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Abstract
Background—Children with cancer frequently have associated cachexia and malnutrition.
Failure to thrive affects nearly 40% of oncology patients with advanced or progressive disease.
Malnutrition can erode quality of life and adversely impact disease prognosis. Appetite stimulation
and increased food intake is one approach to combat cancer-related cachexia.

Materials and Methods—Cyproheptadine hydrochloride (CH), an appetite stimulant, was
administered to children with cancer-associated cachexia to prevent further weight loss. All
participants started CH and were evaluated for response after four weeks. Efficacy of megestrol
acetate (MA) was evaluated in patients who did not respond to CH. Medical evaluation, weight
measurements, prealbumin and serum leptin levels were preformed at follow-up visits.

Results—Seventy patients were enrolled. Of the 66 evaluable patients, 50 demonstrated a
response to CH (average weight gain 2.6kg and mean weight-for-age z-score change of 0.35,
p=0.001). Seven of the 16 non-responders received MA. Six patients completed four weeks of
MA, 5 responded (average weight gain of 2.5kg). The most commonly reported side effect of CH
was drowsiness. One patient on MA developed low cortisol levels and hyperlipidemia.

Conclusions—This study demonstrates that CH is a safe and effective way to promote weight
gain in children with cancer/treatment-related cachexia.
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Introduction
Cachexia is a frequent complication in patients with cancer. It affects as many as 80% of
adult cancer patients and up to 40% of pediatric oncology patients with advanced or
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progressive disease.1–3 Cachexia is a direct result of an imbalance between excessive energy
expenditure and nutritional intake. Patients with metastatic and progressive disease are at
greater risk for cachexia, thought to be due to tumor-secreted anorexins, host-derived tumor
necrosis factor, interleukin-1 and interleukin-6.4, 5 Cancer-related treatments are also
instrumental in the development of cachexia. Nausea, vomiting, anorexia, early satiety and
changes in taste perception are frequent side effects of radiation and chemotherapy.
Acquired food aversions contribute to the problem, as well.3 Depending upon the severity of
the cachexia, clinical manifestations may vary. Weight loss, anorexia, aberrant carbohydrate
metabolism (decreased glucose tolerance, increased glucose synthesis, insulin resistance,
increased Cori cycle activity), skin and skeletal muscle atrophy, hypoalbuminemia,
hyperlipidemia, anergy, and asthenia have all been observed in patients with cachexia.3, 5
Malnourished children are much more susceptible to infectious complications and delayed
wound healing due to cachexia-induced abnormalities in cell mediated immunity.2, 6, 7
Pollack and colleagues have demonstrated that cachectic children are often physiologically
unstable, require more therapeutic interventions and have a higher mortality rate than non-
cachectic children.8 The higher mortality rate is likely related to the increased toxicity of
chemotherapeutic agents in malnourished patients.9–11 In addition, cachexia profoundly
impacts the psychological and emotional health of affected children. Coates et. al.,
demonstrated that severely malnourished children often lack interest in play activities, have
a decreased sense of well-being, and are less able to cope with disease-related treatments.2

Traditionally, cancer-associated cachexia in children has been treated with oral supplements,
tube feedings and parenteral support.3 While these methods may be effective in certain
patients, they also have significant disadvantages. Oral supplements are commonly
unpalatable to children and require large volumes to be effective. Nasogastric tube feedings
cause nasal irritation and are cosmetically unappealing. Gastric tube feedings are
contraindicated in some immunocompromised patients, require surgical placement, and are
refused due to their appearance. Parenteral nutrition has been associated with catheter-
related infectious complications, high cost, and possible stimulation of tumor growth.5, 12–14

A preferable method to treat cancer-associated cachexia in children is to stimulate their
appetite and increase their oral food intake. There are numerous studies in the adult
oncology literature supporting the use of appetite stimulants such as megestrol acetate (MA)
and cyproheptadine hydrochloride (CH) to promote weight gain.5, 12, 15–18 These agents are
also suited for use in children because of their low toxicity profile and palatable oral
suspensions, when needed.

