
 

 

 

DENOSUMAB 

 

“The Fountain of Youth” oil on canvas, 1546, Lucas Cranach the Elder,  

Gemäldegalerie, Berlin.   

 

The Icthyophagi then in their turn questioned the king concerning the term of life, and 

diet of his people, and were told that most of them lived to be a hundred and twenty years 

old, while some even went beyond that age - they ate boiled flesh, and had for their drink 

nothing but milk. When the Icthyophagi showed wonder at the number of the years, he led 

them to a fountain, wherein when they had washed, they found their flesh all glossy and 

sleek, as if they had bathed in oil and a scent came from the spring like that of violets. 

The water was so weak, they said, that nothing would float in it, neither wood, nor any 

lighter substance, but all went to the bottom. If the account of this fountain be true, it 

would be their constant use of the water from it which makes them so long lived. 

 

Herodotus, Bk III, “The Histories”, 440 B.C.E  



The legend of the Fountain of Youth is ancient indeed, and appears across many cultures. 

One of the earliest recorded mention of it appears in Herodotus’ Histories written in the 

Fifth century. B.C, where he describes a fabulous fountain whose waters had the power 

to regenerate the body to a an earlier age. By the Sixteenth century natural mineral spas 

were seen as powerful restorers of good health and a cure for all manner of ailments, 

both real or imagined. Though belief in an actual ability to restore youth had waned 

somewhat, belief that certain pure springs could restore health remained very strong.  

 

A painting believed to have been produced by Lucas Cranach the Elder, depicts the 

fabled Fountain of Youth in which feeble old women are being brought to the fountain. 

Many of the women are very old and infirm and cannot even walk and so they are carried 

in carts or horses or even on the backs of younger men. The women shamelessly disrobe 

in front of them - much to the enraptured leering of one red robed monk, perhaps with an 

account book recording the names of the women. They jump into the fountain’s pool and 

are miraculously transformed back into fair young maidens. They emerge from the pool 

at the other end to be greeted by a an aristocratic young man, who ushers them into a 

velvet vermillion pavilion from where they finally emerge dressed in the finest luxury of 

high-end Renaissance fashion. They then go off and cavort with a host of aristocratic 

young men; in the background we see a large group of couples dancing happily around a 

tree; to the right we see them enjoying a great feast in the sunshine, while in the right 

foreground one particular couple canoodle in the bushes. 

 

If the mineral waters did not affect a cure then of course the fault lay with the person, 

whose faith in God had not been sufficient. In Herodotus’ time it was the gods of 

Olympus who imparted miraculous powers to the waters, (in Cranage’s painting we see 

the pagan deities Venus and Cupid standing atop the fountain). In Lucas Cranage’s time 

of course it was the Christian God who imparted the miraculous healing powers of the 

fountain. To the left we see one old women praying earnestly to God as she is being 

brought to the fountain by two younger women. She knows that the waters will not be 

enough in themselves to restore her youth, she must also be steadfast in her faith as well. 

 

The fact that only women bathe in the pool has brought forth suggestions that Cranach 

produced this work for the titillation of some rich aristocratic male patron. It may also 

suggest of course that women only have worth to men when they are young, and even 

then their worth is only in relation to their lustful desires. But these sentiments are 

perhaps somewhat of an anachronism attributable to politically correct 21st century 

sensibilities. The magisterial Art Historians, Rose-Marie and Rainer Hagen have 

suggested that perhaps a Sixteenth century viewer would have had a very different 

perspective. The scene is not just about lust and satisfaction. In the Sixteenth century, 

bondage in marriage was not simply a matter of love. In an age utterly devoid of any type 

of social security system the family unit for the average peasant was also a unit of simple 

survival. Young women were necessary to ensure progeny. The elderly were cruelly 

considered useless when they could no longer work. Children were vital to provide for 

them, to take over the family farm, or workshop or business, or worst case scenario even 

to beg for alms; there were no state aged pension schemes in the Sixteenth century. No 

children in one’s old age, meant a miserable existence and a swift death, when the 

capacity for work was lost.   

 



For women the pressure to produce children, and lots of them was high, not only in the 

sense of caring for a young family, but also in the fearful toll of childbirth itself. Many 

would die of childbirth complications; others weakened by a constant state of pregnancy 

and work, would be carried off by the one of the many repeated deadly infectious 

diseases epidemics. The Hagens have found that at this period in Europe in general, the 

population aged between 40 and 60 counted only two women for every three men. One 

man in three thus remained a widower or unmarried and as they aged without a partner 

or family their future looked very bleak indeed. In this light the idea of rejuvenating 

elderly women had become a powerful fantasy in the minds of many. The high mortality 

rate amoung young women, meant large numbers of widowers who could not cope with 

looking after children and working at the same time. A farmer’s widow on the other hand 

could not hope to manage a farm without a strong man. A rich widower could of course 

take another young wife, who all too often was happy to oblige, and it was this situation 

of unequal marriages between older men and much younger women that was the frequent 

subject of satirical paintings at the time. Lucas Cranach himself painted the motif of the 

“unequal couple” over twenty times.  

