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Objective
To investigate the impact of growth hormone, alone and in
combination with insulin, on the protein kinetics of patients
with upper gastrointestinal (GI) tract cancer who have under-
gone surgery and are receiving total parenteral nutrition (TPN).

Summary Background Data
Patients with malignancies of the upper GI tract are at in-
creased risk for malnutrition and perioperative death and
complications. Standard nutritional support has not signifi-
cantly altered outcome. Growth hormone (GH) and insulin
have been shown to have some benefit in patients with can-
cer; however, their action in patients undergoing resection
has not previously been studied.

Methods
Thirty patients undergoing surgery for upper GI tract malig-
nancies were prospectively randomized into one of three nu-
tritional support groups after surgery: 10 patients received
standard TPN, 10 received TPN plus daily injections of GH,
and 10 received daily GH, systemic insulin, and TPN. The pa-

tients underwent a protein kinetic radiotracer study on the fifth
day after surgery to determine whole body and skeletal mus-
cle protein kinetics.

Results
Patients who received standard TPN only were in a state of
negative skeletal muscle protein net balance. Those who re-
ceived GH and insulin had improved skeletal muscle protein
net balance compared with the TPN only group. Whole body
protein net balance was improved in the GH and the GH and
insulin groups compared with the TPN only group. GH and
insulin combined did not improve whole body net balance
more than GH alone. GH administration significantly increased
serum IGF-1 and GH levels. Insulin infusion significantly in-
creased serum insulin levels and the insulin/g4ucagon ratio.

Conclusion
Growth hormone and GH plus insulin regimens improve pro-
tein kinetic parameters in patients with upper GI tract cancer
who are receiving TPN after undergoing surgery.

Patients with cancer frequently have cachexia as part of
the advanced malignant process. Cancer cachexia describes
a group of symptoms, signs, and metabolic alterations that
occur in the cancer-bearing host that result in involuntary
weight loss and decreased nutrient intake. Although ca-
chexia can be associated with any malignancy, patients with
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upper gastrointestinal (GI) tract malignancies are at signif-
icantly increased risk for malnutrition and weight loss.'
These patients not only exhibit anorexia, dysphagia, and
obstructive symptoms as a result of their GI tract tumor, but
are also subject to alterations in protein metabolism second-
ary to the neoplastic process.2 The resulting clinical impact
of cachexia is significant, and numerous studies have dem-
onstrated that the extent of malnutrition correlates with
increased rates of perioperative morbidity and mortality.3'4
In patients with upper GI tract cancer who do not undergo
surgery, any degree of weight loss has been associated with
decreased median survival.' The further catabolic stress of
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major surgery increases the risks of cancer-related malnu-
trition.
The negative impact of cancer cachexia on clinical out-

come has resulted in extensive investigation of total paren-
teral nutrition (TPN) support in patients with cancer, espe-
cially those with GI tract malignancies.5-7 However, only
one of these prospective trials investigating TPN in the
perioperative period demonstrated a significant decrease in
rates of major complications or death.6
The failure ofTPN to improve clinical outcome has led to

significant interest in the use of potential anabolic adjuncts.
Insulin is a potent anabolic agent and has been shown to
improve protein kinetics with both short-term and long-term
infusions in patients with cancer.8-'0 Growth hormone
(GH) has also been studied as an anabolic agent and has
been shown to increase lean body mass" and result in an
increase in nitrogen balance and a decrease in wound infec-
tion and hospital stay'2 in patients undergoing surgery.
However, few studies have investigated the use of GH in
patients with cancer. Our laboratory investigated the effect
of GH before surgery in patients with cancer and showed an
increase in whole body protein net balance, but no signifi-
cant change in skeletal muscle kinetics. When GH was
combined with short-term insulin infusion, both skeletal
muscle and whole body protein net balances were in-
creased.'3 The only other published report of GH adminis-
tration in patients with cancer examined 10 patients who did
not undergo surgery; it found that GH increased anabolism
only in patients who were not malnourished.'4

This study was undertaken to determine the effect of GH,
alone and in combination with insulin, on protein kinetics in
patients with upper GI tract cancer who received TPN after
surgery.

