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Introduction
  Muscle pain is a common complaint often prompting 

neuromuscular referral. The differential for this clinical 
problem is broad, with causes ranging from inflammatory, 
toxic, metabolic, hereditary, or idiopathic. The presence of 
accompanying weakness, elevations in creatine kinase (CK) 
or abnormal EMG findings often triggers more extensive 
investigations into etiology. Here, we report an unusual case 
of musculoskeletal pain and weakness resulting from an 
FGF-23 related paraneoplastic syndrome and briefly review 
this rare but treatable condition that may be encountered 
within neuromuscular practice.

Case Report
A 25-year-old man was referred to neuromuscular 

clinic for evaluation of musculoskeletal pain, spasms and 
weakness. Symptoms had begun 4 years earlier with pain 
located primarily in low back, bilateral shoulders and hip 
but extending into arms and thighs. Pain was described 
as sharp, deep, becoming more constant over time, and 
accompanied by axial muscle spasms. Two years prior, he 
noted onset of bilateral leg weakness, more proximal then 
distal.  He had difficulty lifting his legs at the hip and began 
to have frequent falls. He also developed weakness in both 
arms although to a lesser degree than his legs.  He struggled 
lifting objects overhead, but hand movements/dexterity 
were largely unaffected. He lost muscle bulk throughout 
and experienced a 20-pound unintentional weight loss. He 
had developed chest pain over the past 2-3 months noting 
periods of dyspnea. He also began using a wheelchair 
for mobility due to pain, weakness and falls. He denied 
fasciculations, paresthesia, urinary incontinence, and 
bulbar or ocular symptoms.

His past medical history was notable for asthma, and 
a right inguinal lump which he was told was a lymph node. 

He was diagnosed with avascular necrosis of the head of 
the left hip 9 months earlier, after several episodes of acute 
weakness in the hip causing him to fall.  He also had history 
of a foot fracture. He had been seen by his PCP and several 
orthopedists without establishing a clear diagnosis.  Overall, 
there was no significant family or social history.

On exam, he had normal mental status and cranial 
nerves. His muscle bulk and tone were normal.  There was 
proximal weakness in hip flexors and shoulder abductors, 
although proximal muscle testing was limited by pain. 
Distal muscle strength appeared normal. Sensory exam was 
normal and reflexes were preserved. Gait assessment was 
pain limited.  On general physical exam, he had chest wall 
deformity with pectus excavatum. No scoliosis was noted. 

Electrophysiological evaluation demonstrated normal 
motor and sensory nerve conductions in both upper and 
lower extremities. EMG exam found increased insertional 
activity in the deltoid with a rare fasciculation. Motor unit 
morphology and recruitment were unremarkable. 

Table 1:  Significant Laboratory Values

Lab Result Normal

CK 55 U/L 39-308 U/ml

PTH 50.8 pg/ml 15-65 pg/ml

TSH 1.3 mclU/ml 0.4-4.5 mcIU/ml

K 4.4 mmole/L 3.6-5.0 mmole/L

Ca 10 mg/dl 8.4-10.2 mg/dl

Magnesium 2.2 mg/dl  1.6-2.6 mg/dl

Vitamin d,25-OH
Vitamin 
d 1,2 d-OH

50.4 ng/ml

13 pg/ml

30-80 ng/ml

18-64 pg/ml
Alkaline 
phosphatase

464 U/L- total
358 IU/ml-bone

40-129 U/L
12-43 IU/ml

P04 1.2 mg/dl 2.4-4.5 mg/dl

FGF-23 7150 RU/ml <180 RU/ml

Significant laboratory evaluation is shown in 
Table 1. Glutamic decarboxylase (GAD) and Caspr2 
antibodies in serum were negative. Aggressive Neutraphos 
supplementation was initiated, but normal phosphorous 
levels could not be achieved.  A diagnosis of FGF-23 related 
osteomalacia and hypophosphatemia was made and a 
search for neoplasm began. Given the history of a right 
inguinal lymph node, the patient underwent abdominal/
pelvis/hip imaging by CT and MRI modalities which 
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showed an enhancing mass with apparent areas of cystic 
change centered at the adductor brevis muscle of the right 
thigh (Figure 1A-1B). Tissue from a CT-guided biopsy 
revealed a phosphaturic mesenchymal tumor. The tumor 
was surgically excised, but the right obturator nerve was 
sacrificed due to the large portion of tumor involving the 
adductor muscles. Final pathology confirmed a phosphaturic 
mesenchymal tumor (Figure 1C-1D) with surrounding 
lymph nodes and adjacent muscle, free of tumor. Within 6 
days of tumor resection, serum phosphorous normalized 
at 3.5 mg/dl and remained stable thereafter. Proximal 
weakness also improved.  At 1 month follow-up, patient had 
noted improved strength and function with reduced pain as 
well. 

