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ABSTRACT

During a randomized trial of total parenteral nutrition (TPN) in
patients with small Å“il lung cancer, we evaluated the short- and
long-term effects of 4 weeks of TPN on nutritional assessment
parameters. All 119 patients who were accrued to the study
received the same chemotherapy and radiotherapy protocol
which extended over a 1-year period: 57 patients received TPN;
and 62 served as controls. At base line, patients with >5%
pretreatment weight loss had significantly lower levels of serum
albumin, total iron-binding capacity, and creatinine/height index.

TPN administration led to a significant increase in mean caloric
intake and weight compared with controls (P < 0.0001). In the
short-term study, body fat, as measured by triceps skinfold
thickness, was maintained, and there was a small increase in
arm muscle circumference. Serum albumin and hematocrit de
creased but promptly returned to pretreatment levels when TPN
was stopped. There were no long-term differences in any of the

nutritional assessment parameters between the two groups.

INTRODUCTION

Pretreatment weight loss and low serum albumin in cancer
patients often predicts for shortened survival (9, 14) and poor
tolerance of the effects of antineoplastic therapy (6). Reversal of
cancer-associated cachexia with TPN3 has been proposed in

order to allow patients to tolerate intensive therapy (6, 11).
Randomized trials of hyperalimentation as an adjunct to chem
otherapy have generally shown that TPN can increase patients'

weight (6, 13, 15, 20, 22, 23, 25). However, it has been sug
gested that much of this weight gain is fat, water, or both (19).
The results of randomized Phase III trials of TPN as an adjunct
to intensive chemotherapy have demonstrated that TPN does
not prolong survival (13, 15, 20, 21, 23). However, in these
studies, it is not clear that malnutrition was reversed by TPN
administration.

In 1979, a randomized trial of TPN as an adjunct to intensive
chemotherapy and radiation for SCLC was initiated by the Diet,
Nutrition and Cancer Program of the National Cancer Institute.
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Patients with SCLC were selected for study both because weight
loss is commonly present at diagnosis and because the tumor
responds well initially to intensive cytotoxic therapy. TPN was
administered for 30 days at the initiation of antineoplastic therapy
and was designed to be serially increased so that nutritional
repletion would be achieved, if at all possible. It was hoped that
nutritional support prior to and during initial chemotherapy would
correct nutritional deficiencies and allow more intensive treat
ment to be given with less morbidity.

In this report, we describe the effects of TPN on parameters
of nutritional status in patients undergoing treatment for SCLC
both during and up to 1 year following the initiation of treatment.
Detailed analyses of the effect of TPN on response rates and
survival of patients with SCLC are presented in detail In a
separate report (4).

PATIENTS AND METHODS

Patients. All patients had historically or cytologically docu
mented SCLC. None had been treated previously, and all had
Ã©valuableor measurable disease, life expectancy of greater than
8 weeks, and a performance status of 0,1,2, or 3 (ECOG Scale).
Adequate bone marrow, hepatic, and renal function were re
quired as indicated by the following laboratory determinations:
WBC, >3,000/ml; platelets, >100,000/ml; bilirubin, <2 mg/dl;
serum creatinine, <2 mg/dl; and blood urea nitrogen, <30 mg/
dl. Patients were accrued to the study from the University of
Iowa, the University of Toronto, the University of Florida, New
York University, and the University of California, Irvine. The
protocol was approved by the Human Ethics Committees of
each of the participating institutions and written consent was
given by all patients.

Patients were excluded from entry to the study by the following
criteria: (a) recent myocardial infarction (less than 3 months from
the date of diagnosis), congestive cardiac failure, or cardiac
arrhythmia; (b) documented central nervous system mÃ©tastases;
(c) superior vena cavai obstruction precluding central venous
catheterization for TPN; (d) inappropriate antidiuretic hormone
syndrome; (e) any other important comorbid disease which, in
the opinion of the investigator, might increase the risk of serious
complications from TPN or chemotherapy.

All pathology and cytology slides were reviewed centrally by
a reference pathologist (Dr. Mary J. Matthews, National Cancer
Institute, Navy Medical Oncology Branch, Bethesda, MD).

