
reflected the severity of the pretransplant condition as well

as further decondition while receiving ECMO. Therefore,

understandably, transplant clinicians tend to reserve

scarce lung resources to those not on ECMO.

Furthermore, there are considerable concerns of theore-

tical recurrence of ILD in the transplanted lungs secondary

to the underlying connective tissue disease. However, in

our case series, ECMO bridging to lung transplant was the

only life-saving intervention for those who further deterio-

rate from hypoxia despite maximal immunosuppression

and mechanical ventilation support. It is important for clin-

icians to be aware of ECMO as a modality to bridge to

lung transplant as it is not available in many centres glob-

ally. In three of the four patients, we have long-term data

confirming no recurrent lung disease after lung transplant.

This is the largest case series demonstrating successful

lung transplant can be achieved in patients with RP-ILD

secondary to anti-MDA5 DM requiring ECMO for

oxygenation.

Based on our local experience, we recommend consult-

ing a transplant team early for assessment. Following

transplant, maintenance therapy with glucocorticoid, myco-

phenolate and tacrolimus, for both transplant anti-rejection

and autoimmune ILD, seems appropriate.

Acknowledgements

We thank Drs Kamran Shojania, Roland Nador and John

Yee for the excellent care to the patients included in this

study and constructive feedback on the manuscript.

Funding: No specific funding was received from any fund-

ing bodies in the public, commercial or not-for-profit sec-

tors to carry out the work described in this manuscript.

Disclosure statement: The authors have declared no

conflicts of interest.

Kun Huang 1, Robert D. Levy2 and
J. Antonio Avina-Zubieta1,3

1Division of Rheumatology, University of British Columbia,
2Division of Respirology, University of British Columbia and
3Arthritis Research Canada, University of British Columbia,

Vancouver, BC, Canada

Accepted 13 January 2020
Correspondence to: Kun Huang, Division of Rheumatology,

University of British Columbia, 706-13737 96 Ave, Surrey, BC,

Canada. E-mail: khuang@cmmt.ubc.ca

References:

1 Fiorentino D, Chung L, Zwerner J, Rosen A, Casciola-

Rosen L. The mucocutaneous and systemic phenotype of

dermatomyositis patients with antibodies to MDA5

(CADM-140): a retrospective study. J Am Acad Dermatol

2011;65:25�34.

2 Koga T, Fujikawa K, Horai Y et al. The diagnostic utility

of anti-melanoma differentiation-associated gene 5

antibody testing for predicting the prognosis of

Japanese patients with DM. Rheumatology (Oxford)

2012;51:1278�84.

3 Huang K, Vinik O, Shojania K et al. Clinical spectrum and

therapeutics in Canadian patients with anti-melanoma

differentiation-associated gene 5 (MDA5)-positive derma-

tomyositis: a case-based review. Rheumatol Int

2019;39:1971�81.

4 Shoji T, Bando T, Fujinaga T et al. Living-donor lobar lung

transplantation for rapidly progressive interstitial pneu-

monia associated with clinically amyopathic dermato-

myositis: report of a case. Gen Thorac Cardiovasc Surg

2013;61:32�4.

5 Leclair V, Labirua-Iturburu A, Lundberg IE. Successful lung

transplantation in a case of rapidly progressive interstitial

lung disease associated with antimelanoma

differentiation-associated gene 5 antibodies. J Rheumatol

2018;45:581�3.

6 Delplanque M, Gatfosse M, Ait-Oufella H et al. Bi-lung

transplantation in anti-synthetase syndrome with life-

threatening interstitial lung disease. Rheumatology

(Oxford) 2018;57:1688�9.

7 Kim J, Kim YW, Lee SM et al. Successful lung transplan-

tation in a patient with dermatomyositis and acute form of

interstitial pneumonitis. Clin Exp Rheumatol

2009;27:168�9.