 

What is also interesting to note about the “The Fountain of Youth” is that Lucas Cranach 

was no less than 74 years old when he produced it. In the Sixteenth century, and without 

modern medicine, this was considered a very advanced age. The work is stunning in its 

meticulous detail when examined at close hand, and this has led some Art historians to 

question whether it was in fact Lucas’ son, known, naturally enough, as Lucas Cranach 

the Younger, and who also was a painter, who actually produced this work. There is one 

piece of evidence however that does back the claim for the elder Lucas. In his later years 

he signed his works with his workshop emblem, a crowned winged snake holding a ruby 

ring in its teeth. Very close inspection of the middle foreground pavement reveals a tiny 

rendition of the snake and ruby ring emblem. Cranage would often produce an original 

work, and then his workshop painters would produce numerous copies for clients and 

patrons, often with slight variations to suite those patrons’ particular tastes or whims. As 

far as we know the “Fountain of Youth” was painted only once. It does seem likely that 

Lucas Cranage the Elder painted this work. If so, this was a remarkable achievement to 

have done this at his age at that time. Perhaps Lucas himself, really had discovered the 

Fountain of Youth!             

 

The quest for eternal youth is eternal itself. Herodotus spoke of an ancient king who 

possessed a miraculous fountain whose waters could restore youth. Lucas Cranage the 

Elder, painted the motif in the Sixteenth century, attributing its powers to the Christian 

God. In the 21st century the quest for eternal youth continues, no less intense. Our faith 

however is now more secularly placed in the miraculous powers 21st century medical 

pharmacology. Amoung the agents we look to restore the youthful vigour of our bones, is 

the wondrous agent denosumab.             

 

 

 

 

 

 

 



DENOSUMAB 

 

Introduction 

 

Denosumab (trade names “Prolia” and “Xgeva”) is a genetically engineered human 

monoclonal antibody that binds the receptor activator of nuclear factor-kappa B ligand 

(or RANKL). 

 

This prevents activation of the RANK receptor, resulting in decreased formation and 

activity of osteoclasts, thus reducing bone resorption. 

 

It is indicated in the following situations:  

 

1. Treatment of postmenopausal osteoporosis 

 

2. To increase Bone Mass Density in men with: 

 

Osteopenia and receiving androgen deprivation therapy for non-metastatic 

prostate cancer 

 

Osteoporosis 

 

3. Prevention of skeletal-related events due to bone metastases from solid tumours 

 

4. Giant cell tumour of bone: 

 

5. When recurrent or unresectable or when resection would cause severe morbidity) 

 

6. Hypercalcaemia of malignancy that is refractory to IV bisphosphonates.  

 

Denosumab can provide long term protection from osteoporosis and bone resorption: 

 

Around 4 weeks for: 

 

1. Bone metastases 

 

2. Giant cell tumour of bone 

 

3. Hypercalcaemia of malignancy 

 

Around 6 months for: 

 

1. Osteoporosis  

 

2. Osteopenia due to androgen deprivation 

 

Denosumab’s principal adverse effect is hypocalcemia.   

 



History 

 

Denosumab was developed by the biotechnology company Amgen. 

 

It was first approved for clinical use by the FDA in June 2010 for use in postmenopausal 

women with risk of osteoporosis under the trade name Prolia.  

 

In November 2010, it was approved for the prevention of bone loss complications in 

patients with bone metastases from solid tumors, under the trade name Xgeva. 

 

Denosumab is the first RANKL inhibitor to be introduced into clinical practice.  

 

Chemistry 

 

Denosumab is a genetically engineered human monoclonal antibody. 

 

Physiology 

 

RANKL is a member of the tumor necrosis factor (TNF) cytokine family. 

 

It binds to RANK on cells of the myeloid lineage and functions as a key factor for 

osteoclast differentiation and activation. 

 

RANKL, through its ability to stimulate osteoclast formation and activity, is a critical 

mediator of bone resorption and overall bone density. 

 

RANKL is considered to be a key signal regulator for cancer-induced bone loss. 