Nutritional Assessment. Upon entry to the study, all patients
had a nutritional assessment consisting of measurements of
weight, height, AMC, TSF, total serum proteins, serum albumin,
TIBC, and CHI (1). The CHI was determined by measuring the
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actual daily urinary creatinine excretion compared with an ideal
value based on sex and height. This nutritional assessment was
repeated every 3 weeks for 1 year in the control group and at
the end of Weeks 1,2,3, and 4 and every 3 weeks thereafter
for 1 year in the TPN group.

Experimental Design. Patients were stratified by disease
extent (limited versus extensive), degree of weight loss during
the 3 months prior to diagnosis (<5% versus >5%), performance
status (ECOG Group 0, 1 versus 2, versus 3), and institution.
Patients were randomized into 2 groups using a central random
ization procedure: one group was to receive TPN for 4 weeks in
hospital; while the control group continued with a self-regulated

p.o. diet. Both groups received identical chemotherapy pro
grams.

The initial TPN prescription was based upon pretreatment
weight loss and nutritional status. Nutritional depletion was
arbitrarily defined as any one of the following: (a) weight loss of
greater than 5% in the 3 months prior to diagnosis; (o) serum
albumin <3.4 g/dl; (c) total iron-binding capacity, <270 /tg/dl; (d)

CHI, <90% of normal for sex and height; (e) urine urea nitrogen,
>12 g/liter; or (f) midarm muscle circumference, <21 cm for
women and <23 cm for men.

Patients who were classified as nutritionally depleted and who
were assigned to TPN received 48 calories/kg and 1.5 g protein/
kg and were increased to 56 calories/kg and 1.7 g protein/kg if
possible. Patients with normal nutritional status were started at
32 calories/kg and 1.0 g protein/kg and raised to 48 calories/kg
and 1.5 g protein/kg. TPN consisted of amino acids (4.25%
Travesol), hypertonic glucose, and lipid emulsion (10%). Nonpro-

tein calories were divided equally between carbohydrate and fat.
All patients randomized to TPN received electrolytes, vitamins,
and trace elements in standard amounts (12).

Chemotherapy was initiated after 1 week of nutritional support
in the TPN patients and on the day of randomization in the
control patients. All patients received induction chemotherapy
consisting of high-dose cyclophosphamide (1200 mg/sq m), dox-

orubicin (Adriamycin) (70 mg/sq m), and vincristine (2 mg). This
regimen was given for 2 cycles at 3-week intervals. Dosage

adjustments were made for severe toxicity. All patients were
given 2 tablets containing trimethoprim (80 mg) and sulfameth-

oxazole (400 mg) twice daily from Days 8 to 18 during the first
2 cycles of CAV as prophylaxis against infection. At 6 weeks, all
patients were reevaluated and classified as responders (partial
or complete response) or nonresponders (stable disease or
progression). Responding patients then received 2 cycles of
moderate-dose chemotherapy consisting of cyclophosphamide

(1000 mg/sq m, doxorubicin (50 mg/sq m) and vincristine (2 mg)
i.v. (CAV1) as well as prophylactic cranial irradiation after the
second cycle of CAV1 (2000 rads in 5 fractions over 1 week).

Partial responders with limited disease were also given locore-

gional radiotherapy (2500 rads in 10 fractions over 2 weeks). At
this point, responders were switched to VP-16 (100 mg/sq m i.v.

daily for 3 days), methotrexate (50 mg/sq m i.v.) and citrovorum
factor (10 mg p.o. every 6 h for 6 doses), beginning 36 h after
methotrexate for 5 cycles at 3 weekly intervals. Thereafter,
patients crossed back to CAV1, administered every 3 weeks,

until a total cumulative doxorubicin dose of 450 mg/sq m was
reached. Patients then received VP-16, methotrexate, and citro

vorum factor for 5 more cycles to complete 1 year of chemo
therapy. Nonresponders, after the first 2 cycles of CAV, received

VP-16, methotrexate, and citrovorum factor every 3 weeks until

progression.
Complete response to therapy was defined as complete dis

appearance of all tumor lesions, as assessed clinically and by
chest radiography and liver and bone scans. Partial response
was defined as a decrease by >50% in the product of perpen
dicular cross-sectional diameters of the primary lung lesion of at

least 3 weeks duration without progression of disease elsewhere
or occurrence of new lesions. Partial response, for lesions where
only one dimension was measurable, required a >30% decrease
in that dimension. Stable disease implied <50% reduction or an
increase of <25% for a period of at least 3 weeks. Progression
of disease was defined as a >25% increase in the product of
the cross-sectional diameter of one or more outlined lesions or

the occurrence of new lesions irrespective of response else
where.