8 Tsuji H, Nakashima R, Hosono Y et al. A multicenter

prospective study of the efficacy and safety of

combined immunosuppressive therapy with high-dose

glucocorticoid, tacrolimus, and cyclophosphamide in

interstitial lung diseases accompanied by anti-melanoma

differentiation-associated gene 5-positive dermatomyosi-

tis. Arthritis Rheumatol 2020 (in press) doi: 10.1002/

art.41105.

Rheumatology 2020;59:2163�2166

doi:10.1093/rheumatology/keaa325

Advance Access publication 17 June 2020

Real-life experience of tocilizumab use in
COVID-19 patients

Rheumatology key message

. The current preliminary evidence of use of tocilizu-
mab in COVID-19 patients is promising.

DEAR EDITOR, Coronavirus disease 2019 (COVID-19) has

been confirmed in 2 878 196 people worldwide with

case fatality rate 6.9% as per WHO Situation Report of

27 April 2020. Accumulating evidence suggests that a

subgroup of patients with COVID-19 might have a

hyper- inflammation (aka cytokine storm syndrome) evi-

denced by elevated circulating levels of several cytokines

including IL-6. Tocilizumab, an anti-IL-6 receptor antibody

used for rheumatoid arthritis and temporal arteritis and

approved by the FDA for cytokine release syndrome,

has been used in many countries as an experimental

treatment for these patients.

Our objective was to summarize the current evidence

of tocilizumab use in COVID-19 patients. We searched

Medline, Embase, Cochrane Database of Systematic

Letters to the Editor

! The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For permissions, please email: journals.permissions@oup.com



