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Abstract
Summary This study reviews publications to describe the signs, symptoms and impact of tumour-induced osteomalacia 
(TIO) on patients’ burden of disease. TIO is associated with a spectrum of signs and symptoms imposing a significant clini-
cal burden, but the psychosocial impact of this rare disease has been poorly researched so far.
Introduction To describe the signs, symptoms and impacts of tumour-induced osteomalacia (TIO) and summarise the state 
of research on the burden of disease of this ultra-rare condition.
Methods A targeted literature review was conducted in PubMed using pre-defined search terms. Relevant articles published 
between 1980 and 2021 were screened for inclusion. Seventy records were selected for analysis. Data were extracted and 
grouped into categories and sub-categories to identify recurrent signs, symptoms and impacts of TIO and describe the burden 
on patients. Chord diagrams were created to analyse the relationships between different TIO outcomes and characterise the 
presentation of TIO.
Results Although the number of articles on TIO published have been increasing over the past 20 years, most studies were 
case reports and case series (n = 65/70) and only few were studies with higher quality of evidence (n = 5/70). Most articles 
were based on data reported by clinicians (n = 67/70). Patients with TIO experienced a combination of outcomes including 
chronic pain, weakness, skeletal-related manifestations and limitations in mobility. Only a few studies (n = 2/70) analysed 
the burden of TIO on the emotional wellbeing and on the work life of the patient.
Conclusion Patients with TIO present with a spectrum of signs and symptoms that impose a significant burden. The impact 
on the psychosocial wellbeing of patients should be further investigated, as this has been poorly researched so far. Studies 
with high quality of evidence should be designed to further the understanding of the burden of disease of TIO from the 
patient’s perspective.
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Introduction

Tumour-induced osteomalacia (TIO) is an ultra-rare, 
acquired paraneoplastic syndrome caused by high blood 
levels of fibroblast growth factor 23 (FGF23), a phosphate- 
and vitamin D-regulating hormone [1]. FGF23 is secreted by 
small, slowly growing tumours that are usually benign [2]. 
An excess of FGF23 causes hypophosphatemia, resulting 

from decreased renal tubular phosphate reabsorption, with 
a low or inappropriate level of active vitamin D [3]. As ini-
tial signs and symptoms can be non-specific and may go 
unrecognised, patients often present a long history of undi-
agnosed fractures, musculoskeletal pain, fatigue and severe 
myopathy [4].

Reporting of new TIO cases in the literature has increased 
in the past decade. Still, the overall numbers are very low: 
to date, approximately 1000 cases have been reported in the 
medical literature [5]. The only formal epidemiology study 
in TIO is an observational cohort study using national Dan-
ish health registries for 2008–2018 that found the incidence 
of TIO to be 0.13 per 100,000 and the prevalence no more 
than 0.70 per 100,000 people per year for the total popula-
tion of the country [6].

 * Adele Barlassina 
 adelebarlassina@openhealthgroup.com

1 Sapienza University of Rome, Rome, Italy
2 OPEN Health, Marlow, United Kingdom
3 Kyowa Kirin International, Marlow, United Kingdom

Published online: 28 May 2022/

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-022-06432-9&domain=pdf


Osteoporosis International (2022) 33:1845–1857 

1 3

The established treatment for TIO is the complete sur-
gical resection of the causative tumour, which should be 
curative [7]. Evidence shows that FGF23 levels return 
to normal in most cases after surgeries, and the clinical 
complaints of TIO are alleviated [3]. However, in 35 to 
40% of TIO patients, the pathogenic tumours cannot be 
localised or completely resected [7]. In these cases, treat-
ment to increase blood phosphate is required, tradition-
ally consisting of daily administration of oral phosphate 
and active vitamin D [3]. However, this treatment over 
the long term is not optimal, with side effects of daily 
treatment including frequent gastrointestinal distress, 
hypercalcemia, nephrocalcinosis and tertiary hyper-
parathyroidism [7]. In 2020, the US Food and Drug 
Administration (FDA) granted approval to burosumab, 
a fully human, monoclonal antibody to FGF23, for the 
treatment of patients with tumour-induced osteomala-
cia (TIO) associated with phosphaturic mesenchymal 
tumours that cannot be curatively resected or localised in 
adult and paediatric patients 2 years of age and older [8, 
9]. Burosumab blocks excess FGF23, normalising phos-
phate metabolism and improving bone health. The results 
of two single-arm Phase II studies (NCT02304367, 
NCT02722798) investigating the safety and efficacy of 
burosumab in adults with non-resectable/non-localisable 
TIO have shown that the treatment restores phosphate 
homeostasis and improves osteomalacia, resulting in sig-
nificant improvements in health-related quality of life 
(QoL) in patients with TIO [7, 10].

