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Summary 1 Calcium, PTH, PTH-related Protein, Calcit riol and Diseases 

1. Calcium in the ECF and especially in the blood is tightly controlled on a moment – to – moment 

basis by „calcium sensing receptors“ (normal set point = 1 mM free Ca2+) of the parathyroid gland 

cells. These receptors control PTH secretion. If free Ca2+ falls – PTH secretion increases and vice 

versa. These receptors can be therapeutically manipulated with “Calcimimetic” drugs which shift 

the setpoint to the “left”. Calcimimetic drugs are allosteric regulators of the calcium sensing 

receptors. They are used in primary and secondary hyperparathyroidism. Lithium therapy shifts 

the set point to the “right” and leads to drug-induced hyperparathyroidism in ~ 10% of the patients. 

2. PTH has immediate effects (within minutes) on bone and kidney to raise Ca2+ and lower 

phosphate in the ECF. Thiazides inhibit calcium excretion and Furosemide stimulates calcium 

loss in the kidney. Other humoral factors (“Phosphatonins”, e.g. Fibroblast Growth Factor 23) 

regulate Phosphate excretion in the kidney. 

3. PTH is the most important stimulatory regulator of the (CYP-450) enzyme 1α-hydroxylase in the 

kidney (proximal tubule cells), which controls formation of Calcitriol from its precursor 25-OH-

Vitamin D3 (25-OH-cholecalciferol). This kidney-formed Calcitriol is secreted into the circulation 

(t½ ~ 2 days). However, local production of Calcitriol from 25-OH-cholecalciferol also occurs in 

several organs (“intracrinology”) indicating that Calcitriol has other very important functions in 

addition to regulating calcium-homeostasis in the ECF (see below). 

4. Changes (especially increases) of serum calcium are often overlooked. If combined with 

symptoms like depression, obstipation, arrhythmia, ECG alterations, polyuria and patients history 

(e.g. kidney stones), a preliminary diagnosis can be often made which must be supplemented by 

measurements of PTH, PTH-rP, 25-OH-Vitamin D3 and “bone marker” data. Such increases can 

also occur in patients with hypoparathyroidism who are “overtreated” with Dihydrotachysterol or 

other Vitamin D derivatives, but rarely with Vitamin D3 itself. Parathyroid Hormone related Protein 

(PTH-rP), normally a paracrine hormone, often is responsible for systemic hypercalcemia in 

cancer and metastasis (not only in the bone!). This can be very well controlled by i.v. Amino-Bis-

Phosphonates. There is evidence that formation of metastases can be inhibited by these drugs. 

5. Rapid increases of serum calcium (life threatening) can especially occur in malignancy and 

metastasis. Intensive care treatment requires: i.v. infusion of 0.9% NaCl, combined with 

Furosemide, Calcitonin and i.v. Amino-Bis-Phosphonates. In addition Glucocorticoids (high daily 

doses of 40 to 80 Methylprednisolone) are often employed when sarcoidosis or lymphoma are 

causative. Acute Hypercalcemia is the only indication for Calcitonin. 

6. Diseases of the parathyroids, of calcium metabolism and of bone (Osteoporosis, M. Paget) are 

not rare!  

• Osteoporosis (primary) = 30% of women > 60 years 

• Osteoporosis (secondary, drug-induced) = very common: mainly Glucocorticoids, but also anti-

androgenic drugs, Thiazolidinediones and Serotonin reuptake inhibitors 

• M. Paget = 3 – 5% of the Northern European population > 55 years (most are asymptomatic) 

• Tumor Hypercalcemia = common (in ~ 20% of cancer patients) 

• Hyperparathyreoidism (primary) = 0.2% or more(1%) of the elder population 

• Secondary Hyperparathyroidism = common in renal failure 

• Osteomalacia (mainly in dark-skinned immigrants and home-bound old people): often overlooked 
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Summary 2 Vitamin D3, 25-OH-Cholecalciferol and Cal citriol 

1. The only common natural source of “Vitamin D3” is the sunlight-derived Pre-Pro-Hormone (from UV-

B-radiation-induced cleavage of the immediate cholesterol precursor 7-Dehydrocholesterol) in the 

skin. UV-B radiation does not reach us in the Northern Hemisphere (above 42°N) October through 

March - hence the seasonal variation of the plasma levels of 25-(OH)-Vitamin D3. 