METHODS

Subjects
All subjects were admitted to the Gastric and Mixed

Tumor or Thoracic Surgery Service at Memorial Sloan-
Kettering Cancer Center and underwent complete resection
of their upper GI tract (esophageal, gastric, or pancreatic)
malignancy. The study was performed under an Institutional
Review Board-approved protocol, and informed written
consent was obtained before enrollment into the study.
Patients with a history of thyroid disease or insulin-depen-
dent diabetes mellitus were excluded from the study, as
were patients requiring medications known to alter interme-
diary metabolism or metabolic rates, such as beta blockers.

Study Design
The study was conducted as a prospective, randomized

trial in which 30 patients were randomized to receive one of
three nutritional regimens, ten patients per treatment group,
after surgery. Before surgery, patients underwent a prestudy

evaluation that included a history and physical examination,
determination of height, weight, and skinfold thickness, and
documentation of weight loss. Phlebotomy was performed
to determine hormone levels, a complete blood count, and a
biochemical screening profile, including liver function tests.

At the time of surgery, once tumor resectability had been
determined, a central venous catheter was inserted and the
patient was randomized to receive one of three nutritional
regimens starting on day 1 after surgery. The TPN group
received standard TPN; the GH group received a daily
injection of recombinant human GH and TPN; the GH plus
insulin group received daily GH, systemic insulin, and TPN.
The randomization was conducted in cooperation with the
randomization office at Memorial Hospital.

Nutritional support and hormone administration were
started on the first day after surgery and continued until day
5, when all patients underwent a protein kinetic metabolic
study to determine whole body and skeletal muscle protein
kinetics. Growth hormone, IGF-1, insulin, glucagon, and
C-peptide levels were measured each morning during the
study period. A biochemical screening profile and complete
blood count were obtained on days 1, 3, and 5.

Nutritional Support and Hormone
Administration

Total parenteral nutrition was administered through a
central venous catheter. The TPN was composed of 1 g/kg
amino acids (Travasol 10%; Baxter, Deerfield, IL), 1000
kcal/day dextrose, 500 ml of 20% lipid emulsion (Intralipid;
Baxter), trace element solution (American Regent; Shirley,
New York, NY), and a multivitamin mixture (Lyphomed,
Deerfield, IL). The total volume of TPN per 24-hour period
was 2000 ml (500 cc of intralipid solution plus 1500 cc of
the amino acid and dextrose solution). Patients were kept
non per os (NPO) throughout the study period. All medi-
cations were mixed in normal saline, and no dextrose was
provided as part of any intravenous fluid outside of the TPN.

Patients in the GH and GH plus insulin groups received
0.1 mg/kg GH (Biotropin; Biotechnology General Corp.,
Iselan, NJ) per day subcutaneously at 6 PM starting on day 1
and continuing through day 4. For patients in the GH plus
insulin group, 1.4 units/kg of regular human insulin (Eli
Lilly, Indianapolis, IN) was added to the standard daily TPN
formula. This delivered a continuous infusion of 1 mU/kg of
insulin per minute. The insulin-enriched TPN and standard
TPN formulas were isocaloric and isonitrogenous and dif-
fered only in the addition of insulin in the GH plus insulin
group. Before the initiation of the insulin-enriched TPN on
day 1, a graded bolus of 400 mU/M2 of regular human
insulin was administered over 10 minutes to patients in the
GH plus insulin group. The TPN with insulin was started
immediately after the bolus was completed. During the
10-minute bolus period and at least 2 hours after the com-
mencement of the insulin-enriched TPN, serum glucose was
closely monitored using a bedside serum glucose analyzer
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(Beckman, Fullerton, CA), and a variable infusion of 50%
dextrose was adjusted according to a sliding scale to prevent
hypoglycemia. Once a stable serum glucose level was
achieved, glucose levels were monitored by fingerstick val-
ues every 8 hours, and the 50% dextrose infusion was
adjusted according to a sliding scale designed to maintain
euglycemia. Patients in the TPN or GH group also under-
went fingerstick glucose monitoring every 8 hours through-
out the study period but were not allowed to receive exog-
enous insulin.

Protein Kinetic Study

On day 5, all patients underwent a protein kinetic meta-
bolic study consisting of a 2-hour isotope infusion period
followed by a 45-minute sampling period. The studies were

performed at the bedside with the patient resting in a supine
position. At 7 AM on day 5, a primed continuous infusion of
1-(1-14C) leucine (bolus 17 ,uCi, infusion 11.6 ,uCi/hour)
and L-(ring 2,6-3H) phenylalanine (bolus 34 p,Ci, infusion
41 puCi/hour) was started through the indwelling central
venous catheter. A 3.6-,uCi bolus of 14C sodium bicarbonate
was also given intravenously to prime the bicarbonate
pool.'5 All radiotracer infusates (Du Pont, Boston, MA)
were sterilized by passage through a 0.2-,um sterilizing
filter, and all dilutions were prepared with sterile normal
saline.