Discussion
Tumor induced or oncogenic osteomalacia (TIO) 

is a rare paraneoplastic disorder characterized by the 
triad of muscle weakness, musculoskeletal pain and bony 
fractures in the setting of persistent low serum phosphate.1   
The syndrome has been reported in wide range of 
ages, from childhood well into adulthood (mean age in 
early 5th decade) with no male/female predilection.2,3 

It results from production of FGF-23, a key hormonal 
regulator of phosphate and vitamin D metabolism by 
phosphaturic mesenychmal tumors (PMTs), a usually 
benign spindle shaped cell neoplasm derived from skeletal 
stem cells.4,5 Rarely, paraneoplastic TIO phenotypes with 
FGF-23 expression have also been reported with small 
cell carcinoma of the lung, breast cancer and ovarian 
neoplasms.6-8 FGF-23, one of three sub-members of the 
fibroblast growth factor metabolic subclass, acts primarily 
by suppressing expression of NPT2a and NPT2c sodium-
phosphate cotransporters in the renal proximal tubule 
serving to decrease phosphate reabsorption and promote 
wasting.4   In addition, FGF-23 may impair hydroxy vitamin 
d synthesis which is necessary for optimum phosphate 
absorption from the small intestine.9 The prolonged low 
serum phosphate and vitamin d abnormalities result in 
significant osteomalacia which accounts for the clinically 
observed bony pain and multiple fractures seen with TIO. 

As FGF-23 is not recognized to have direct effects on 
skeletal muscle function, the proximal weakness associated 
with TIO derives in part from the effects of seriously low 
and prolonged hypophosphatemia on skeletal muscle.10 
Low serum phosphate can lead to muscle breakdown 

Figure 1. A) Contrasted CT scan of the pelvis showing a 5.5 x 7.4 cm mass anteriorly centered at right adductor brevis muscle. B) T2 fat 
suppressed MR image of pelvis/thigh.  C) Gross photograph of phosphaturic mesenchymal tumor showing mass with cystic change and 
hemorrhage. D) Tumor consists of spindled cells with areas of calcification.   Osteoclast-like giant cells are also present.
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and rhabdomyolysis as levels of phosphate critical for 
adequate ATP production are compromised.11,12 In animal 
models, prolonged hypophosphatemia can directly lead 
to a myopathy that itself may also increase the probability 
of rhabdomyolysis.10 Intramuscular inorganic phosphate 
levels are also critical for myofibrillar performance and 
maintaining adequate Ca2+ release from the sarcoplasmic 
reticulum (SR)  for muscle fiber contraction.  Such 
alterations can produce skeletal muscle weakness as well as 
enhanced muscle fatigue.13 The significant weight loss or as 
yet other unknown factors secreted by the tumor might also 
contribute to the proximal weakness observed in TIO.  

Primary treatment for TIO-related musculoskeletal 
pain, weakness and hypophosphatemia consists of 
recognizing the disorder, then identifying and resecting the 
tumor.  In the rare cases where complete tumor excision 
is not possible, adjunctive radiation therapy and potential 
use of anti-FGF 23 monoclonal antibodies (burosamab, 
Crysvita) may be considered. 14  Although rarely encountered 
in neuromuscular practice, TIO diagnosis should not be 
missed, as it is a treatable and reversible paraneoplastic 
syndrome. This case emphasizes the importance of 
assessing routine comprehensive metabolic panels in cases 
of musculoskeletal pain or weakness, as it was the abnormal 
alkaline phosphatase and serum phosphorous levels which 
initiated the proper course in making this rare diagnosis.

