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Abstract: Hypophosphatemic rickets is a rare, usually genetic disease associated with decreased phosphate reabsorption in the
proximal renal tubule and vitamin D resistance. Several genetic mutations have been discovered, the most common being the
X-linked PHEX mutation with high fibroblast growth factor 23 (FGF23) circulating levels. The hypophosphatemic type
osteomalacia is usually hereditary or tumour-induced (TIO). In the past 20 years, we have discovered, treated and followed up
overall 8 cases of the disease-3 women and 5 men, aged 18 to 52 years. In all patients the diagnostic process was long (a mean of 2-3
years) and involved multiple clinical consults, laboratory evaluations: Biochemical Standard Research, Hormonal Tests [PTH, 25
(OH) D, 1,25 (OH) 2D], Specialized Research (FGF23), Instrumental Research (Ultrasonography of whole body; Computed
tomography; Magnetic resonance imaging; DXA examination with an assessment of T-score and Z-score of spine/hip). All of these
studies aimed at ruling out different neurological, hematological, oncological, rheumatic, gastroenterological, urological,
nephrological diseases and conditions. One of the patients had Fanconi syndrome, five had X-linked hypophosphatemia (XLH) and
two had TIO. In the last two patients, we found a high level of FGF23 secreting a small lung neoplasm in the first case and a
mesenchymal tumor in the median upper part of the right thigh in the second case. The surgical removal of the tumor mass lead to a
fast decrease in FGF23 levels and correction of metabolic disturbances. We present clinical cases with hypophosphatemic
rickets/osteomalacia and discuss the etiopathogenesis and treatment of this rare disease. Historically until now phosphate
supplementation and therapy using analogs of highly active vitamin D (calcitriol, alfacalcidol, paricalcitol) have been used to
manage conditions involving hypophosphatemia. In recent years there has been a progression of clinical trials for monoclonal
anti-FGF23 antibodies for the treatment of XLH. These monoclonal anti-FGF23 antibodies may have potential for treating other
conditions associated with FGF23 overactivity. However, clinical trials to support that possibility are not available at present.

Keywords: Hypophosphatemic Rickets, FGF23, Hereditary Forms, Mesenchymal Tumour, Treatment




98 Anna-Maria Borissova et al.:

1. Introduction

Rickets is one of the common disturbances in
calcium-phosphate metabolism. According to the underlying
pathogenic mechanism, it can be classified as hypocalcemic or
hypophosphatemic. The more common form is the
hypocalcemic type that is related to the lifestyle. The
hypophosphatemic type osteomalacia is usually hereditary or
tumor-induced and is associated with decreased phosphate
reabsorption in the proximal renal tubuli with resistance to the
effect of vitamin D. The discovery of the fibroblast growth
factor 23 (FGF23) brought light to the obscure underlying
mechanisms of this phosphate metabolism disturbance [1].
This chronic hypophosphatemia causes rickets and
osteomalacia. FGF23 gene was identified using position
cloning in 2000 year [2]. It was found later that several types
of hypophosphatemic riskets are characterized by high
circulating levels of FGF23 [3]. The most common type of
inborn rickets and osteomalacia (approximately 1:20 000
individuals) is due to X-linked hypophosphatemia (XLH)
mutation of PHEX (phosphate-regulating gene with
homologies to endopeptidases on the X chromosome), that
causes increase in FGF23 levels [4]. X-linked
hypophosphatemia and tumor-induced osteomalacia (TTIO) are
the most common causes of hypophosphatemic vitamin
D-resistant rickets/osteomalacia [5].

2. Material

Eight patients with hypophosphatemic rickets for a period
of 20 years, aged 18 to 52 years, 3 women and 5 men, were
studied and followed up.

3. Methods

The diagnosis of this rare disease of hypophosphatemic
rickets/osteomalacia is very difficult and usually takes years,
going through many specialists.

3.1. Biochemical Standard Research

Calcium (normal range 2.12-2.62 mmol/L), Phosphate
(normal range 0.81-1.45 mmol/L), ALP (normal range 35-110
mU/L), total protein; Urine parameters: uCa (normal range <
7.5 mmol/24 h), uP (normal range < 40 mmol/24 h), eGFR
(ml/min/1.73 m?).

3.2. Hormonal Tests

PTH (normal range 10-65 pg/mL), 25 (OH) D (normal
range-> 30 ng/mL), 1,25 (OH) 2D (normal range 35-80 ng/L).