All patients were interviewed by a dietician or nutritionist in
order to obtain a diet history and a 24-h recall. Where possible,
a 3-day diet diary was collected during the initial assessment

period. Patients recorded dietary intake for the 3 days prior to
the scheduled administration of chemotherapy cycles 2, 3, and
5 and every 3 months thereafter until the end of the year of
treatment. The 3-day diet diary was recorded just prior to the

treatment day so that intake would not be influenced by acute
toxicity from the chemotherapy and so that the data could be
reviewed with the dietician to clarify portion size and dietary
content, while they were still fresh in the patient's memory.

Standardization of dietary data collection techniques was
achieved through workshops conducted by the Diet, Nutrition
and Cancer Program. Amounts of food consumed were con
verted to amounts of nutrients using Department of Agriculture
Manual No. 8 (27) and the work of Church and Church (3).

Statistical Methods. The analyses used in this study, unless
otherwise stated, were based on all the patients randomized to
a treatment group irrespective of whether all received the as
signed treatment. The nonparametric Wilcoxon rank-sum test

was used to compare differences between the TPN and control
groups with regard to changes between pretreatment and post-

treatment nutritional assessment parameter values (5). The Pear
son x2 (continuity corrected for 2 x 2 contingency tables) was

used in the evaluation of categorical data. Due to missing values,
the total number of patients analyzed for any particular factor
does not always equal the total number entered on study. All P
values correspond to 2-sided significance tests.

RESULTS

A total of 119 Ã©valuablepatients with SCLC were randomized
on study. Sixty-two were assigned to receive no TPN (control
group), while 57 were assigned TPN. Their base-line character

istics are shown in Table 1. The median age of the study
population was 60 years. Seventy-five % of the study patients

were male, and there was an equal distribution of patients by
sex between the 2 arms of the study.

Twenty-two (39%) patients in the TPN group had limited

disease compared with 29 (47%) in the control group. Although
the performance status of patients entered on study was gen
erally excellent (87%; ECOG 0,1), 91% of patients were classi
fied as nutritionally depleted using the definition of nutritional
depletion described in "Patients and Methods." The proportion
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Table 1
Characteristics of patients randomized to TPNversus no TPN

Age(yr)Tntcil
nnSexDisease

extentof

pa
tients Median Range Male FemaleLimitedTPN

57 59 38-75 41 16 22
No TPN 62 61 41-77 48 14 29
Total 119 60 38-77 89(75)" 30(25) 51(43)Exten

sive35

33
68 (57)Performance

status Nutritional status Wt loss Â¡^previous3ECOG

0,152

52104(87)ECOG

2,
3 Normal Depleted <5%a5%5

8
10 3
15(13) 1149

32 25
59 34 28

(9) 108(91) 66(55.5)53(44.5)"
Numbers in parentheses, percentage.Table

2
Summarystatistics for base-linenutritional data, by diseaseextentDisease

extentNutritional

parameterWt

Arm muscle circumference
TSF
Serum albumin
TIBC
CHIMedian64.4

23.5
10
3.9

275
86.5LimitedRange43.6-97.2

16.8-32.7
2-36

2.7-4.8
188-408
27-142No.

of
patients51

50
50
51
49
50Median69.2

24.3
13
3.8

278
87ExtensiveRange44-109

16.3-30.4
7-39

2.2-4.9
159-416
39-163No.

Of
patients68

67
67
68
63
65P0.05

NS"

0.003
0.04
NS

NS*
NS, not significant.Tables

Summarystatistics for base-linenutritional data, by percentage weightlossNutritional

parameterArm

muscle circumference
TSF
Serum albumin
TIBC
CHIMedian25.2

13
4

292.5
90<5%

wtlossRange16.3-32.7

2-39
2.2-4.8

209-414
44-142No.

of
patients63

63
63
6061Median23.4

11
3.7

260
80.5>5%

wtlossRange17.9-29.8

4-27
2.4-4.9

159-416
27-163No.

ofpatients54

54
56
5254P0.07

NS"

0.0009
0.0005
0.02

" NS, not significant.

of depleted patients was similar in the TPN and control groups
(86% versus 95%). In addition, the distribution of patients by
extent of pretreatment weight loss (<5% versus >5%) was
similar between the TPN and control groups; overall, 44.5% of
patients on study had lost more than 5% of body weight in the
3 months prior to the start of treatment.