 

Overproduction of RANKL is implicated in a variety of degenerative bone diseases, such 

as rheumatoid arthritis and psoriatic arthritis.  

 

In addition to degenerative bone diseases, bone metastases can also induce pain and 

other complications such as hypercalcemia and vertebral collapse resulting in spinal cord 

compression.   

 

Classification 

  

Denosumab is the first RANKL inhibitor to be introduced into clinical practice.  

 

Preparations 

 

Denosumab as: 

 

Ampoules for injection: 

 

● 60 mg in 1 mL (pre-filled syringe), (Trade name Prolia) 

 

● 120 mg in 1.7 mL, (Trade name Xgeva) 



 

Mechanism of Action 

 

Bone remodeling is the process by which the body continuously removes old bone tissue 

and replaces it with new bone.  

 

It is driven by osteoblasts (which secrete new bone) and osteoclasts (which break down 

bone). 

 

Precursors to osteoclasts, called pre-osteoclasts and these express surface receptors called 

RANK (receptor activator of nuclear factor-kappa B).  

 

RANK is activated by RANKL (the RANK-Ligand), which exists as cell surface 

molecules on osteoblasts.  

 

Activation of RANK by RANKL promotes the maturation of pre-osteoclasts into 

osteoclasts.  

 

Denosumab inhibits this maturation of osteoclasts by binding to and inhibiting RANKL.  

 

This mimics the natural action of osteoprotegerin, an endogenous RANKL inhibitor, that 

presents with decreasing concentrations (and perhaps decreased avidity) in patients who 

are suffering from osteoporosis.  

 

Pharmacodynamics 
 

Action is long lasting  

 

Around 4 weeks for: 

 

1. Bone metastases 

 

2. Giant cell tumour of bone 

 

3. Hypercalcaemia of malignancy 

 

Around 6 months for: 

 

1. Osteoporosis  

 

2. Osteopenia due to androgen deprivation 

 

When given as 60 mg SC injection every 6 months compared to placebo denosumab: 

 

1. Increases bone mass density (BMD) at the lumbar spine and hip 

 

2. Reduces fractures including at the vertebral column and hip.  

 



In patients with bone metastases from breast cancer, prostate cancer or other solid 

tumours, denosumab appears to be at least as effective as zoledronic acid in delaying the 

onset of skeletal-related events (i.e pathological fracture, spinal cord compression or 

radiation or surgery to bone); 

 

In clinical studies, no neutralising antibodies for denosumab have been observed. 

 

Pharmacokinetics 

 

Absorption: 

 

● Denosumab is given by subcutaneous injection.  

 

● Following a 60 mg subcutaneous dose of denosumab, bioavailability is around 

 60%. 

 

● Maximum serum denosumab concentrations occur at around 10 days 

 

Distribution 

 

● Denosumab clearance and volume of distribution is proportional to body weight, 

 as generally observed for other IgG antibodies. 

 

The typical central volume of distribution (Vc) range for IgG antibodies has been 

reported to be 2 - 3 liters with the volume of distribution at steady-state (Vss) 

ranging from 2.5 - 7 liters, depending on the affinity for and capacity to bind to 

cellular antigens. 5 

 

Metabolism and excretion: 

 

● Denosumab is composed solely of amino acids and carbohydrates as native 

 immunoglobulin and is unlikely to be eliminated via hepatic metabolic 

 mechanisms. 

 

● It is assumed that denosumab follows the usual proteolysis immunoglobulin 

 clearance pathways, with resulting degradation to small peptides and 

 individual amino acids.  

 

● Renal impairment has no effect on the pharmacokinetics of denosumab 

 

Indications 

 

Current indications for denosumab include the following: 

 

1. Treatment of postmenopausal osteoporosis 

 

2. To increase Bone Mass Density in men with: 

 



● Osteopenia and receiving androgen deprivation therapy for non-metastatic 

 prostate cancer 

 

● Osteoporosis 

 

3. Prevention of skeletal-related events due to bone metastases from solid tumours 

 

4. Giant cell tumour of bone: 

 

5. When recurrent or unresectable or when resection would cause severe morbidity) 

 

6. Hypercalcaemia of malignancy that is refractory to IV bisphosphonates.  

 

Contra-indications/precautions 

 

These include: 

 

1. Hypocalcaemia: 

 

● Contraindicated; hypocalcaemia must be corrected before giving 

 denosumab. 

 

2. Osteonecrosis of the jaw: 

 

● Consider a full dental assessment and complete any dental procedures 

 before starting denosumab to minimise risk. 

 

● Ensure wounds from dental or oral surgery are healed before starting 

 treatment.  

