OncoTargets and Therapy

Dove

CASE SERIES

Improvement in Pituitary Imaging After Targeted
Therapy in Three Children with BRAF-Mutated
Langerhans Cell Histiocytosis with Pituitary

Involvement

Ying Yang,®' Dong Wang,'
Na Li,> Honghao Ma,'
Hongyun Lian,I Lei Cui,2
Qing Zhang, *

Xiaoxi Zhao,'

Liping Zhang,' Yunze Zhao,'
Chanjuan Wang,2 Li Zhang,I
Tianyou Wang,' Zhigang Li,>
Rui Zhang'

'Beijing Key Laboratory of Pediatric
Hematology Oncology; National Key
Discipline of Pediatrics; Key Laboratory
of Major Diseases in Children, Ministry of
Education; Hematology Oncology
Center, Beijing Children’s Hospital,
Capital Medical University, National
Center for Children’s Health, Beijing
100045, People’s Republic of China;
2Laborator)’ of Hematologic Diseases,
Beijing Pediatric Research Institute,
Beijing Children’s Hospital, Capital
Medical University, National Center for
Children’s Health, Beijing 100045,
People’s Republic of China

Correspondence: Rui Zhang; Tianyou Wang
Beijing Children’s Hospital, Capital Medical
University, National Center for Children’s
Health, No. 56, Nanlishi Road, Xicheng
District, Beijing, People’s Republic of China
Tel +86 010-13691156162

Fax +86 010-59617613

Email ruizh1973@126.com;
wangtianyou@bch.com.cn

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Abstract: Langerhans cell histiocytosis (LCH) is a rare myeloid neoplasia in children.
BRAF mutations are associated with permanent diabetes insipidus (DI). The onset of clinical
DI is always latent with imaging evidence of pituitary involvement. In this study, we reported
three children with BRAF-mutated LCH with pituitary involvement who improved after
targeted therapy (dabrafenib and trametinib). The results may indicate that pituitary involve-
ment may be reversible in some patients with LCH if it is observed and treated before
clinical DI. Targeted therapy may be an effective choice for LCH patients with early pituitary
involvement who were irresponsive to first-line or second-line chemotherapy. However,
a relapse after targeted therapy is completed in patients with persistently positive
cfBRAFV®°° mutations is still a challenge that needs to be resolved. The timing of introdu-
cing targeted therapy, its appropriate duration and effective combinations with chemotherapy
or other targeted drugs should be explored further.

Keywords: Langerhans cell histiocytosis, BRAF mutation, pituitary, children, targeted
therapy

Introduction
Langerhans cell histiocytosis (LCH) is a rare myeloid neoplasia. The annual
incidence of LCH in children younger than 15 years old is approximately 5 to 9/
10! LCH is more common in children than in adults. The accumulation of
pathologic Langerhans cells (LC) in the skin, bone, liver, spleen, bone marrow,
central nervous system and so on causes a spectrum of clinical manifestations.
Diabetes insipidus (DI) is a clinical syndrome characterized by polyuria and
polydipsia with diluted urine due to the inability to concentrate urine,’ which is
a permanent sequela of LCH. It has been reported that the cumulative incidence of
DI among patients with LCH is approximately 20% over 10 years (13/70, 5 patients
were treated with unspecified treatments, 7 patients with chemotherapy and 1
patient with radiotherapy).* Some patients develop clinical DI several years after
the initial diagnosis of LCH; on the other hand, some patients present with DI
several years prior to the diagnosis of LCH.* The onset of clinical DI is always
latent with imaging evidence of pituitary involvement, including infundibular
thickening and the lack of a posterior pituitary bright spot on the T1-weighted
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magnetic resonance imaging (MRI) sequences.” Long-
term use of vasopressin replacement therapy is required
once clinical DI occurs.

Pathologic LC is related to activation of the MAPK path-
way (RAS/RAF/MEK/ERK). BRAF mutations are found in
50—60% of patients with LCH, while BRAF"®°°F has been
identified as comprising approximately 90% of BRAF muta-
tions and is associated with permanent damage, including
pituitary injuries.® Other BRAF mutations, such as
BRAFY®P and BRAFY*nsPLEAT have been reported.”

