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Abstract

Objectives: Toreport two cases of patients with metastatic, castration resistant prostate cancer who developed profound hypophosphatemia
while on treatment with abiraterone.

Case Summary: The first patient was a 77 year old man who had been on abiraterone for 12 months before his phosphorous was checked.
At that point, it was 0.6 mg/dl, which is severely decreased. A full work up for hypophosphatemia showed normal parathyroid hormone
and 25-hydroxyvitamin D. A urine study showed inappropriate excretion of phosphorous along with aminoaciduria and normoglycemic
glucosuria. The phosphorous level slowly improved upon discontinuation of abiraterone and aggressive repletion of his phosphorous
with elemental phosphorous and calcitriol. The second patient was a 74 year old man who had a slightly decreased phosphorous prior to
abiraterone initiation. It steadily fell during abiraterone therapy down to 0.9 mg/dl. Aggressive repletion would not raise the phosphorous
to normal. It only improved upon discontinuation of abiraterone. The results of the work up were similar to those of the first patient.
Discussion: These two patients had profound hypophosphatemia. Phosphorous levels are not routinely checked by clinicians, and the
severe hypophosphatemia in these patients demonstrates how important it is to check this level. We propose that the mechanism of
phosphorous loss is through inappropriate renal wasting by Fanconi syndrome.

Conclusion: Hypophosphatemia occurs in prostate cancer patients on abiraterone. It should be monitored closely in patients on this
therapy.

Introduction

Abiraterone acetate (Zytiga®) inhibits androgen biosynthesis by acting on the enzyme CYP17 [1]. In two phase III clinical trials,
abiraterone plus prednisone compared to prednisone alone improved survival in men with metastatic, castration-resistant
prostate cancer (mCRPC) [2,3]. Abiraterone initially received Food and Drug Administration approval in 2011 for treatment of
patients who had received chemotherapy [4], and the approval was expanded in 2012 to include those who are chemotherapy-
naive [5]. In the phase III clinical trials, the common adverse effects observed in the abiraterone arms were often related to
mineralocorticoid excess or glucocorticoid deficiency as predicted by its role in blocking a critical step of steroidogenesis. However,
hypophosphatemia was also commonly reported, and this is not explained by inhibition of CYP17. Here, we report two cases of
patients with mCRPC treated with abiraterone who were found to have profound hypophosphatemia. We propose the mechanism
for their hypophosphatemia as inappropriate renal excretion of phosphate due to Fanconi syndrome acquired from treatment with
abiraterone.

Common symptoms of severe hypophosphatemia, defined as serum phosphate <1.0 mg/dl (or <0.32 mmol/L), are muscle
weakness and bone pain due to phosphate’s critical role in both muscle function via adenosine triphosphate (ATP) and bone
composition in the form of crystalline hydroxyapatite [Cal0(PO,)6(OH),] [6]. Severe hypophosphatemia can be life threatening
since phosphate is vital to cardiac and respiratory function. There are three primary mechanisms of hypophosphatemia: increased
renal excretion, decreased intestinal absorption, and transcellular shift (extracellular to intracellular) [7]. The first mechanism is
due to dysfunctional proximal tubular reabsorption of the phosphate anion. This decrease in proximal renal tubular resorption
of phosphate is part of the disease entity called Fanconi syndrome and results in urinary loss of phosphate, glucose, amino acids,
and other solutes.

Certain medications are known to cause acquired Fanconi syndrome, including agents from antibacterial, antiviral, antiretroviral,
anticonvulsant, and anticancer drug classes [8]. Here we present two patients who developed acquired Fanconi syndrome during
treatment with abiraterone. These cases, to our knowledge, mark the first documentation of this phenomenon.
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Case 1

A 77 year-old man presented with an initial diagnosis of metastatic prostate cancer to the bones in 2009. Medical castration with the
luteinizing hormone releasing hormone (LHRH) agonist, leuprolide acetate, led to an initial decrease in prostate-specific antigen
(PSA). Unfortunately, his disease progressed over the ensuing twelve months prompting initiation of concomitant antiandrogen
therapy with bicalutamide followed by systemic therapy with docetaxel chemotherapy, which was discontinued after one cycle
for significant anorexia and bleeding. His mCRPC was subsequently treated in September of 2011 with abiraterone (1000 mg
orally daily) in combination with prednisone 5 mg orally twice a day. He began the intravenous bisphosphonate zoledronic acid in
November 2011 for his bone metastases. His cancer responded well to abiraterone, demonstrated by an interval decrease in PSA
from 540 ng/ml (September 2011) to 19 ng/ml (January 2012). However, this response was not durable, marked by a rise in PSA
to 111 ng/ml (July 2012).