3.3. Specialized Research

FGF23 (normal
examination;

Most of the tumors (induced osteomalacia) are solitary and
small and their localization is very difficult [6].

range 26-110 kRU/L); Histological
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3.4. Instrumental Research

Ultrasonography of whole body; Computed tomography
(CT); Magnetic resonance imaging (MRI); DXA examination
with an assessment of T-score and Z-score of spine/hip.

4. Results

4.1. Case Presentation of First Six Patients with XLH Resp.
Fanconi Syndrome

For the past two decades we have diagnosed and treated
overall 8 cases of hypophosphatemic rickets. In all patients the
diagnostic process was long (a mean of 2-3 years) and
involved multiple clinical consults, laboratory evaluations and
imaging studies aimed at ruling out different neurological,
hematological, oncological, rheumatic, gastroenterological
and urological/nephrological diseases and conditions. In the
first 6 cases the diagnosis was based on the characteristic
disturbances in calcium and phosphate metabolism,
parathormone (PTH) and vitamin D [25 (OH) D and 1,25 (OH)
2D] disturbances with presumed hypophosphatemic riskets
with probable increase in FGF23 levels. Subsequently, in 5 of
these 6 patients the diagnosis was confirmed by investigation
of FGF23 levels in the Medical University of Tokyo, and we
assumed that the patients had the most common form of
hypophosphatemic riskets/osteomalacia-XLH or
tumor-induced osteomalacia (TIO) [7, 8]. The sixth patient
was confirmed to have Fanconi syndrome with low FGF23
levels [9].

4.2. Case Presentation of Two Patients with TIO

As the time passed, we diagnosed two more patients with
severe hypophosphatemia and extremely high FGF23 levels
(detected in the Germany laboratory), suggesting the presence
of TIO [8]. Both patients had marked fatigue, muscle
weakness and locomotion was impossible (the first patient
was in a wheel chair and the second had to be carried by his
relatives). In these two patients the detection of the underlying
tumor appeared to be a long and exhausting process.

4.2.1. First Patient with Confirmed TIO

The first patient was a 60-years-old male (patient number
7-AVN), a ranger and active sportsman, who had past history
of chronic lymphatic leukemia, in remission, and after long
search for other tumors, a small lung neoplasm was detected.
After the surgical removal of the tumor, we observed marked
improvement-the patient was able to stand up from the wheel
chair and walk on his own and go back to active
sports-swimming and boxing. The phosphate levels increased
from 0,37 mmol/L before to 0,79 mmol/L after the operation,
but the patient continued to take phosphates (2 g/d) after the
operation. Due to the constantly increased FGF23 levels after
the operation (1219 kRU/L (26-110) before vs. 3466 kRU/L
(26-110) after the operation, respectively) we are still looking
for recurrence of the lung neoplasm or for another neoplasm.
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The patient is in good clinical condition. The opportunity to
treat him with anti-FGF23 monoclonal antibodies could give
us time to find the probable tumor source of FGF23 that we
have been searching for two years now. The first FDA
approved drug for the treatment of XLH is Burosumab. This is
human IgG1 monoclonal antibody binding the excess FGF23
and blocking its biologic activity [10]. This medication could
postpone the progression of hypophosphatemia and give us
time to find the underlying neoplasm.
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4.2.2. Second Patient with Confirmed TIO

The second patient (patient number 8-NAJ) was a
26-years-old active male in whom muscle weakness were
detected in March 2011. Hypophosphatemic
rickets/osteomalcia was diagnosed in July 2012 (i.e., 18
months later) based on increased FGF23 three times above the
upper limit of the normal range-355 kRU/L (26-110),
hypophosphatemic rickets and very low bone mass on
osteodensitometric evaluation (Table 1 and Figure 1).
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Figure 1. DXA examination of patient number 8 from August 2012-severe secondary osteoporosis (I-score L;.4.3.0 SD, Z score L,.4.3.9SD; T score hip-3.1SD, Z

score hip-3.9SD).

