
Phenylketonuria (PKU) is a rare genetic disorder which, if left untreated, 
leads to an accumulation of phenylalanine (Phe) and other neurotoxic 
metabolites. PKU is a rare inherited metabolic disorder detected via 
newborn screening.1 

It  is  characterised  by  a  deficiency 
of  the  liver  enzyme  phenylalanine 
hydroxylase  (PAH),  necessary  for  the 
conversion of the essential amino acid 
Phe to tyrosine (Tyr). Deficiency of the 
enzyme PAH leads to an accumulation 
of Phe and other neurotoxic metabolites 
in the blood. Tyr deficiency also occurs 
due  to  the  limited  hydroxylation  of 
Phe  to  Tyr,  resulting  in  Tyr  becoming 
a conditionally essential amino acid. If 
untreated, high Phe levels accumulate 
in  the  blood  and  brain,  resulting  in 
irreversible  intellectual  disability, 
microcephaly,  motor  deficits,  autism, 
seizures,  developmental  problems, 
aberrant  behaviour  and  psychiatric 
symptoms.1 

MANAGEMENT OF PKU 
The  management  of  PKU  is  via  a 
complex,  lifelong  combination  of 
dietary  Phe  restriction  and  protein 
substitutes.  A  low-protein  diet  in 
combination  with  a  low-  or  Phe-free 
protein substitute maintains metabolic 
control.  Protein  substitutes  are 
classified as Foods for Special Medical 
Purposes  (FSMPs),  also  known  as 
medical foods, and are essential in the 
dietary management of this inherited 
metabolic  disorder  (IMD),  providing 
individuals  with  up  to  80%  of  their 
protein  requirements.1,2  See  Figure  1 
for  the  PKU   Food  Pyramid,  which 
provides a guide to dietary intake. 
  The main features of dietary manage- 
ment for PKU include a lifelong:3 
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•	 exclusion of high biological value 
protein foods to reduce overall 
protein and Phe intake;

•	 daily allocation of low biological 
value protein foods, to provide 
essential Phe requirements in 
measured quantities as 50mg Phe 
exchanges or 1 gram of protein;

•	 use of protein substitutes 
containing essential and non-
essential amino acids (excluding 
Phe) and sufficient levels of 
vitamins and minerals to meet 
age-specific requirements;1 many 
protein substitutes also contain the 
long-chain polyunsaturated fatty 
acid, docosahexaenoic acid (DHA);1

•	 liberal use of very-low-protein 
foods3 (naturally occurring and 
manufactured) to meet energy 
requirements.

CHALLENGES WITH DIETARY ADHERENCE
Adherence to dietary management 
is a commonly reported challenge in 
PKU and is known to deteriorate with 
age.4 Poor adherence to the diet affects 
metabolic control and, in turn, impacts 
mood, attention and cognition.5 Global 
factors perceived to positively impact 
adherence in PKU include the product 
being palatable and its availability in 
an attractive, convenient presentation, 
allowing acceptance amongst peer 
groups.4

	 There have been many improve-
ments to the range and type of products 
available for the management of 
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PKU since the early diets of the 1950s and the 
introduction of national newborn screening in 
the UK in 1969. Continued innovation within 
the medical foods industry, focused on the 
holistic needs of individuals with PKU, is key in 
giving choice to individuals with PKU, thereby 
supporting dietary compliance and improving 
metabolic control.
	 Since the 1970s, the dietary management of 
PKU has relied on the use of synthetic Phe-free 
amino acid mixtures as the major component 
of protein substitutes.6 The taste and smell of 
these amino acid protein substitutes have been 
reported as being offensive to individuals with 
PKU,7 with commonly reported issues relating to 
their taste, smell, aftertaste, texture and overall 
palatability.8-10

