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TUMOR INDUCED OSTEOMALACIA (TIO),  
also known as oncogenic hypophosphatemic osteo-
malacia, is a rare acquired paraneoplastic syndrome 
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Abstract.  Diagnostic delay of tumor induced osteomalacia (TIO) is common in clinic practice.  To investigate the 
diagnostic condition of TIO in China and raise clinicians’ awareness of TIO, we retrospectively analyzed clinical 
manifestations, biochemical features, and specially evaluated missed diagnoses and misdiagnoses among 144 TIO patients 
from Peking Union Medical College Hospital during December 1982 to December 2014.  Clinical presentations of TIO 
mainly included bone pain, difficulty in walking, pathological fractures, muscle weakness, and height loss.  TIO patients 
demonstrated hypophosphatemia (0.48±0.13 mmol/L), elevated serum alkaline phosphatase (277.9±152.6 U/L), reduced 
tubular maximum for phosphorus/glomerular filtration rate (0.39±0.14) and markedly elevated serum fibroblast growth 
factor 23 (FGF23) (median level 302.9 pg/mL).  The average time from onset to a correct diagnosis was 2.9±2.3 years while 
the mean duration from onset to tumor resection was 5.4±4.2 years.  The initial misdiagnosis rate was 95.1% (137/144) and 
240 case-times of misdiagnoses occurred among the 144 cases.  The most frequent misdiagnoses were intervertebral disc 
herniation, spondyloarthritis (including ankylosing spondylitis) and osteoporosis.  A total of 43.1% (62/144) cases with 
hypophosphatemia presented on their laboratory sheets were neglected and missed diagnosed.  Our study showed that TIO 
was frequently misdiagnosed and missed diagnosed due to its rarity, insidious onset, nonspecific clinical manifestations and 
clinicians’ poor recognition.  It is necessary to test serum phosphorus in patients with musculoskeletal symptoms and 
difficulty in walking.  The measurement of serum FGF23 is rather valuable.  Once hypophosphatemia is discovered, TIO 
should be suspected and it is highly recommended to search for tumors and perform curative surgery.  
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with clinical manifestations including bone pain, 
skeletal deformities, fractures, and muscle weakness 
[1].  TIO is usually induced by benign mesenchymal 
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positron emission tomography (18F-FDG PET/CT) 
and Gallium (Ga)-68 DOTATATE PET/CT, while the 
anatomic imaging included radiography, ultrasound, 
CT and MRI.  Then patients who met any of the fol-
lowing criteria were included: patients who received 
surgical removal of the responsible tumor and the 
postoperative pathology was classified as phospha-
turic mesenchymal tumor (PMT) or phosphaturic 
mesenchymal tumor mixed connective tissue variant 
(PMTMCT); patients who treated with resection of 
causative neoplasms and serum phosphorous returned 
to normal range after surgery.  Patients of genetic hypo-
phosphatemia and acquired hypophosphatemia due to 
other causes were excluded.  And we also excluded 
hypophosphatemic osteomalacia patients without a 
definitive diagnosis of TIO including those failing to 
locate tumors or without surgeries.  

Methods
Data collection

Detailed information regarding general character-
istics (age of onset, gender, height, course of disease, 
tumor pathology and prognosis), clinical manifesta-
tions (bone pain, difficulty in walking, muscle weak-
ness/fatigue, pathological fractures, height loss, skele-
tal deformities, tooth loss or loose tooth, local lumps), 
laboratory examinations [serum calcium, serum phos-
phorus, serum 25-hydroxyvitaminD, serum 1,25-dihy-
droxyvitaminD, serum parathyroid hormone, tubu-
lar maximum for phosphorus/glomerular filtration 
rate (TMP/GFR)], and the situation of missed diag-
noses and misdiagnoses were obtained through  
medical records.  
Measurement of serum full-length FGF23