2. Skin Vitamin D3 is picked up by the Vitamin D Binding Protein. This binding protein occurs in 

plasma in concentrations of 0.3-0.6 grams per Liter - far in excess of any of the sterols. The binding 

protein is unusual as it has additional properties - among them the ability to bind to monomeric 

actin; natural variants occur with different affinities, which - in a way not yet understood - determine 

basal levels of 25-(OH)-Vitamin D3 and the response to orally given Cholecalciferol. The binding 

protein delivers the Vitamin D3 to the liver, where the Pre-Pro-Hormone is converted by the 25-

Hydroxylase into 25-(OH)-Vitamin D3. Once formed by the liver, the Pro-Hormone circulates, bound 

to its binding protein, with a half-life of 3 weeks, at levels ~1000-fold higher than of Calcitriol. 

3. Vitamin D3 has a very short half-life (1-2 days) in contrast to 25-(OH)-Vitamin D3. The relationship 

between the plasma concentration of Vitamin D3 and its product 25-(OH)-Vitamin D3 has been 

determined in volunteers (exposed year in, year out to the subtropical sun in Honolulu) and in 

patients receiving high doses (6400 I.U. per day) for many months. The relationship between 

substrate and product is almost linear up to 50 nMol/L Vitamin D3, where the level of the product is 

around 125 nMol/L. Above 50 nMol (either naturally derived or orally given) Vitamin D3 levels of 25-

(OH)-Vitamin D3 increase only marginally. Thus, it is almost impossible to achieve “toxicity” by 

Vitamin D3 either by sunlight or oral substitution. 

4. The binding protein for Vitamin D3 is filtered (with ligands) in the kidney, bound by the Megalin-

cubulin receptors and internalized. In the tubule cells liberated 25-(OH)-Vitamin D3 is converted by 

the 1-α-Hydroxylase into 1,25-Dihydroxycholecalciferol (Calcitriol). The enzyme 1-α-Hydroxylase 

belongs to the CYP 450 family and can be blocked by ketoconazole. Patients with sarcoidosis (life-

long risk = 1% of the population) synthesize and secrete Calcitriol from the precursor 25-(OH)-

Vitamin D3 in epithelial cells which lack the inactivating enzyme 24-Hydroxylase. They can suffer 

from hypercalcemia, may be treated with ketoconazole and should avoid the sun. 

5. Important for therapeutics and in phosphate and calcium homeostasis are the Calcitriol receptors in 

the upper intestine (mainly duodenum), where the expression of the Ca2+ - channels for mucosal 

uptake and the Ca2+ - ATPase for serosal export of calcium are controlled by Kidney-secreted 

Calcitriol. Thereby Calcitriol increases calcium absorption from the small intestine. In the 

parathyroid cells Calcitriol (most likely produced within the parathyroid cells) inhibits transcription of 

the PTH-gene, which is an important negative feedback loop. Kidney-secreted Calcitriol is also 

necessary in bone where it stimulates the osteoblasts (and their genesis from precursors) as PTH 

does. 

6. Receptors for Calcitriol occur in numerous tissues. After occupation by ligands they form 

heterodimers with Retinoid-receptors and bind to Vitamin D-Receptor Response Elements (VDREs) 

on DNA. About 200-1000 genes are regulated by Vitamin D Receptors. There are also plasma 

membrane receptor mediated actions of Calcitriol and of other Vitamin D Metabolites. 



 
Klinische Pharmakologie und Evidenz-basierte Therapie endokrinologisc her 

Erkrankungen mit Schwerpunkt Calcium- und Knochenstoffwechsel  
 

o.Univ.Prof.Dr.med. H. Glossmann 2009 ©               3                      hartmut.glossmann@i-med.ac.at  

Most tissues synthesize their own hormone from the circulating precursor 25-(OH)-Vitamin D3 and 

subsequently degrade it by the 24-Hydroxylase to inactive calcitroic acid, excreted in the urine. An 

exception are epithelial cells in sarcoidosis. Thus 25-(OH)-Vitamin D3 level in plasma determines 

the steady-state level of activated VDRs in a number of tissues. 