	 Given the challenges associated with 
adherence to protein substitutes, the medical foods 
industry, along with dietitians working in the field, 
has searched for innovations that could benefit 
individuals with PKU in terms of acceptability, 
tolerance and supporting improvements in 
dietary adherence. This has been facilitated by 
advances in technology and manufacturing 
capabilities, alongside the availability of a wider 
range of suitable ingredients.2

CASEIN GLYCOMACROPEPTIDE (GMP):  
AN ALTERNATIVE IN THE MANAGEMENT  
OF PKU
GMP is a whey protein derived from a natural 
protein source, which, when isolated, naturally 
contains low levels of Phe, making it suitable for 
use in the dietary management of PKU.11 The 
natural amino acid profile of GMP is not suitable 
as a sole protein source and supplementation 
with the limiting amino acids (other than Phe) is 
therefore required.1,12

	 The first mention of GMP in the dietary 
management of PKU was published in 2008,13 
with the findings of the first small-scale clinical 
trial published in 2009.14 Since then, an ever-
increasing interest in the use of GMP in PKU 
has been documented with both clinical research 
and an increase in the availability and popularity 
of GMP-based protein substitutes.
	 The main differentiating feature and 
advantage of GMP over amino acids is its 
superior sensory properties. GMP-based protein 
substitutes have been widely reported as more 
palatable in terms of taste and acceptability 
compared with amino acids15,16 and generally 
preferred over amino acid protein substitutes 
by individuals with PKU.16,17 Furthermore, it 
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Figure 1: Food Pyramid for PKU3
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has been reported that the acceptability of GMP-
based protein substitutes supports adherence 
to dietary management.18 Fundamentally, 
the introduction of GMP into the dietary 
management of PKU has expanded the choice of 
protein substitutes available to individuals, and 
dietitians have another offering for individuals 
struggling with adherence to their dietary 
regime.

	 As development continues to progress within 
the area of GMP-based protein substitutes in line 
with the latest clinical guidelines and regulatory 
considerations, patient-centred research is ongoing, 
with improvements to taste, convenience, choice 
and volume remaining the key considerations for 
product innovation.2 Continued research is also 
being conducted on the potential additional health 
benefits of GMP.19

BORIS’S STORY
Boris has successfully transitioned to a GMP-based protein substitute; his mother provided insight into the 
benefits this has provided for both her young child and herself and we provide her feedback here:

“The GMP product has been life-changing. Boris is four years old and has classical PKU. It was really challenging 
for me and Boris because he didn’t like the taste of the previous protein supplement, and I was pregnant and 
couldn’t tolerate the smell. We tried many different substitutes and have continued with the GMP product because 
my son really likes the taste and I like the smell. He is taking his GMP product three times a day by himself and 
he is really enjoying it. Boris has been a lot happier than before because it is just so easy to take. His levels are 
very stable. I have been a lot happier as I don’t need to make him take it and I know he is taking the right amount 
of protein and enjoying it. We have been doing a lot of travelling in the past year and a half. We can just pack his 
protein substitute and take it with us. It has been so easy for us since we have been on the GMP supplement.”

About the British Specialist Nutrition Association (BSNA)
BSNA is the trade association representing manufacturers of products designed to meet the 
particular nutritional needs of individuals, including specialist products for infants and young 
children (including infant formula, follow-on formula, young child formula and complementary 
foods), medical nutrition products for diseases, disorders and medical conditions, including oral 
nutritional supplements, enteral tube feeding and parenteral nutrition, as well as companies 
who aseptically compound chemotherapy, parenteral nutrition and CIVAS.
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Questions relating to: Intensive care: Cancer Cachexia

Type your answers below, download and save or print for your records, or print and complete by hand.

Q.1
What is cancer cachexia?

A

Q.2
What makes cancer cachexia different from disease-related malnutrition?

A

Q.3
Outline the three accepted factors that define cancer cachexia.

A

Q.4
Explain the refractory phase of cachexia.

A

Q.5
Describe the key elements in the pathophysiology of cachexia.