Preoperative serum samples preserved at -80°C 
in our center were found in 82 TIO patients.  Serum 
full-length FGF23 levels were measured by a two-site 
enzyme-linked immunosorbent assay using the FGF23 
ELISA Kit from Kainos Laboratories (Tokyo, Japan).  
If serum FGF23 concentration in the sample exceeded 
the measurable range (3-800 pg/mL), the sample was 
diluted 10 times.  In our laboratory, the normal range 
of FGF23 in healthy persons is 10.0 to 50.0 pg/mL 
[14-16].  
Definition of misdiagnosis and missed diagnosis

Any diagnosis except “tumor induced osteomala-
cia”, “hypophosphatemic osteomalacia” or “vitamin 
D resistant hypophosphatemic osteomalacia” was con-
sidered as a misdiagnosis.  And we also calculated 

tumors (phosphaturic mesenchymal tumor mixed con-
nective tissue variant, PMTMCT) secreting excessive 
fibroblast growth factor 23 (FGF23) and FGF23 was 
cloned as a causative factor for TIO [2, 3].  FGF23 
mainly acts on sodium-phosphate co-transporter 
at the renal tubule and inhibits 1α-hydroxylation of 
25-hydroxyvitamin D, thus leading to renal phosphate 
leaking, hypophosphatemia, inappropriately normal 
or low 1,25-dihydroxyvitamin D level and decreased 
bone mineralization [1].  Serum intact FGF23 lev-
els in healthy adults ranged from 8.2-54.3 pg/mL 
(mean±SE; 28.9±1.1) and an increasing number of 
researches have demonstrated that serum FGF23 lev-
els are markedly elevated in TIO patients before sur-
gery and decrease to normal range after resection of 
the responsible tumors [4-7].  Complete resection of 
the causative neoplasm is usually curative for TIO.  
Early disease recognition and tumor identification is 
essential for this management.  

Nevertheless, missed diagnoses or even misdiag-
noses with subsequently diagnostic and therapeutic 
delay (ranging from 3-19 years) are commonly seen 
in reported cases of TIO, accompanied by prolonged 
morbidity and poor prognosis [8-13].  This reflects 
the relatively poor recognition of the rare disease 
among physicians.  To investigate the diagnostic sit-
uation of TIO patients in China and raise clinicians’ 
awareness, we conducted a retrospective study ana-
lyzing clinical manifestations, biochemical features, 
and specially evaluating missed diagnoses and mis-
diagnoses among TIO patients in a large cohort from  
our institution.  

Patients and Methods

This is a retrospective cohort study performed in 
Peking Union Medical College Hospital (PUMCH), 
Beijing, China.  

Patients
We searched the PUMCH inpatient medical data-

base for “hypophosphatemic osteomalacia” during the 
period from December 1982 to December 2014.  A 
total of 252 patients with hypophosphatemic osteoma-
lacia were hospitalized during this period.  Among the 
above patients, we selected patients whose causative 
tumor was successfully localized by both the func-
tional and anatomic imaging.  The functional imaging 
included octreotide scanning, F-18 fluorodeoxyglucose  
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Results

Among the 252 hospitalized hypophosphatemic 
osteomalacia patients, 144 cases of TIO were included 
in the study.  Forty-eight patients with genetic disor-
ders or other acquired causes were excluded (Fig. 1).  
And 58 adult-onset hypophosphatemic osteomalacia 
patients without a definitive diagnosis of TIO were 
also excluded, including those failing to locate tumors 
or without surgeries.  In addition, two postoperative 
patients remaining hypophosphatemia and without 
the pathology classified as PMT or PMTMCT were 
not included.  

the misdiagnosed case-times for each misdiagnosis of 
every patient.  In addition, when hypophosphatemia 
presented on patients’ laboratory sheets was neglected 
by clinicians, it was considered as a missed diagnosis. 
Statistical analysis

The data distribution was assessed by the 
Kolmogorov-Smirnov test.  Continuous data are pre-
sented as mean ± standard deviation (SD) or median 
(interquartile range), according to the normality of the 
data distribution.  Categorical variables are denoted as 
number (percentage).  All statistic analyses were per-
formed with SPSS 19.0 software (IBM SPSS Statistics 
19).  Figures were made by GraphPad Prism 5.  