7. Among the genes which are regulated by Calcitriol formed in the tissues or cells such as 

macrophages are those coding for cathelicidins. These belong to the family of bacterial defense 

peptides, which have additional functions for innate immunity - including defense against viral 

infections such as influenza. There are strong arguments that the seasonal variation of influenza is - 

at least in part - explained by the seasonal variation in Vitamin D3 status as indicated by the 25-

(OH)-Vitamin D3 level. The role of Vitamin D3 status in the risk to develop Multiple Sclerosis, 

Hypertension, Diabetes mellitus (both types I and II), Cancer of Breast and Colon etc. is beyond the 

scope of this chapter. These suggested actions outside of bone health are summarized unter “non-

classical actions of Vitamin D” and are subject to ongoing research. 

8. The most severe deficits of Vitamin D3 are frequently seen in immigrants (dark skin) or old people. 

Muscle weakness (proximal thigh), muscle pain, high sensitivity to statin-induced myopathy, lytic 

lesions in bone, decreased serum phosphate, increased PTH and bone resorption markers suggest 

osteomalacia. 

9. Vitamin D derivatives such as Tacalcitol are employed (topically) e.g. in Psoriasis; Paricalcitol is 

used to treat patients with renal failure (uremia) and secondary Hyperparathyroidism. It has a 

“selective” inhibitory activity on the PTH-gene expression. Some Vitamin D derivatives (Tachysterol) 

are used together with calcium to control Hypoparathyroidism. 

10. It has been recently recognized that Vitamin D3 deficits (indicated by low plasma or serum levels of 

25-OH-cholecalciferol, not of Calcitriol!) are much more common then previously believed. 

Observational studies indicate a relationship between serious lack or “low” Vitamin D3 status and 

lower BMD but also of higher incidence of diabetes mellitus type l and type II, mamma and colon 

cancers, tuberculosis, susceptibility to certain other infections, muscle weakness and cardiovascular 

disease. Clinical studies indicate that e.g. insulin resistance is correlated with lower levels of 

circulating 25-OH-cholecalciferol. The (postulated) optimal level is 90-125 nM (36-50 ng/ml). This 

level is reached by either a total body exposure to sun (in the tropical belt!) for several minutes or by 

4000 I.U. Vitamin D3 (≙ 100 µg) orally daily. Recommendations for adequate daily supply of Vitamin 

D3 (and Calcium) are currently revised upward: there are still no controlled clinical studies with 

these high doses for osteoporosis prophylaxis, e.g. in post-menopausal women. However, small 

(prospective) trials exist, indicating fewer cases of cancer in women, who received relatively high 

doses of Vitamin D to achieve the optimum plasma level of 25-OH-Cholecalciferol, and some small 

trials indicate lowering of blood pressure. Case reports of treatment of statin-induced myopathy, 

type II diabetics, muscle pain disorders etc. by Vitamin D generate hypotheses for larger clinical 

trials. 
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Links und Anmerkungen 

 

http://www.shef.ac.uk/FRAX/index.htm FRAX: WHO fracture risk assessment tool - Tool zur 

Berechnung des Frakturrisikos. 

Anmerkung: Eine Prophylaxe mit z.B. Alendronat (natürlich nur in Kombination mit Calcium und 

Vitamin D!) soll nur erfolgen, wenn das Risiko einer Hüftfraktur 3% für die nächsten 10 

Jahre beträgt. 

1. Bisphosphonate (auch orale) sind nicht ganz frei von Nebenwirkungen: 

• Sie erhöhen das Risiko von schwerem Vorhofflimmern 

• Erhöhte Sprödigkeit des Knochens (Insuffizienzfrakturen) 

• Kiefer-Nekrosen (im Zusammenhang mit zahnärztlichen Eingriffen) 

• Niereninsuffizienz (Ausscheidungsweg der nicht im Knochen deponierten 

Bisphosphonate ist die Niere) 

2. Je besser der Vitamin-D-Status ist, desto besser wirken die Bisphosphonate etc. 

3. -Deswegen gilt als Regel: Der Vitamin D-Status soll optimal (25-(OH)-Vitamin D: 100-

125 nMol/L) sein, wenn Bisphosphonate gegeben werden. 

http://vitamindcouncil.org/ Ein nützlicher link der Vitamin D - Liga. Ob von der Solarium-Industrie 

gesponsert, war nicht herauszufinden. Auf jeden Fall wird die orale Substitution promoviert. Ein 

Hauptproponent ist M.F. Holick, die Dermatologin B. A. Gilchrist ist auf der „Sonnen-Gegner-Seite“ 

(siehe auch Moan et al., PNAS 105, 668-673, 2008). 