A

Q.6
What are the aims of dietary management of cancer cachexia?

A

Q.7
How are neutraceuticals thought to help weight loss in this cohort?

A

Q.8
Summarise the 2021 ESMO guidelines on the management of cachexia in adult cancer patients.

A
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DIETARY MANAGEMENT OF CANCER CACHEXIA

The aims of dietetic intervention in cancer 

cachexia are weight and muscle loss stabilisation, 

which can be achieved by improving nutritional 

intake (energy, protein and micronutrients), 

correcting increased energy expenditure and 

improving quality of life. 2 However, included in 

the definition of cancer cachexia is that it ‘cannot 

be fully reversed by conventional nutritional 

support’. 1 Thus, this has led to the investigation of 

various nutraceuticals such as eicosapentaenoic 

acid (EPA).
 

Research from in vitro studies revealed 

that EPA facilitates the down-regulation of 

proteolytic pathways and improves insulin 

sensitivity and energy and protein intake. 2 In 

recent years, there has been more research into 

the nutritional benefits of EPA and it has been 

included in the ESPEN guidelines. 9 ESPEN 

guidelines recommend EPA in advanced 

cancer patients undergoing chemotherapy who 

are at risk of weight loss or who are already 

malnourished, and states that supplemental 

intake with doses 4-6g/day or 1-2g/day EPA 

diminish inflammatory markers. 9

 
The European Society for Medical 

Oncology (ESMO) published guidelines on the 

management of cachexia in adult cancer patients 

in 2021. These comprehensive guidelines 

provide recommendations for the detection, 

prevention and treatment of cancer cachexia, 10 

emphasising the need for a ‘multitargeted 

and multidisciplinary approach’ and provides 

comprehensive guidance on screening and 

assessment to help identify cachexia. The 

guidelines recommend nutritional counselling, 

nutrition support (ONS – oral nutrition support – 

and artificial feeding – enteral/parental) tailored 

Figure 2: The major organs affected 

during cachexia and how they promote 

tumour growth 8
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anticancer treatment. 1 Unfortunately, there are 

no specific biomarkers to identify patients in the 

pre-cachexia stage 6 or to identify their risk of 

further progression.

 The refractory cachexia phase is determined 

by very advanced cancer, or the presence of 

rapidly progressive cancer unresponsive to 

anticancer treatment and low performance 

status (WHO score 3 or 4), and a life expectancy 

of less than three months. 1 Refractory cachexia 

cannot be reversed or improved through 

nutrition intervention, and measures should aim 

to maintain the patient’s quality of life. 6

PATHOPHYSIOLOGY OF CANCER CACHEXIA

Cancer tumours not only affect the primary area, 

but their presence in the body can affect other 

organs and cells, including major organs such as 

the liver, gut, brain and pancreas, as well as the 

immune system, 7 as illustrated in Figure 2.

 Inflammation is a major driver in cachexia and 

cancer cells produce specific pro-inflammatory 

cytokines that promote tumour growth, survival 

and progression. 7 Tumour cells secrete specific 

factors such as tumour necrosis factor alpha 

(TNF-α); interleukin-1, -6 and -8 (IL-1, IL-6 

and IL-8); and interferon gamma (IFNγ) which 

promote skeletal muscle wasting and lipolysis, 

another key element in cachexia. TNF-α works 

by causing an increase in gluconeogenesis, 

proteolysis and loss of adipose tissue. 8

 Many other complex metabolic alterations 

occur in the heart, liver, pancreas and gut, which 

you can read about in Porporato’s article, 7 but 

exploring the changes that occur in the brain is 

particularly worth further discussion here.

ANOREXIA IN CACHEXIA

Reduced oral intake and appetite is very common 

in cancer patients and is due to a complex 

mix of physiological and psychosocial factors. 

