings; and known malabsorption or mechanical ob-
struction of the digestive tract. The protocol was in
accordance with the Helsinki Declaration of 1975, as
revised in 1983, and was approved by the institutional
review board for human research of the University
Hospital Maastricht. Written informed consent was
obtained from all patients.

Study Design

Eligible patients were randomized (block randomiza-
tion in permutation blocks of four) between MPA (Far-
lutal; Pharmacia, Woerden, The Netherlands), 500 mg
twice daily, or placebo twice daily. Stratification was
applied for primary disease site (lung vs. other). The
design of the study was double-blind with a treatment
duration of 12 weeks. All patients were instructed to
take one tablet before breakfast and one tablet before
the evening meal. Food intake, body composition, and
REE were assessed before the start of treatment (t =
0) as well as at 6 weeks (t = 6) and 12 weeks (t = 12)
thereafter.

Food Intake

Energy, protein, fat, and carbohydrate intake were ob-
tained by using the dietary history method with a ref-
erence period of 30 days.?' All interviews were per-
formed by the same, trained dietician. The Dutch food
composition table was used for the calculation of en-
ergy intake (EI) and macronutrient intake.?

Body Composition

According to a two-compartment body composition
model, the human body can be divided into fat mass
(FM) and fat-free mass (FFM). In the present study,
FFM was assessed by deuterium dilution.?*** The fol-
lowing protocol was used. On the evening before each
visit to the hospital, at =23 hours, all patients drank
a weighted dose of ~4.00 g deuterium (99.84 atom
percent excess) in 50 ml water. Then the bottle was
rinsed once with ~50 ml tap water, which the patients
also drank. Thereafter, patients had to refrain from
eating and drinking. They were asked to void at least
once at home before coming to the hospital. A urine
sample was taken before and 10 hours after drinking
the deuterium water. Deuterium was measured in du-
plicate in these two samples by using an isotope ratio-
mass spectrometer (Aqua Sira; VG Isogas, Cheshire,
UK).*® Comparison of the duplicate measurements
showed a precision >99%. Total body water (TBW)
was calculated by dividing the measured volume of
distribution of deuterium by 1.04, thereby correcting
for the exchange of deuterium with nonaqueous hy-
drogen.”® The use of this test protocol with an over-
night equilibration period of 10 hours has been exten-
sively validated in our laboratory.?® It was shown that
TBW assessed by using this protocol corresponds very
well (bias 1%) with TBW derived from hydrodensitom-
etry.”® FFM was calculated by dividing the measured
TBW by 0.73, the assumed hydration coefficient of the
FFM in normal-weight healthy individuals.?” FM was
calculated by subtracting FFM from body weight.



Resting Energy Expenditure

REE was assessed by indirect calorimetry by using a
ventilated hood system (Oxycon $; Mijnhardt, Bunnik,
The Netherlands). After an overnight fast, CO, produc-
tion and O, consumption were measured at complete
rest during a period of 20 minutes. REE was calculated
by using the abbreviated Weir formula® The equip-
ment was calibrated at the start of each experiment.
The precision of the system was checked monthly by
burning methanol with a theoretical respiratory quo-
tient of 0.667 after complete combustion. Further de-
tails on the technique used in our laboratory have
been described elsewhere.* To document hypermeta-
bolism, REE was compared (after adjustment for dif-
ferences in sex and FFM) with REE measured in a
group of healthy individuals (mean age, 70 =+ 5 years).
This reference group, recently assessed in our labora-
tory, was characterized by an REE of 1623 *+ 192 kcal/
day in males (n = 16) and of 1271 * 108 kcal/day in
females (n = 9).

Statistical Analysis

All patients finishing the 12-week study were analyzed.
Group means were compared by Student’s ¢ test. Dif-
ferences in categoric variables were analyzed by chi-
square test with Yates’ continuity correction or Fish-
er's exact test, when appropriate. Longitudinal
changes were analyzed within and between groups by
means of a repeated measures analysis capable of
dealing with randomly missing values.*>*' This analy-
sis yields estimated values per group for each mea-
surement time, adjusted for missing values, and tests
for changes fromt=0tot=6and fromt=0tot =
12. Because FFM is the body compartment that mainly
determines the level of metabolic activity, FFM was
used as a covariable in all REE analyses. Pearson’s
product-moment correlation coefficients were used to
evaluate linear relationships between variables. The
repeated measures analysis was performed by using
BMDP 5V.* For all other analyses, SPSS/PC+ (version
6.0 for Windows; SPSS, Chicago, IL) was used. Statisti-
cal significance was determined at the 5% level, two-
sided. Unless otherwise stated, results are given as
score mean * standard deviation (SD).