During the isotope infusion period, an arterial catheter
was placed into the radial artery of the hand after confir-
mation of adequate collateral hand blood flow. An 18-
gauge, 2" catheter was also inserted in a retrograde fashion
into an antecubital vein to allow deep venous sampling from
the forearm. After 2 hours of isotope infusion, when radio-
tracer specific activity was at steady state, samples of arte-
rial and deep venous blood were obtained at 15-minute
intervals, and forearm blood flow was measured by capac-

itance plethysmography.'6 Expired air was collected into a

solution of hyamine hydroxide, designed to trap 1 mmol of
CO2 per vial.'7 Total CO2 production over a 5-minute
period was collected by a metabolic measuring cart (Sensor
Medics, Yorba Linda, CA).

Sample Analysis
All blood samples were placed on ice immediately after

collection. Serum and plasma were then stored at -70°C for
subsequent analysis. Plasma for a-ketoisocaproate (KIC)
determination was deproteinized with 50% sulfosalicylic
acid, and the ketoacids were extracted by cation exchange
resin (AG 50W-X8; Bio-Rad, Richmond, CA). Phenylala-
nine and KIC specific activities were then determined by
high-performance liquid chromatography separation and
subsequent beta scintillation counting of the appropriate
fractions. Levels of GH, IGF-1, insulin, glucagon, and C-
peptide were determined using standard radioimmunoassay.

Specific activity of expired CO2 was determined by beta
scintillation counting of expired breath samples.

Calculations

Whole Body

Whole body leucine kinetics were calculated using a
stochastic, two-pool model of whole body protein metabo-
lism.'8 Using this model, whole body leucine turnover, or
flux (Q), is represented by the equation:

Q = S + Ox = B + I(,tmol/kg per minute)

where S is the rate of nonoxidative leucine disappearance, or
protein synthesis; Ox is the rate of leucine oxidation; B is
the endogenous rate of leucine appearance, or protein break-
down; and I is the rate of infusion of exogenous leucine. Q
is defined as the rate of amino acid flow through the free
amino acid pool into protein and other metabolic pathways.

Using a reciprocal pool model,'9 the specific activity of
KIC is used to represent the immediate precursor pool of
leucine incorporation into protein. Q can then be calculated
by the equation:

Q = F/SAKJc(gmol/kg per minute)

where F equals the rate of infusion of 14C leucine (dpm/
min) at steady state and SAKIC is the specific activity of KIC
(dpm/mol) in plasma at steady state.
The rate of leucine oxidation (Ox) can be calculated as

follows:

Ox = E/(K X SAKfc)(tkmol/kg per minute)

where E is the rate of appearance of '4Co2 in expired breath
(dpm/min) and K is a derived correction factor to take into
consideration the incomplete recovery of metabolic bicar-
bonate pool measured as expired CO2 (K = 0.8 1).15 When
I is a known constant, the rate of leucine appearance, or
protein breakdown, can be calculated from B = Q - I, and
the rate of nonoxidative leucine disappearance, or protein
synthesis, can be calculated from S = Q - Ox. Whole body
net balance of leucine (NB) is then calculated as the differ-
ence between protein synthesis and breakdown:

NB = S - B(,umol/kg per minute).

Skeletal Muscle

A systemic infusion of L-(ring-2,6-3H) phenylalanine
with measurement of steady-state amino acid exchange ki-
netics across the forearm muscle bed was used to determine
the rates of skeletal muscle protein synthesis and degrada-
tion and net balance. The venous plasma pool was used as
the reference pool.20 As previously described, steady-state
arterial and venous samples were analyzed for phenylala-
nine concentration and specific radioactivity. According to
this model of skeletal muscle protein kinetics:
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Ra = Artphe X F X ([SAarI/SAven]- 1)

NB = (Artph -Venphe) X Flow

Rd = NB - Ra(nmol/100 g forearm tissue per minute).