Fig. 1	 The inclusion and exclusion of our study among 252 hospitalized hypophosphatemic osteomalacia patients  
	 N in parentheses presents the number of patients.  The characteristics of the excluded patients in the study are listed below 

their diagnoses.  * Patients refused surgeries were due to concerns about surgical risks, postoperative recovery of related 
joints function and walking function, multiple metastasis, economic reasons, and other relative contraindications of surgeries.   
# The pathology of the 2 patients was glandular cystitis and thymic carcinoid respectively.  Abbreviations: FS, Fanconi 
syndrome; ADV, Adefovir dipivoxil; PSS, Primary Sjögren’s Syndrome; MGUS, Monoclonal gammopathy of undetermined 
significance; XLH, X-linked hypophosphatemic rickets; ADHR, Autosomal-dominant hypophosphatemic rickets; PDDR, 
Pseudo-vitamin D deficiency rickets; 25(OH)D, 25-hydroxyvitamin D; PMT, Phosphaturic mesenchymal tumor; PMTMCT, 
Phosphaturic mesenchymal tumor mixed connective tissue variant.  
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Clinical manifestations of TIO patients
The clinical presentations of TIO are displayed in 

Fig. 2.  Bone pain was the most common symptom and 
might be the initial symptom (132/144, 91.7%).  It often 
started from lower limbs (78/144, 54.2%), with ankles 
and feet being the most common sites.  Patients also suf-
fered from lumbar and back pain (37/144, 25.7%), ster-
nocostal pain (19/144, 13.2%), diffuse bone pain (4/144, 
2.8%), omarthralgia (3/144, 2.1%) and neck ache (2/144, 
1.4%).  Pathological fractures commonly occurred in 
TIO patients.  They frequently occurred at vertebrae 
(83/144, 57.6%), ribs (62/144, 43.1%), femurs (34/144, 
23.6%) and the pelvic (29/144, 20.1%).  A total of 99 
patients had height loss and the average height reduc-
tion was 7.8±4.7 cm (1.0-24.0 cm).  Several patients 
(21/144, 14.6%) had local lumps which were proved to 
be pathogenic tumors after surgery.  In addition, there 
were three cases whose tumors were in the nasal sinus 
presenting symptoms of nasal obstruction and epistaxis.  

General characteristics of the study participants
There was no obvious gender predilection for TIO 

(M:F=1.25:1).  The average age of onset was 38±11 
years (13-63 years).  The discovery of hypophosphate-
mia and effective surgery was delayed for years (Table 
1).  Except forty-three cases without related informa-
tion documented in their medical records, the clini-
cal departments TIO patients visited mainly distrib-
uted in department of Endocrinology, Orthopaedics, 
Rheumatology and Immunology, Neurology, fol-
lowed by department of Nephrology, Hematology, 
Otolaryngology, Psychology, Neurosurgery.  The caus-
ative tumors located in various soft tissues and skel-
etal sites (67.4% vs 32.6%).  After resection of the 
responsible tumors, serum phosphorus of 118 cases 
returned to normal range, while 26 cases were still 
with persistent hypophosphatemia.  A majority of 
the tumors (135/144, 93.8%) were classified as PMT  
or PMTMCT.  

Table 1  General characteristics of TIO patients
Male Female Total

Number of cases (%) 80 (55.6%) 64 (44.4%) 144
Age of onset (years) 37 ± 12 39 ± 11 38 ± 11
Mean height (cm) 163.1 ± 7.2 154.1 ± 7.8
Duration from onset to discovery 
of hypophosphatemia (years) 3.0 ± 2.4 2.8 ± 2.2 2.9 ± 2.3

Duration from onset to surgery (years) 5.0 ± 3.3 5.9 ± 5.0 5.4 ± 4.2
Data are reported as mean ± SD or number (percentage).