T
A

B
L

E
1

O
u
tc

o
m

e
m

e
a
s
u
re

s
,

la
b

o
ra

to
ry

p
a
ra

m
e
te

rs
a
n
d

a
d

v
e
rs

e
e
v
e
n
ts

a
ft

e
r

to
c
ili

zu
m

a
b

tr
e
a
tm

e
n
t

A
u

th
o

r,
y
e

a
r

S
tu

d
y

ty
p

e
C

o
u

n
tr

y
S

a
m

p
le

s
iz

e
,

n
W

h
e

n
Im

p
ro

v
e

m
e

n
t

n
o

ti
c

e
d

C
R

P
(m

g
/l

)
P

ro
g

re
s
s

A
d

v
e

rs
e

e
v
e

n
ts

C
e
lli

n
a
,

2
0
2
0

C
a
s
e

re
p

o
rt

It
a
ly

1
Im

p
ro

v
e
m

e
n
t

in
h
is

b
lo

o
d

te
s
ts

1
d

a
y

a
ft

e
r

9
6
m

g
/l

1
d

a
y

a
ft

e
r

a
d

m
in

is
tr

a
ti
o

n
C

lin
ic

a
l
c
o

n
d

it
io

n
p

ro
g

re
s
s
iv

e
ly

im
p

ro
v
e
d

a
n
d

v
e
n
ti
la

to
ry

s
u
p

p
o

rt
w

a
s

g
ra

d
u
a
lly

w
e
a
n
e
d

N
o

t
re

p
o

rt
e
d

D
e

L
u
n
a
,

2
0
2
0

C
a
s
e

re
p

o
rt

F
ra

n
c
e

1
S

p
O

2
a
t

9
7
%

w
it
h

o
x
y
g

e
n

a
t

a
ra

te
o

f
3

l/
m

in
a
n
d

n
o

fe
v
e
r

1
d

a
y

a
ft

e
r

N
o

t
re

p
o

rt
e
d

D
is

c
h
a
rg

e
3

d
a
y
s

a
ft

e
r

to
c
ili

zu
m

a
b

N
o

t
re

p
o

rt
e
d

D
i
G

ia
m

b
e
n
e
d

e
tt

o
,

2
0
2
0

C
a
s
e

s
e
ri
e
s

It
a
ly

1
N

o
t

re
p

o
rt

e
d

N
o

rm
a
l
le

v
e
ls

6
d

a
y
s

a
ft

e
r

P
a
O

2
/F

iO
2

ra
ti
o

im
p

ro
v
e
d

a
t
2
1
0

7
d

a
y
s

a
ft

e
r

a
n
d

fe
v
e
r

re
s
o

lv
e
d

3
d

a
y
s

a
ft

e
r

N
o

a
d

v
e
rs

e
e
v
e
n
ts

1
N

o
t

re
p

o
rt

e
d

1
3
m

g
/l

4
d

a
y
s

a
ft

e
r

C
lin

ic
a
l
c
o

n
d

it
io

n
im

p
ro

v
e
d

w
it
h

re
s
o

lu
ti
o

n
o

f
fe

v
e
r

a
ft

e
r

4
8

h
o

u
rs

1
N

o
t

re
p

o
rt

e
d

9
2
m

g
/l

2
d

a
y
s

a
ft

e
r

a
n
d

n
o

rm
a
l
le

v
e
ls

1
0

d
a
y
s

a
ft

e
r

P
ro

g
re

s
s
iv

e
re

s
o

lu
ti
o

n
o

f
d

y
s
p

n
o

e
a

a
n
d

o
x
y
g

e
n

s
a
tu

ra
ti
o

n
a
t

9
8
%

w
it
h

F
iO

2
0
.3

1
6

d
a
y
s

a
ft

e
r

F
e
rr

e
y
,

2
0
2
0

C
a
s
e

re
p

o
rt

U
S

A
1

V
a
s
o

p
re

s
s
o

r
re

q
u
ir
e
m

e
n
t

a
n
d

P
a
O

2
/F

iO
2

ra
ti
o

re
m

a
in

v
a
ri
a
b

le

N
o

t
re

p
o

rt
e
d

V
a
s
o

p
re

s
s
o

r
re

q
u
ir
e
m

e
n
t

a
n
d

P
a
O

2
/F

iO
2

ra
ti
o

re
m

a
in

v
a
ri
a
b

le
N

o
t

re
p

o
rt

e
d

F
o

n
ta

n
a
,

2
0
2
0

C
a
s
e

re
p

o
rt

It
a
ly

1
A

p
y
re

x
ia

l
s
in

c
e

to
c
ili

zu
m

a
b

a
d

m
in

is
tr

a
ti
o

n
N

o
t

re
p

o
rt

e
d

P
a
O

2
s
h
o

w
e
d

p
ro

g
re

s
s
iv

e
im

p
ro

v
e
m

e
n
t

a
n
d

o
x
y
g

e
n

tr
e
a
tm

e
n
t

w
a
s

s
to

p
p

e
d

.
D

is
c
h
a
rg

e
o

n
d

a
y

2
2

a
ft

e
r

a
d

m
is

s
io

n
w

it
h

S
O

2
9
5
%

o
n

ro
o

m
a
ir

S
u
s
p

e
c
te

d
le

u
k
o

p
o

e
n
ia

w
it
h

n
e
u
tr

o
-

p
e
n
ia

re
s
o

lv
e
d

w
it
h

IV
IG

,
u
ri
n
a
ry

c
u
lt
u
re

p
o

s
it
iv

e
fo

r
m

u
lt
i-

re
s
is

ta
n
t

P
se

u
d

o
m

o
n
a
s

a
e
ru

g
in

o
sa

tr
e
a
te

d
w

it
h

m
e
ro

p
e
n
e
m

L
u
o

,
2
0
2
0

R
e
tr

o
s
p

e
c
ti
v
e

s
tu

d
y

(2
7

J
a
n
u
a
ry

to
5

M
a
rc

h
2
0
2
0
)