Ra is the rate of appearance of phenylalanine in the
plasma and reflects skeletal muscle breakdown. Rd is the
rate of disappearance of phenylalanine from the plasma and
reflects skeletal muscle protein synthesis. NB is the net
balance of phenylalanine across the skeletal muscle bed.
Artphe and Venphe are the measured arterial and venous
concentrations of phenylalanine, respectively, and SA and
SAven represent the specific activity of L-(ring-2,6-3H) phe-
nylalanine in the arterial and venous plasma, respectively. F
is forearm plasma flow.

Table 1. PATIENT CHARACTERISTICS

TPN GH GH + INS
N = 10 N = 10 N = 10

Male/female
Age (yr) (range)

% Weight loss
Malignancy

Pancreas
Stomach
Esophagus

8/2
65.8 ± 4.1
(50-84)

4.8 ± 1.2

4
2
4

5/5
60.2 ± 3.0
(46-74)

3.8 ± 1.1

4
5

8/2
63.1 ± 2.2
(52-75)

6.7 ± 1.5

2
4
4

p = N.S. All results reported as mean ± standard error of the mean. TPN = total
parenteral nutrition; GH = growth hormone; GH + Ins = growth hormone plus
insulin.

Statistics
To evaluate the independent effects of the nutritional

regimens, protein kinetic parameters betweep the treatment
groups were analyzed using the Wilcoxon rank-sum test. To
evaluate changes in hormone levels and blood chemistries
between the treatment groups and over the course of the
study period, analysis of variance with repeated measures
was used with Bonferroni adjustment when appropriate
(SPSS software). Significance was defined as p < 0.05.
Results are expressed as mean ± SEM.

RESULTS
Before surgery, 66 patients were recruited into the study.

Of these, 27 were never randomized because their tumors
were unresectable (n = 23) or they needed intensive care
unit treatment after surgery (n = 4). Thirty-nine patients
were randomized and began treatment; 30 patients com-
pleted the trial. Two subjects were removed for hypergly-
cemia (GH and GH plus insulin groups). Five patients
required transfer to the intensive care unit and were re-
moved from the study because they were considered to be
under a more significant metabolic stress (GH, n = 3; TPN,
n = 2). One patient in the GH group refused reinsertion of
an inadvertently pulled central venous catheter, and one
patient in the GH group refused to undergo the metabolic
study.

Patient characteristics and primary tumor types are shown
in Table 1. There was no difference among the three groups
with respect to height, weight, percentage of weight loss
from preillness weight, percentage of lean body mass, and
percentage of ideal body weight, as determined by skinfold
thickness (biceps, triceps, subscapular, iliac crest). There
were no significant differences among or within the groups
with respect to hematologic parameters, electrolytes, liver
function tests, or vital signs.

Subjects in the GH plus insulin group received signifi-
cantly more calories over the entire study period (1 1,622 ±
659 kcal, p < 0.05) than those in the TPN (9394 ± 104

kcal) and GH (9119 ± 73 kcal) groups. There was no
difference in total calories delivered between the TPN and
GH groups. The extra calories provided to the GH plus
insulin group resulted from the 50% dextrose used to main-
tain euglycemia. Daily caloric intake was greater in the GH
plus insulin group than in the TPN or GH group, also as a
result of the 50% dextrose infusion. Fingerstick glucose
monitoring demonstrated that by day 4, patients in the GH
group became significantly hyperglycemic compared with
the GH plus insulin group. The patients in the GH group
also had an elevated urine glucose level compared with the
other two groups (results not shown).

Hormone Levels
Figure 1 demonstrates the changes in serum insulin levels

over the course of the study. Starting on day 2, the insulin
level in the GH plus insulin group (117.8 ± 21.1 ,uU/ml)
was significantly elevated compared with the level before
surgery (24.0 ± 2.7 ,tU/ml, p = 0.005) and with the TPN
(37.7 ± 6.4 ,uU/ml, p < 0.05) and GH (42.1 ± 6.9 ,uU/ml,
p < 0.05) groups. The insulin level in the GH plus insulin
group remained significantly elevated throughout the re-
mainder of the study period compared with the other groups.
Also, starting on day 3 the mean insulin level in the GH
group was significantly elevated compared with the TPN
group (53.5 ± 8.1 ,uU/ml vs. 28.4 ± 6.5 ,uU/ml, p < 0.05).
C-peptide hormone levels were measured as a reflection of
endogenous insulin secretion; on day 5, the levels were
significantly elevated in the GH group (6.58 ± 0.66 ng/ml)
compared with the TPN group (4.03 ± 0.61 ng/ml, p <
0.05) and the GH plus insulin group (4.23 ± 0.59 ng/ml,
p < 0.05), demonstrating that the elevated insulin levels
seen in the GH group were from release of endogenous
insulin.