Cyproheptadine hydrochloride is a serotonin and histamine antagonist approved by the FDA
for use in children for allergic rhinitis, allergic conjunctivitis, urticaria, dermatographism
and mild angioedema. Unexplained weight gain has been observed in patients taking CH.
Previous studies have demonstrated that this drug is an effective appetite stimulant in
children with asthma, failure to thrive, short stature, and anorexia nervosa.19–25 The current
study is the first to report the use of CH for the management of pediatric cancer/treatment-
related cachexia.

Megestrol acetate is a synthetic, antineoplastic, progestational agent with well-documented
appetite stimulation and weight gain side effects. FDA-approved for AIDS-related cachexia,
MA has also been extensively studied in adult cancer cachexia.26–31 Reports in the pediatric
literature demonstrate that MA promotes weight gain and improves nutritional status in
patients with cystic fibrosis, AIDS and malignant solid tumors,32–35 but its use can be
complicated by potentially life-threatening adrenal suppression.36, 37

To evaluate nutritional status we measured surrogate markers including serum prealbumin
and leptin levels at baseline and after four weeks of study agent. To date, there is no
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consensus regarding which of the markers are most reliable measures of nutritional status;
but, prealbumin is considered a sensitive marker of protein status in pediatric cancer
patients.6, 38, 39 Serum leptin levels are considered markers of body fat content.40 They are
associated with adipocyte production and have been found to correlate with body mass index
in patients with and without cancer.41–44

Materials and Methods
Patient Population

Pediatric patients between the ages of 2–20 years of age with the diagnosis of cachexia
secondary to cancer or cancer treatment-related therapy were eligible for this open-label
sequential phase II trial. A placebo control was not utilized for this study due to the
characteristics of our patient population. Our experience has been that clinicians were not
willing to randomize their cachectic patients to a placebo-controlled trial, thus impacting
study feasibility. More importantly, since documented cachexia was required for study
entry, we thought it unethical to administer four weeks of a placebo in children who were
already compromised. Cancer/treatment-related cachexia was defined as a documented
history of weight loss of at least 5%, drop in growth rate two or more percentile ranks on
standard growth charts, or a weight for height less than the tenth percentile on standard
growth charts. Patients with newly diagnosed or relapsed cancer who were receiving active
or palliative therapy, or who had completed therapy within eight weeks prior to study
registration, were eligible. Exclusion criteria included patients taking appetite stimulating
medications within three weeks of enrollment, receiving corticosteroids for more than seven
days in the four week period, or receiving parenteral nutrition or tube feeding within one
week of starting this protocol.

Treatment
Eligible patients were started on CH at 0.25 mg/kg/day orally in two divided doses, not to
exceed 20mg/kg/day based on the recommended pediatric dose per the product insert.45 This
dose is consistent with the dose of CH used in previous pediatric studies of CH as an
appetite stimulant.45–47 Evaluation at the time of study enrollment and after four weeks of
therapy included a medical evaluation, height, weight and blood pressure measurements,
physical examination, serum leptin levels and serum prealbumin levels. Response to CH was
evaluated at the end of study week four. Stable or increased weight was considered a
treatment response. Stable weight was defined as an unchanged weight or a weight loss of
less than one percentile. For patients who responded to CH, the decision to continue drug
therapy beyond the first four weeks or discontinue it was made by the treating physician. A
final study evaluation for patients who responded to CH was completed at week eight.
Patients who exhibited no response to CH, defined as additional weight loss greater than or
equal to one percentile, at the four week study visit, were eligible for a four week trial of
MA 10 mg/kg/day in a single daily oral dose. Patients on MA had additional testing
including serum glucose, morning cortisol level, lipid profile, and a testosterone level for
males greater than 10 years old or an estradiol level for females greater than 10 years of age.
These additional laboratory evaluations were important due to the potential for MA to
induce hyperglycemia, adrenal suppression, sex hormone dysregulation, and elevated
cholesterol and triglyceride levels. These evaluations were repeated after four weeks of MA
and at the final study visit (study week 12). Stable or increased weight after four weeks of
MA was considered a treatment response. For patients who responded to MA, the decision
to continue MA therapy beyond four weeks or discontinue it was made by the treating
physician. A final study evaluation was completed on week 12. All patients completed daily
logs to document study agent intake and adverse events. Logs were reviewed at clinic visits
to monitor study agent adherence and adverse events. Overall compliance to study agent
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consumption was high and less than 7% of scheduled doses were missed. Compliance did
not differ significantly between responders and non-responders. Adverse events were graded
using the CTC Version 2.0 and reported to the Research Base.