H. Dobnig (Graz), H.A. Bischoff-Ferrari (Zürich) sind herausragende Forscher auf dem Gebiet des 

Vitamin D.  

Neben diesen ernsthaften Wissenschaftlern erkennt man eine zunehmende Flut von mehr oder 

weniger seriösen für Laien gedachten Publikationen in denen (ähnlich wie für Rotwein, Vitamin C etc.) 

Vitamin D als eine Art Wunderdroge gepriesen wird. Im Moment profitiert die Analytik-Industrie: In den 

USA führt allein ein einziges Labor ca. sechs Millionen Vitamin D-Analysen durch - mit steigender 

Tendenz. Man kann vorhersagen, daß Patienten in einigen Jahren nicht nur Cholesterinspiegel, 

Blutdruck etc. wissen wollen, sondern auch ihren Vitamin D-Status. 
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Summary 3  Bone and osteoporosis 

• Bone is a very active organ, receives ~ 10% of the total blood supply, is a warehouse of 

embedded growth factors and storage for calcium. During development PTH-rP, hedgehog 

proteins, Bone Morphogenetic Proteins (BMPs) and numerous other factors control bone (and 

teeth) formation. What may happen later in life (e.g. Osteoporosis) is determined importantly by 

the peak bone mass. Androgens and Estrogens, Vitamin D receptor polymorphisms, Vitamin D3 

and calcium supply-among numerous other factors - play a role. Important is also moderate 

physical activity. 

• After peak bone mass is reached, “remodelling” takes place. Remodelling may be increased 

pathologically (chronic infection by measle and other viruses, M. Paget) or by loss or deficiency 

(e.g. by medical interventions) of sex hormones (including androgens). Primary and secondary 

Hyperparathyroidism, Hyperthyroidism, M. Cushing, M. Crohn and (even asymptomatic!) Celiac 

Sprue can lead to Osteoporosis. 

• Remodelling units are always active – with a normal cycle duration of ~ 5 months or more – 

leaving a small mineral deficit (BMD decreases ~ 0.5% each year after the age of 40). 

• The complicated interplay between the osteoblasts and osteoclasts as well as the numerous 

factors which control the resorption – formation business are being unravelled by k.o. mice, 

animal models and rare genetic bone diseases in humans. Potentially important drugs (so called 

“biologicals”) such as recombinant osteoprotegerin (treatment of juvenile Paget’s disease) and 

monoclonal antibodies directed to inactivate RANKL (Denusomab®) are currently developed from 

this research, but are, at the moment, reserved for rare conditions. So far Denusomab® has 

demonstrated BMD increases similar to Alendronate in two year clinical studies with 

postmenopausal osteoporotic women. 

 

 

NORMAL VALUES 

 

Am.J.Clin.Nutr. 69, 842-856 (1999)

Serum Levels of Calcium ("Range"), 
PTH and Vitamin D 3 Metabolites

Normal total Calcium 2.2 – 2.6 mMolar

Normal free Calcium 1.1 – 1.3 mMolar

Phosphate 0,8 – 1,6 mMolar

Normal Parathyroid Hormone 10 – 65 ng/litre
1,0 – 6,5 pMolar

Calcium (24 hours) in Urine 3,5 – 10,5 mMol/24 h

1,25 Di-OH Vitamin D 3 (Calcitriol) 10 – 65 pg/ml

25-OH Vitamin D 3 (Calcidiol) > 25 ng/ml
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Biochemical Markers of Bone Metabolism 
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Orally* 

Infusion 

Osteoporosis 50 
150 

Daily  
Monthly  

Bondranat ® 
Bonvivia ® 

Ibandronate 

M. Paget 5 Daily Actonel ® Risedronate 

Prophylaxis*  
Osteoporosis 

30 Weekly Fosamax ® Alendronate 

Treatment*  
Osteoporosis  

70 Weekly Fosamax ® Alendronate 

Indication Dose [mg] Interval Trademark Name 

Hypercalcemia 6 Monthly Bondranat ® Ibandronate 

Hypercalcemia  
M. Paget 

30,60,90 Monthly Aredia ®, 
Pamitor ® 

Pamidronate 

Hypercalcemia ** 
Osteoporosis 

4 
5 

Monthly?  
Yearly? 