Corresponding Author
Dr Jeffrey L. Elliott
E-mail:  jeffrey.elliott@utsouthwestern.edu
Phone: 214-648-8816
Fax: 214-648-5080

References
1. Florenzano P, Gafni RI, Collins MT. Tumor-induced 

osteomalacia. Bone Rep. 2017 Sep 20;7:90-97. doi: 10.1016/j.
bonr.2017.09.002. eCollection 2017 Dec.PMID: 29021995

2. González G, Baudrand R, Sepúlveda MF, Vucetich 
N, Guarda FJ, Villanueva P et al., Osteoporos Int. 2017 
Jul;28(7):2187-2193. doi: 10.1007/s00198-017-4007-2. 
Epub 2017 Mar 25.Pub. Med. PMID: 28341900

3. Jiang Y, Xia WB,  Xing XP, Silva BC, Li M, Wang 
O. et al., Tumor-induced osteomalacia: an important 
cause of adult-onset hypophosphatemic osteomalacia in 
China: Report of 39 cases and review of the literature. J 
Bone Miner Res. 2012 Sep;27(9):1967-75. doi: 10.1002/
jbmr.1642.PMID: 22532501

4. Li, X . The FGF metabolic axis. Front Med. 2019 
Oct;13(5):511-530. doi: 10.1007/s11684-019-0711-y. Epub 
2019 Sep 7. Pub.Med  PMID: 31495905

5. Florenzano P, Hartley IR, Jimenez M, Roszko 
K, Gafni RI, Collins MT Tumor induced osteomalacia. 
Calcif Tissue Int. 2021 Jan;108(1):128-142. doi: 10.1007/
s00223-020-00691-6. Epub 2020 Jun 5. Pub.Med 
PMID: 32504138 

6. Savva C, Adhikaree J, Madhusudan S, Chokkalingam 
K. Oncogenic osteomalacia and metastatic breast cancer: a 
case report and review of the literature. J Diabetes Metab 
Disord. 2019 Mar 22;18(1):267-272. doi: 10.1007/s40200-
019-00398-y. eCollection 2019 Jun.PMID: 31275898

7. Lin HA,  Shih SR, Tseng YT, Chen CH, Chiu WY, 
Hsu CY,   et al., Ovarian cancer-related hypophosphatemic 
osteomalacia--a case report J Clin Endocrinol Metab. 
2014 Dec;99(12):4403-7. doi: 10.1210/jc.2014-2120.
PMID: 25181387

8. Sauder A, Wiernek S, Dai X, Pereira R, Yudd M, Patel 
C et al., FGF23-Associated Tumor-Induced Osteomalacia 
in a Patient With Small Cell Carcinoma: A Case Report 
and Regulatory Mechanism Study. Int J Surg Pathol. 2016 
Apr;24(2):116-20. doi: 10.1177/1066896915617828. Epub 
2015 Nov 25.PMID: 26612848 

9. Shimada T,  Kakitani M, Yamazaki Y, Hasegawa H, 
Takeuchi Y, Fujita T.  et al.,  Targeted ablation of FGF23 
demonstrates an essential physiological role of FGF23 in 
phosphate and vitamin D metabolism. J Clin Invest. 2004 
Feb;113(4):561-8. doi: 10.1172/JCI19081.PMID: 14966565

10. Amanzadeh J, Reilly RF Jr. Hypophosphatemia: an 
evidence-based approach to it clinical consequences and 
management. Nat Clin Pract Nephrol. 2006 Mar;2(3):136-
48. doi: 10.1038/ncpneph0124. Pub.Med   PMID: 16932412

11. Efstratiadis G, Voulgaridou A, Nikiforou D, 
Kyventidis A, Kourkouni E, Vergoulas G. Rhabdomyolusis 
updated Hippokratia. 2007 Jul;11(3):129-37PubMed 
PMID: 19582207

12. Singhal PC, Kumar A, Desroches L, Gibbons N, 
Mattana J. Prevalence and predictors of rhabdomyolysis 
in patients with hypophosphatemia. Am J Med. 1992 
May;92(5):458-64. doi: 10.1016/0002-9343(92)90740-3.
PMID: 1580292

13. Allen DG, Trajanovska S. The multiple roles of 
phosphate in muscle fatigue. Front Physiol. 2012 Dec 
11;3:463. doi: 10.3389/fphys.2012.00463. eCollection 2012. 
Pub.Med PMID: 23248600

 14. Jan de Beur SM, Miller PD, Weber TJ, Peacock M, 
Insogna K, Kumar R et al., Burosumab for the Treatment 
of Tumor-Induced Osteomalacia J Bone Miner Res. 2021 
Apr;36(4):627-635. doi: 10.1002/jbmr.4233. Epub 2021 
Jan 12.PMID: 33338281

mailto:jeffrey.elliott@utsouthwestern.edu