Statistical Analysis
Data were analyzed using an intent-to-treat analysis. Paired t-tests were used to compare pre
versus post treatment changes in weight, prealbumin and leptin levels. Leptin levels were
not normally distributed and were log transformed for analysis. Sign test was used to
compare pre-versus post-treatment change in weight-for-age z-score. The correlation
between treatment-associated changes in weight and changes in surrogate markers
(prealbumin and leptin levels), were obtained by Spearman’s non-parametric correlation
method. At the conclusion of the intervention, the response rate and non-response rate for
CH were calculated and 95% exact confidence intervals were obtained. Pearson’s chi square
or Fisher’s exact test was used to compare the proportions among responders and non-
responders within defined age groups depending on the cell size. Non-parametric Wilcoxon
rank sum test was used to compare the continuous variables between two groups. Kruskal-
Wallis test was used for the multiple group comparisons. Tests were two-sided at 0.05
significance levels. The analysis was implemented in SAS version 9.

Results
Seventy patients from twenty institutions were enrolled and underwent baseline testing prior
to initiation of CH therapy. Patient demographic and clinical data are provided in Table 1.
Sixty-six patients had a documented history of weight loss greater than 5%. Two patients
had a drop in growth rate greater than two percentiles and two patients had a weight for
height less than the tenth percentile. There were 30 females and 40 males with a median age
of 11.7 years (range, 3.2–19.4 years). The study population included patients with multiple
types and stages of both relapsed and newly diagnosed cancer. Of the 70 enrolled patients,
66 were evaluable for response to CH therapy. The four non-evaluable patients included one
patient who was noncompliant with the protocol regimen; two patients who withdrew
consent within a few days of starting CH due to CH-related drowsiness; and one patient who
was withdrawn within the first week due to cancer-related symptoms that impaired ability to
take oral medication.

Fifty patients responded to CH (response rate of 76%, 95% CI: 64%–85%), and 16 patients
were classified as non-responders (failure rate of 24%). Of the 50 responders, 48 patients
gained weight and two patients had stable weights. There were no significant differences in
baseline characteristics observed between responders and non-responders. The mean weight
gain for the patients who responded to CH was 2.6 kg (range −0.1–10 kg, 95% CI: 1.93–
3.27). Weight-for-age z-scores were used to compare a patient’s weight to the average
weight of a healthy child of the same age. The average change in z-score for the CH
responders was 0.35 (range −0.09–1.89, 95% CI: 0.25–0.45).

Table 2 documents weight, weight–for-age z-scores, and prealbumin and leptin levels for
responders to CH at baseline and after four weeks of therapy. Of the 50 responders, 40
patient samples for serum prealbumin collected at baseline and the four week follow-up
visit. The baseline mean was 21.8 mg/dL and at four weeks, the mean increased to 23.94
mg/dL (p-value =0.25). The average change in prealbumin levels was 2.14 mg/dL (95%CI:
−1.41 – 5.68). Serum leptin levels were evaluated for 32 patients of the 50 responders both
at baseline and at the four week follow-up visit. The mean baseline was 1.19 mg/dL and
increased to a mean of 1.83 mg/dL after four weeks of CH (p-value = 0.0004). The average
change in leptin levels was 0.64 mg/dL(95%CI: 0.32 – 0.96). Sixteen patients failed to

Couluris et al. Page 4

J Pediatr Hematol Oncol. Author manuscript; available in PMC 2010 August 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



respond to CH, with a mean change from baseline weight of -1.46 kg (range, −0.3 – −3.6
kg) and a mean change in weight-for-age z-score of −0.28 (range, −0.05 – −0.65).

To evaluate response based on age, patients were stratified into three groups at enrollment.
Group 1 included patients less than nine years of age, group 2 included patients 9 through 13
years of age and group 3 included patients greater than 13 years old. Approximately 26% of
patients were in group 1 and 38% and 36% were in groups 2 and 3, respectively. The
proportion of responders and non-responders among the three strata did not differ
significantly. The proportion of patients who demonstrated a response in the three strata
were 71%, 76% and 79%, respectively (p-value = 0.82). There was a significant absolute
weight change demonstrated among the three groups (Table 3). Responders in groups 2 and
3, representing patients greater than or equal to nine years old, gained significantly more
weight than those in group 1 (p=0.003). The change in weight-for-age z-score also
demonstrated a similar pattern, but was not statistically significant.