RESULTS

Fifty-four eligible patients were randomized. Twenty-
seven patients were assigned to each treatment group,
and 33 patients (18 MPA patients, 15 placebo patients)
completed the 12-week study. The reasons for sample
attrition were as follows: death or physical deteriora-
tion (three MPA patients, four placebo patients), side
effects (four placebo patients, all gastrointestinal dis-
comfort), refusal to continue (three placebo patients),
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protocol violation (two MPA patients, one placebo pa-
tient), mechanical obstruction of the digestive tract
(three MPA patients), and sigmoid perforation and
peritonitis (one MPA patient).

Table 1 shows the baseline characteristics of pa-
tients who entered the study and patients who com-
pleted the study, stratified by study arm. There were
no significant differences between the treatment
groups. The majority of patients were male, the pre-
dominant malignancy was nonsmall cell lung carci-
noma, the vast majority of patients had distant metas-
tases, and none of the patients was concurrently
treated with chemotherapy. The majority of patients
were characterized by substantial involuntary weight
loss. Sixty-five percent of eligible patients had lost
more than 5% of their preillness weight, and 20% of
the subjects had lost 0-5%. This prestudy weight loss
was also demonstrated by the fact that the average
body weight was approximately 100% of ideal body
weight,** whereas in a healthy Dutch elderly popula-
tion body weight is normally more than 110% of ideal
weight in males and more than 120% of ideal weight
in females.*® In comparison with the healthy reference
group, the patients entered onto the study were sig-
nificantly hypermetabolic (P = 0.02).

Figure 1 shows the observed changes in food in-
take for both treatment arms. Because food intake data
were not available in 1 placebo patient, 14 placebo
patients and 18 MPA patients were used in the analy-
sis. At t = 12, a mean increase in EI of 418 kcal/day
was found in the MPA group versus no change in the
placebo group (between-group difference, 425 kcal/
day; P = 0.01). This increase was the result of a signifi-
cantly improved intake of protein, fat, and carbohy-
drates.

Figure 2 shows the changes in body composition.
All subjects reaching t = 12 were used in the analysis.
During the study, peripheral edema developed in four
MPA patients and in one placebo patient. Att = 12, a
mean gain in FM of 1.0 kg was observed in MPA pa-
tients versus a fat loss of 1.5 kg in the placebo group
(between-group difference, P = 0.009). An increase in
FM was seen in 71% of MPA patients, whereas in the
placebo group an FM increase was observed in 20%
of patients (between-group difference, P = 0.01). FFM
increased by 1.0 kg in the MPA group (P = 0.04) and
by 0.4 kg in the placebo group. However, half the aver-
age FFM increase in the MPA group was accounted
for by edema developing in the subjects. When these
patients were excluded from FFM analysis, the re-
maining mean within-group change (+0.5 kg) lost sta-
tistical significance.

Figure 3 shows that the MPA-related changes in
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TABLE 1
Baseline Characteristics of Eligible and Assessable Patients Stratified by Treatment Group®
Eligible Assessable®
MPA (n = 27) Placebo (n = 27) MPA (n = 18) Placebo (n = 15)

Sex (%)

Male 74 78 78 87

Female 26 22 22 13
Age (yrs) 66 = 10 65=8 68=8 677
Tumor type (%)

Nonsmall cell lung carcinoma 63 59 61 73

Digestive tract carcinoma 19 7 22 7

Other 19 34 17 20
Histology (%)

Adenocarcinoma 37 52 33 47

Squamous cell 22 37 22 47

Undifferentiated large cell 37 11 39 7

Other 4 0 6 0
Metastases (%) 89 93 89 93
Karnofsky performance status

(%) 769 749 7x9 77+10

Chemotherapy (%) 0 0 0 0
Edema (%) 4 11 0 0
Appetite (0-10)° 6.2+28 6.9 =25 7.1+25 6.9 +28
Weight loss (kg)* 5672 71£57 50 64 4851
Weight los (%) 7496 9.9+79 6.9 = 8.6 6.5+ 6.8
Weight (kg) 65.3 =83 65.2 = 10.6 651 +9.2 69.4 + 10.2
Height (m) 1.68 = 0.09 1.69 + 0.08 1.68 + 0.08 1.70 £ 0.07
Body mass index (kg/m?) 231+23 229 + 4.1 230+23 242 + 4.0
WT/IBW (%) 101 £11 100 + 17 10111 106 = 17
Fat-free mass (kg) 498 +94 49.0 £ 6.5 494 +94 52.0 6.0
Fat mass (kg) 155 £ 6.3 162+ 83 1568 +5.1 17372
Energy intake (kcal/day) 2267 = 754 2151 = 610 2320 = 756 2025 = 529
REE (kcal/day) 1639 = 276 1661 + 234 1659 + 285 1699 = 235

MPA: medroxyprogesterone acetate; REE: resting energy expenditure.
“Scores expressed as mean = SD or percentage.
® Twelve-week study completed.