While considering clinical trial participation, routine lab work demonstrated a critically low serum phosphorous of 0.6 mg/dl
(range 2.5-4.5 mg/dl). This abnormality was discovered during ongoing treatment with abiraterone (September 2012), a full year
after initiation. Neither his referring oncologist nor primary care provider had checked the phosphorous either prior to or during
treatment with abiraterone. Endocrinology evaluated the patient for his critical hypophosphatemia. The patient reported persistent
chronic knee pain but was otherwise asymptomatic. The differential included vitamin D deficiency, gastrointestinal malabsorption,
oncogenic osteomalacia, exposure to zoledronic acid, and renal phosphorous wasting from hyperparathyroidism or a renal tubule
defect from an acquired Fanconi syndrome. The patient had normal vitamin D (25-OH) levels, lack of clinical findings suggestive
of malabsorption, normal PTH, a new findings of high urine glucose of 500 mg/dl (normal range 0-15) in the setting of normal
non-fasting serum glucose of 113 mg/dl (normal <140) and 2+ glycine on qualitative amino acid urine screen (Table 1). A normal
SPEP ruled out light chain deposition disease as a cause for acquired Fanconi syndrome. Comparison of phosphate and creatinine
in the serum and urine revealed a decreased ratio of renal tubular maximum reabsoroption rate of phosphate to the glomerular
filtration rate (TmP/GFR) [3]. This established inappropriate urinary loss of phosphate due to a proximal renal tubule defect. This,
together with his normoglycemic glucosuria and aminoaciduria, highly suggests the diagnosis of acquired Fanconi syndrome. Of
note, his medication list lacked drugs well-known to cause acquired Fanconi syndrome.

Lab Patient 1 Patient 2 Range, Units
Serum phosphorous 0.6 0.9 2.4-4.7, mg/dl
Urine phosphorous 54 52.3 No range, mg/dl
Serum creatinine 0.89 0.6 0.70-1.30, mg/dl
Urine creatinine 83.9 82 No range, mg/dl
Fractional excretion of Normal < 15% if
phosphorous 9 = hypophosphatemia
Non-fasting Serum glucose 113 97 <200, mg/dl

Urine glucose 500 24 0-15, mg/dl

Urine amino acids

2+ (qualitative)
(normal = 0)

Alanine 73 (9-67)
Proline 4 (<3)
Tyrosine 23 (3-19)
Valine 7 (2-5)
Phenylalanine 18 (2-9)
Tryptophan 21 (2-14)

No range, mmol/mol Cr

25-hydroxy Vitamin D 28 41 20-80, ng/ml
PTH 56 76 15-65, pg/ml
Calcium 8.1 8.6 8.6-10.2, mg/dl
Albumin 3.8 3.7 3.5-4.7, g/dl
SPEP Normal Normal No paraprotein

Table 1: Selected Lab Values
He discontinued abiraterone treatment and initiated potassium-phosphate supplementation as well as calcitriol to aid intestinal
phosphorous absorption. His zoledronic acid was also discontinued out of concern it could be exacerbating the hypophosphatemia.
Repeat lab work demonstrated an improved serum phosphorus level of 1.6 mg/dl, though persistent glucosuria. Six months after
the diagnosis of Fanconi syndrome, he declined further follow-up for both his acquired Fanconi syndrome and metastatic prostate
cancer.

Case 2

A 74 year-old man was diagnosed with Gleason 4+3 adenocarcinoma of the prostate and was treated with external beam radiation
therapy in 2008. In 2012, he was found to have metastatic cancer to the bones and began treatment with leuprolide and bicalutamide.
He also started denosumab for his bone metastases, which he received for 12 months. His cancer progressed, and in October 2013,
he started abiraterone (1000 mg orally daily) with prednisone 5 mg orally twice a day. At the same time, his denosumab was
changed to zoledronic acid when he changed medical systems.
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When he began abiraterone acetate with prednisone, he had a baseline phosphorous of 2.2 mg/dl. Within one month of beginning
abiraterone and prednisone, his phosphorous fell to 1.6 mg/dl and 0.9 mg/dl at four months. Work up of his hypophosphatemia
revealed a normal 25-hydroxy vitamin D level, lack of clinical findings for malabsorption and a mild elevation in PTH (76 pg/ml).
His serum and urine studies revealed a decreased TmP/GFR consistent with inappropriate renal excretion of phosphorus (Table
1). Aminoaciduria and normoglycemic glucosuria were also present and are not features of hyperparathyroidism. The patient was
diagnosed with abiratrone induced acquired Fanconi syndrome.

He continued on abiraterone because he had continued clinical response. Phosphorus supplementation was initiated in the form
of sodium phosphorous/potassium phosphorous (Neutra-Phos) 250 mg twice a day. However, his severe hypophosphatemia
required oral doses of 1500 mg per day, plus potassium phosphorous 500 mg twice a week intravenously. He was hospitalized for a
cardiac event and received potassium phosphorous 1500 mg per day intravenously for six consecutive days. This raised his serum
phosphorous to 2.0 mg/dl. He also began to take calcitriol 0.25 mg orally per day. Despite the efforts to raise his phosphorous, his
risk of profound hypophosphatemia leading to life-threatening cardiac dysrhythmias in setting of his underlying cardiac disease
that included coronary artery disease status post bypass grafting was felt to outweigh the benefit of abiratrone. Abiraterone was
discontinued. Four weeks later, in the setting of continued oral and intravenous supplemental phosphorous repletion, calcitriol
and zoledronic acid, his phosphorous rose to 1.9 mg/dl.