Patients with LCH with central nervous system (CNS)
risk lesions appear to be associated with reactivation and
are at a high risk of developing permanent sequelae,
including neurodegeneration and DL* Therefore, before
permanent sequelae occur in LCH patients with an
affected pituitary, targeted therapy is expected to be
effective.® Both BRAF kinase inhibitors (dabrafenib) and
MEK inhibitors (trametinib) have been reported for use in
the treatment of LCH patients.®® Here, we retrospectively
reviewed three children with BRAF-mutated LCH with
pituitary involvement who improved after targeted therapy,
and we encourage clinicians to focus on the imaging find-
ings of the pituitary and the efficacy of targeted therapy
for LCH.

Subjects and Methods

Patients

We retrospectively analyzed all LCH patients who
accepted targeted therapy with pituitary involvement (12
patients) and found three patients who had improved pitui-
tary imaging after targeted therapy. The three patients we
reported were diagnosed with LCH after histopathological
examination with positive staining of CD1la and Langerin
(CD207) of the skull (case 1), the shinbone (case 2) and
a rash (case 3). BRAF mutations were detected in all of the
patients from the biopsied tissues and/or circulation. They
were followed up until July 1, 2020.

Study Protocol

All of the patients accepted first-line chemotherapy (vinde-
sine + prednisone) after diagnosis and switched to targeted
therapy due to a poor response or intolerance of the che-
motherapy (Table 1). The dosages of dabrafenib and trame-
tinib were, respectively, 2 mg/kg per treatment, once every
12 hours, and 0.5 mg per treatment, once every day, adminis-
tered orally.'” The general duration of the course of the
targeted treatment was 6 months to 1 year, adjusted according

to the disease assessment and patient tolerance of the drug. If
the patients had disease progression, increased or persistently
positive cfBRAFY*F levels or severe adverse effects, tar-
geted therapy could be discontinued.

After targeted therapy was completed, maintenance che-
motherapy was given (6-mercaptopurine + vindesine +
prednisone) for 0.5—1 year. The affected lesions, pituitary
MRI and adverse effects were evaluated after 1 month, 3
months, and every 3 months thereafter, according to the
Histiocyte Society LCH Evaluation and Treatment
Guidelines."" During the course of targeted treatment, cir-
culating cell-free BRAF"®*F (cfBRAFY®*°F) in cases 1 and
3 were monitored (using the QX200TM Droplet Digital
PCR System (Bio-Rad, Hercules, CA), and cfBRAF"°F
levels lower than 0.1% were regarded as negative).
Currently, plasma cfBRAFY’°P cannot be monitored in
our center.

Examinations of Postpituitary Function
The levels of thyroid-stimulating hormone (TSH), adreno-
corticotropin (ACTH), gonadotropin hormone (GTH) and
prolactin (PRL) were measured in cases 1 and 3 before the
targeted therapy. Only TSH was measured in case 2 (the
other hormones were not measured). We were unable to
measure the levels of antidiuretic hormone (ADH) and
oxytocin due to the limitations of the technical conditions
in our center. We also measured the amount of fluid intake
and urine volume per day, urine specific gravity and serum
sodium of all patients before and after targeted treatment.

DI is defined as a clinical syndrome characterized by
polyuria (in excess of 2 L/m?*/24 h) and polydipsia with
diluted urine (urine specific gravity less than 1.005).°
A water deprivation test was not performed for any of
the patients because they had no clinical signs or symp-
toms of DI

Protocol of the Pituitary MRI

Pituitary MRI was conducted at least twice and the images
were evaluated by two experienced radiologists. MRI stu-
dies were performed using T1 weighted sequences in the
sagittal and coronal planes (repetition time, 500 ms; echo
time, 8 ms; flip angle, 90°) on a Philips Achieva TX 3.0T
scanner. The slices were 3 mm thick, with a 130 x 130 mm?>
field of view and a 256 x 256 matrix. Imaging findings of
the pituitary involvement included infundibular thickening,
a mass lesion of the hypothalamic-pituitary axis and
decreased or disappearing bright spots on the posterior
pituitary on T1-weighted images (T1WI).” The criteria for

submit your manuscript

12358

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Aep N8N meNE\mEoo_ QuIqeIRIAD) (DRIY (S99M £ AI9AS G—|Aep ‘A||BJO SISO PIpIAIP OMI Ul ,meNE\mE 0F) A3Yd + ($99m ¢ Auans | Aep ‘snjoq