There were no differences among or within the groups
with respect to glucagon levels, but there was a significant
elevation in the insulin/glucagon ratio in the GH plus insulin
group starting on day 2 (1.20 ± 0.22) compared with
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Insulin uU/ml
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Figure 1. Insulin levels (,U/ml). *,
p < 0.05 vs. total parenteral nutri-
tion (TPN), growth hormone; t, P <
0.05 vs. TPN. All data are pre-
sented as mean + standard error of
the mean. TPN, total parenteral nu-
trition group; GH, growth hormone
group; GH+lns, growth hormone
plus insulin group.
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pretreatment values (0.22 ± 0.03, p < 0.05) and the TPN
(0.25 + 0.05, p < 0.05) and GH groups (0.42 ± 0.1 1, p <
0.05).

Growth hormone levels are shown in Figure 2. Both
GH-treated groups (GH and GH plus insulin) had signifi-
cantly elevated GH levels starting on day 2 (33.4 ± 3.8 and
39.4 ± 4.5 ng/ml, respectively; p < 0.05 vs. before treat-
ment) compared with pretreatment levels (day 1 levels: GH,
3.68 ± 1.2 ng/ml; GH plus insulin, 3.64 ± 1.0 ng/ml).
Although there was a decline in GH levels over the course

of the study period, they remained significantly elevated
compared with the pretreatment period in both GH-treated

GH ng/mI
50

40

Figure 2. Growth hormone levels
in ng/ml. *, p < 0.05 vs. total par-
enteral nutrition group; t, p < 0.05
vs. presurgical and day 1. All data
are presented as mean ± standard
error of the mean. TPN, total paren-
teral nutrition group; GH, growth
hormone group; GH+lns, growth
hormone plus insulin group.

30

20

10

0

Preop Dayl Day2 Day3 Day4 Day5
-TPN -GH *&GH+INSI

groups. In addition, starting on day 2 and for the remainder
of the study period, GH levels in the GH and GH plus
insulin groups were significantly elevated compared with
the TPN group (day 2: 3.06 ± 0.9 ng/ml, p < 0.05).

IGF-1 levels are shown in Figure 3. There was a signif-
icant decrease in IGF-1 levels after surgery in all three
treatment groups from the baseline level before surgery to
day 1 after surgery. In both the GH-treated groups, GH
treatment increased IGF-1 levels significantly compared
with day 1 measurements starting on day 3, and the levels
continued to rise throughout the study period in both
groups. Although GH treatment elevated the IGF-1 mea-

Preop Dayl Day2 Day3 Day4 Day5
|-TPN i&GH 4GH+INSI

N=1 0/Group
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Figure 3. IGF-1 levels (U/ml). *,
p < 0.05 vs. total parenteral nutri-
tion group; t, p < 0.05 vs. total par-
enteral nutrition group; t, p < 0.05
vs. day 1. All data re presented as
mean ± standard error of the
mean. TPN, total parenteral nutri-
tion group; GH, growth hormone
group; GH+lns, growth hormone
plus insulin group.

Preop Dayl Day2 Day3 Day4 Day5

|-TPN AGH .GH+INSI

surements back to the range before surgery, the levels did
not become significantly greater than the values before
surgery. Starting on day 3, the GH plus insulin group had a
significantly elevated IGF-1 level (1.20 ± 0.19 U/ml) com-
pared with the TPN group (0.58 ± 0.09 U/ml, p < 0.05),
and starting on day 4, the GH group had significantly
elevated IGF-1 levels (1.26 ± 0.17 U/ml) compared with
the TPN group (0.48 ± 0.07 U/ml, p < 0.05).

Protein Kinetics
Whole body protein kinetic data are shown in Figure 4.

The nonoxidative rate of leucine disappearance (Rd), a

reflection of protein synthesis, was not significantly altered
by the administration of GH or GH plus insulin. Similarly,
the endogenous rate of leucine appearance (Ra), a reflection
of protein breakdown, was not significantly influenced by
treatment. Whole body protein net balance, however, was
significantly improved by treatment with both GH (0.17 ±
0.02 ,umol leucine/kg per minute, p < 0.005) and GH plus
insulin (0.14 ± 0.02 ,umol leucine/kg per minute, p = 0.05)
compared with TPN alone (0.05 ± 0.03 ,umol leucine/kg
per minute). Although whole body protein net balance was
significantly increased by GH and GH plus insulin treatment
compared with TPN alone, the combination of GH and

p=N.S.T
.I.