Zometa ® 
Aclasta ® 

Zoledronate 

* best Evidence for Treatment/Prophylaxis of Osteoporosis  exists for Alendronate  
** Inhibition von „Events“ durch Knochenmetastasen auch ohne Hypercalcämie (siehe: www.zometa.com) 

Amino – Bis-Phosphonates 

Summary 4 “Osteoclast-stoppers” Amino-Bis-Phosphona tes 

• The most important class of drugs to prevent and treat Osteoporosis or to treat chronic or life-

threatening hypercalcemia as well as symptomatic Paget Patients, are the Amino-Bis-

Phosphonates (Alendronate, Pamidronate, Risedronate, Zoledronate etc.). They block an enzyme 

in a pathway late in a cholesterol biosynthesis (Ki values for the enzyme Farnesylpyrophosphate-

Synthase are ~ 1 nM and for zoledronate ~ 70 pM) leading to apoptosis of osteoclasts. Their 

“specificity” for bone (they bind to calcium) is explained by selective adsorption to regions where 

osteoclasts are active. They are taken up by osteoclasts and inhibit prenylation of small GTP 

binding proteins, necessary for cell function. These drugs (e.g. alendronate) stay almost “forever” 

in the bone (half-life: many years). Some highly potent derivatives exert their action (on bone 

markers and BMD) once given i.v. (e.g. zoledronate) for a much longer time – up to a year. They 

may also prevent or delay bone metastases of certain cancers (e.g. mamma carcinoma) and 

control tumor hypercalcemia. 

• Primary osteoporosis especially for (postmenopausal) women and the consequences are a major 

health problem. Amino-Bis-Phosphonates are useful to prevent further fractures in manifest 

osteoporosis. Osteopenia or only risk factors for osteoporosis are not indications as the NNT are 

far too high. However, family history, age and other risk factors (e.g. fractures!) may guide the 

decision to use these drugs in specific situations. 

• Secondary osteoporosis (after ovariectomy, androgen ablation) and especially prominent during 

the first 3-4 months of long-lasting glucocorticoid treatment can be prevented by Amino-Bis-

Phosphonates and by “Osteoblast-Stimulators” such as PTH1-34.  
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Summary 5 Postmenopausal Osteoporosis – Prevention and Treatment   
• A supplement of 1.0-1.5 grams of ionized Calcium (Tablets) daily alongside with Vitamin D3 has 

been demonstrated to be effective in prevention of fractures for people > 65 years. Although two 

Placebo-controlled studies indicate no effect on fracture incidence by calcium and/or Vitamin D3 

(in daily doses of 400 or 800 I.U.), there is evidence from meta-analyses that high Vitamin D  

(≥ 1.000 I.U./die) plus Calcium are effective. 

• Hormone replacement therapy (Estrogen plus Gestagen, or Estrogen alone in case of 

hysterectomy) [HRT] has been advocated for ~ 60 years to help women staying “younger”. 

Results from international MEGA-trials are available. 

� HRT does not decrease the rate of cardiovascular events but increases the frequency of 

these events in a population of women with risk factors, especially in the first year  

� Prevents osteoporosis (“bone loss”) as long as taken but does not prevent fractures and is 

not useful for manifest osteoporosis 

� Increases the risk for breast cancer when taken longer than 5 years 

� Increases the risk for thromboembolic events 

� Does not protect against Alzheimer 

• If menopausal symptoms (“hot flashes”) are a major problem and there is no familial risk of cancer 

of the breast (or the ovary) HRT may be applied for up to one year. Hot flashes, if 

contraindications exist, may be treated with clonidine or SSRIs. 

• For postmenopausal women with pronounced osteoporosis (with or without increased risk of 

breast cancer) the SERM Raloxifene is licensed (daily dose 60 or 120 mg). It does not protect 

against hip fractures and has troublesome side effects (e.g. of thromboembolism). Although 

Raloxifene decreases the rate of Estrogen-Receptor-positive Breast Cancers by ~ 85% (NNT ≈ 

100), it is not recommended at all. 

• Amino-Bis-Phosphonates prevent fractures (reduction ~ 50%) in women with manifest 

osteoporosis (not with osteopenia!). 