C
h
in

a
1
5

N
o

t
re

p
o

rt
e
d

N
o

rm
a
ll

e
v
e
ls

b
y

d
a
y

7
in

p
a
ti
e
n
ts

w
it
h

c
lin

ic
a
l
im

p
ro

v
e
-

m
e
n
t

o
r

s
ta

b
ili

za
ti
o

n

E
ig

h
t

p
a
ti
e
n
ts

(5
3
.3

%
)

c
lin

ic
a
l
s
ta

b
ili

za
ti
o

n
,

2
(1

3
.3

%
)

c
lin

ic
a
l
im

p
ro

v
e
m

e
n
t,

3
(2

0
%

)
d

ie
d

(c
ri
ti
c
a
lly

ill
p

a
ti
e
n
ts

),
2

(1
3
.3

%
)

d
is

e
a
s
e

a
g

g
ra

v
a
ti
o

n
(o

n
e

c
ri
ti
c
a
lly

a
n
d

o
th

e
r

s
e
ri
o

u
s
ly

ill
)

N
o

t
re

p
o

rt
e
d

M
ic

h
o

t,
2
0
2
0

C
a
s
e

re
p

o
rt

F
ra

n
c
e

1
R

a
p

id
ly

a
fe

b
ri
le

3
3
m

g
/l

4
d

a
y
s

a
ft

e
r

C
lin

ic
a
l
im

p
ro

v
e
m

e
n
t

a
n
d

o
x
y
g

e
n

w
a
s

fu
lly

d
is

-
c
o

n
ti
n
u
e
d

o
n

d
a
y

7
o

f
a
d

m
is

s
io

n
,

p
a
ti
e
n
t

u
lt
i-

m
a
te

ly
c
lin

ic
a
lly

fu
lly

re
c
o

v
e
re

d

N
o

M
o

rr
is

o
n
,

2
0
2
0

C
a
s
e

s
e
ri
e
s

U
S

A
1

N
o

t
re

p
o

rt
e
d

N
o

t
re

p
o

rt
e
d

N
o

t
re

p
o

rt
e
d

O
n
e

d
a
y

a
ft

e
r:

s
e
ru

m
tr

ig
ly

c
e
ri
d

e
(T

G
)

le
v
e
ls

a
t

1
1
9
6

m
g

/d
L
,

a
m

y
la

s
e

3
0
9

IU
/l

a
n
d

lip
a
s
e
1
0
4

IU
/l
,

T
G

d
e
c
re

a
s
e
d

to
o

v
e
r

2
0
0

in
o

n
e

d
a
y

a
n
d

re
m

a
in

e
d

s
ta

b
le

u
n
ti
l
d

a
y

1
7

1
N

o
t

re
p

o
rt

e
d

N
o

t
re

p
o

rt
e
d

N
o

t
re

p
o

rt
e
d

3
d

a
y
s

a
ft

e
r

T
G

le
v
e
ls

a
t

1
4
3
6

m
g

/d
L

w
it
h

n
o

rm
a
l
a
m

y
la

s
e

a
n
d

lip
a
s
e

P
e
re

ir
a
,

2
0
2
0

R
e
tr

o
s
p

e
c
ti
v
e

s
tu

d
y

(1
3

M
a
rc

h
to

4
A

p
ri
l
2
0
2
0
)

U
S

A
1
4

N
o

t
re

p
o

rt
e
d

N
o

t
re

p
o

rt
e
d

T
h
re

e
p

a
ti
e
n
ts

(2
1
.4

%
)

d
ie

d
,

4
(2

8
.6

%
)

re
m

a
in

in
IC

U
,

5
(3

5
.7

%
)

re
m

a
in

w
it
h

m
o

d
e
ra

te
d

is
e
a
s
e

o
n

th
e

g
e
n
e
ra

l
m

e
d

ic
a
l

fl
o

o
r

a
n
d

2
(1

4
.3

%
)

h
a
v
e

b
e
e
n

d
is

c
h
a
rg

e
d

N
o

a
d

v
e
rs

e
e
v
e
n
ts

R
o

u
m

ie
r,

2
0
2
0

R
e
tr

o
s
p

e
c
ti
v
e

s
tu

d
y

(2
1

M
a
rc

h
to

2
A

p
ri
l
2
0
2
0
),

m
e
d

ia
n

fo
llo

w
-u

p
:

8
d

a
y
s

F
ra

n
c
e

3
0

N
o

t
re

p
o

rt
e
d

N
o

t
re

p
o

rt
e
d

T
h
re

e
p

a
ti
e
n
ts

(1
0
%

)
h
a
d

d
ie

d
,

w
h
ile

4
/7

(5
7
.1

%
)

a
n
d

6
/3

0
(2

0
%

)
w

e
re

d
is

c
h
a
rg

e
d

fr
o

m
th

e
IC

U
a
n
d

fr
o

m
h
o

s
p

it
a
l
re

s
p

e
c
ti
v
e
ly

2
p

a
ti
e
n
ts

(6
.7

%
)

d
e
v
e
lo

p
e
d

m
ild

h
e
p

a
ti
c

c
y
to

ly
s
is

a
n
d

o
n
e

p
a
ti
e
n
t

(3
.3

%
)

v
e
n
ti
la

to
r-

a
c
q

u
ir
e
d

p
n
e
u
m

o
n
ia

X
u
,

2
0
2
0

R
e
tr

o
s
p

e
c
ti
v
e

s
tu

d
y

(5
to

1
4

F
e
b

ru
a
ry

2
0
2
0
)

C
h
in

a
2
1

A
p

y
re

x
ia

l
o

n
th

e
fi
rs

t
d

a
y

a
ft

e
r

to
c
ili

zu
m

a
b

a
n
d

re
m

a
in

e
d

s
ta

b
le

a
ft

e
r

N
o

rm
a
l
v
a
lu

e
s

in
1
6

p
a
ti
e
n
ts

(8
4
.2

%
)

5
d

a
y
s

a
ft

e
r

N
in

e
te

e
n

p
a
ti
e
n
ts

(9
0
.5

%
)

h
a
v
e

b
e
e
n

d
is

c
h
a
rg

e
d

in
c
lu

d
in

g
tw

o
c
ri
ti
c
a
l
p

a
ti
e
n
ts

a
n
d

th
e

re
s
t

re
m

a
in

e
d

u
n
d

e
r

h
o

s
p

it
a
l
o

b
s
e
rv

a
ti
o

n
w

it
h

re
m

a
rk

a
b

le
c
lin

ic
a
l
im

p
ro

v
e
m

e
n
t

a
n
d

n
o

fe
v
e
r.