Discussion

Here we report two cases of hypophosphatemia resulting from acquired Fanconi syndrome during treatment with abiraterone
acetate for mCRPC. Each patient demonstrated classical features of Fanconi syndrome: a disease of renal dysfunction of reduced
proximal tubule reabsorption threshold causing hypophosphatemia, normoglycemic glucosuria, and aminoaciduria.

Fanconi syndrome is associated with a wide variety of both inherited and acquired conditions. This disease was first described in
1924 and better defined in 1936 by Guido Fanconi, for whom the disease is named, who evaluated children presenting with rickets,
growth retardation, and glucosuria. Although the underlying pathology has not been clearly elucidated, experimental models using
a compound, maleic acid, showed renal tubule dysfunction characterized by defective luminal entry of the compound, excessive
back leak, or interference with Na, K, -ATPase activity [9]. Known drug offenders leading to acquired Fanconi syndrome include
drugs from antibacterial [10], antiviral [11], antiretroviral [12,13] and anticonvulsant classes [14]. Known associations within
the anticancer drug classes include ifosfamide, cisplatin, carboplatin, streptozocin, azacitidine, suramin, and mercaptopurine [5].
Abiraterone acetate has yet to be included on this list.

These patients were on zoledronic acid, and this agent was linked to Fanconi syndrome in two previously published case reports
[15,16]. Another key differential etiology to consider includes the rare paraneoplastic syndrome called oncogenic osteomalacia,
characterized by renal phosphate wasting and severe hypophosphatemia leading to osteomalacia. It is most often seen with
mesenchymal tumors, though a literature review spanning thirty-four years (1966-2000) revealed 24 case reports of this syndrome
in patients with metastatic prostate cancer [17]. Two more cases have been reported since [18,19]. Unfortunately, we do not
have a baseline serum phosphorous level for the first patient, and he declined follow-up after discontinuing abiraterone. While
we do not know exactly when the hypophosphatemia developed in the first patient, it could have developed long before it was
discovered. Either bisphosphate therapy or a paraneoplastic syndrome leading to hypophosphatemia is possible. However, the
second patient had a near normal baseline serum phosphorous before treatment despite having widely metastatic disease which
makes a paraneoplastic syndrome less likely. He developed severe hypophosphatemia while taking both abiraterone and zoledronic
acid. However, his phosphorous began to resolve after stopping the abiraterone despite continued therapy with zoledronic acid.
This supports the argument that abiraterone alone led to this patient’s hypophosphatemia.

In the two phase III clinical trials of abiraterone with prednisone versus placebo with prednisone, hypophosphatemia was seen
more commonly in the abiraterone treated groups [2,3]. Any grade of hypophosphatemia occurred in 23.8% on the abiraterone
arm versus 15.7% on the placebo arm [5]. Significant hypophosphatemia (serum phosphorous < 2 mg/dl) was seen in 7.2% on
abiraterone versus 5.8% on placebo. There are no reports from these studies of aminoaciduria or glycosuria in the setting of
normal serum glucose. Although the differential for hypophosphatemia is broad and includes vitamin D deficiency, nutritional
deficiency, hyperparathyroidism, oncogenic osteomalacia, or concurrent bisphosphonate therapy, it is unclear what caused it in
the clinical trials, though we retrospectively propose abiraterone induced acquired Fanconi syndrome as a potential mechanism
for this observed abnormality.

Drug induced Fanconi syndrome is usually reversible by discontinuing the offending agent and initiating vitamin and mineral
supplementation to make up for urinary losses. However, despite initiating these interventions, permanent renal damage may
occur and long term sequelae may be severe with the spectrum of renal disease ranging from subclinical and biochemical evidence
of renal damage to irreversible damage and bone disease (osteomalacia) from urinary excretion of phosphate. Prognosis of drug-
induced Fanconi syndrome varies according to the offending medication. Reversal of Fanconi syndrome caused by outdated
tetracyclines, for example, may take up to one year [20]. Whereas valproic acid induced Fanconi syndrome usually improves
promptly with discontinuation of the medication [14].

Annex Publishers | www.annexpublishers.com Volume 3 | Issue 1



Journal of Case Reports and Studies 4

We suggest that clinicians regularly monitor serum phosphorus and obtain urine analyses for detection of glucosuria or proteinuria.
If proteinuria is found, the urinanalysis should include either quantitative or qualitative amino acid analysis. Upon making
the diagnosis of drug induced Fanconi syndrome, the clinician should consider discontinuation of abiraterone and administer
phosphorous and calcitriol supplementation, which aids in phosphorous absorption, and continue serial lab and urine monitoring.

We can expect continued wide use of abiraterone acetate for patients with mCRPC, and it is clear that careful monitoring of
electrolytes such as potassium and liver function tests is necessary. Our case reports demonstrate that hypophosphatemia due
to acquired Fanconi syndrome is another important side effect of treatment with abiraterone. We propose that patients treated
with this medication undergo regular laboratory testing including serum phosphorus levels. By regularly monitoring patients for
early signs of disease with these simple laboratory evaluations, Fanconi syndrome can be detected early and potential irreversible
damage may be prevented.
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