Table 1. Biochemical and hormonal changes of patient number 8 (NAJ) with detected and surgically removed FGF23-producing mesenchymal tumor:

On treatment with

. . Before One month Three months

Parameters ?t dli;goli(;SlS, pRhosll)tha;els 2 /géd f ;g surgery-December  post-surgery post-surgery

une ((;’}cg 2r1())] mg/d Il 10,2018 January 2019 March 2019
Ca (normal range 2.12-2.62 mmol/L) 242 2.35 2.51 2.72 2.63
P (normal range 0.81-1.45 mmol/L) 0.51 0.52 0.61 1.7 1.27
ALP (normal range 35-110 mU/L) 191 123 120 107 101
uCa (normal range <7.5 mmol/24 h) 2.76 mmol/24h 2.2 mmol/24 h 5.2 mmol/24 h 9.2 mmol/24 h 7.9 mmol/24 h
uP (normal range <40 mmol/24h) 100 mmol/24 h 86 mmol/24 h 83.3 mmol/24 h 65.5 mmol/24 h 60.4 mmol/24 h
GFR (ml/min) 193 ml/min 173 ml/min 206 ml/min 124 ml/min 156 ml/min
FGF23 (normal range 26-110 kRU/L) 355 kRU/L 6380 kRU/L 277 kRU/L 206 kRU/L
PTH (normal range 10-65 pg/mL) 24.1 pg/mL 7.5 pmol/L (1.9-6.9) 57 pg/mL (10-65) 79.4 pg/mL (10-65)  72.8 pg/mL (10-65)
25 (OH) D (normal range->30ng/mL) 13.3 ng/mL-Jul 14.4 ng/ml-Sep 15.9 ng/ml-Dec 18.84 ng/ml-Jan 13.4 ng/ml-Mar
1,25 (OH) 2D (35-80 ng/L) <12

Ca=serum calcium; P=serum phosphates; ALP=serum alkaline phosphatase; uCa=urine calcium; uP=urine phosphates; GFR=glomerular filtration rate;
FGF23=fibroblast growth factor 23; PTH=parathormone; 25 (OH) 2D=dihydroxyvitamin D.

The patient started taking Phosphate 2 g/d plus Calcitriol 1.0
pg/d and marked clinical improvement was observed-the patient
could stand up from bed on his own, locomotion was restored
and he started swimming again. But phosphate levels remained
around the baseline values (Table 1). During the next six years

regular biochemical and hormonal evaluations were performed
along with instrumental investigations aimed at finding an
underlying neoplasm. In 2012 the patient noted slight asymmetry
in both thighs, but the imaging and other instrumental studies
found no underlying pathology. The asymmetry progressed and
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in 2018 the control ultrasound and MRI studies revealed the
presence of solid and well-vascularized formation in the median
upper part of the right thigh, between the sartorius and the long
adductor muscles. The formation was situated before the femoral
vessels and the artery and vein were slightly dislocated dorsally.
No regional lymphadenopathy was present. The tumor was
surgically removed in the Clinic of Vascular and Endovascular
Surgery, University Hospital “Saint Ekaterina”, Medical
University-Sofia. The surgical protocol (N1031/Dec 13, 2018):
Through a typical femoral access the tumor formation was
reached in the proximal third of the thigh, located between
adductor longus and sartorius muscles. Approximate size of the
formation was 40/40/60 mm, without disturbing tumor capsule.
The tumor capsule was dissected. Communication between the
tumor, arterial branch of the right superficial femoral artery and
venous branch was detected and after that ligated. The tumor was
extirpated and sent for histological examination. Figure 2 reveals
the macroscopic appearance of the formation. The
preoperative FGF23 levels reached 6380 kRU/L (normal range
26-110). Table 1 shows the dramatic improvement in laboratory
results after the operation.

The  histopathological study (Figure 3) revealed:
Macroscopic evaluation: well-defined by fibrous capsule

The Difficult Diagnosis of Hypophosphatemic Rickets-A Review of 8 Clinical Cases

tumor 6.5/3.5/5 cm.

Histological examination: moderately cellular mesenchymal
tumor, containing pleomorphic oval shaped cells with no
significant nuclear atypia or mitotic activity, with nested or
fascicle growth pattern (Figure 3a and 3b). In some areas the
presence of vessels with varying shape and size, and also some
cystic spaces was evident. Immunohistochemical stainings
showed strong immunoreaction for vimentin in the tumor cells
and focal positive reaction for desmin (Figure 3¢ and 3d). Based
on the morphological, immunehisto-chemical and patient’s
clinical data, the tumor was classified as phosphaturic
mesenchymal tumor, mixed connective tissue variant.

30

L e

mm

(NAJ).