The brain, in particular the hypothalamus, 

regulates food intake and energy expenditure 

and is affected in cachexia. Several hormones 

regulate appetite to either promote food intake, 

described as ‘orexigenic’ (eg, ghrelin) or inhibit, 

described as ‘anorexigenic’ (eg, leptin, insulin, 

cholecystokinin, peptide YY and glucagon-like 

peptide 1/GLP1). 7

 Appetite can be suppressed in cancer 

patients due to increased resistance to some of 

these hormones, or causes increased activation 

of pro-anorexigenic factors. 7 TNF-α may also 

play a role here and interestingly has also 

been associated with the stimulation of the 

bitterness perception, which is often reported 

by our patients with taste changes. 7 However, 

we know that anorexia is more complex than 

just a loss of appetite; it also includes changes 

to taste and smell, early satiety, fatigue, and 

treatment side effects, all of which need 

consideration.PREVALENCE OF CANCER CACHEXIA

Cachexia occurs in 80% of cancer patients, 

reducing the quality of life and contributing 

to up to 20% of cancer-associated deaths. 7 The 

prevalence varies with different cancer types, 

being highest in pancreatic and gastric cancers 

at 87%, whilst in colon, lung, prostate and 

non-Hodgkin lymphoma it’s 61%, and 40% 

in breast, sarcoma, leukaemia and Hodgkin 

lymphoma. 6

Figure 1: Stages of cancer cachexia (adapted from Fearon et al 2011) 1
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Cancer cachexia is ‘a multifactorial 

syndrome defined by an ongoing loss of 

skeletal muscle mass (with or without loss 

of fat mass) that cannot be fully reversed 

by conventional nutritional support 

and leads to progressive functional 

impairment. Its pathophysiology is 

characterised by a negative protein and 

energy balance driven by a variable 

combination of reduced food intake and 

abnormal metabolism’.1 What makes cancer cachexia different 

from disease-related malnutrition is that 

it is not only characterised by weight 

loss, but also increased inflammation 

and muscle wasting. As with disease-

related malnutrition, anorexia and 

reduced oral intake are key factors; 

however, cancer cachexia is thought to 

be driven by abnormal metabolism and 

not due to ‘starvation’.2
DIAGNOSING CANCER CACHEXIA

Due to its multifactorial nature, cancer 

cachexia can be hard to identify and 

diagnose. The lack of consensus on 

the definition has meant there are 

multiple frameworks: Evans,3 Fearon1 

and cachexia score (CASCO) criteria.4 

The Global Leadership Initiative on 

Malnutrition (GLIM) consensus criteria 

for the diagnosis of malnutrition includes 

guidance on cancer cachexia too.5

 Fearon et al1 is generally the most 

accepted framework for cancer cachexia, 

defining it as follows:• Weight loss >5% over the past six  
months (in absence of simple 
starvation), or• BMI <20 and any degree of weight 

loss >2%, or• Appendicular skeletal muscle index 
consistent with sarcopenia (males 
<7.26kg/m2; females <5.45kg/m2) 
and any degree of weight loss >2%STAGES OF CANCER CACHEXIA

Cancer cachexia is described as a 

sequential process divided into three 

clinical stages: pre-cachexia, cachexia 

and refractory cachexia (see Figure 1).1 

Not all patients will experience all three 

and the risk of progression through the 

stages is dependent on the cancer type 

and stage, presence of inflammation, 

reduced intake and response to 

CANCER CACHEXIA
This article aims to examine the diagnosis of cancer cachexia, the 

pathophysiology and explore the new cancer cachexia guidelines.

ESSENTIAL RESOURCES

ESPEN guidelines on nutrition in cancer patients. 

https://www.sciencedirect.com/science/article/pii/S0261561416301819

ESPEN practical guideline: Clinical nutrition in cancer. 

https://www.espen.org/files/ESPEN-Guidelines/ESPEN-practical-guideline-clinical-nutrition-in-cancer.pdf

ESMO clinical practice guidelines. Cancer cachexia in adult patients. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8233663/pdf/main.pdf
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