Fig. 2	 The clinical manifestations of TIO patients  
	 Data are presented as number (percentage).  
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The condition of misdiagnoses and missed diagnoses 
among TIO patients

Among the 144 TIO patients, 137 cases had once 
been misdiagnosed and the initial misdiagnosis rate 
was 95.1% (137/144).  There were 240 case-times of 
misdiagnoses occurred among these patients.  As is 
shown in Fig. 3, TIO patients were often misdiagnosed 
as intervertebral disc herniation, spondyloarthritis 
(including ankylosing spondylitis), and osteoporo-
sis, followed by femoral head necrosis, hyperpara-
thyroidism, rheumatoid arthritis, arthritis, bone 

Biochemical patterns of TIO patients
Patients demonstrated low serum phosphorus, 

reduced TMP/GFR, elevated serum alkaline phospha-
tase and inappropriately normal or reduced concentra-
tion of 1,25-dihydroxyvitamin D (Table 2).  

Serum full-length FGF23 levels in TIO patients
In the 82 TIO patients, preoperative serum intact 

FGF23 ranged from 20.1 to 6,498.7 pg/mL and the 
median serum FGF23 level was 302.9 pg/mL (inter-
quartile range 142.4-706.5 pg/mL).  

Table 2  Biochemical features of TIO patients
Biochemical markers Mean ± SD Range of patients Reference range
P (mmol/L) 0.48 ± 0.13 (n=144) 0.17-0.80 0.81-1.45
Ca (mmol/L) 2.28 ± 0.12 (n=144) 1.99-2.61 2.13-2.70

ALP (U/L) 277.9 ± 152.6 (n=144) 69-1101 Male 45-125
Female 35-100

PTH (pg/mL) 66.4 ± 39.1 (n=144) 4.8-277 12.0-65.0
TMP/GFR 0.39 ± 0.14 (n=117) 0.12-0.70 0.80-1.35
25(OH)D (ng/mL) 15.6 ± 6.8 (n=99) 2.9-37.1 8.0-50
1,25(OH)2D (pg/mL) 9.1 ± 6.2 (n=77) 0.01-23.00 19.6-54.3
Abbreviations: P, phosphorus; Ca, calcium; ALP, alkaline phosphatase; PTH, parathyroid hormone; TMP/GFR, tubular 
maximum for phosphorus/glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D.  
The number of cases involved is presented in parentheses.  

Fig. 3	 The misdiagnosis condition in TIO patients  
	 A total of 240 case-times of misdiagnoses occurred in the 144 TIO patients.  Data are expressed as number (percentage).  

Others covered misdiagnoses less than five case-times for each, mainly including spinal stenosis, synovitis, waist muscle strain, 
rib cartilage inflammation, multiple myeloma, neuropathic pain, polymyalgia rheumatica, rheumatic arthritis, paget’s disease, 
motor neuron disease, intercostal neuralgia, renal tubular acidosis, chronic renal failure, multiple myositis, myodystrophia, 
stroke, hysterical paralysis, somatization disorder.  
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metastases, connective tissue diseases, osteoarthritis,  
fibromyalgia syndrome.  

Analysis of major misdiagnoses and improper treat-
ments among TIO patients
Misdiagnosed as lumbar disc herniation

Lumbar disc herniation was the most frequent mis-
diagnosis among TIO patients.  The mean onset age of 
these misdiagnosed patients was 40±10 years.  Patients 
mainly presented with symptoms of lumbar and back 
pain (31 case-times, 67.4%) and lower limbs pain (14 
case-times, 30.4%).  The majority of visited clinical 
departments included department of Orthopaedics, 
department of Rheumatology and Immunology and 
department of Neurology.  Among these patients, there 
were 26 case-times (56.5%) with radiographic signs of 
protrusion of intervertebral disc.  Subsequently, some 
patients were improperly treated with physiotherapy, 
acupuncture, anti-inflammatory drugs and glucocor-
ticoids.  A small percentage of patients even received 
surgery of intervertebral disc.  
Misdiagnosed as spondyloarthritis

