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Abstract Proteus syndrome is a rare overgrowth disorder caused by postzygotic activating
variants in AKT1. Individuals may develop a range of skin, bone, and soft tissue overgrowth
leading to functional impairment and disfigurement. Therapy for this disorder is limited to
supportive care and surgical intervention. Inhibitors of AKT, originally designed as cancer
therapeutics, are a rational, targeted pharmacologic strategy to mitigate the devastating
morbidity of Proteus syndrome. We present the 5-yr follow-up of an 18-yr-old male with
Proteus syndrome treated with miransertib (MK-7075), an oral pan-AKT inhibitor. At com-
pletion of a planned 48-wk phase 1 pharmacodynamic study, the individual derived
sufficient benefit that the study was amended to permit continued use and assess the
long-term safety of miransertib. The treatment has been well-tolerated with mild treat-
ment-attributed side effects including headache, transient hyperglycemia, and transient el-
evations of aspartate aminotransferase, alanine aminotransferase, and bilirubin. The patient
has experienced sustained improvement of pain and slowed growth of bilateral plantar cer-
ebriform connective tissue nevi. This case report supplements the data from our prior study
extending those findings out to 5 years. It shows that at the doses used, miransertib has a
favorable safety profile and durable benefit of improving symptoms of pain and slowing
progression of overgrowth in Proteus syndrome in a single individual. Although an uncon-
trolled single report cannot prove safety or efficacy, these data lend support to the encour-
aging preliminary data of our prior phase 1 pharmacodynamic study.

INTRODUCTION

Proteus syndrome is a raremosaic overgrowth disorder that causes a wide range of signs and
symptoms. Proteus syndrome most frequently manifests as overgrowth of the skin, bone,
and soft tissue in the first few years of life. The hallmark lesion is the cerebriform connective
tissue nevus (CCTN), which typically affects the plantar surface of the foot (Beachkofsky et al.
2010). Other features of Proteus syndrome include vascular malformations, organomegaly,
cystic lung disease, an increased risk of thrombosis, and tumor predisposition.
Manifestations of Proteus syndrome vary among individuals in both anatomic distribution
and severity. Although phenotypically heterogeneous, the disorder is unified by a mosaic-
activating variant in AKT1, most commonly c.49G>A, p.(Glu17Lys), and relentless progres-
sion of disease, particularly in childhood (Lindhurst et al. 2011).
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The PI3K/AKT signaling pathway plays a critical role in the regulation of cell proliferation,
growth, and survival and is often dysregulated in cancer (Hoxhaj and Manning, 2020).
Precision oncology efforts to inhibit this pathway have led to the U.S. Food and Drug
Administration (FDA) approval of PI3K inhibitors idelalisib and copanlisib for subtypes of re-
lapsed lymphoma and alpelisib, a PI3Kα-specific inhibitor, for PIK3CA-mutated breast can-
cer (Miller et al. 2015; Narayan et al. 2021). Whereas malignancies often harbor multiple
genomic or epigenomic alterations leading to neoplastic behavior, Proteus syndrome is
caused by a single somatic variant. This makes it an attractive opportunity for repurposing
inhibitors of the PI3K/AKT pathway developed for oncology.

There are important differences in the approach to the treatment of malignancy and
overgrowth syndromes to consider. Inhibition of AKT1 in Proteus syndrome is likely to re-
quire a prolonged, perhaps lifelong, duration, as compared to the shorter duration used to
induce apoptosis in malignancy (Song et al. 2019). By analogy, methotrexate is used at
high intermittent intravenous doses in the treatment of acute lymphoblastic leukemia
but is prescribed at lower continuous oral doses for an extended time in the treatment
of rheumatoid arthritis (Weinblatt 2013; Larsen et al. 2016). In the study of overgrowth dis-
order therapy, there is a lesser tolerance for acute toxicity and increased focus of potential
chronic toxicity. A narrower therapeutic window may also influence decisions of dosing,
resulting in lower dosing for the treatment of overgrowth disorders. The objective of ther-
apy as either a primary treatment or primary prevention may further influence dosing
requirements.

