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Key Clinical Message

Treatment of patients with refractory Hodgkin lymphoma is a significant issue.

We report a patient with Proteus syndrome and relapsed Hodgkin lymphoma,

whose remission was finally achieved after brentuximab vedotin therapy, allow-

ing her to receive a haploidentical stem cell transplant. The possible relationship

between both disorders was discussed.
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Introduction

Proteus syndrome (PS) is a rare disease caused by a somatic

activating mutation in AKT1, proving the hypothesis of

somatic mosaicism and implicating activation of the PI3K-

AKT pathway in the characteristic clinical findings of over-

growth and tumor susceptibility in this disorder [1–3]. First
described by Cohen and Heyden in 1979, Wiedemann et al.

in 1983 named this distinct entity PS. The incidence of PS

is approximately 1:100,000–1,000,000 [1, 2]. We report a

case of PS combined with refractory Hodgkin lymphoma

(HL) and discuss therapeutic options for PS patients with

oncological diseases.

Case Report

A 14-year-old female was admitted to the oncohematolo-

gy department with enlargement of the peripheral and

mediastinal lymph nodes. Asymmetry of her scalp bones

and gum hyperplasia were noted at birth. The diagnosis

of PS was made phenotypically on the basis of existing

scalp and oral cavity deformation, antimongoloid eyes,

chest kyphosis, and intact intellect. No genetic changes

were found by conventional cytogenetics, and there was

no possibility to perform DNA sequencing. Since the age

of 11, she had been diagnosed with hyperplasia of the

myometrium, polymenorrhea, and chronic posthemor-

rhagic anemia. The patient had administered contracep-

tives and hemostatic therapy.

At 14 years of age, the patient was noted to have

enlargement of the neck lymph nodes and a 37.8°C fever.

Chest computed tomography (CT) imaging, lymph node

biopsy were performed and nodular sclerosis HL stage IIB

was diagnosed (Fig. 1). Treatment was administered

according to EuroNet-PHL Trials, for risk group 2, and

consisted of four courses of chemotherapy (2OEPA/

2COPDac) plus radiation therapy of the involved fields

(20 Gy) [4]. Complete remission was achieved and the

patient was followed up according to the protocol.

After 6 months, the first early recurrence involving the

supraclavicular, axillary lymph nodes, mediastinum lymph

nodes, and lungs was diagnosed with biopsy confirmation
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of the same variant of the disease (Fig. 2). The patient

received four courses (2IEP, 2DHAP) of second-line treat-

ment and peripheral blood stem cell (PBSC) harvesting

(Figure 3) [5, 6]. But at the end of chemotherapy, the medi-

astinal lymph nodes were observed to be growing again.

The patient received two more courses of VGP (vinorel-

bine 25 mg/m2, gemcitabine 1000 mg/m2, prednisolone

100 mg/m2) with a positive response, and autologous stem

cell transplantation was subsequently performed. The con-

ditioning regimen consisted of BEAM. A radiation dose of

27 Gy was then carried out on the involved fields [6, 7].

At the final examination 4 months after radiation ther-

apy, chest CT revealed new lesions in the mediastinum

and both lungs. Positron emission tomography (PET)

scans showed prominent metabolic activity in these

lesions. We proceeded with salvage therapy of brentux-

imab vedotin (1.8 mg/kg every 3 weeks). The only side

effect was general deterioration and fever after first

administration. No acute reactions or neuropathy were

noted during further brentuximab vedotin treatment.

A CT scan after three courses of therapy revealed a

remarkable response. After six courses of therapy the CT

data showed good partial remission – dramatic shrinkage

of mediastinal masses and lung lesions, with a small

amount of contrast enhancement and calcifications.

As we did not find either related or unrelated donors

the patient received a haploidentical transplant from her

father with ab T-cell receptor depletion. The conditioning

regimen consisted of bendamustine, treosulfan, fludara-

bine, and antithymocyte globulin. Transplant engraftment

was noted at day 19 post transplant [8, 9].

In the early and late post-transplant period, the patient

suffered from different complications including late acute

graft-versus-host disease (GVHD) of the skin, chronic

GVHD of the gut, myometrium hyperplasia with bleed-

ing, bacterial and respiratory syncytial virus pneumonia,

pericarditis, chronic heart insufficiency, chronic glomeru-

lonephritis, and avascular necrosis of the joints. The

patient received multimodal treatment.

Now, more than 1 year after transplant, according to the

last examination (CT, PET), complete remission is con-

firmed, the girl is doing well, studying in the University.

(A) (C)

(B) (D)

Figure 1. Pathological and immunohistochemical findings of HL, nodular sclerosis type: At high magnification large Reed-Sternberg cells are seen

(A, Hematoxylin-Eosin 9600). The large cells express CD15 (B, 9400), CD30 (C, 9400), Pax5 (D, 9400).

Figure 2. Computer tomography findings at diagnosis, showing large

mediastinal mass (arrow).
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Discussion

PS is a rare sporadic disease that causes mosaic over-

growth of tissues of all germ layers. The most frequently

affected tissues are bone, skin, adipose, and central ner-

vous system. One of the major clinical findings is distort-

ing, progressive overgrowth that typically starts between

ages 6–18 months, a key finding in PS is distortion of the

skeletal architecture. Other clinical features include cere-

briform connective tissue nevi, linear verrucous epidermal

nevus, adipose dysregulation, vascular malformations,

organomegaly, bilateral ovarian cystadenoma, parotid

monomorphic adenoma, deep vein thrombosis, and bul-

lous pulmonary degeneration [1, 2].