T
h
e

m
e
a
n

h
o

s
p

it
a
liz

a
ti
o

n
ti
m

e
w

a
s

1
3
.5

d
a
y
s

a
ft

e
r

th
e

tr
e
a
tm

e
n
t

N
o

a
d

v
e
rs

e
e
v
e
n
ts

Z
h
a
n
g

,
2
0
2
0

C
a
s
e

re
p

o
rt

C
h
in

a
1

N
o

t
re

p
o

rt
e
d

N
o

rm
a
l
le

v
e
ls

2
w

e
e
k
s

a
ft

e
r

C
h
e
s
t

ti
g

h
tn

e
s
s

d
is

a
p

p
e
a
re

d
in

3
d

a
y
s
,
d

is
c
h
a
rg

e
1
9

d
a
y
s

a
ft

e
r

N
o

t
re

p
o

rt
e
d

S
c
h
le

ic
h
e
r,

2
0
2
0

C
a
s
e

re
p

o
rt

S
o

u
th

A
fr

ic
a

1
Im

p
ro

v
e
m

e
n
t

in
h
is

fe
v
e
r,

b
io

-
m

a
rk

e
rs

a
n
d

h
y
p

o
x
a
e
m

ia
w

it
h
in

2
4

h
o

u
rs

N
o

rm
a
l
le

v
e
ls

7
d

a
y
s

a
ft

e
r

D
is

c
h
a
rg

e
d

3
d

a
y
s

a
ft

e
r

N
o

t
re

p
o

rt
e
d

Letters to the Editor

2164 https://academic.oup.com/rheumatology



Reviews, the reference lists of relevant articles, the pre-

print servers medRxiv and ChinaXiv and the

ResearchGate website. The last search was carried out

on 25 April 2020. We included all original studies, includ-

ing case reports, in human adult patients (aged >18) with

confirmed COVID-19 treated with tocilizumab regardless

of publication status.

Our researches yielded a total of 13 eligible articles

(n = 92 patients), four retrospective studies [1�4], two

case series [5, 6] and seven case reports [7�13]. Three

articles were from China [1, 4, 12], France [3, 8, 13], Italy

[5, 7, 10] and the USA [2, 6, 9], respectively and one from

South Africa [11] with the largest one from France (n = 30

patients) [3]. A total of 66 (72%) of the patients were male.

The median age was 58.8 years (interquartile range,

56.8�61 years). There was a broad range of comorbidities,

including hypertension and diabetes, and 20/92 (21.7%)

patients were on immunosuppression [2, 3, 10, 12].

The main indication of tocilizumab use was worsening

hypoxia. CRP was 189 mg/l (interquartile range,

126�189 mg/l) and based on 41 patients, IL6 levels were

132.4 pg/ml (interquartile range, 46.8�132.4 pg/ml).

Median ferritin levels were 2,682 ng/ml based on 32

patients. The imaging (chest X-ray or CT chest) before

tocilizumab initiation demonstrated worsening findings

including ground-glass opacities in comparison with the

one on admission [4, 9, 11]. Tocilizumab was commenced

from day 8�22 from the onset of symptoms and the major-

ity of patients (42.4%) had one dose of 8 mg/kg or 400 mg

intravenously. Patients also received other experimental

treatments, such as antiviral therapy [4�6, 11�13] and

hydroxychloroquine [3, 5, 6, 8�10]. Thirty-one (34%)

patients also received methylprednisolone [1, 4, 10, 12].

Outcome measures, laboratory parameters and

adverse events after tocilizumab treatment are presented

in Table 1. The patient progress results are available for 76

out of 92 patients. A total of 44/76 (57.9%) patients

improved and 31/76 (40.8%) were discharged from the

hospital. Furthermore, 13/76 (17.1%) patients remained

stable or with moderate disease. Nine out of 76 (11.8%)

patients died, eight (10.5%) patients remain in critical con-

dition [2, 3, 9] and two (2.6%) patients got worse. Initial

improvement was noticed in 25/76 (32.9%) patients within

the first 24 h with reduction or even normalization of tem-

perature [4, 7, 8, 10, 11]. CRP decreased in accordance

with the clinical improvement and even normalized after a

median of 5 days [1, 4, 5, 11, 12]. Based on the IL-6 levels

of 17/92 (18.5%) patients, IL-6 spiked shortly after the

tocilizumab administration and then decreased, but con-

tinued to increase in four patients that died or deteriorated

[1, 10, 12]. The temporary increase in IL-6 serum levels is

probably explained by the unavailability of IL-6 receptor

which is blocked by the tocilizumab. A total of 3/44 (6.8%)

patients with clinical improvement also had repeat CT

chest that demonstrated reduction in ground-glass opa-

cities [7, 12, 13]. Tocilizumab was well tolerated, except

for six (6.5%) patients [3, 6, 10].