....

Sythsi

p=N.S.

1r

Breakdown

Figure 4. Whole body protein syn-
thesis, breakdown, and net balance
(,m leucine/kg per minute). *, p <
0.005 vs. total parenteral nutrition
group; t, p = 0.05 vs. total paren-
teral nutrition group. All data are
presented as mean ± standard er-
ror of the mean. TPN, total paren-
teral nutrition group; GH, growth
hormone group; GH+lns, growth
hormone plus insulin group.

Net Baa-- n

Net Balance

1L7 TPN (n=10) Z GH (n=10) U GH + INS (n=10) i

IGF-1 U/mi

1.6

1.2

0.8

0.4

0

um Leu/kg/min
1.5

1

0.5

0
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nm Phe/100g/min

30

Figure 5. Skeletal muscle protein
synthesis, breakdown, and net bal-
ance (nm phenylalanine/1 00 g fore-
arm tissue per minute). *, p = 0.01
vs. total parenteral nutrtion group;
t, p = 0.15 vs. total parenteral nu-
trition group. All data are presented
as mean ± standard error of the
mean. TPN, total parenteral nutri-
tion group; GH, growth hormone
group; GH+lns, growth hormone
plus insulin group.

20
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-10

-20

-30
Synthesis Breakdown Net Balance

EL TPN(n=10) E GH(n=10) U GH+ INS(n=1O)

insulin did not significantly improve net balance above the
increase seen with GH alone.

Skeletal muscle protein kinetic data are shown in Figure 5.
Skeletal muscle protein synthesis, measured by the rate of
disappearance (Rd) of phenylalanine (Phe), was increased,
although not significantly, by treatment with GH and GH plus
insulin compared with treatment with TPN alone. Skeletal
muscle protein breakdown, measured by the rate of appearance
(Ra) of phenylalanine, was decreased, although not signifi-
cantly, by GH and GH plus insulin treatment compared with
treatment with TPN alone. The skeletal muscle net protein
balance for the TPN only group was in a state of significant
negative net balance (-14.93 ± 6.64 nmol phenylalanine/100
g per minute). Treatment with GH improved skeletal muscle
net balance, although not significantly, compared with TPN
alone (GH: +4.86 ± 5.68 nmol phenylalanine/100 g per

minute; not significant vs. TPN). Treatment with GH plus
insulin, however, significantly improved skeletal muscle pro-

tein net balance compared with TPN (GH plus ins: +4.50 ±

5.04 nmol phenylalanine/100 g per minute; p = 0.01 vs. TPN).
The combination of GH and insulin, however, did not signif-
icantly increase skeletal muscle protein net balance compared
with GH alone.

DISCUSSION

Patients with malignancies of the upper GI tract are at
increased risk for developing malnutrition.3 The added
catabolic stress of antineoplastic treatment (surgery, che-
motherapy, or radiation therapy) in these patients may

result in an increase in death and complications, an

important factor considering the more frequent use of
neoadjuvant and multimodal cancer treatment. Nutri-
tional status before surgery has been shown to correlate

with perioperative outcome,4 and weight loss in patients
with GI tract malignancies correlates with decreased me-
dian survival.'

Considering the negative clinical impact of cancer
cachexia, nutritional support has become an extensively
investigated field of research. TPN has been studied as a
means of reversing the malnutrition seen in patients with
cancer and potentially decreasing perioperative morbid-
ity and mortality rates. Although TPN has been shown to
improve some parameters of protein metabolism in pa-
tients with cancer,21 there is no conclusive evidence that
these biologic changes translate into improved clinical
outcome. Of the prospective trials examining the effect of
TPN in patients with cancer, only one has demonstrated
a significant decrease in perioperative morbidity and
mortality rates, and that study has been criticized for the
high complication rate.6 In fact, the use of TPN in pa-
tients with cancer undergoing surgery has been associ-
ated with an increased rate of infectious complica-

7,22tions.
Without conclusive data supporting the use of TPN in

patients with cancer, the potential use of anabolic agents in
conjunction with parenteral nutrition has become a signifi-
cant area of investigation. Although insulinl' and GH13
have been studied in these patients, the impact of GH and
the combination of GH and insulin have not been previously
investigated in patients with an upper GI tract malignancy
after surgery.