Diagnosis is established by clinical features but can be

confirmed by molecular methods. In more than 90% of PS

cases, the somatic mosaic mutation in gene AKT1 (c.49G>A
[p. Glu17Lys]) located at 14q32.33, is detected [1–3].

The major concern for managing PS is surgical correc-

tion of skeletal deformities and bullous pulmonary dis-

ease. The prognosis of PS depends mainly on localization

of lesions. The majority of manifestations are not life-

threatening and do not reduce lifespan with adequate

treatment. The most critical situations are deep vein

thrombosis, pulmonary embolism, and bullous pulmo-

nary disease [1].

PS can be associated with some oncological diseases. Dur-

ing the second decade of life, the most specific tumors are

cystadenoma and parotid monomorphic adenoma. Other

tumors reported are meningioma, testicular tumor, astrocy-

toma, optic nerve tumor, and breast intraductal papilloma.

Patients may have multiple tumors simultaneously [1–3].
HL is the malignant tumor of lymphoid tissue with

specific granulomatous histologic structure. HL is one of

the most frequent of all childhood malignant neoplasms

with morbidity of 0.7–0.9 per 100,000 children. The prog-

nosis of HL is favorable and according to international

trials data the 5-year event-free survival is approximately

88%, and the overall survival is 97% [10, 11].

Classical HL accounts for approximately 95% of cases,

and is subdivided into nodular sclerosis, mixed cellularity,

lymphocyte-rich classical, and lymphocyte depletion vari-

ants. Tumor cells morphologically present as Reed–Stern-
berg cells with the immunohistochemical profile CD30+,
CD15+, and PAX+. HL is a radiosensitive and chemosen-

sitive tumor; however, in some cases the disease is refrac-

tory to first-line therapy. To improve the results of

refractory and relapsed patients while reducing late side

effects, recent approaches have been based on new agents

such as monoclonal antibodies, HDAC-inhibitors, mTOR

inhibitors, and others [12, 13]. One of the most promis-

ing agents is brentuximab vedotin, a CD30-directed anti-

body-drug conjugate. After interaction of anti-CD30 and

CD30-antigen on the tumor cell membrane, this complex

is internalized and a soluble linker is enzymatically

degraded, releasing the antitubulin drug monometylauris-

tatine A, and leading to apoptosis. The predominant side

effect of brentuximab vedotin is neuropathy [14, 15]. To

decrease cytostatic loading brentuximab vedotin seems an

excellent therapeutic option, for heavy pretreated relapsed

patients, who need PBSCT [16–18].
It is still not well understood which of the prognostic fac-

tors plays the main role: age, initial tumor volume, erythro-

cyte sedimentation rate, B-symptoms, or unknown

molecular contributors. In our case, PS is speculated to play

a role in such disease behavior, and only haploidentical

PBSCT had curative effect. Certainly, the PI3K-AKT path-

way plays the role in Proteus Syndrome, and we know that

Hodgkin lymphoma is characterized by high mTOR activ-

ity in 93% of the cases, and Bcl-xL and NF-kappaB expres-

sion correlated with this mTOR activity [19]. High mTOR

activity is observed in the case of both favorable and unfa-

vorable clinical response. The presence of mTOR activity

probably indicates that the inclusion of mTOR inhibition

Figure 3. Treatment course: OEPA – vincristine 1.5 mg/m2/day №3, etoposide 125 mg/m2/day №5, prednisone 60 mg/m2/day №15, doxorubicine

40 mg/m2/day №2; COPDac – vincristine 1.5 mg/m2/day №2, prednisone 40 mg/m2/day №15, cyclophosphamide 500 mg/m2/day №2,

dacarbasine 250 mg/m2/day №3; IEP – ifosphamide 2000 mg/m2/day №5, etoposide 125 mg/m2/day №5, prednisone 100 mg/m2/day №5, DHAP

– dexamethasone 24 mg/m2/day №4, Ara-C 2000 mg/m2/twice a day №1, cisplatine 100 mg/m2/day №1; VGР – vinorelbine 25 mg/m2,

gemcitabine 1000 mg/m2, prednisolone 100 mg/m2, BEAM – etoposide 200 mg/m2/day №4, melphalan125 mg/m2/day №1, Ara-C 200 mg/m2/

twice a day №4, carmustine 100 mg/m2/day №1; BrVed – Brentuximab vedotine 1.8 mg/kg/day; BTFA, bendarmustine 240 mg/m2/day,

treosulphane 42 mg/m2, fludarabine 150 mg/m2, antitymocyte globuline 50 mg/kg; PBSCT, peripheral blood stem cell transplantation (auto –

autologous, haplo – haploidentical); 20 Gy, involved field irradiation; blue arrow – progression; green arrow – response.
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in the therapy of Hodgkin-lymphomas may be feasible and

beneficial, especially when standard protocols are ineffec-

tive, and it may also allow dose reduction to decrease late

treatment toxicity. Most likely, the combination of mTOR

inhibitors with other agents will offer the highest efficiency

for achieving the best clinical response.

The development of new agents for the treatment of

refractory HL gives new hope to heavily pretreated patients.

Further trials are needed to understand possible links path-

ogenesis and to establish the best treatment choice for chil-

dren with HL and underlying genetic diseases.
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