The rarity of TIO and its initial unspecific symptoms and 
the challenges in the localisation of the causative tumour can 
determine long delays in diagnosis, leading to potentially 
irreversible physical consequences. This has a significant 
impact on the QoL of people living with TIO [4].

Because of the rarity of this disease and the need to 
educate physicians in its clinical management, published 
literature reviews have tended to focus on the prevalence, 
diagnosis and treatment of TIO [11–13]. Limited research 
has been published that explores and describes the physical 
and psychosocial burden of this condition on patients and 
their carers/families [4].

This study is a review of publications identified through 
a targeted literature review to describe the burden of disease 
for people living with TIO and assess the state of research 
on the impact of TIO on patients’ QoL.

Methods

A targeted literature review was conducted in PubMed 
using pre-defined search terms designed to capture the 
available information on the signs, symptoms and impacts 

associated with TIO and the resultant burden of disease 
(Appendix). To capture additional sources of evidence, 
other publications were identified through the reference 
lists or citations of the identified literature (snowballing).

Selection of eligible publications

Two members of the research team screened the titles and 
abstracts of the articles captured in the searches for poten-
tial relevance. Articles were selected for full-text screen-
ing if they included at least one of the disease terms and 
at least one of the terms relating to disease burden. Only 
articles published between 1 January 1980 and 31 May 
2021 regarding humans were eligible for inclusion. No 
country, language or study type restrictions were applied.

Data extraction

Data retrieved from the full text of the included articles were 
extracted into a Microsoft Excel workbook. Information on 
the publication, including source of information, year and 
country of publication, authors, title, study design, sample 
size and key demographics, was extracted. Data on the his-
tory of clinical manifestation and burden of TIO were also 
obtained. These included relevant disease characteristics prior 
to and after initial presentation as well as the impact of TIO on 
activities of daily living, work life and emotional wellbeing.

In the first part of the analysis, disease characteristics 
and impacts were grouped into categories and sub-cat-
egories using Excel to identify the frequency of recur-
rent signs, symptoms and impacts of TIO and describe 
the burden of the disease on patients reported in each of 
the publications. In the second part of the analysis, pub-
lications on single case reports were further investigated. 
The occurrence of co-reported signs and symptoms of TIO 
were analysed to better understand and characterise TIO’s 
clinical presentation. Chord diagrams were created to visu-
alise the number of patients with co-occurring reports of 
TIO signs, symptoms and impacts using the software for 
data visualisation Flourish [14].

Assessment of evidence quality

We acknowledge the concerns about weak inferences and 
the high likelihood of biases associated with case reports 
and case series reports, which formed the vast majority 
of publications available for the purpose of this study 
(n = 65/70), and which constitute low-quality evidence 
[15]. Only one clinical trial, which constitutes high-quality 
evidence [16], was eligible for this review.
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Results

Figure 1 shows the PRISMA diagram for the selection of 
the eligible publications. Through the literature search on 
PubMed, 180 articles were identified, and 44 additional 
articles were captured through snowballing. After titles 
and abstracts were reviewed, 85 articles were selected for 
full-text screening. Ten were excluded because the full 
text was not accessible and 5 because they did not meet 
the inclusion criteria or were not stand-alone studies (e.g., 
literature reviews). A total of 70 records were included in 
this review.

Of the 70 articles included, 65 were clinical case reports 
and case report series (Appendix), 3 were retrospective reviews 
of patient medical records [13, 17, 18], 1 was a clinical trial 
[10] and 1 was a cross-sectional study [4]. Fifty-eight studies 
focussed on single patients’ cases, while 12 reviewed multiple 
ones (range 2–144 patients). The articles were published across 
a range of countries worldwide, including Japan (n = 15), the 
USA (n = 13), China (n = 9), Germany (n = 4), India (n = 4), Italy 
(n = 3) and the UK (n = 3), and they were all written in English. 
The majority of articles were published in the last 20 years, with 
one-third published in the last 10 years (Fig. 2).