• All women should take Calcium supplements, exercise and enjoy the sun. 10 minutes a day 

suffice with 80% body surface exposed. Before exposure to the sun a protecting Sun-Screen 

(face only) should be applied. Home-bound people should receive Vitamin D3 (2.000 to 4.000 I.U.) 

p.o. daily or once a week (~12.000 to 16.000 I.U.) or (lower bioavailability compared to oral 

therapy!) i.m. every month (1-2 mg = 40.000 - 80.000 I.U). 

• PTH1-34 (Teriparatide), when given daily s.c., stimulates osteoblasts and can prevent (mainly) 

vertebrate factures. When its anabolic action is terminated, there is increased rebound osteoclast 

activity. It should never be combined with Amino-Bis-Phosphonates but must be followed by 

Alendronate (E.g. one year Teriparatide → then Alendronate) and should be reserved for severe 

cases. 

• Strontiumranelate in doses of 2000 mg daily decreases vertebral (but not peripheral) skeletal 

fractures. Although it is licensed, it has serious side effects (thrombo-embolic events, creatine 

kinase elevations, epileptic seizures, diarrhea) and is not recommended at all. 
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MEDIKAMENTE 

 
1. Cholecalciferol [VI-DE 3-Tropfen, Oleovit D 3Tropfen] 

Diese Medikamente werden analog zu den Triglyceriden über die Lymphe resorbiert. Ein funktionell 

intaktes Intestinum, sowie ausreichende Sekretion von Galle sind wichtig. 1 Tropfen ≙ 400 I.U. (gleich 

10 µg). Immer zum oder kurz nach dem Essen!. 

• Zum Erreichen eines 25-OH-Cholecalciferol-Spiegels von ~ 90-100 nMolar beim Erwachsenen 

(bei Ausgangswerten von unter 50 nMolar): 2000-4000 I.U. täglich oder ca. 10.000 bis 20.000 

I.U. (mindestens) 1x wöchentlich. Kontrolle des Spiegels nach 2-3 Monaten. 

• Zur Rachitisprophylaxe des Kindes: Schwangere sollten 1000 I.U. täglich erhalten. 

Anmerkung: Ergocalciferol („Vitamin D 2“) ist in vivo  ca. 3-mal weniger wirksam (wird konvertiert 

in 1,25-OH-Ergocalciferol: das ist nicht identisch mit 1,25-OH- Cholecalciferol=Calcitriol) als 

Vitamin D 3, hat ein anderes Metabolitenprofil und sollte kein esfalls als 

Prophylaktikum/Therapeutikum verwendet werden. 

 

2. Dihydrotachysterol [A.T.10 ®, USA: Roxane ®] 
Dihydrotachysterol ist ein Analogon des Vitamin D2. Es wird in der Leber über die 25-α-Hydroxylase 

hydroxiliert und stimuliert (wie Calcitriol) die Calciumresorption aus dem Darm. Typischerweise ist die 

Wirkung z.B. einer einmaligen Gabe erst nach 7-14 Tagen maximal und hält für ca. 4 Wochen an. 

Dihydrotachysterol wird zur Stabilisierung des ECF-Calciums bei Hypoparathyreoidismus eingesetzt. 

Die Tagesdosen liegen im Mittel bei 0.6 mg (Bereich 0.2 mg bis 1.0 mg/ Tag) Die Therapie muß durch 

fortlaufende Kontrolle des Serum-Calciumspiegels überwacht werden.  

 

3. Calcitriol [Bocatriol ® “LEO” Kapseln, Rocaltrol ® “Roche” Kapseln]  
Erhältlich in 0.25 µg- , und 0.5 µg-Kapseln. Wird von manchen Ärzten (wegen kürzerer Halbwertszeit) 

zur Therapie des Hypoparathyreoidismus bevorzugt. 

 

4. Paricalcitol [Zemplar ®]  
This synthetic derivate of Calcitriol has selective receptor-specific trans-repression activity on PTH in 

the parathyroid cells. It is given i.v. using specific guidelines. 

 

5. Calcimimetics 
Cinecalcet (Sensipar®) is used for (inoperable) primary hyperparathyroidism (benign or malignant) and 

secondary (uremic) hyperparathyroidism. Doses are adjusted to normalize serum calcium (parathyroid 

carcinoma) or to reach PTH levels of 150 – 300 pg/ml and normal Ca2+ � Phosphate products in serum 

in patients with uremic hyperparathyroidism. 

 