Miransertib (MK-7075, formerly ARQ 092) is an orally administered allosteric pan-AKT in-
hibitor that has been studied in the oncology setting as well as in Proteus syndrome and re-
lated overgrowth disorders (Yu et al. 2015; Forde et al. 2021). From experience in oncology
trials, dose-limiting toxicities of miransertib were hyperglycemia and skin rash at 80 mg daily
(Saleh et al. 2013). These side effects are common among inhibitors of the PI3K/AKT path-
way (Hyman et al. 2017; Juric et al. 2018). Previous reports of miransertib use in Proteus syn-
drome at doses ranging from 10 mg daily to 100 mg daily suggest a tolerable side effect
profile and reduction in the progression of Proteus syndrome. One report describes toler-
ance of miransertib at 25 mg/m2 (50 mg per dose) daily over one year in an individual
who experienced only mild side effects including dry mouth and gingivostomatitis.
Stagnation of overgrowth of the skull, abdominal wall lipomatosis, and decreased CCTN
growth were observed (Biesecker et al. 2020). Another individual with Proteus syndrome de-
veloped a low-grade ovarian carcinoma and achieved a partial response of the tumor with
miransertib at 100 mg daily for 7 d on/7 d off every 2 wk. She was treated for 22 mo at
the time of the report. Side effects included skin rash, nausea, hyperglycemia, and elevation
of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), which were mild to
moderate and transient. Additionally, she experienced qualitative improvement in physical
function and quality of life (Leoni et al. 2019).

A phase 1 pharmacodynamic study of miransertib enrolled six individuals with Proteus
syndrome. This trial was a 3+3 dose escalation study that met its primary end point, a
50% reduction in AKT phosphorylation in affected skin, at the starting oral dose of 5 mg/
m2 daily. A single individual in this study discontinued miransertib because of elevations
in liver function enzymes and γ-glutamyl transferase (GGT). The laboratory abnormalities re-
solved after discontinuation of miransertib. Other side effects in this cohort were mild and
included fatigue, headache, mouth sores, and nausea. This study also reported mitigation
of overgrowth and improvement in pain among the three pediatric participants (Keppler-
Noreuil et al. 2019).

We present the 5-yr follow-up of an individual with Proteus syndrome who was initially
enrolled on the phase 1 pharmacodynamic study and elected to continue treatment with
miransertib.
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RESULTS

Clinical Presentation
The individual is an 18-yr-old male who has participated in our Natural History of Proteus
Syndrome Study (Clinicaltrials.gov NCT00001403) since he was 6 years old and enrolled
in the pharmacodynamic study when he was 13 years old. When he enrolled on the phase
1 study (Clinicaltrials.gov NCT02594215), he had a history of leg length discrepancy requir-
ing multiple surgeries, bilateral plantar CCTN, musculoskeletal pain of the lower back and
lower extremities, eczema, seasonal allergies, iron deficiency anemia, and irritable bowel
syndrome. The mosaic variant in AKT1 c.49G>A, p.(Glu17Lys) was present in cultured fibro-
blasts from an affected skin biopsy (Table 1).

Following completion of the originally planned 48 wk of miransertib as part of the phase
1 study, the individual expressed a desire to continuemiransertib because of improvement in
pain and slowing of CCTN growth. The protocol was amended to provide continued use of
miransertib with the aim of evaluating longer-term safety and durability of response (i.e., con-
tinued decrease in pain and slowing of CCTN growth). There was a 9 mo pause prior to re-
sumingmiransertib at 5mg/m2 once daily. Based on the demonstration of safety at dosing of
15 mg/m2 and 25 mg/m2 daily from an industry-sponsored expanded access program and a
perceived decrease of effect, the dosewas increased to 10mg/m2 daily 16 wk after resuming
miransertib. The magnitude of dose escalation, doubling the daily drug exposure, was se-
lected to minimize potential of adverse events and was based on the dose level from the
original 3 + 3 study design of the phase 1 trial. He remains on 10 mg/m2 (20 mg per dose)
daily at the time of this report.

Safety Analyses
Overall, miransertib has been well-tolerated. During the individual’s treatment period there
have been no toxicity-related prescribed discontinuations. Concomitant medications have
included occasional use of over-the-counter analgesics (acetaminophen and ibuprofen)
and medications for seasonal allergies (cetirizine and fluticasone nasal spray). Interval elec-
trocardiogram (ECG) and echocardiograms have been normal except for a persistent sinus
bradycardia, which was present at time of initiating miransertib. Weight and height centiles
at miransertib initiation were 44th centile and 96th centile, respectively. Weight and height
centiles 5 years later were 81st centile and 99th centile, respectively.