All included studies, with the exception of two, were based 
on data reported by the treating clinician. Only two of the arti-
cles contained data obtained directly from the patient: one using 
patient-reported outcome measures (PROMs) and one reporting 
data from a patient interview. Most studies (n = 66/70) retrieved 
their data from medical records. Only 3 studies reported data 
as measured by specific patient- or clinician-reported outcome 

measures: the Brief Pain Inventory (BPI); the Visual Analogue 
Scale (VAS) pain score; the Functional Assessment of Chronic 
Illness Therapy–Fatigue (FACIT-Fatigue); the 36-item Short 
Form (SF-36) survey scale for QoL and the Brief Pain Inven-
tory–Short Form (BPI-sf).

TIO signs, symptoms and impacts

The TIO signs and symptoms described in the literature 
were classified in 2 overarching categories: clinical mani-
festations and symptoms. The impacts of TIO impacts on 
different QoL domains were grouped into the following cat-
egories: physical health, work life and emotional wellbeing. 
The pie chart in Fig. 3 shows how many times each TIO 
sign, symptom and impact was mentioned in the analysed 
literature.

Clinical manifestations (signs)

Clinical manifestations refer to all signs of disease detected 
through clinical examinations. Skeletal deficits were the 
most frequently reported manifestations (n = 48 times). 
These included TIO-related fractures and pseudo-fractures, 
height loss and joint swelling. The muscle deficits reported 
were atrophy and muscle wasting (n = 4 times). Other mani-
festations described were nasal obstructions (n = 5 times), 
weight loss (n = 3 times) and visual disturbances (n = 1 
times).

Fig. 1  Overview of the article 
selection process. aNo addi-
tional articles were identified 
via other databases. bArticles 
were excluded if their abstract 
and/or title did not include at 
least one of the disease terms 
AND at least one of the terms 
relating to disease burden. 
cReasons for exclusion = not 
appropriate after reviewing full 
text (n = 5); could not access 
article (n = 10)
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Symptoms

Symptoms refer to all features indicating a disease condition that 
are reported by the patient and that cannot be objectively detected 
or diagnosed through clinical tests or examination. Pain was the 

most reported TIO symptom (n = 124 times). It was described as 
generalised or localised pain in bones or joints. Other frequently 
reported symptoms were weakness (n = 38 times) and fatigue 
(n = 21 times). Stiffness (n = 5 times), spasm (n = 1 times) and 
body heaviness (n = 1 time) were also mentioned.

Fig. 2  Overview of number of 
articles included by year of pub-
lication. Figure generated using 
Flourish (Kiln Enterprises Ltd)

Fig. 3  Count of times each TIO 
outcome was reported in the lit-
erature. Figure generated using 
Flourish  (Kiln Enterprises Ltd)
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Impact of TIO on physical health

Physical impact refers to any physical consequence of the 
signs and symptoms of TIO experienced by patients. This 
included impairments of mobility (n = 28 times) and move-
ment agility (n = 11 times), even leading to the require-
ment for mobility aids (n = 21 times). The mobility-related 
impacts described in the literature were affected gait, diffi-
culty walking and difficulty climbing stairs. Impairment of 
movement agility included an array of outcomes related to 
an inability or limited ability to perform certain movements, 
such as standing, rising from a squatting position or lifting 
objects. Also, groups under this category were experiencing 
a fall and being bedridden.

Impact of TIO on work life and emotional wellbeing

Work impact refers to any consequence of TIO on a patient’s 
work life. The only TIO outcome on this domain of the QoL 
described in this review was the necessity to stop working 
(n = 4 times). Other consequences of TIO were categorised 
under emotional impact. This refers to the impact of the dis-
ease on patients’ mental wellbeing (n = 4 times), including 
the experience of anxiety, depression and suicide attempts.