 

● Risk appears to be dose-related and most reports are in patients with 

 advanced cancer receiving much higher doses than that used for 

 osteoporosis. 

 

3. Renal impairment:  

 

There is an increased risk of hypocalcaemia in 

 

● Patients with CrCl  < 30 mL/minute  

 

● Dialysis patients 

 

● Monitor carefully calcium concentrations and look for symptoms of 

 hypocalcaemia. 

 

4. Pregnancy and breastfeeding - contraindicated - (see below). 

 



● Ensure effective contraception during treatment and for at least 5 months 

 afterward any treatment.  

 

Pregnancy 

 

Denosumab is a category D class drug with respect to pregnancy. 

 

Category D drugs are those drugs which have caused, are suspected to have caused or 

may be expected to cause an increased incidence of human fetal malformations or 

irreversible damage. These drugs may also have adverse pharmacological effects. 

Specialised texts should be consulted for further details. 

 

Published reports describing the use of denosumab in human pregnancy have not been 

located. Denosumab is contraindicated for use during pregnancy due to serious adverse 

events on development in animal studies, including fetal and infant lethality. 

 

Women of reproductive potential are recommended to use highly effective contraception 

during therapy, and for at least 5 months after the last dose of denosumab. 

 

Breast feeding 

 

Contraindicated in breast feeding.  

 

Reports describing the use of denosumab during breastfeeding have not been located.  

 

Infants exposed to denosumab via breast milk are unlikely to experience adverse effects, 

as the transfer of denosumab into the breast milk is limited by the high molecular weight 

of the medicine.  

 

However, due to potential adverse effects in the breastfed infant avoid breastfeeding 

while undergoing denosumab therapy.    

 

Adverse Effects 

 

Denosumab is generally well tolerated  

 

Adverse reactions may include: 2 

 

1. Dermatological  

 

 ● Eczema like reactions  

 

2. Allergic reactions: 

 

 ● Including anaphylaxis (but uncommon)   

 

3. Non-specific musculoskeletal pain (in men) 

 



4. Osteonecrosis of the jaw 

 

5. Hypocalcaemia: 

 

● Hypocalcaemia is common when denosumab is used for bone metastases, 

 giant cell tumour of bone or hypercalcaemia of malignancy, especially at 

 the start of treatment. 

 

 It may be severe and symptomatic, and fatalities have been reported.  

 

Severe hypocalcaemia has also been reported in osteoporosis patients, 

especially in those with renal impairment. 

 

Calcium nadir usually occurs around 8 - 11 days after treatment, 

although it may occur much later in some patients. 

 

6. Immune suppression: 2 

 

● RANKL is also expressed on immune cells and there is concern, on 

 theoretical grounds, about the effect of denosumab on the immune 

 system.  

 

Some studies found a slight increase in serious infections or new 

malignancies in denosumab-treated patients, although a causal relationship 

has not been established and more data will be required. 

 

7. Concerns with long term treatment: 

 

● The long-term effects of suppressing bone turnover by denosumab are 

 unknown 

 

● The cumulative effect on bone of taking denosumab after a 

 bisphosphonate is unknown 

 

Dosing 2 

 

To reduce the risk of hypocalcaemia, both calcium and vitamin D should also be taken. 

 

These supplements are recommended, especially in patients with bone metastases or 

giant cell tumour of bone, unless hypercalcaemia is present 

 

Osteoporosis and osteopenia due to androgen deprivation: 

 

Adults: 

 

● 60 mg SC injection every 6 months. 

 

 



Bone metastases: 

 

Adults: 

 

● 120 mg SC injection every 4 weeks. 

 

Giant cell tumour of bone, and hypercalcaemia of malignancy: 

 

Adults: 

 

For skeletally mature adolescents give: 

 

● 120 mg SC injection every 4 weeks: 

 

With  

 

● Additional 120 mg doses on days 8 and 15 of the initial 4 week cycle. 

 

Monitoring: 

 

Monitor plasma calcium concentrations, especially before each dose and in the first 

weeks of treatment: 

 

1. In patients with bone metastases or giant cell tumour of bone 

 

2. In all other patients at increased risk for hypocalcaemia such as: 

 

● Renal impairment, dialysis, history of hypoparathyroidism, parathyroid or 

 thyroid surgery, GI disease which may impair calcium absorption.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schematic diagram of the antibody structure of denosumab. 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Left stunning example of the 

crowned winged snake with ruby 

ring in its mouth emblem of 

Lucas Cranage the Elder.  

 

Right: the same emblem appears 

on the “Fountain of Youth”, 

1546.  
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