Since initiating miransertib, he has experienced a total of 33 adverse events (AEs) sum-
marized in Table 2. The most common AEs were upper respiratory infection, pharyngitis,
and dry skin. Thirty-one (94%) of the AEs were either grade 1 or grade 2 events. There
have been two grade 3 AEs, each determined to be unrelated to miransertib. Three years
after starting miransertib, he sustained a tibial plateau fracture and anterior cruciate liga-
ment sports-related injury that required hospitalization and surgical repair. He continued
to take miransertib after the orthopedic surgery and did not experience any surgical com-
plications or delayed healing. The second grade 3 event he experienced was a pharyngeal
infection with phlegmon requiring a brief hospitalization for intravenous antibiotics. He

Table 1. Variant table

Gene Chromosome
HGVS DNA
reference

HGVS protein
reference

Variant
type Predicted effect

dbSNP/dbVar
ID Genotype

AKT1 Chr 14 NM_005163.2 NP_005154.2 Substitution c.49G>A,
p.(Glu17Lys)

rs121434592 Mosaic
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recovered without surgical intervention or drainage. The individual also underwent epiphy-
siodesis to permanently arrest growth of the left leg. This was not included in the summary
of adverse events as it is an anticipated intervention for bone overgrowth in Proteus
syndrome.

During the treatment period, he had two separate sports-related fractures, a tibial frac-
ture and later calcaneal fracture. Vitamin D, 25-Hydroxy level (33 ng/mL), and bone mineral
density by dual energy X-ray absorptiometry (Z-score 1.0) were obtained 6mo after calcaneal
fracture, which was 5 yr from miransertib initiation. These did not show clinically significant
vitamin D deficiency or osteoporosis.

Adverse events determined to be possibly or probably related to miransertib included
transient elevations of AST (max 38 U/L), ALT (max 32 U/L), total bilirubin (max 1.3 mg/
dL), and direct bilirubin (0.6mg/dL), hyperglycemia (max 117mg/dL), increased triglycerides

Table 2. Adverse event frequencies during the treatment period

Adverse event Grade 1 Grade 2 Grade 3 Total

Cardiac disorders

Sinus bradycardia 1 1

Gastrointestinal disorders

Abdominal pain 1 1

Nausea 1 1

Vomiting 1 1

Dry mouth 2 2

General

Fatigue 1 1

Pain 1 1 2

Infections

Upper respiratory infection 1 4

Pharyngitis 3 1 4

Injury, poisoning, and procedural complications

Fracture, tibia and anterior cruciate ligament tear 1 1

Fracture, calcaneus 1 1

Investigations

Aspartate aminotransferase increaseda 1 1

Alanine aminotransferase increaseda 1 1

Blood bilirubin increaseda 3

Metabolism disorders

Hyperglycemiaa 2 2

Increased triglyceridesa 1 1

Nervous system disorders

Headachea 1 1

Respiratory disorders

Allergic rhinitis 1 1

Skin disorders

Dry skin 3 3

Total 22 9 2 33

aPossibly or probably related to miransertib.
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(max 164 mg/dL), and headache. These were all grade 1 AEs and spontaneously resolved
within 12–16 wk of identification without dose adjustment.

Treatment Effect and Durability
Decreased Rate of CCTN Growth

The individual has bilateral plantar CCTN. The left foot is more severely affected than the
right. Prior to starting miransertib, the left CCTN involved 39.2% of the left plantar surface
and the right CCTN involved 9.5% of the right plantar surface. Following 48 wk of treatment,
the left CCTN involved 40.3% of the left plantar surface and right CCTN involved 10.5% of
the right plantar surface. Five years after initiating miransertib, the left CCTN involves 44.6%
of the left plantar surface and the right CCTN involves 15.2% of the right plantar surface
(Fig. 1).

The annual increase in percent of the plantar surface involved by CCTN during the 7
years prior to treatment with miransertib was 5.3% and 4.8% on the left and right, respective-
ly. The annual increase in percent of the plantar surface involved by CCTN during the 5 years
after initiating miransertib was 1.2% and 1.2% on the left and right, respectively (Fig. 2).

Improvement in Patient-Reported Outcomes

Therewere four patient-reported outcomemeasures used in this study; three included a par-
ent proxy form (Fig. 3). The NRS-11 scale was used to report the most severe pain in the pre-
ceding 7 d of an evaluation. This score at baseline was 7 out of 10, at 48 wk was 3, and 5 yr
after initiation was 0. At the time of the aforementioned calcaneal fracture the score in-
creased to 5. The Pain Interference Index (PII) score, which ranges from 0 to 6, decreased
over time by self-report and remained constant by proxy report. The baselinemean PII scores
were 0.67 (self) and 0 (proxy). After 5 years, his mean PII scores were 0 (self) and 0 (proxy). The
physical function PROMIS upper extremity forms showed no impairment at baseline and af-
ter 5 years. This was an expected finding in this individual who does not have upper extremity
overgrowth. The physical function PROMISmobility forms showedminimal to no impairment
in self-report, but proxy-report T-score increased during the treatment period indicating im-
proved function. The baseline T-scorewas 39 and after 5 years increased to 56. The Impact of
Pediatric Illness (IPI) score increased over time indicating an improved quality of life. The
baseline IPI score was 93 (self) and 90 (proxy) and after 5 years was 97 (self) and 96 (proxy).