Base-Line Nutritional Assessment. There were no statisti

cally significant differences between the 2 treatment groups at
base line for weight (P = 0.84), AMC (P = 0.59), TSF (P = 0.16),
TIBC (P = 0.82), serum albumin (P = 0.26), or CHI (P = 0.29).

When base-line nutritional assessment parameters were eval

uated by disease extent (Table 2), patients with limited disease
had a significantly lower weight at base line and smaller TSF
than did the extensive-disease patients. They also had a higher
serum albumin (P = 0.042), although the difference was not

clinically impressive. No other differences in nutritional assess
ment parameters were noted.

Patients with less than 5% pretreatment weight loss at base
line had a higher base line serum albumin, TIBC, and CHI,
although in both groups the median albumin and TIBC values
were within the normal range (Table 3).

Short-Term Effects of TPN. At base line and prior to any
nutritional intervention, the caloric intake, as assessed by 24-h
recall and/or 3-day diet diary, varied widely, as shown in Table

4. Nonetheless, there were no statistically significant differences

between the mean or median values of the TPN and control
groups. However, the caloric intake of the 2 groups differed
significantly by the end of the first cycle of chemotherapy when
patients assigned to TPN were receiving their maximally toler
ated level of support (P < 0.0001 ). A wide range of caloric intake
was noted in both the TPN and control populations. In the TPN
group, this is explained by the fact that not all patients assigned
to TPN were actually receiving it during the 3 days prior to the
second cycle of chemotherapy when caloric intake was as
sessed, due to a variety of treatment-related problems. Nonethe

less, the TPN group received on the average more than double
their base-line caloric intake and approximately 1600 calories

more than the control population (3634 versus 2007 calories; P
= 0.0001 ). The mean caloric intake in the control group increased

from 1687 at base line to 2007 at Cycle 2 and to 2261 at Cycle
3. Prior to the third cycle of chemotherapy, the caloric intake of
the TPN group was significantly decreased compared to the
controls (P = 0.013), but from the fourth cycle onward, no

significant differences were noted between the 2 groups. It
should be stated that the calculated caloric intake obtained by
the 3-day diet diaries may not have been representative of the
average daily caloric intake during the whole 3-week interval

between treatments, even though patients reported resumption
of a "normal" diet in a median time of 0.5 to 2.0 days depending
on treatment cycle. "Normal," however, generally meant resump-
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Tabte4
Caloric intake" prior to selected chemotherapycycles by treatmentgroup for all patients

CycleBaseline

Cycle 2
Cycle 3
Cycle 5
Cycle 9
Cycle 13No.

of
patients48

47
34
34
27
19TPNMedian

calones1608

3703
1733
1649
1582
1751No

TPNRange12-3140

266-6585
0-3729

606-3166
751-2715
204-4184No.

of
patients58

55
52
39
33
25Median

calories1810

2100
2301
1978
1864
1873Range71-2948

65-3371
497-4374
90-2880

524-3467
1015-3853P

(Wil-coxon)NS"

0.0000
0.008
NSNS

NS
* Calculated from 3-day diet diary except at base line where 24-h recall or 3-day diet diary (optional) was

d.
0 NS, not significant.

Tables
Percentageweight change from base line to cycles 2, 3, and 4 by treatmentand response

All patients lived at least to Cycle 4.

Cycle23

4No.

of
patients46

47
47TPNMedian

%
wt

change6.5

1.6
2.0Range-12.1-17.9

-16.6-13.1
-21.7-12.1No.

of
patients56

56
56No

TPNMedian

%
wt change-2.7

-1.6
-1.9Range-15.8-6.7

-14.5-8.3
-21.2-16.5P

(Wilcoxon)0.0000

0.002
0.07

Table6
Change in test valuesbetween the base line and Cycles 2, 3, and 4

All patients lived at least to Cycle4.