Spondyloarthritis was the second most common 
misdiagnosis.  The average onset age of patients 
misdiagnosed as spondyloarthritis was 30±9 years.  
Mostly, these patients were referred to department 
of Rheumatology and Immunology (21 case-times, 
55.3%) and the most common symptom was lumbar and 
back pain or lumbosacral pain (33 case-times, 86.8%).  
Imaging examination (X-ray/CT/MRI) showed signs 
of sacroiliac joint changes (12 case-times, including 
fuzzy sacroiliac joint, joint space stenosis, joint fusion, 
and coarse joint surface), fractures of ilium bone (2 
case-times), ilium sclerosis (1 case-times) or even nor-
mal sacroiliac joint (3 case-times).  The human leu-
kocyte antigen B27 (HLA-B27) was negative in most 
cases with only 1 cases being positive.  Unfortunately, 
some patients received non-steroidal anti-inflamma-
tory drugs, sulfasalazine, methotrexate and glucocorti-
coids while some were mistakenly treated with thalid-
omide, tripterygium wilfordii, etanercept, infliximab, 
leflunomide, physiotherapy, and acupuncture.  
Misdiagnosed as osteoporosis

There were 37 case-times of misdiagnoses as 
osteoporosis.  The mean onset age of patients mis-
diagnosed as osteoporosis was 43±10 years.  These 
patients mainly exhibited symptoms of bone pain (37  
case-times, 100%), fractures (32 case-times, 86.5%), 
and height loss (26 case-times, 70.3%).  They sought 

medical care mainly in department of Endocrinology (22 
case-times, 59.5%).  There were 25 case-times (67.6%) 
of low bone mineral density as revealed by dual-energy 
X-ray absorptiometry (DXA).  Consequently, they were 
only treated with calcium plus vitamin D, calcitonin,  
or bisphosphonates.  

The situation of missed diagnoses in TIO patients
A total of 43.1% (62/144) cases with hypophos-

phatemia presented on their laboratory sheets were 
neglected and missed diagnosed.  Moreover, only a 
small proportion (17/144, 11.8%) of patients received 
laboratory test of serum phosphorus when they sought 
medical care for the first time.  

In addition, even though hypophosphatemia was 
once noticed, there were still several patients with-
out treatment of oral phosphorus or being improperly 
treated with bisphosphonates and calcitonin.  

Discussion

This study retrospectively reviewed clinical and 
laboratory features of 144 TIO patients, and analyzed 
the condition of missed diagnoses and misdiagnoses.  
TIO should be differentiated with hereditary disor-
ders or other acquired causes mainly including XLH, 
ADHR, McCune-Albright syndrome and Fanconi 
syndrome caused by hematological diseases or drugs.  
Findings of clinical manifestations and biochemi-
cal abnormalities in our series are in common with 
previous studies from Jiang, Y [14].  We confirmed 
that FGF23 levels increased significantly in TIO 
patients and the median intact serum FGF23 level in 
Chinese TIO patients was 302.9 pg/mL.  It was simi-
lar to the result of a recent research from Yu, W J [4].  
But we also discovered a female patient with normal  
FGF23 level (20.1 pg/mL).  TIO with normal systemic 
FGF23 level has been reported, and it is noteworthy 
that in case of hypophosphatemic condition, the “nor-
mal” FGF23 level might be inappropriately normal 
[17].  Notably, we found that TIO was severely misdi-
agnosed or missed diagnosed.  Patients suffered from 
improper medical treatments or even unnecessary sur-
gery related to the misdiagnoses.  Moreover, our data 
revealed that the definite diagnosis and effective treat-
ment of TIO was significantly delayed for years.  Our 
data are consistent with repeated reports of delays in 
diagnosis, improper treatment and prolonged mor-
bidity of TIO patients [8-13, 18].  A typical example  
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is a case report from E. Michael Lewiecki and his 
colleague, describing an unusual TIO case pre-
sented with musculoskeletal symptoms and fragility  
fractures [13].  Despite consultations of a number 
of physicians and specialists, the patient was unsuc-
cessfully treated for piriformis syndrome, seronega-
tive polyarthritis, severe osteoporosis, and polyostotic 
Paget’s disease of bone.  In comparison, our study 
showed that intervertebral disc herniation, spondy-
loarthritis (including ankylosing spondylitis) and 
osteoporosis ranked top three among the misdiagno-
sis spectrum.  Our results confirm but also extend the 
misdiagnosis spectrum from several previous retro-
spective studies analyzing the misdiagnosed situation 
of hypophosphatemic osteomalacia with limited sam-
ple size ranging from 5-13 cases [19, 20].  