Genomic Analysis

Mosaic c.49G>A, p.(Glu17Lys) was identified by Sanger sequencing and confirmed by re-
striction fragment length polymorphism assay of DNA from cultured fibroblasts from affect-
ed skin. This finding has been previously reported as part of a larger cohort (Lindhurst et al.
2011).

DISCUSSION

These observations support previous reports describing tolerability of lower-dose (com-
pared to oncology dosing) miransertib in Proteus syndrome and provides evidence of the
long-term safety of miransertib in childhood. The continued decrease in pain and CCTN
growth is consistent with our preliminary evidence of benefit in the pharmacodynamic study
(Keppler-Noreuil et al. 2019) and importantly provides preliminary evidence that miransertib
may be durably effective at improving symptoms and mitigating overgrowth in Proteus syn-
drome. Prior natural history data in this and other patients has shown an average annual
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Figure 1. Serial photography of the left (A) and right (B) feet showing the progression of the cerebriform con-
nective tissue nevus (CCTN) occurring more rapidly before initiating miransertib and a slowing of the involve-
ment of the plantar surface during miransertib treatment.
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growth of 5.6% (Nathan et al. 2018). In contrast to therapeutic approaches in oncology that
aim to eliminate malignant cells often by providing maximally tolerated doses over a limited
duration, treatment of mosaic overgrowth disorders seeks to dampen overactivity of molec-
ular signaling over long periods of time, possibly lifelong. This necessitates that treatment
not only be efficacious but tolerable for many years and, in the treatment of children, not in-
terfere with normal patterns of growth and development.

The optimal dosing for mosaic overgrowth disorders is likely to be less than that used in
oncology. Miransertib has been well-tolerated in this individual at a dose of 10 mg/m2 (20
mg daily). This dose contrasts with early phase oncology trials in adults that recommended
phase 2 doses ranging from 60 mg daily to 200 mg daily every other week (Saleh et al. 2013;
Harb et al. 2015). At lower doses of miransertib, skin rashes and hyperglycemia have been
mild in individuals with Proteus. However, early discontinuation of treatment in an individual
on the phase 1 pharmacodynamic study because of elevation in liver enzymes signals the
importance of laboratory monitoring. The individual described here has had mild increases
in total and direct bilirubin, ALT, AST, and fasting glucose. These increases were transient
and did not require intervention or change in miransertib dosing.

Treatment with miransertib did not interfere with normal patterns of growth and devel-
opment. His height centiles remained nearly constant (96th–99th centile) during the treat-
ment period, and he had normal pubertal development. The increase in weight from the
44th to 81st centile coincided with pubertal growth and improved his body mass index
from less than 3rd centile at study entry to 25th centile at most recent evaluation. Another
important consideration in a population that often requires surgical intervention is the effect
of miransertib on wound healing (Li et al. 2016). Two years after starting miransertib, he un-
derwent percutaneous epiphysiodesis with transphyseal screws of the left distal femur and
proximal tibia to arrest overgrowth of the left leg. He had no postoperative complications
or delayed wound healing following this procedure nor after an anterior cruciate ligament
repair. Per previous guidance regarding the increased risk of deep vein thrombosis in
Proteus syndrome, he was prescribed perioperative prophylactic anticoagulation for these
procedures (Crenshaw et al. 2018).

The effect of miransertib on features of Proteus syndromewas evaluated in this individual
through photography and patient-reported outcome measures. The individual’s primary

Figure 2. Measurement of the percent of cerebriform connective tissue nevus (CCTN) involvement on the
plantar surface. The CCTN development and growth were observed prior to miransertib. A decrease in the
annual growth rate is observed following initiation of miransertib and was sustained during the treatment
period.
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manifestations of Proteus syndromewere lower extremity overgrowth and CCTN. His quality
of life was most affected by a decrease in pain of the lower back and legs, which was a pri-
mary motivation to continue miransertib. The rate of growth of the left and right CCTN de-
creased while on treatment. Prior to starting miransertib, the increase in CCTN involvement
of the plantar surface was similar to the previously reported natural history rate of 5.6% per
year (Nathan et al. 2018). However, during the 5 years since starting miransertib, annual
growth decreased to 1.2% per year. Whereas the previously reported natural history rate
was modeled as a linear rate of growth during ages≤ 18 yr and a lower linear rate after 18
yr, it is possible that this rate may actually slow gradually as individuals approach adulthood
and may have contributed to the decreased CCTN growth observed in this individual.