Interestingly, a significantly different response rate to CH was demonstrated when the
response in patients with hematological malignancies (leukemia/lymphoma) was compared
to non-hematological malignancies (p=0.04). A total of 25 patients with diagnosed
hematologic malignancies were enrolled onto study. Among them, 23 were evaluated for
response to CH at the follow-up visit. The response rate was 91.30% among these patients
(21 out of 23). The response rate in patients with non-hematologic malignancies was 67.44%
(29 out of 43). While the response rates differed significantly, the actual change in weight
and weight-for-age z-scores did not differ significantly between patients with hematological
compared to non-hematological malignancies. The mean weight change for hematological
versus non-hematological malignancies was 2.90 (±2.54) and 2.39 (±2.26), respectively p=
0.46. The mean change in weight-for-age z-score for hematological versus non-
hematological malignancies was 0.31 (±0.25) and 0.38(±.41), respectively p=0.95.

There were no serious adverse events reported during the study. The most common adverse
events reported by patients taking CH included drowsiness, headache, insomnia, and dry
mouth. These events were not unexpected in light of CH’s mechanism of action as a
histamine antagonist. Three patients were not able to continue therapy due to drowsiness.
Two were not evaluable for response. There were no unexpected adverse events documented
in patients taking CH.

Of the 16 patients who failed to respond to CH, 7 proceeded to MA treatment per protocol.
One patient with no reported side effects was taken off study at the discretion of the treating
physician. A total of 6 patients completed the four week trial of MA and 5 responded to
therapy. The average weight gain was 2.5 kg (range 0.6–5.9 kg). Asymptomatic
hypocortisolemia and hyperlipidemia were observed in one patient. There were no side
effects associated with MA that required study withdrawal.

Discussion
Cachexia is a common but challenging problem in children with cancer. Malnutrition
adversely impacts a patient’s quality of life and his/her ability to tolerate aggressive
therapeutic interventions. Appetite stimulation and increased oral food intake are
physiologically preferable approaches for inducing weight gain. In this study, we
demonstrated for the first time that CH can evoke a statistically significant increase in body
weight among cachectic pediatric oncology patients.

Review of the literature reveals that CH is highly efficacious in many clinical conditions
associated with weight loss, including asthma, anorexia nervosa, tuberculosis, and cystic
fibrosis.19, 20, 23, 24, 48–50 Lavenstein et. al., observed a >200% weight gain with CH
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therapy in children with asthma versus those on placebo for 15 weeks.19 Homnick and
colleagues demonstrated that patients with cystic fibrosis had a mean increase of 3.45 kg
compared to 1.1 kg in the placebo group after taking CH for 12 weeks to nine months.49, 50

Recently CH has been studied in patients with ADHD and stimulant-induced weight loss.
All 21 patients on CH for two weeks gained a mean of 2.2 kg compared to a 2.1 kg weight
loss in the placebo group.51

Our study is the first to rigorously investigate CH-induced weight gain in children with
cancer-associated cachexia. Our finding of a mean weight gain of 2.6 kg in 50 CH-treated
patients is consistent with the observations of other pediatric CH trials.49–51 Likewise, our
study duration of four weeks compares favorably with other reported studies of children
receiving CH for one week to nine months.19, 49–51

In our study, CH at a dose of 0.25 mg/kg/day was associated with a statistically significant
weight gain in approximately 76% of evaluable patients. Serum prealbumin and leptin levels
were utilized as surrogate markers for weight gain and to investigate protein and fat
deposition induced by the study agent. The change in serum prealbumin levels at four weeks
was not statistically significant in patients treated with CH. In contrast, serum leptin did
increase significantly in our patients treated with CH. Leptin is a protein hormone produced
by adipocytes and involved in the maintenance of stable bodymass.40 Cancer cachexia has
been shown to be associated with reduced or normal levels of serum leptin, likely due to
either the lack of new deposition or overall loss of adipose tissue, respectively.52, 53 While
we did not measure body-mass index (BMI) in this study, literature supports a correlation
between an increase in serum leptin levels and increases in BMI.41, 42

An age-dependent response to CH was demonstrated in this study population. Although the
proportion of responders did not differ among the three age groups, patients in the two older
groups, collectively those children greater than nine years of age, gained more weight than
younger patients. This may be partly explained by the increase in weight velocity commonly
observed during puberty.