Additionally, it is essential to deeply explore and 
analyze the possible related factors for frequently seen 
misdiagnoses of TIO.  Firstly, it is possible that the insid-
ious onset and nonspecific nature of clinical symptoms 
results in misdiagnoses.  As Anke H. Hautmann con-
cluded in his review, “Nonspecific symptoms includ-
ing fatigue, bone pain, and musculoskeletal weakness 
make the diagnosis elusive and often lead to a delay in 
treatment” [21].  Patients were incorrectly attributed to 
intervertebral disc herniation, spondyloarthritis, osteo-
porosis, femoral head necrosis, and hyperparathyroid-
ism.  These diseases may show one or more symptoms 
similar to TIO, thus making it challenge to find a spe-
cific symptom of TIO.  It coincides with Jin’s research 
in which he summarized that hypophosphatemic osteo-
malacia was misdiagnosed as spondyloarthritis, a dif-
ferent kind of disease, mainly due to the similar clin-
ical symptom of low back pain [22].  Moreover, our 
results concur with previous findings that the typical 
time from onset of symptoms to a tentative diagnosis 
of TIO often exceeds 2.5 years and the average dura-
tion from the presumptive diagnosis to the identifica-
tion of the underlying responsible tumor is 5 years [13, 
23].  The nonspecific symptoms of TIO delay its rec-
ognition.  Secondly, the coincidence that several radio-
graphic changes caused by osteomalacia may resemble 
many other diseases could be another potential factor.  
We discovered that radiographic signs of protrusion of 
intervertebral disc were common among patients mis-
diagnosed as lumbar disc herniation.  Spine and ver-
tebral deformation or vertebral fractures due to osteo-
malacia might affect intervertebral discs, and several 
patients were just diagnosed as lumbar disc herniation  

following the radiographic signs.  Similarly, TIO 
patients having sacrum or ilium changes due to osteo-
malacia might be misdiagnosed as spondyloarthritis.  
Both our study and a retrospective research by Jin and 
his colleague confirmed the above mentioned condi-
tion.  The main radiographic difference between TIO 
and spondyloarthritis is that, the skeletal lesions of TIO 
are mostly on sacrum or ilium bone itself while spon-
dyloarthritis involves inflammation or destruction of 
joints and adjacent tissues [22].  In addition, we found 
that more than half of the cases misdiagnosed as osteo-
porosis had low bone mineral density assessed by DXA.  
TIO is characterized by decreased bone mineralization, 
thus patients may be frequently misdiagnosed as osteo-
porosis due to reduced bone mineral density detected 
by DXA.  As early as 2009, the New England Journal 
of Medicine published a monograph emphasizing 
that these two diseases could be quite confusing [24].  
Bone mineral density measured by DXA often cannot  
distinguish osteomalacia from osteoporosis.  Thirdly, 
this study discovered that cases misdiagnosed as lum-
bar disc herniation, spondyloarthritis and osteoporo-
sis were mainly referred to department of Orthopedic, 
department of Rheumatology and Immunology, and 
department of Endocrinology respectively.  It is pos-
sible that a misdiagnosis is somewhat influenced by 
the department that a patient visited, involving com-
monly encountered diseases of each medical depart-
ment.  Lastly, the presence of hypophosphatemia on 
laboratory sheets was generally neglected in our study, 
and only 11.8% of patients received laboratory test of 
serum phosphorus during their first visit.  However, 
hypophosphatemia is a vital clinical clue to the diagno-
sis of TIO.  Chang holds that TIO was much more mis-
diagnosed than rare and his study also concludes that 
discovery of hypophosphatemia might be the key to 
avoid misdiagnosis [25].  Furthermore, we also found 
that even if hypophosphatemia was once noticed, cli-
nicians sometimes failed to give a proper prescription 
with oral phosphorus.  The lack of formally approved 
clinically used phosphate supplements in China might 
contribute to the situation.  