¢ Appetite expressed on a 0- 10 numeric rating scale, 0 indicating absolutely no appetite and 10 indicating an extremely good appetite.

¢Weight in relation to preillness weight.
¢ Body weight expressed as percentage of ideal body weight.

FM were significantly correlated with changes in EI (r
= 0.68, P = 0.003).

In Figure 4, the observed changes in REE are show
for both treatment groups. Because REE data were not
available in 2 MPA patients (technical reasons) and in
1 placebo patient (claustrophobia), 14 placebo pa-
tients and 16 MPA patients were used in the analysis.
At t = 6, a mean increase in REE of 65 kcal/day was
observed in the MPA group versus a decrease of 70
kcal/day in the placebo group (between-group differ-
ence, 135 kcal/day; P = 0.009). At t = 12, the between-
group difference was 93 kcal/day (P = 0.07).

DISCUSSION
Substantial weight loss, eventually leading to cachexia,
is thought to play an important role in cancer-related

morbidity and mortality.>~" Previous studies have
shown that this weight loss is the result of a combined
wasting of FM and body cell mass,*** the latter being
the body compartment containing most of the tissues
(muscle, organs) that are vital to normal functioning
of the body.?” Several placebo-controlled studies in
patients with non—hormone-sensitive cancer reported
a beneficial influence of synthetic progestogens on appe-
tite and (at least in a subgroup of patients) weight.'"*""
In an open, non-controlled study with megestrol ace-
tate in 12 weight-stable, nonanorectic patients with
breast carcinoma (11 females, 1 male), Loprinzi et al*®
reported that in those patients who gained weight (n
= 7), the weight gain was predominantly the result
of an increase in dual-energy X-ray absorptiometry
(DEXA)-derived fat mass. In a 1-week, placebo-con-
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FIGURE 1. Intake of energy, protein, fat, and carbohydrates (mean values and SEM) at baseline and after 6 weeks and 12 weeks of treatment in the
MPA group (solid lines) and placebo group (dashed lines). P values for within-group changes from baseline are indicated as follows: ###, P < 0.001;
#, P < 0.05; & P < 0.1. Pvalues for between-group differences in changes from baseline are indicated as follows: **, P < 0.01; *, P < 0.05; §, P

< 0.1.

trolled, cross-over study, Bruera et al** observed a sta-
tistically significant beneficial effect of megestrol ace-
tate on EI. To our knowledge, no other cancer studies
(particularly placebo-controlled studies with a rela-
tively long treatment duration) have been performed
to study the effects of synthetic progestogens on en-
ergy balance and body composition. In two placebo-
controlled studies of patients with cachexia due to
AIDS, megestrol acetate was reported to increase calo-
ric intake.***” With respect to (bioelectrical impedance
analysis-derived) body composition, one of these
studies showed a beneficial effect of megestrol acetate
on FM, whereas the other also found a beneficial effect
on lean body mass. However, the latter finding was
contradicted by the fact that there was no significant
change in TBW. In both studies, a relatively high daily
dose of 800 mg megestrol acetate was used (160 mg
megestrol acetate is assumed to be equivalent to 1000
mg MPA%),

The present study was designed to investigate the
effects of a 12-week treatment with MPA (500 mg twice
daily) on food intake, body composition, and energy
expenditure in non-hormone-sensitive cancer. The
study was performed in a randomized, placebo-con-
trolled fashion in a subgroup of patients participating
in a multicenter study investigating the effects of MPA
on appetite, weight, and quality of life. In the latter
study, a significant MPA-related beneficial effect on
both appetite and weight was observed.'® The results
of the present study indicate that in these patients,
generally characterized by weight loss and hypermeta-
bolism, the increase in appetite actually leads to a
significant increase in energy, protein, fat, and carbo-
hydrate intake, and that concomitantly a reversal of
ongoing fat loss can be established. Although an
edema-related increase in FFM was observed in some
MPA-treated patients, FFM changes seemed to gener-
ally play a minor role (if any) in MPA-induced weight
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FIGURE 2. Fat mass and fat-free mass (mean values and SEM) at base-
line and after 6 weeks and 12 weeks of treatment in the MPA group (solid
lines) and placebo group (dashed lines). Pvalues for within-group changes
from baseline are indicated as follows: #, P < 0.05. P values for between-
group differences in changes from baseline are indicated as follows: **,
P < 0.01.