“Adesayrowayd adueUBIUIE] "SHPIM T J4OJ UONINPAI AP[SIM SPIEMIBNE ‘SHIIM f 10} K|[eJO S3SOP PIPIAIP oM ul Kep/,

"5—| Aep Aoy

‘'oN ‘N ‘snpidisul sa19qelp ‘| :SUoIIeIAIqqY
‘Kep/,w/Bwg auoseyrawexaq :X3Q S|
.mmo_u\NE\mE §'1) SAA + (3yBiu Kuans 4Ajiep A|jeo xm_u\NE\mEomv surindoydesssw-9
w/3w Qf duosiupald :JIYd "SI99M 9 JOj }IIM B 3DUO ‘SNjoq “A'l ‘9SOp/ W/BW §'| SUISIPUIA [STA $IION

12359
Dove

submit your manuscript

Dove

uoneAlasqo
JO puUa ay1 |auN syuow
01 4o} (qunawes) +
qluaje.qeq)«—syauow
g o} Adessyzowsyd
9dUBUIIUIBW«—SYIUOW G|
10} qIuU3jeIqe(]«—SISIN0D
T 10} (X3a+
(120) (G61%°0) | qunawe + SAA+DRIY)—SpRIM Avennud ‘mousew €
€ 3000 VIR | 30000 VHTR qiuajeiqeq 89¢y £LS0°€ 9 4o} (@3Yd+SAN) + 2uoq ‘upjs ‘uaa|ds U9AI ol 90 0 ase)
sapou ydwiA| ‘un|
Aseainuid ‘sugJo ‘()qipuew
‘BJQ1J2A ‘B|NQY Y| ‘Buoq
[IYS ‘winij Unwiay ‘eiqn
Adeaay yo—syauow Y9| ‘snJawny Y| ‘WinuIdS
9 Joy Adessyaowayd 9)d1A)> ‘g|ndeds ‘squu
9dUBUAIUIBW—SYIUOW ‘auoq [ezanied 1ySiu ‘auoq
2| 40} qlusjeaqeq«—Ss)oam [eaididoo ‘suoq [edodwiay 4
| - aooonddd qiusjeiqeq e LL S 104 (Q3¥d+SAN) - ‘auoq [e3uody) sauog 8l L0 S0 ase)
Adesayy
}JO«—s9s4n0d § 40} (XIA+ Aseninuid
SAA+DEIY)«Ssyauow ‘s31qJo ‘uaslds ‘(suoq
9 Jojy Adessyrowsyd [eaudiooo ‘suoq prousyds
9dUBUAIUIBW—SYIUOW ‘auoq [esodwaa ‘suoq
(aAnesau) (%£7°0) 6 10} qIUBJRIqER«—S>IIM |e3aried ‘auoq dpewodAz |
€ 3000AdVITR | 30000 VITR qiusjeiqeq €0L°C 88T'| €1 404 (Q3¥d+SaAN) + ‘auoq [eluody) sauog T 9€ T ase)
Adeaay] | Adeaayy
3a8ae] y984e]
BELTLV aJojog
(sypuoly)
juawaroaduwy juiodpuz Adeaay [EER1TR] (saeap)
Aaeyinyg yoeasay ya84e] Aea yam oney (yuopy) Adeaay ) (saeap)
1nun Adessy ) ayl aJojog Ayisuaguj [eusis) poliad yo84e] j9suUQ
j3e8.4e] | je jyyg jo 4vyg jo Adeasy ssaujysug suediQ dn pajeyg | aseasig
Jo uoneing uondaleg uoid33ag 3084e] | Auesimiid wnwixepy juswead) sty s9J1§ padayyY | 1a -mojjo4 a8y yeady | xag

so[Is1u9108IBY D) 9SEIS|(] SAUSNEd Yde] jo s|iers | d|qel

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

an improvement in the pituitary findings on MRI included
a reappearance of the missing spots or a normalization of
the attenuated bright spots. Maximum pituitary brightness
using the signal intensity ratio of the neighboring cerebral
gray matter was the quantitative evaluation. No contrast
was used.