In this study, we compared the peripheral and whole body
protein kinetic effects of three nutritional regimens (stan-
dard TPN, daily GH plus standard TPN, and daily GH,
systemic insulin, plus standard TPN) in patients with cancer
after surgery. We demonstrated that treatment with either
GH or GH plus insulin significantly increased whole body
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protein net balance when compared with treatment with
TPN alone. The combination of GH plus insulin, however,
did not significantly improve whole body protein net bal-
ance compared with GH treatment alone. Patients receiving
only standard TPN treatment were in a state of negative
skeletal muscle net balance on the fifth day after surgery.
Although GH treatment increased skeletal muscle synthesis,
decreased breakdown, and increased protein net balance
compared with the TPN group, these changes did not reach
statistical significance. The lack of statistical significance
may be a result of a wide variability in the skeletal muscle
data; with an increased sample size, these changes may
become significant. The combination of GH plus insulin
significantly increased skeletal muscle protein kinetics into
a positive net balance range, and the treatment also signif-
icantly improved the net balance compared with TPN. Al-
though GH plus insulin increased skeletal muscle synthesis
and decreased breakdown, these levels did not reach signif-
icance, probably because of wide variability. Skeletal mus-
cle kinetic calculations take into account forearm plasma
flow as determined by capacitance plethysmography. Al-
though there is a learning curve involved in performing this
procedure, all measurements were performed by one of two
investigators with experience in capacitance plethysmogra-
phy, and there were no significant differences between the
treatment groups with respect to forearm plasma flow.
Therefore, we believe that the observed protein kinetic
improvements are a result of treatment and that the lack of
statistical improvements seen with some of the skeletal
muscle protein data is not the result of operator error.

Administration of GH in both GH-treated groups resulted
in a significant increase in serum GH levels starting on the
morning of day 2, approximately 13 hours after the first
dose. Serum GH levels were significantly elevated com-
pared with pretreatment values and with the TPN only
group. GH levels peaked on day 2 and then decreased over
the course of the study, but they remained significantly
elevated at the completion of the study.

Because the anabolic actions of GH are mediated through
IGF-1, it is critical to demonstrate that serum IGF-1 levels
can be significantly elevated by GH administration when
attempting to show a treatment effect. The use of 0.1 mg/kg
per day of GH was based on previous work in our labora-
tory.' In the current study, we demonstrated that serum
IGF-1 levels significantly decreased in response to surgical
stress (presurgical levels vs. day 1 after surgery), and this
postsurgical response occurred in all three treatment groups.
Treatment with GH, however, significantly elevated serum
IGF-1 levels back to presurgical levels (in both the GH and
GH plus insulin groups) and significantly elevated the
IGF-1 levels compared with the TPN group. In fact, the
TPN group continued to demonstrate a decrease in serum
IGF-1 levels throughout the study period, revealing a po-
tential mechanism for catabolic changes after surgery.
As expected, the GH plus insulin group demonstrated a

sustained increase in serum insulin levels. The insulin levels

were dramatically increased compared with pretreatment
levels and with the TPN and GH groups. C-peptide levels,
a reflection of endogenous insulin secretion, were moder-
ately elevated in the GH plus insulin group and were not
significantly different from the levels seen with standard
TPN treatment. This confirms that the elevated insulin lev-
els in the GH plus insulin group were a result of the infused
exogenous insulin. The serum insulin level in the GH group
became significantly elevated compared with the TPN
group. This corresponded with a significant increase in the
C-peptide level in the GH group, confirming that the ele-
vated insulin level in the GH group was a result of endog-
enous insulin secretion in response to the significant hyper-
glycemia observed in these patients.

Studies have shown that high-dose glucagon treatment in
normal fasting humans increases nitrogen losses.23 In this
study, there were no significant differences among the
groups with respect to glucagon levels. One study24 has
proposed, however, that it is not the absolute levels of
insulin or glucagon that determine the protein metabolic
actions of these hormones, but that it is the insulin/glucagon
ratio that is most important. In our study, we were able to
elevate the insulin/glucagon ratio with GH plus insulin
treatment.