Figure 3. Histopathological features of phosphaturic mesenchymal tumor, mixed connective tissue variant. (a) A moderately cellular mesenchymal tumor of oval
shaped cells, with no signs of nuclear atypia (HE). (b). A tumor area with numerous vessels and some cystic spaces (HE). (c) Strong positive reaction of tumor
cells with vimentin (IHH). (d) Focal positive reaction of neoplactic cells with desmin (IHH).

Phosphaturic mesenchymal tumor, mixed connective tissue
variant (PMT-MCT) causes tumor-induced osteomalacia (TIO)
and in most cases follows a benign clinical course, with rare
occurrences of malignant transformation [11].

5. Discussion

The phosphaturic mesenchymal tumor, mixed connective
tissue variant (PMT-MCT), diagnosed in our case with TIO

has been reported as the most common type among the
mesenchymal tumors associated with TIO (up to 70-80% of
all reported cases) [5, 12, 13]. It usually occurrs in the soft
tissues or bones and is characterized by slow growth and
benign behavior, although several cases of malignant
variants, including metastatic dissemination, have been
described. Various histological features of PMT-MCT have
been described, but the most frequently encountered are
spindle-shaped immature mesenchymal cells, with small
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normochromatic nuclei, prominent vessels, osteoclast-like
giant cells and cartilage-like matrix. According to the
literature, the immunohisto-chemical stainings with various
markers for cellular differentiation give controversial results.
In our case the strong positive reaction of tumor cells for
vimentin proved mesenchymal origin of the tumor and the
focal positive reaction for desmin defined its partly
myogenic  phenotype. Therefore,  despite  being
morphologically heterogeneous, probably PMT-MCT
constitute a single, histopathological entity [5]. Regardless
of tumor morphology, the hallmark for the diagnosis of
PMT-MCT is the association of the tumor with the clinical
syndrome of TIO, including elevation in plasma FGF23, and
its disappearance after tumor extirpation. The precise
mechanism of FGF23 hypersecretion ouside the bones in
patients with mesenchymal tumors remains unclear.

Our patient number 8 once again shows the difficult path to
the diagnosis of hypophosphatemic rickets/osteomalacia and
the long way the clinicians and patient walk to the finding of
the underlying tumor mass after FGF23 hypersecretion is
detected. In the majority of patients with FGF23
hypersecretion the patient has a slow growing mesenchymal
tumor with rich expression of FGF23 with the latter entering
the systemic circulation. In our patient FGF23 levels were 580
times above the upper limit of the normal range before the
operation, and after the intervention dropped 23 times within
two months! Therefore, we assumed that the extirpated tumor
mass was the source of FGF23 secretion. Usually, TIO
subsides after the removal of the tumor mass. In our patient,
phosphate and vitamin D [1,25 (OH) 2D] treatment ceased
after the surgical intervention and on month three
post-operation biochemical remission was detected and only
moderate hyperphosphaturia persisted. The physical and
emotional status of the patient showed marked improvement.
Bone density will be measured again on month 18
post-operation and we expect an improvement of BMD at both
lumbar and femoral sites similar to the results reported by
Colangelo L. et al. This is the consequence of huge
mineralization of a large amount of osteoid tissue after
resolution of the disease [14]. The patient will be followed up
closely in the upcoming years concerning serum and urine
calcium, phosphate and FGF23 levels, which will be
monitored.

6. Conclusion

We observed 8 patients with hypophosphatemic
rickets/osteomalacia. One of them was detected Fanconi
syndrome, two had TIO and five had XLH. X-linked
hypophosphatemia and TIO are the most common causes of
hypophosphatemic vitamin D-resistant rickets/osteomalacia.
These patients pose a serious problem of maintening pathogenic
treatment. Historically untill now phosphate supplementation
and therapy using analogs of highly active vitamin D (calcitriol,
alfacalcidol, paricalcitol) have been used to manage conditions
involving hypophosphatemia. The cutting-edge medical
technologies offer us treatment in the face of monoclonal

anti-FGF23 antibodies [10]. The progression of clinical trials
with burosumab (monoclonal anti-FGF23 antibodies) for the
treatment of XLH and its recent availability for clinical use may
have potential for treating other conditions associated with
FGF23 overactivity. Clinical trials to support that possibility are
not available at present [15, 16]. Novel therapeutic approaches
include image-guided tumor ablation and the pan-FGFR
tyrosine kinase inhibitor (BGJ398/infigratinib), which is great
progress in the treatment of TIO [17].
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