Results

Case |

This patient was a 2.2-year-old boy diagnosed with multi-
system-involved LCH (MS-LCH) with craniofacial involve-
ment, ie, CNS-risk lesions. A lump on his head was the

FYOE in skull

inaugural manifestation. The levels of BRA
biopsies and the plasma at diagnosis were 21.89% and 1.31%,
respectively. He had a normal urine volume (less than 2 L/m?/
24h) with a normal urine specific gravity and serum sodium.
His levels of TSH, ACTH, GTH and PRL were also normal.

Because of a poor response to first-line chemotherapy
(for 13 weeks) on his pituitary imaging (an absence of the
normal posterior pituitary bright spot, Figure 1A; the other
lesions were in a stable state), dabrafenib treatment was
initiated at the age of 3.6, two weeks after completing the
chemotherapy. After 3 months of dabrafenib treatment, the
bright spot on the posterior pituitary on TIWI recurred
with a higher signal intensity ratio compared with the gray
matter (Figure 1B), and the other lesions also improved.

During targeted therapy, he experienced a mild skin
allergic reaction, but the rash subsided after treatment with
anti-allergic drugs. After the 9-month targeted therapy was
completed, he was in an active disease (AD)-better state with
a clear bright spot on the posterior pituitary on T1WI and then
he was switched to second-line chemotherapy (cytarabine +
vindesine + dexamethasone) because of being persistently
positive for the cfBRAF"***" mutation. Conversion to nega-
tive detection of cfBRAF"***F was observed after 4 courses
of second-line chemotherapy. At the end of follow-up, all
therapy for LCH was terminated, and he was in an AD-better
state without any clinical signs or symptoms of DI.

Case 2

In the second patient, MS-LCH was diagnosed at the age of
0.5 without polyuria or polydipsia. Fever was the main
manifestation of the patient. Biopsied tissue from the
involved shinbone showed BRAFY®®. The amount of
fluid intake and urine volume per day, urine specific gravity
and serum sodium and TSH (the other hormones were not
measured) were measured, which were all at normal levels.

Because of a poor response to first-line chemotherapy
(for 5 weeks) on pituitary imaging (an absence of the
normal posterior pituitary bright spot, Figure 1C; the
other lesions were in AD-better state), dabrafenib treat-
ment was administered two weeks after completion of his
chemotherapy. The brightness of the posterior pituitary on
T1WI recovered after 1 month of dabrafenib treatment
(Figure 1D). No target treatment-related side effects were
observed. The duration of his dabrafenib treatment was 12
months. At the end of the observation period, the boy was
followed up for 18 months without clinical DI, and no
abnormality was observed on pituitary MRI. He has been
off LCH treatment in an AD-better state.

Case 3

This patient was also a boy, and the age of his disease
onset was 0.2 years. A rash was the initial presentation of
the disease. His plasma cfBRAFY®*°F was 3.29% at diag-
nosis, but no remaining biopsied rash sample could be
acquired for BRAFY*°F detection. Before treatment, he
also had normal hormone levels, urine volume, urine spe-
cific gravity and serum sodium.

After the 6th week of first-line chemotherapy, he devel-
oped a progression of his skin lesions and was switched
to second-line chemotherapy (cytarabine + vindesine +
dexamethasone). However, after 2 courses of second-line
chemotherapy, he had a serious infection followed by
hemophagocytic lymphohistiocytosis and intolerance of
chemotherapy with myelosuppression and gastrointestinal
reactions. Therefore, dabrafenib was used alone for 15
months followed by maintenance chemotherapy.