TIO case reports

Sixty-five of the 70 articles eligible for this review were case 
reports and case series reports. The authors found a substan-
tial disagreement in the literature with regard to including 
different study designs in literature reviews [19]. Some arti-
cles recommend against the combination of different study 
designs in the same analysis to avoid the risk of misleading 
results [19]. Given that the large majority of articles included 
in this analysis were case reports, the authors agreed to focus 
the second part of the analysis only on the case reports and 
case series reports. Given that the overall burden in terms of 
signs and symptoms had been outlined in the first part of the 
analysis, as a second step, case reports were further exam-
ined to try to identify potential patterns in the presentation 
and co-presentation of signs, symptoms and impacts of TIO 
(cluster analysis). Some articles described cases from multi-
ple patients, with cases being separately analysed (n = 4/65). 
A total of 70 individual cases were identified to be included 
in this analysis. Table 1 shows the demographics of the TIO 
patients described in this case study analysis.

In the case reports, almost all patients described expe-
riencing some form of generalised or localised pain asso-
ciated with their TIO (n = 64/70). Several respondents 
also reported experiencing weakness (n = 38/70) and 
skeletal-related manifestations (n = 30/70). The majority 
of patients also reported physical impacts as outcomes of 

TIO, including impacts on mobility (n = 26/70), the use 
of mobility aids (n = 20/70) and detriments in movement 
agility (n = 15/70). Similarly, to the data retrieved from all 
the articles included in this literature review, only a few 
patient reports described work-life and emotional impacts. 
Three patients reported stopping working permanently or 
temporarily due to physical disabilities caused by TIO. 
Two patients described suffering severe impacts on their 
mental wellbeing after the disease onset, with one who 
reported anxiety and depression and one who reported a 
suicide attempt that was attributed to the unbearable pain 
caused by TIO (Table 2).

Co‑presentation of signs, symptoms and impacts

Patients with TIO reported a combination of signs, symp-
toms and impacts of TIO. The chord diagram in Fig. 4 
shows the one-to-one relationship between the 4 outcomes 
that were reported by the greatest number of patients, 
namely pain, weakness, skeletal-related manifestations and 
affected mobility. The 4 outcomes are arranged around a 
circle and are connected to one another through arcs. The 
size of each arc is proportional to the number of patients 
who reported the co-presentation of two outcomes. The 
diagram shows that pain and weakness were the symp-
toms that were co-reported by the highest number of 
patients (n = 35/70), followed by pain and skeletal-related 
manifestations (n = 27/70), and pain and affected mobil-
ity (n = 24/70). One-to-one relationship between the other 
outcomes was less frequent.

Figure 5 further examines the number of patients who 
reported a combination of 3 TIO outcomes. More specifi-
cally, the diagrams show how many patients reported the 
co-presentation of pain and weakness, and pain and skel-
etal-related manifestations with impaired movement agil-
ity and affected mobility. Overall, the number of patients 
describing these combinations of 3 TIO outcomes was low 
(range 9–14/70). The greatest number of patients reported 
the co-presentation of pain, weakness and skeletal-related 
manifestations (n = 17/70).

Table 1  Demographics of the 
patients described in the case 
reports

Sex Males 38
Females 32

Age  < 20 1
21–30 4
31–40 19
41–50 21
51–60 14
 > 60 11
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Discussion

The aim of this study was to describe the clinical manifes-
tations of TIO and their impact on the burden of disease 
for people living with TIO as reported in the available 
literature on this condition.

The majority of the articles were published in the 
past 20 years, indicating an increasing interest in this 
ultra-rare disease as well as an improvement in detection 

and diagnosis. At present, the vast majority of pub-
lished research on this topic relies on case reports and 
case series, which are low in the hierarchy of evidence 
quality [16]. This highlights the need for the design of 
stronger studies, with a better quality of evidence, to be 
conducted on the burden of TIO particularly capturing 
wider aspects of health related QoL. This will allow pre-
dictions to be formulated and the findings transferred to 
the wider patient population. Nonetheless, the contribu-
tion of case studies and case series to medical advance-
ments is recognised, particularly in the case of rare and 
ultra-rare diseases [20]. The inclusion of case reports in 
literature reviews, such as this one, summarises the state 
of the research on this topic and increases its usefulness 
in clinical practice [21].