Another interesting finding of our study was the difference observed in response rate to CH
when comparing patients with hematologic malignancies and solid tumors. While a
significantly higher proportion of patients with hematologic malignancies responded to CH,
they did not gain more weight than patients with solid tumors. Corticosteroids are
commonly prescribed for patients with hematologic malignancies, which could be a
confounding factor in studies measuring weight change; however, this study excluded
patients who were expected to receive corticosteroids for more than seven days during the 4-
week treatment period as part of therapy. This finding suggests that while patients with
hematologic malignancies may not be at highest risk for cachexia, those who do develop
cachexia as a consequence of their malignancy or treatment will respond favorably to
appetite stimulation with CH.

Sixteen of our patients failed to respond to CH therapy and slightly less than half of these
non-responders received MA per protocol. The majority of the patients who completed four
weeks of MA had weight gain comparable to that observed in the CH group (mean 2.5 kg
vs. 2.6 kg, respectively). However, the MA sample size was too small in this study to draw
any significant conclusions about the efficacy of MA in pediatric oncology patients.

The safety profile for CH was consistent with the published literature. CH was well tolerated
with rare adverse events, all of which were related to its antihistaminic effects. Only three
patients (5%) treated with CH had excessive somnolence requiring withdrawal from the
study. According to the literature, this side effect is typically self-limiting and generally
reported within the first few days of therapy in both pediatric and adult studies.19, 24, 49

Couluris et al. Page 6

J Pediatr Hematol Oncol. Author manuscript; available in PMC 2010 August 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Hypocortisolemia and hyperlipidemia were observed in a single patient receiving MA
therapy, which are also known documented side effects seen in patients taking MA.

Potential limitations of this study are its lack of a placebo control group and the duration of
the medication trial. The investigators felt that it was unethical to withhold treatment from
an already cachectic and fragile population for the sole purpose of establishing a placebo
group. The risks of cachexia out-weighed the benefits of improved research design. Our
experience has also demonstrated that a placebo-controlled trial in this patient population is
not feasible. Treating physicians are unwilling to randomize to placebo when patients
already meet the criteria for cachexia. This study did not assess the duration of patient
response to CH or the long term safety profile of this agent. These are both issues which will
need to be addressed in future studies.

Conclusions
In summary, CH is a safe and effective appetite stimulant in pediatric patients with cancer-
associated cachexia. Patients receiving daily oral CH experienced excellent weight gain
during the first four weeks of therapy. The elevation of serum leptin levels in patients on CH
suggests fat deposition as a possible mechanism of increased body mass and further studies
are needed to evaluate the usefulness of leptin as an indicator of nutritional status. The most
common side effects of this drug are drowsiness, headache, insomnia and dry mouth. MA is
also an effective appetite stimulant, but due to its safety profile, may be more appropriate as
second-line therapy. Additional studies of CH with longer follow-up and a larger study
population are necessary. A standard of care for treatment of pediatric cancer-associated
cachexia is needed. Future investigations to evaluate the clinical outcomes related to
treatment of cachexia such as tolerance to chemotherapy, infection rates and quality of life
are warranted. Likewise, the potential role of CH as a prophylactic agent for cancer cachexia
remains to be investigated.
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Table 1

Demographics and Baseline Clinical Data

Median Age (years) 11.7 (range, 3.2–19.4)

Gender 40 male, 30 female

Type of Cancer: No. of patients

 Leukemia 19

 Sarcoma 15

 Brain Tumor 13

 Lymphoma 6

 Hepatic tumor 1

 Wilms’ tumor 1

 Neuroblastoma 1

 Other 13

Stage of Cancer:

 I 2

 II 6

 III 4

 IV 13

 N/A 29

 Unknown 16

New Diagnosis 62

Relapsed Disease 8
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