change. Although TBW-derived changes in FFM do not
by definition represent changes in body cell mass, this
finding might indicate that a 12-week treatment with
MPA fails to improve this functionally important body
compartment. In theory, a testosterone-lowering ef-
fect of MPA might explain this negative finding in our
predominantly male study population.®* However, the
small number of assessable MPA-treated female pa-
tients (three edema-free subjects) precluded further
elaboration of this hypothesis. Finally, in addition to
its effects on food intake and FM, the use of MPA was

CHANGE IN FAT MASS (kg)

-1000 -500 0 500 1000 1500

CHANGE IN ENERGY INTAKE (kcal/d)

FIGURE 3. Correlation between changes in energy intake and changes
in fat mass in the MPA patients (filled circles, solid line; r = 0.68; P =
0.003) and placebo patients (open circles, dashed line; r = 0.09; P =
0.77) after 12 weeks of treatment.
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FIGURE 4. Resting energy expenditure (mean values and SEM) at base-
line and after 6 weeks and 12 weeks of treatment in the MPA group (solid
line) and placebo group (dashed line). P values for within-group changes
from baseline are as follows: &, P < 0.1. P values for between-group
differences in changes from baseline are as follows: **, P < 0.01; §, P
< 0.1.

associated with a (further) increase in REE. Although
the explanation for this finding remains speculative
(a direct metabolic effect of the agent?), the induced
improvement of EI was obviously sufficient to achieve
a positive energy balance. A possible limitation of the
present study was the fact that 40% of the eligible
patients were unassessable due to premature dropout.
This is a common and unavoidable problem in clinical
trials in advanced stage cancer, particularly in trials
with relatively long treatment durations.

Some methodologic aspects of the current study



merit further discussion. First, body composition was
derived from TBW, measured by deuterium dilution.
When using this method, FFM is calculated by dividing
the measured TBW by 0.73, the assumed hydration
coefficient of the FFM in normal-weight healthy indi-
viduals.*” FM is subsequently calculated by subtracting
FFM from body weight. To our knowledge, limited
data are available in the literature on the hydration
coefficient of the FFM in normal-weight or under-
weight cancer patients. However, in a group of 20 male
lung carcinoma patients with a mean body mass index
of 20.8 + 2.8 kg/m* (range, 15.9-24.9 kg/m?) recently
analyzed in our laboratory by DEXA-scanning and
deuterium dilution, the mean hydration coefficient
was 0.73 + 0.03 (range, 0.68—-0.79) and was not corre-
lated with body mass index (r = 0.16, P = 0.51) (unpub-
lished observations). Nevertheless, because fluid re-
tention occurred in some patients, changes in the hy-
dration coefficient during the follow-up period could
have introduced some bias in the MPA group toward
an overestimation of FFM changes and an underesti-
mation of FM changes. If this phenomenon indeed
played a role, it would strengthen rather than weaken
the conclusions drawn from the current results.

Second, food intake was assessed by the dietary
history technique, a method that has recently been
validated against measurements of total energy expen-
diture using whole-body indirect calorimetry.*’ In this
study performed in elderly women, an average under-
estimation of EI of 12% was reported, a finding that
also applies to most other self-reported food intake
assessment methods.*' For the present study (which
attempted to compare within-group changes between
two groups in a randomized, placebo-controlled fash-
ion), however, it was more important that several ear-
lier studies reported very good reproducibility of the
dietary history method (see review by Block®').

The mechanism of action of synthetic progesto-
gens in the treatment of cancer-related weight loss is
still obscure. Synthetic progestogens obviously inter-
fere with the complex regulation of food intake,***
but on what level (hypothalamic, neuroendocrine, gut)
is unclear. Furthermore, it is not known whether these
agents also have specific direct effects on metabolism.
In a study in rats, megestrol acetate has been shown to
stimulate the hypothalamic synthesis, transport, and
release of neuropeptide Y,** a potent stimulator of ap-
petite.*® In another in vitro study with megestrol ace-
tate, a direct stimulation of adipocyte differentiation
was reported.*®

In conclusion, the present study demonstrates
that the synthetic progestogen MPA has the potential
to increase food intake and to concomitantly reverse
fat wasting in weight-losing patients with cancer. It
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remains to be determined, however, whether protein
wasting can also be influenced by MPA as particularly
preservation of protein mass can be expected to inter-
fere beneficially with morbidity and mortality in the
longer term.
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