The data collected showed that TIO presents itself 
with a spectrum of signs and symptoms which contrib-
ute to a substantial burden of disease. Pain was the out-
come of TIO most frequently reported in the reviewed 
literature. Almost all case reports analysed described 
forms of generalised or localised pain associated with 
the disease. The only study included in this review that 
used a specific PROM to collect data on pain (the Brief 
Pain Inventory–Short Form) found that patients with TIO 
experienced moderate pain that interfered severely with 
their activities of daily living and affected their mood 
[4]. Additionally, the study found that all patients expe-
rienced bone pain [4]. This is significant in the charac-
terisation of the burden of disease, as, in general, chronic 
pain has been associated with a reduction in QoL [22]. 
Outside the TIO setting, Hadi et al. [23] found patients 
suffering from chronic pain to have a reduced overall 
QoL compared with other patients with long-term health 
conditions. The authors highlighted the impact of pain 
on various domains of QoL, including a reduced ability 

Table 2  Number and % of case 
studies reporting each TIO 
outcome

Categories Outcome Number of patients 
reporting outcome (N)

Percentage of patients 
reporting outcome (%)

Clinical manifestations Skeletal related 30 42.8%
Muscle related 5 7.1%
Other manifestations 7 10.0%

Symptoms Pain 64 91.4%
Weakness 38 54.2%
Fatigue 6 8.5%
Other symptoms 4 5.7%

Physical impact Mobility 26 37.1%
Movement agility 15 21.4%
Mobility aids 20 28.5%

Work life and
emotional burden

Productivity 3 4.2%
Anxiety & depression 1 1.4%

Fig. 4  Co-presentation patterns of 2 TIO outcomes in case reports. 
Note that the sum of the co-presentation patterns does not reflect 
the overall number of patients reporting each outcome, as the same 
patient might have reported more than one co-presentation pattern. 
Figure generated using Flourish (Kiln Enterprises Ltd)
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to function well in day-to-day living and interferences 
with social life and mood. Patients involved in the study 
also described the negative impacts of chronic pain on 
their professional and social lives and on their ability to 
sleep and to engage in physical activities [23]. Patients 
suffering chronic pain also seem to have a predisposi-
tion to depression [24], and the co-occurrence of depres-
sion and pain may exacerbate other physical and psy-
chological symptoms [25]. Interestingly, although pain 
was the most frequently reported symptom in the articles 
included in this review, a clear causative relation between 
pain and depression was reported only in one case study. 
The article described the experience of a patient with 
TIO who attempted suicide due to the unbearable bone 
pain suffered before the diagnosis [26]. The other arti-
cles reviewed did not investigate the relation between 
pain and depression. This might be because almost all 
articles reported data from clinicians who focussed on 
the clinical manifestations and symptoms of the disease 
and may have not captured the wider health related QoL 
impacts of TIO such as depression. Although pain might 
contribute to the burden of disease for patients with TIO, 
the treatment options currently available for the condi-
tion, including complete removal of the causative tumour 
and medical treatment with conventional therapy of buro-
sumab in the case of inoperable tumours, have shown 
to resolve pain symptoms of TIO in most cases [11]. 
Day et al. [27] describe the experience of a woman with 
TIO treated with burosumab, whose pain symptoms had 

improved after 7 weeks from treatment initiation, signifi-
cantly reducing her burden of disease and allowing her 
to recover most of her functional abilities.

To a lesser extent, the articles reviewed described 
skeletal manifestations, in particular fractures, pseudo-
fractures, and weakness, as outcomes of TIO. Several 
studies reported impacts on physical health, particularly 
on patients’ mobility, movement agility and the need to 
use mobility aids. Physical-related impacts have been 
documented as some of the most challenging conse-
quences experienced by patients suffering from different 
forms of chronic hypophosphatemia, including TIO [28]. 
Hypophosphatemic patients have previously described 
reduced or impaired mobility as an additional source of 
pain and fatigue, which limits their ability to take part 
in social and leisure activities. Patients explained that 
simple day-to-day chores such as getting in and out of 
bed, driving a car or standing up from a squatting posi-
tion required a great amount of energy and caused a lot of 
pain [28]. Studies on another form of hypophosphatemia 
(X-linked hypophosphatemia, XLH) analysed the inter-
twining of pain, stiffness, reduced mobility and fatigue 
in patients affected by XLH. These were associated with 
impacts on the psychological wellbeing and an overall 
reduction in QoL [29, 30]. Although the consequences 
of such skeletal manifestations and physical impacts on 
psychological and social wellbeing have not been docu-
mented specifically for patients with TIO, they might 
represent a significant burden for patients suffering from 