C

D

B

A

Figure 3. Patient-reported outcome measures improved during the treatment period. (A) Impact of Pediatric
Illness (IPI), (B) Pain Interference Index (PII), (C ) PROMIS Mobility, and (D) NRS-11 scale of most severe pain in
past 7 d.
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Patient reported outcomes of quality of life, physical function, and pain improved during the
5-yr period. There are limitations to the use of these measures such as the 5-yr-long duration
of repeated measures as well as a potential ceiling effect of the IPI in this individual with
baseline scores of 90 and above.

This case represents the longest reported use of miransertib in Proteus syndrome. This
experience in a single individual supports the long-term safety of miransertib, but larger
studies are needed. The effect of miransertib on other manifestations of Proteus syndrome,
such as cystic lung disease and progressive scoliosis, was not studied in this report.
Prospective trials that include the range of the Proteus syndrome phenotype are required
to assess other potential benefits of miransertib in Proteus syndrome. Further investigation
of the efficacy and long-term safety of miransertib are planned in a phase 2 clinical trial
(Clinicaltrials.gov NCT04316546).

METHODS

Safety
Safety evaluations including physical examination, laboratory investigations, and ECG oc-
curred every 12 wk with interval assessment by telephone every 4 wk. ECGs were obtained
annually. The Common Terminology Criteria for Adverse Events version 4.0 (CTCAEv4.0)
was used to categorize toxicity. Determinations of relatedness to miransertib were made
by the investigators.

Measurement of CCTN
Photography of bilateral plantar CCTN was assessed as previously described (Nathan et al.
2018). There were six pairs (left and right feet) of photographs before initiating miransertib
beginning at age 6 yr, and six pairs of photographs afterward ending at age 18 yr.
Measurements of plantar area (excluding toes) and CCTN were performed independently
by two individuals (M.B.H. and A.J.D.). The percent of CCTN involvement was calculated
as the ratio of CCTN area to plantar area. The annual rate of change in percent of plantar in-
volvement of CCTN was estimated using linear regression. Volumetric magnetic resonance
images of the ankles and feet were obtained to further characterize the size of the CCTN and
bone overgrowth. However, these were challenging to interpret because of difficulties de-
marcating the lesions and high interobserver variance (Keppler-Noreuil et al. 2019).

Patient-Reported Outcomes
Patient-reported outcome measures included the NRS-11 pain scale, IPI quality of life scale,
PROMIS physical function upper extremity short form 8a, PROMIS physical function mobility
short form 8a, and the PII (Dworkin et al. 2005; Martin et al. 2015; Schalet et al. 2016). The
NRS-11 pain scale was used to ask the individual’s most severe pain in the past 7 d on a scale
of 0 to 10, with 0 representing “no pain” and 10 the “worst pain you can imagine.” The IPI is a
43-item questionnaire with ordinal responses on a five-point scale (1–5; “not at all” to “a
lot”). Raw scores were calculated by summation of responses valued 1 through 5, with rever-
sal of negative items and scaled to a score of 1–100. A higher score indicates better quality of
life (Martin et al. 2015). The PROMIS physical functioning self-report and proxy forms for up-
per extremity and mobility each have eight items. The raw score, derived from the sum of
values of the responses to each question, is converted to a T-score to standardize the result.
A higher T-score indicates high levels of physical function. Reference data for the general
population of the United States have mean T-score of 50 with standard deviation of 10.
The PII scale is a six-item questionnaire with responses from 0 to 6. The score is the mean
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of the total of the items for a maximal score of 6. A lower score is desired indicating a
decrease in pain’s interference with daily activities.

Forms appropriate for age at enrollment were completed by the participant throughout
the treatment period. Proxy versions of the IPI, PROMIS, and PII scales were completed the
participant’s mother. These are presented descriptively without statistical analysis.

ADDITIONAL INFORMATION

Data Deposition and Access
The genetic results have been previously deposited to COSMIC (https://cancer.sanger.ac
.uk/cosmic) under accession number COSP31880 as part of a previous publication
(Lindhurst et al. 2011).

Ethics Statement
Weobtainedwritten informed consent from the participant’s parent and assent from the par-
ticipant. Written informed consent of the participant was obtained when he reached age of
majority. The National Institutes of Health Institutional Review Board has approved both the
Study of Proteus Syndrome and Related Congenital Disorders (Clinicaltrials.gov
NCT00001403) and Dose Finding Trial of MK-7075 in Children and Adults with Proteus
Syndrome (Clinicaltrials.gov NCT02594215).
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