Although the diagnosis of TIO is frequently chal-
lenging, there are several important key points that 
can help to avoid misdiagnoses and missed diagno-
ses.  Bone pain was the initial symptom of most TIO 
patients.  Thus, when encountering a patient with 
complaints of bone pain, it is necessary to make a 
detailed inquiry about the onset of age, family history,  
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medication history, accompanying symptoms such as 
fatigue or muscle weakness, pathological fractures, 
height loss, difficulty in walking.  At the same time, pay 
attention to check whether there were skeletal defor-
mities, dental problems, and local bumps.  These data 
are vital in the differential diagnosis with hereditary 
hypophosphatemia and other acquired causes.  TIO 
should be suspected in patients with progressive weak-
ness, bone pain, multiple fractures, skeletal deformi-
ties, and difficulty in walking.  Laboratory tests of cal-
cium, phosphorus and alkaline phosphatase should be 
routinely performed in case of suspected TIO [8, 21].  
Hypophosphatemia and elevated alkaline phosphatase 
can be the key diagnostic clues for TIO.  The measure-
ment of serum FGF23 is quite valuable.  Another diag-
nostic challenge is to locate the responsible tumors as 
these tumors are usually small in size, slowly growing 
and locating at variable elusive sites.  Currently, it is 
advocated performing a step-wise approach including 
functional imaging (octreotide scanning, 18F-FDG 
PET/CT and Ga-68 DOTATATE PET/CT), followed 
by anatomic imaging (radiography, ultrasound, CT 
and MRI).  And if needed, selective venous sampling 
for FGF23 is usually successful in locating the tumors 
[8, 26, 27].  Chong WH and his colleague reported a 
series of 31 TIO subjects regarding tumor localiza-
tion and proposed a systematic approach to localizing 
tumors in tumor induced osteomalacia [26].  But he 
failed to include 68Ga DOTATATE PET/CT in local-
izing these tumors.  However, an increasing number of 
researches have demonstrated that 68Ga DOTATATE 
PET/CT is an accurate imaging modality (overall 
accuracy 97.7%) and can be used as the first imaging 
modality in the detection of obscure TIO tumors [28-
30].  Once the neoplasm is located, complete resection 
of the neoplasm with wide margins will be the most 
appropriate treatment.  

There are several limitations of our study.  The study 
was a single center study, thus the diagnostic condition 
of TIO might not represent all.  In addition, as a ret-
rospective study, information regarding misdiagnoses 
or missed diagnoses was acquired through medical 

records, which largely depended on the patient’s sub-
jective statements.  Thus, there might be recall bias, and 
we could not distinguish whether patients had coexis-
tence of TIO and some of the given misdiagnoses.  

In summary, TIO is frequently misdiagnosed or 
missed diagnosed due to its rarity, insidious onset, 
nonspecific nature of clinical manifestations, and cli-
nicians’ poor recognition.  Many doctors often fail 
to include laboratory assay of serum phosphorus or 
neglect hypophosphatemia presented on the laboratory 
sheets.  Thus, definitive diagnosis and curative sur-
gery is often delayed, and consequently the life qual-
ity of TIO patients is profoundly affected.  Clinicians 
should enhance their understanding and recognition of 
the disease.  The diagnosis of TIO should be suspected 
in patients who present with symptoms of fatigue, mus-
cle weakness, bone pain, pathological fractures, height 
loss, skeletal deformities, and difficulty in walking.  
Besides taking detailed medical history and cautious 
physical examination, it is critical to test serum phos-
phorus.  The measurement of serum FGF23 might have 
critical role in improving diagnosis and management 
of TIO.  Once hypophosphatemia is discovered, TIO 
should be considered and it is highly recommended to 
search for tumor lesions and perform curative surgery.  
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