Fig. 5  Co-presentation patterns of pain and weakness and pain and 
skeletal-related manifestations with another TIO outcome. Note that 
the sum of the co-presentation patterns does not reflect the overall 

number of patients reporting each outcome, as the same patient might 
have reported more than one co-presentation pattern. Figure gener-
ated using Flourish  (Kiln Enterprises Ltd)
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it. It is important to note that this was not discovered in 
the reviewed literature. This might be due to the major-
ity of the data analysed being reported by clinicians and 
not by patients. As in the case of pain symptoms, the 
available treatment options for TIO might be effective in 
reducing the burden of skeletal manifestations. Jan De 
Beur et al. [7] analysed the experience of patients treated 
with burosumab. At treatment initiation, most patients 
presented skeletal manifestations of TIO, including frac-
tures, pseudo fractures and impaired physical function-
ing. The treatment was associated with enhanced frac-
ture/pseudo fracture healing, decreases in the number of 
new fractures, and improvements in physical functioning.

Noticeably, very few articles included in this review 
explore the impacts of TIO on work life and emotional 
wellbeing. Despite the rising number of clinical publi-
cations on TIO over the past 10 years, only 5 articles 
among the ones analysed in this review reported TIO’s 
emotional and work life burden. However, studies have 
shown how outcomes such as chronic pain, restricted 
mobility, weakness and fatigue can have significant psy-
chological and social consequences on patients [22, 24]. 
The spectrum of signs and symptoms associated with 
TIO might have complex psychosocial consequences. 
The Voice of the Patient Report [28] provides an over-
view of the perspectives of adults living with forms of 
chronic hypophosphatemia (including TIO). Patients 
with hypophosphatemia reported a fear of becoming 
completely incapacitated and dependent on carers/fam-
ily members due to their condition. Patients described the 
financial burden of the disease as a source of additional 
stress and anxiety [28].

This review identified a few patterns in the co-pres-
entation of signs and symptoms of TIO. It is evident that 
the majority of patients with TIO experience localised 
or generalised pain co-occurring with skeletal problems 
and weakness. Awareness of this cluster of signs and 
symptoms may assist with diagnosis. The review of case 
reports and case series did not allow for the identification 
of other presentation patterns. Broader observations of 
the clinical presentation of the disease with larger patient 
samples may help identify clear presentation patterns of 
signs and symptoms. Previous literature is aligned in rec-
ommending physicians to measure the blood serum phos-
phate of a patient presenting with unexplained symptoms 
such as pain, fractures, muscle weakness, fatigue and 
decreased mobility as a first step to establish the pres-
ence of hypophosphatemia [5, 11, 12]. Patients with TIO 
will have abnormally low serum phosphorus levels [12].
Serum phosphate assessment is yet not part of the routine 
evaluation in many clinical centres, which causes many 
diagnoses of hypophosphatemia to be missed, ultimately 
delaying the diagnosis of TIO [5, 7].

Population-based epidemiological studies, such as the 
one conducted by Abrahamsen et  al. [6] using national 
health registries, could facilitate a better understanding of 
the patient population, TIO prevalence and incidence, and 
disease presentation and prognosis. Furthermore, compre-
hensive disease knowledge can help researchers conduct 
adequate studies with limited patient samples and increase 
understanding of the disease burden on patients’ QoL [31]. 
As recommended by Seefried et al. [32], in a review which 
documents the burden of disease of XLH, long-term obser-
vational data are needed to understand the progression of 
disease burden and its impact on patients’ QoL and poten-
tial risk factors for declining physical, emotional and social 
function.