TSFCycle
2Cycle
3Cycle

4AMCCycle2Cycle

3Cycle
4CHICycle

2Cycte3Cycle

4Serum

albuminCycle
2CyclesCycle

4No.

of
patients434239434239413636474447TPNMedian0000.6-0.2-0.4-7-11-9-0.50.00.2No

TPNRange-6--6--7-0.5--6--3.8--47--49--79--1.3--1.5--1.7-10552.54.62.8681481271.31.61.5No.

of
patients565454565454524851545352Median000-0.1-0.4-0.5724020.00.2Range-7-5-5-3-6-44.4-3.8-3.1-3.8-5.5-6.1-75-42-90-96-105-57-2.1-1.1-0.8-1.2-1.1-1.4P

(Wil
coxon)0.008NS8NS0.005NSNSNSNSNS0.0002NSNS

* NS, not significant.

tion of solid food rather than normal quantities of food.
To evaluate the effect of 4 weeks of TPN on weight, we

compared the percentage weight change between the TPN and
control group at Cycles 2, 3, and 4 for all patients who lived to
at least Cycle 4 (Table 5). Patients in the TPN group had a
significant weight gain by Cycle 2 compared with the control
patients who actually lost weight (P < 0.0001). The difference in
percentage weight change was still significant by Cycle 3 (P =

0.002) but only marginally significant at the fourth cycle of
therapy. Thereafter, there was no significant difference between
the 2 groups.

The impact of TPN on the nutritional assessment parameters
was assessed by comparing the absolute change between the
median base-line values and the median value at the start of
Cycles 2 to 4 for each of the parameters (Table 6). The TPN

group maintained TSF and hence body fat, whereas the control
group had a decrease in TSF by Cycle 2. By Cycle 3, the
difference no longer existed. A statistically significant difference
in the change between base line and Cycle 2 was noted for
AMC, due to a small increase in AMC in the TPN patients while
control patients experienced a slight loss. Thereafter, no signifi
cant differences were noted. Although the control group main
tained a higher CHI than did the TPN group, the difference was
not statistically significant.

At the time of the second chemotherapy cycle, there was a
reduction in the serum albumin level in the TPN group which was
probably due to TPN-induced volume expansion. A similar de

crease in hernatocrit was also noted, and both abnormalities
were promptly corrected when TPN was stopped.

When the above analyses were repeated excluding 2 patients
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I 2 3 4 5 6 7 8 9 10 11 12
CHEMOTHERAPY CYCLE NUMBER

Chart 1. Percentage weight change by treatment group for patients alive for at
least 12 treatment cycles. Bars, SE.

who did not receive TPN as assigned, the conclusions were
similar. A third set of analyses was done, in which only those
patients who received a minimum of 3 weeks of TPN were
considered. All of the conclusions provided in the first set of
analyses based on all patients remained unchanged.

Long-Term Effects of TPN. Long-term effects of TPN on

parameters of nutritional status were analyzed in those patients
who were alive for at least 12 months from the start of treatment.
Analyses were performed comparing the absolute change be
tween base line and the values at Months 3, 9, and 12. There
was no significant difference in the pretreatment and posttreat-
ment percentage weight change between the 2 treatment groups
(P = 0.41). Chart 1 demonstrates the gradual weight loss that

occurred over time. At 1 year, both groups had a negative median
percentage weight change of 6%.

In addition, for those patients who survived at least 12 months
from the start of treatment, there were no significant differences
between the values at 3, 9, and 12 months between the 2
treatment groups for CHI, AMC, TSF, and serum albumin.

The long-term changes from base line in nutritional parameters

were also evaluated according to whether a complete response
to treatment was achieved or not. Although the complete re-
sponders tended to have higher values of AMC (P = 0.024) at
the end of 1 year compared with pretreatment values, there
were no significant differences between the 2 response groups
with regard to percentage weight change (Chart 2) or change for
serum albumin, TSF, and TIBC between base line and Month
12.

Although details of response rates and survival have been
provided elsewhere, it should be restated that TPN did not alter
either response rates or survival even when analyzed separately
by age, sex, disease extent, the degree of pretreatment weight
loss, or the presence or absence of hepatic involvement (4).