The results are encouraging (75% improved, remained

stable or with moderate disease with Tocilizumab), but

should be evaluated with caution due to the low quality

of studies (retrospective nature, small sample size, miss-

ing data, no clear outcome measures). Future studies

should focus on patient-centred outcome measures,

such as death and prevention of ventilation. Randomization

should also be considered in any future work. Additionally,

the above positive findings could be misleading because

of publication bias and the under-reporting of negative

studies. However, this preliminary evidence supports the

consideration of tocilizumab in the research efforts in the

fight against the COVID-19 hyper-inflammation response.

In line with the above findings, on 27 April, the results of

a French open-label randomized controlled trial (n = 129)

were announced by the Assistance Publique-Hôpitaux de

Paris. A total of 129 patients with COVID-19, not requiring

intensive care upon admission, were randomized equally

to standard of care with tocilizumab and standard of care

alone. According to the press release, a significantly lower

proportion of patients reached the primary outcome (need

for ventilation or death at day 14) in the tocilizumab arm.

Results of this study will be submitted for publication in a

peer-reviewed journal. There are still 32 ongoing clinical

and observational trials registered on clinicaltrials.gov

(accessed on 29 April 2020). However, these studies

vary in participant and intervention criteria with several

diverse primary and secondary outcomes. This may

make future attempts of synthesizing the results across

clinical trials difficult, leading to different policies in differ-

ent countries. This heterogeneity highlights the global

need to identify which is the right time and dosing

scheme of tocilizumab for patients with COVID-19.
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Novel use of burosumab in refractory iron-induced
FGF23-mediated hypophosphataemic
osteomalacia

Rheumatology key message

. Burosumab ought to be considered in the manage-
ment of iron-induced FGF23-mediated hypopho-
sphataemic osteomalacia.

DEAR EDITOR, Refractory iron-induced fibroblast growth

factor 23 (FGF23) mediated hypophosphataemic osteo-

malacia is an uncommon complication of parenteral iron

therapy. Treatment thus far in case reports has consisted

of iron cessation and phosphate substitution [1�4]. To our

knowledge, we describe the first reported use of burosu-

mab therapy for this condition.

We present a 32-year-old man with severe Crohn’s

disease and iron-deficiency anaemia. Computed tomo-

graphy angiography revealed focal ileocolic venous

portal hypertension with recurrent lower intestinal blood

loss. A transjugular intrahepatic portosystemic shunt was

not considered feasible and regular infusions of 250 mg

ferric carboxymaltose fortnightly were instituted over oral

therapy, given the extensive gastrointestinal disease.

After one year, the patient developed severe foot and

leg pain and was diagnosed with multiple insufficiency

metatarsal and tarsal fractures. Laboratory workup

revealed profound hypophosphataemia (0.38 mmol/l), ele-

vated FGF23 (320 RU/ml) and no pathogenic variants in

PHEX, ENPP1, SLC34A3, DMP1 or KLOTHO. He was

started on Sandoz phosphate, alfacalcidol and was

switched from ferric carboxymaltose to iron isomaltoside.

There was no appreciable clinical benefit and tolerability

to oral phosphate supplementation was poor, owing to an

increase in diarrhoea.

One year later, he developed progressive severe left hip

pain after minor trauma. MRI demonstrated a femoral

pseudofracture. He was switched to central intravenous

phosphate replacement for ten hours a day, five days a

week with partial weight bearing. Follow-up MRI three

months later demonstrated a complete left femoral frac-

ture, new right femoral pseudofracture and multiple pelvic

fractures (Fig. 1A).

Given the progression of his bone disease and likely

need for bilateral hip arthroplasty, the patient was started

on burosumab (0.3 mg/kg) subcutaneously every four

weeks. After the first dose, he reported a significant reso-

lution of symptoms mirrored with improvements in

laboratory measures. Serum phosphate levels improved

from 0.38 mmol/l to 1 mmol/l and alkaline phosphatase

levels reduced from 218 IU/l to 175 IU/l. Furthermore,

subsequent MRI showed complete resolution of the

right femoral head fracture and near complete healing

of the left femoral and pelvic fractures (Fig. 1B).
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