Further research is also needed to better understand 
the psychosocial dimension of this disease to inform 
treatment and support programs for TIO patients. This 
should be done through the collection of patient-reported 
data as only a minority of studies included in this review 
and none of the case studies presented data directly 
reported by patients; rather, the data were reported by 
clinicians or extracted from medical records. Develop-
ing standards for assessing self-perceived QoL in TIO 
patients would support clinicians in evaluating patients’ 
needs, inform treatment strategies and support longitu-
dinal monitoring of disease outcomes.

Limitations

This literature review does not distinguish between TIO 
signs and symptoms presenting before or after treatment. 
In most cases, surgical removal of the causative tumour 
has shown to bring serum phosphate and FGF-23 levels 
back to normal over time, alleviating the clinical com-
plaints of TIO [3]. Other medical therapies, such as buro-
sumab, while not curative, have shown to be effective in 
the control of TIO [5], resulting in significant improve-
ments in patients’ health-related QoL [7, 10]. Therefore, 
the burden of disease of TIO may be significantly differ-
ent before and after treatment.

This analysis is largely based on data from case 
reports and case series. Although case studies might pro-
vide detailed information on a rare condition and insights 
for further research, they lack in scientific rigour and 
their findings may not be transferable to other settings 
and other patients.

All but 2 articles reported data retrieved from a single 
healthcare professional’s perspective, which may have 
led to reporting biases. The limited use of PROMs in the 
included literature is also a true limitation in the charac-
terisation of patients’ burden of TIO. This might partially 
explain the underreporting of certain TIO outcomes in 
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this review, specifically those related to the psychologi-
cal sphere.

Conclusions

At present, the vast majority of research on TIO relies on 
case reports and case series. This underlines the need for 
the design of studies with a better quality of evidence to 
be conducted on the burden of TIO, particularly relation to 
psychosocial and wellbeing which is rarely described in the 
literature to date.

People with TIO present with a spectrum of signs and 
symptoms that impose a significant burden. These patients 

experience chronic pain, weakness, skeletal-related clini-
cal manifestations and limitations in mobility. Based on 
this analysis, although certain signs and symptoms are fre-
quently co-presented, it was not possible to identify any 
characteristic pattern related to TIO that could aid early 
recognition, which could be a focus of further research to 
ease the diagnosis of TIO and avoid clinical delays.

Table 3  Search terms and strings applied for literature search in PubMed

Search Search strings

#1 (Disease type) “Tumour-induced osteomalacia” OR “tumour-induced osteomalacia” OR 
“oncogenic osteomalacia” OR “osteomalacia-associated mesenchymal 
tumour” OR “osteomalacia-associated mesenchymal tumour”

#2 (Aspects of burden) Symptoms “pain” OR “ache” OR “aching” OR “weakness” OR “fatigue” OR 
“fracture” OR “pseudo-fracture” OR “pseudo fracture”

Health-related quality of life/burden “quality of life” OR “QoL” OR “HRQoL” OR “burden” OR “impact” OR 
“satisfaction” OR “patient-reported” OR “patient reported” OR “PRO” 
OR “PROM” OR “experience” OR “general health” OR “satisfaction” 
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Table 4  Case reports and case series included in the review

Table 5  Co-presentation patterns 
of 2 TIO outcomes in case reports

Co-reporting of pain, weakness, skeletal related and mobility

Category 1 (count of times  
theme was reported in all studies)

Category 2 (count of times theme  
was reported in all studies)

Count of times Category 
1 and Category 2 were co-
reported in the same study

Pain Weakness 35
Pain Skeletal related 27
Pain Mobility 24
Weakness Mobility 16
Weakness Skeletal related 17
Skeletal related Mobility 9

Table 7  Co-presentation 
patterns of pain and skel-
etal-related manifestations 
with another TIO outcome

Theme 1 Theme 2 Theme 3 Count of times Theme 1, Theme 
2 and Theme 3 were co-reported 
in the same study

Skeletal related Pain Mobility 9
Skeletal related Pain Movement agility 9

Table 6  Co-presentation pat-
terns of pain and weakness 
with another TIO outcome

Theme 1 Theme 2 Theme 3 Count of times Theme1, Theme 2 
and Theme 3 were co-reported in 
the same study

Pain Weakness Skeletal related 17
Pain Weakness Mobility 14
Pain Weakness Movement agility 12
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