DISCUSSION

Weight loss is a common presenting symptom of malignant
disease, and it has a negative impact on survival (9,14). Although
our understanding of the underlying mechanisms of weight loss
in cancer patients is limited, it has been postulated that intensive

5678

CHEMOTHERAPY CYCLE NUMBER

Chart 2. Percentage weight change according to type of response: complete
response (Cfl) versus less than a complete response (non-CR). Bars, SE.

nutritional support might reverse the cancer cachexia syndrome,
reduce the toxicity of treatment, and improve survival (6, 11).
However, controlled studies of hyperalimentation in patients with
testicular cancer (23), lymphoma (21), colon (20), and non-SCLC
(13) failed to show any favorable impact on response to treatment
or survival. Although weight change and some nutritional as
sessment parameters were evaluated in these trials, a compre
hensive survey of the impact of TPN on nutritional assessment
parameters was not undertaken, nor were the late effects of
intensive nutritional support evaluated.

In our lung cancer patient population, preillness weight loss of
more than 5% of body weight was identified in 44.5% of patients,
which is virtually the same percentage reported by others for
patients with lung cancer (7, 9). When other parameters of
nutritional depletion were used to define nutritional depletion
such as CHI <90% of normal, serum albumin <3.4 g/dl, TIBC
<270 i*g/100 ml, urine urea nitrogen >12 g/liter, and AMC (males
<23 cm, females, <21 cm), one or more abnormalities were
present in 90% of patients. The vast majority of patients were
therefore classified as nutritionally depleted. This stands in stark
contrast to the fact that the performance status of the patients
was excellent, with 87% of patients having few or no symptoms
referable to their cancer.

Although the pathogenesis of weight loss in lung cancer
patients is incompletely understood, anorexia is commonly rec
ognized clinically. Our patients had a mean pretreatment caloric
intake of approximately 1600 kcal/day. Costa, using Diet, Nutri
tion and Cancer Program methodology similar to that in this
study, recently demonstrated that the average caloric intake of
male lung cancer patients was 1778 kcal/day and significantly
less then the caloric intake of normal, age-matched males (2358
kcal/day) (7). TPN reversed the caloric deficiency of these pa
tients as the caloric intake prior to the second cycle of chemo
therapy rose to a mean of 3634 kcal/day. Although TPN led to
an increase in body weight, the rapidity of both the weight gain
and its subsequent loss strongly suggested that most of the
weight gain was due to water. This hypothesis is also supported
by the transient fall in the concentration of serum albumin and
the decrease in hematocrit, both of which corrected to pretreat
ment levels within 3 weeks of stopping TPN. Furthermore, 50%
of patients developed signs of peripheral edema and/or conges-
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live heart failure during TPN indicative of expansion of both
intravascular volume and the extravascular fluid compartment
(29). Although the transient increase in AMC noted at the end of
Cycle 2 might be explained by an increase in lean body mass, it
might also be due to an increase in intracellular water resulting
from TPN-induced hyperglycemia and hyperinsulinemia, which
would drive glucose, potassium, and water into cells. This would
fit with observations on a subset of these patients in whom total
body nitrogen was not increased by 4 weeks of TPN (24) and
the observations of others that nutritional support leads to an
increase in total body potassium (25).

Four weeks of TPN appear to assist in the maintenance of
body fat. When data for all patients who survived to Cycle 4
were analyzed, a statistically significant change between TSF
values at base line and Cycle 2 was observed between the TPN
and control patients which suggested that TPN patients tempo
rarily maintained body fat stores. Unfortunately, this difference
was no longer apparent by Cycle 3. In patients surviving to 12
cycles of chemotherapy, the mean TSF for TPN patients was
higher than for controls, although this difference was not statis
tically significant. There was no evidence that lean body mass
was preserved. It is unclear whether the apparent conservation
of body fat in the TPN patients delayed protein catabolism or
helped to maintain well-being and functional capacity. Future
studies should attempt to assess the patient's functional capac

ity, perhaps by measures of muscle function.
It is apparent from this study that the "standard nutritional