Although all patients in this study received an isonitrog-
enous diet, the GH plus insulin group received more total
calories as a result of the 50% dextrose infusion used to
maintain euglycemia in the setting of the systemic insulin
infusion. It can be argued, therefore, that the extra dextrose
calories, and not the hyperinsulinemic state, may account
for the improved protein kinetics in this group. Studies, in
fact, have demonstrated that overfeeding with carbohydrate
calories can have a nitrogen-sparing effect.25 It would not
be possible to provide the high-dose systemic insulin infu-
sion necessary to produce significantly elevated serum in-
sulin levels without dextrose supplementation. Similarly,
without a hyperinsulinemic state it is possible that any extra
glucose provided would not be used for anabolism and
would be disposed of in the urine. In fact, in our study, the
GH group had significantly elevated urine glucose levels
throughout the study period, consistent with the demon-
strated hyperglycemia and only moderately elevated insulin
levels. The TPN only group persistently demonstrated ele-
vated urine glucose levels. It was the GH plus insulin group
who demonstrated virtually no glycosuria, even though they
were receiving the extra 50% dextrose load intravenously. It
is presumed that the hyperinsulinemic state allowed the
extra carbohydrate calories to be used as substrate for the
improved whole body and skeletal muscle protein net bal-
ance demonstrated in this group.
The potential hazards of nutritional support in this study

relate to the hormone supplementation. No patient had a
pneumothorax or developed line sepsis from TPN adminis-
tration. Treatment with GH did result in hyperglycemia, and
two patients were removed from the study at the discretion
of the attending surgeon. For the purpose of this study,
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subjects were not allowed to receive insulin outside of the
predetermined insulin infusion in the GH plus insulin group.
The hyperglycemia associated with GH administration
would otherwise be treated with an insulin sliding scale, and
this has been used, even in the home setting, in long-term
GH administration. Two GH patients were removed from
the study for fluid retention, a known effect of GH admin-
istration. These patients were in the immediate postsurgical
period, however, and whether the fluid retention was a result
of surgery or GH administration could not be determined. A
continuous intravenous insulin infusion, as delivered to the
GH plus insulin group, presents potential hazards, although
no patient had evidence of clinical hypoglycemia. It is
possible that the hyperglycemic effect of GH counterbal-
anced the hypoglycemic insulin effect, making both hor-
mones safer to deliver in the GH plus insulin group.

Although all patients in this study underwent curative
tumor resection, the potential tumor-promoting effect ofGH
must be addressed. Studies have examined the effect of GH
on tumor-bearing rats, and although neither tumor weights
nor volumes increased in GH-treated rats with methylchol-

26,27anthrene-induced sarcomas, an increase in the aneu-
ploid/diploid ratio of the tumor cells was demonstrated.26
One in vivo study has documented that rats exposed to
N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) in drinking
water developed more bladder tumor deposits after GH
treatment than did control animals exposed only to BBN.28
A different study, however, demonstrated that animals with
subcutaneously implanted prostate tumors developed fewer
metastatic lung deposits with GH treatment than did control
animals not treated with GH.29

In humans, no study has addressed the impact of GH on
tumor recurrence after surgical resection. Reports in the liter-
ature, however, have implicated long-term GH replacement in
the recurrence of central nervous system tumors and leukemia
in a population of children deficient in GH. A recent compre-
hensive report by the National Cooperative Growth Study,
which monitored 19,000 children, representing 47,000 patient-
years of GH treatment, concluded that there was no evidence
of increased tumor recurrence.30 Therefore, when complete
resection or other appropriate antineoplastic treatment is ad-
ministered, we believe that GH may be given to patients with
cancer for short-term nutritional support.
To summarize, GH treatment significantly raises serum

IGF- 1 levels and abrogates the decrease in IGF- 1 levels
seen after surgical stress. Continuous administration of
regular insulin raises both the serum insulin level and the
insulin/glucagon ratio. GH administration, in the pres-
ence of TPN, improves whole body protein net balance,
and the combination of GH plus insulin, in the presence
of TPN, improves skeletal muscle and whole body pro-
tein net balance. The addition of insulin to GH treatment
does not increase protein net balance above those levels
seen with GH alone. We conclude from this study that
GH and GH plus insulin, in the presence of TPN, improve
protein kinetic parameters in patients with upper GI tract
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cancers after surgery. Because the addition of insulin did
not markedly improve kinetics over GH alone, and con-
sidering the ease of GH management, we believe, based
on the above data, that GH is the preferred anabolic
additive. Improved protein kinetics, however, represent
biochemical changes. A larger trial, with clinical end-
points, examining the impact of GH alone or in combi-
nation with insulin on morbidity and mortality rates in
patients with cancer should be undertaken.
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