At the 8th month of maintenance therapy, he had new
involvement of the pituitary with decreased bright spots on
the posterior pituitary on TIWI and infundibular thicken-
ing (Figure 1E; his other lesions were in an AD-stable
state) and he began to take dabrafenib combined with
trametinib.

After a 3-month combination targeted treatment, his
pituitary brightness was higher with a recovered infundi-
bulum. His circulating cfBRAFV®"°F decreased from
0.41% to 0.24%, and his other lesions also improved. At
the end of the observation, the boy had taken combination
targeted treatment for 10 months and did not experience
DI in an AD-better state with clearer bright spots on the
posterior pituitary on TIWI and had a recovered infundi-
bulum (Figure 1F). His plasma cfBRAFY®°" had
decreased to 0.21% at the research endpoint.
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Figure | Pituitary MRI (sagittal plane) in the three patients reported in this study. In case |, (A) the bright-spot of posterior pituitary on T1WI| was absent and (B) recurred
after 3-month dabrafenib treatment (white arrowheads). In case 2, (C) the bright-spot of posterior pituitary was absent and (D) recurred after |-month dabrafenib
treatment (white arrowheads). In case 3, (E) decreased bright-spot of posterior pituitary on TIWI (white arrowhead) and infundibular thickening (red arrowhead) were
observed. (F) After |-month dabrafenib combined with trametinib treatment, the brightness was higher (white arrowhead) with recovered infundibulum (red arrowhead).
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Discussion

Due to the high risks of pituitary biopsies, pituitary ima-
ging can be used instead to observe pituitary lesions even
if patients do not have evident DI. The bright spot on the
posterior pituitary on TIWI is related to vasopressin secre-
tion granules or liposomes in pituitary cells. If pathologic
LCs involve the pituitary gland, permanent DI occurs
when there is a loss of 80% or more of the hypothalamic
magnocellular neurons.'” Imaging findings of pituitary
involvement may include infundibular thickening, a mass
lesion of the hypothalamic-pituitary axis and decreased or
absent bright spots on the posterior pituitary on TIWI.>

In our cases, all patients had BRAF mutations and
specific imaging findings of pituitary involvement. The
improvement of the pituitary imaging after targeted treat-
ment can also support the early involvement of the pitui-
tary before permanent DI occurs. Moreover, two of them
had CNS-risk lesions that had a higher cumulative inci-
dence of DI compared with patients without CNS-risk
lesions reported in other studies.*'"

Previous studies have shown that DI is a permanent
sequela, and the absence of the normal posterior pituitary
bright spot is correlated with a loss of hypophyseal function
and it may indicate an early stage of occult local tumors.>'?
Therefore, it is essential to initiate early treatment for
patients with CNS-risk lesions and abnormal imaging of
pituitary involvement before clinical DI occurs. As BRAF
mutations are associated with pituitary involvement and

resistance to first-line therapy,®'*

targeted therapy may
improve pituitary lesions in BRAF-mutated LCH patients,
based on the successful improvement in our cases.

Some LCH patients have persistently positive
cfBRAFV®*F after targeted therapy, which is associated
with a poor prognosis, especially relapses.'* We
administered second-line chemotherapy or maintenance
chemotherapy after targeted treatment was completed to
decrease the level of cfBRAFY*F and reduce the recur-
rence rate. However, the timing of introducing targeted
therapy has not achieved a consensus. Whether earlier
administration rather than after first-line chemotherapy is
more beneficial and the effectiveness and safety of long-
term targeted treatment still need large-scale prospective
studies.

Conclusion
In summary, these results may indicate that pituitary invol-
vement may be reversible in some patients with LCH if it

is observed and treated before overt clinical DI. Targeted
therapy may be an effective choice for LCH patients with
early pituitary involvement who are irresponsive to first-
line or second-line chemotherapy. However, a relapse after
targeted therapy is completed in patients with persistently
positive cfBRAFY®*°F mutations is still a challenge that
needs to be resolved. The timing of introducing targeted
therapy, its appropriate duration and effective combina-
tions with chemotherapy or other targeted drugs should
be explored further.
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