assessment parameters" do not sharply define the degree of

malnutrition that exists in SCLC patients, especially when a set
of measurements in an individual patient is considered independ
ently. Although there were statistically significant differences in
the median base-line values of serum albumin and TIBC between
patients grouped by weight loss (Table 3), the median values for
albumin and TIBC were in the normal range in both weight loss
groups, and the range of values was wide. The median values
for these proteins remained normal for 12 months despite pro
gressive weight loss. We also noted, in a subset of these
patients, that albumin levels remained in the normal range despite
declining body nitrogen (24). Although some investigators have
suggested that changes in these proteins are sensitive and
specific measures of nutritional status (2), the usefulness of
these measures is diminished in patients receiving TPN. In a
recent study, Starker et al. (26) examined nitrogen balance,
albumin concentrations, body weight, and sodium balance in 14
medical patients during 14 days of TPN. Seven patients lost
weight, had a decrease in ECF, and had an increase in serum
albumin level. Seven others gained weight and increased ECF,
while serum albumin levels remained unchanged. These investi
gators concluded that serum albumin levels and body weight
cannot be used as accurate indicators of nutritional status be
cause of the variability in the response of body fluid compart
ments to nutritional repletion. In our patients, the predominant
response was one of ECF volume expansion with dilutional
hypoalbuminemia.

The CHI proved to be a poor indicator of nutritional status in
these patients. Although CHI was significantly lower in those
patients with more than 5% weight loss, values did not fall
significantly in either the TPN or control group despite progres
sive weight loss. At base line, a very wide range of values was
observed, and the range of change in patient values between

base line and Cycles 2, 3, and 4 was also remarkably wide in
both arms of the study. This degree of variation might be
explained, in part, by inaccurate urinary collections, by laboratory
error, or by the fact that urinary creatinine excretion may vary
by as much as 25% from day to day even in normal individuals
(28). In addition, it must be recognized that CHI does not take
frame size into account, and this may have contributed to the
wide range of base line values seen (16).

When allowed to eat ad libitum, the mean caloric intake of
these patients ranged from 1672 to 2261 kcal/day. This level of
caloric intake is substantially below the caloric intake of 2400
kcal/day recommended by the National Research Council for
males weighing 70 kg, and 51 to 75 years old (18). It is also
below the average caloric intake of 2056 kcal/day ingested by
males 65 years or older according to the Nutrition Canada Survey
(10).

It was of interest to note that the caloric intake of the control
patients increased from a mean of 1687 kcal/day at base line to
2261 kcal/day prior to Cycle 3, as a result of either tumor
response to chemotherapy or the close attention from dieticians
and nurses that these patients received as part of the study,
even though no direct dietary counseling was provided. It was
commonly observed that the patient's spouse took an active

interest in the study and encouraged the patient to maintain or
increase food intake. It would be of considerable interest to know
whether intensive dietary counseling alone would enable patients
to increase their caloric intake to recommended levels.

Apart from diminished intake, other factors are undoubtedly
contributory to the patients' progressive weight loss. It has been

demonstrated that patients with SCLC have an elevated basal
energy expenditure (22). Furthermore, the intensive and pro
longed chemotherapy may have depressed protein synthesis.
This hypothesis is supported by observations on a subset of
these patients of a decline in total body nitrogen as measured
by prompt gamma analysis during the 2 weeks following chem
otherapy despite the infusion of adequate amounts of calories
and protein (24). Finally, the repetitive administration of nauseat
ing therapy over a 1-year period and the psychological stress

created by the illness and its treatment undoubtedly contributed
to the malaise and anorexia experienced by many of these
patients. The summation of these factors effectively negated any
potential long-term benefits of TPN.

It was disappointing that 4 weeks of TPN was ineffective in
increasing lean body mass as measured by AMC and CHI. This
observation was also confirmed by the failure to increase TBN,
as measured in a subset of these patients (24). This study has
shown that the administration of TPN to patients with SCLC
receiving intensive chemotherapy does not lead to an increase
in lean body mass, although body fat and water may be in
creased. The limited impact of TPN on the nutritional assessment
parameters must also be considered with the knowledge that
TPN did not improve response rates to chemotherapy or affect
overall survival. Toxicities were not lessened; rather, a high
frequency of complications related to volume overload and infec
tions was observed (29). If increased nitrogen retention is the
aim of nutritional intervention, then future studies should attempt
to promote nitrogen retention by increasing the duration of
nutritional support and by augmenting the intake of protein and
intracellular elements such as zinc and magnesium which are
known to aid nitrogen retention.
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A greater understanding of the underlying metabolic disturb
ances induced by cancer is urgently required before recommen
dations can be made regarding the value of nutritional support
in patients with cancer.
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