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1 |  PATIENT HISTORY

Proteus syndrome (PS) is a complex disorder characterized 
by variable clinical findings of overgrowth and tumor sus-
ceptibility. This report presents the first known association 
between PS and an ovarian germ cell tumor in an adolescent 
with immature teratoma. A review of the diagnosis of PS and 
associated tumors is included.

Our patient is a seventeen- year- old girl with previously 
established diagnosis of Proteus syndrome (PS). Her medi-
cal history is notable for neuronal migration disorder, spastic 
quadriplegic cerebral palsy, intellectual disability, seizures, 

vision impairment, scoliosis with subsequent restrictive lung 
disease, leg- length discrepancy, and hepatic steatosis. She 
has a history of multiple tumors and overgrowths, briefly 
summarized as follows: multiple osteomas and cholestea-
tomas of both ear canals requiring debridement and recon-
struction; gingival hypertrophy with biopsy- proven fibrous 
hyperplasia; jaw bone overgrowth requiring partial resection; 
abdominal lipoma; and epidermal nevus of the anterior neck. 
Biological mother and brother are healthy, paternal history 
is limited, and there is no known history of consanguinity. 
Using the dyadic genotype- phenotype criteria from Sapp, 
et al (2019),1 she meets clinical- molecular diagnostic criteria 
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Abstract
Proteus syndrome (PS) is a complex disorder characterized by variable clinical find-
ings of overgrowth and tumor susceptibility. This report presents the first known as-
sociation between PS and an ovarian germ cell tumor in an adolescent with immature 
teratoma. A review of the diagnosis of PS and associated tumors is included.
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for PS given bony overgrowth (5 points), dysregulated adi-
pose tissue/lipoma (2 points), linear verrucous epidermal nevi 
(2 points), vascular malformation (2 points), facial phenotype 
(2 points) for a total score of 13 as well as a previously iden-
tified AKT1 c.49G>A (p.E17K) variant from a skin biopsy 
of affected tissue and would receive an additional 5 points 
for asymmetric overgrowth or cystic changes of specific or-
gans due to polycystic left ovary, discussed in addition to a 
previously identified hemimegalencephaly, for a total score 
of 18. Given her score was ≥10, our patient met criteria for a 
clinical- molecular diagnosis of PS.

2 |  CASE PRESENTATION

Our patient presented to the emergency room for acute on 
chronic abdominal pain following a one- month period of 
weight gain and progressive abdominal distension. In recent 
weeks, she had low- grade fevers treated unsuccessfully with 
a one- week course of cefdinir. At presentation, her review 
of systems was positive for fevers, fatigue, cough, and ab-
dominal pain. She had no nausea or vomiting and was void-
ing and stooling normally. She was afebrile. On examination, 
she was in no acute distress, but her abdomen was distended 
and diffusely tender with a large mass appreciated best in 
the right upper and lower quadrants. Dysmorphic features in-
cluded frontal bossing, protuberant jaw with limited mobility, 
depressed nasal bridge, and macrocephaly. Eye examination 
was notable for bilateral exotropia and nystagmus. On neu-
rologic examination, she had low tone with normal strength, 
and she grunted or clapped to express her needs and could 
occasionally follow simple commands. Musculoskeletal ex-
amination was notable for severe thoracolumbar scoliosis.

CT of the abdomen and pelvis revealed a 35 x 23 x 16 cm 
mass in the abdomen and pelvis with large cystic compo-
nents, fat, calcification, and soft tissue attenuation, which 
was highly suggestive of a large ovarian teratoma (Figure 1A, 

Figure  1B). Marked mass effect on surrounding organs of 
the abdomen and pelvis was noted as well. CBC and CMP 
were unremarkable, including a normal bilirubin, AST, ALT, 
LDH, alkaline phosphatase AFP, and β- hCG were also nor-
mal. A serum CA125 was elevated at 100.2 units/mL (normal 
<35.0 units/mL). A urinalysis was unremarkable. COVID 
testing was not performed as this encounter took place before 
the coronavirus pandemic.

She had an exploratory laparotomy and was found to have 
to large ovarian masses requiring bilateral oophorectomy 
(Figure 2). The right ovarian mass measured 36 × 26 × 13 cm 
and weighed 6,520 gm. Intraoperatively, the capsule appeared 
intact with no peritoneal implants and was considered a com-
plete resection with no identified enlarged lymph nodes. No 
peritoneal washings were obtained. The left ovarian mass 
measured 14 × 11 × 5 cm and weighed 380 mg. The patient 
tolerated the procedure well and had an unremarkable postop-
erative course, during which she was placed on prophylactic 
enoxaparin given the increased risk of venous thromboem-
bolism in Proteus syndrome.2 She was discharged after four 
days and evaluated one month later in oncology clinic, where 
repeat CT abdomen/pelvis showed no residual disease. Final 
pathology of the right ovarian mass indicated Grade III im-
mature teratoma based on the extent of primitive neuroepi-
thelial elements (Figure 3A- C). Due to complete resection, 
she was considered stage I, per Children's Oncology Group 
(COG) staging, and stage IA by the Fédération Internationale 
de Gynécologie et d'Obstétrique (FIGO) classification.3 Final 
pathology of the left ovarian mass revealed polycystic ovary.

3 |  DISCUSSION

Proteus syndrome is an uncommon and complex disorder 
characterized by variable clinical findings of overgrowth 
and tumor susceptibility. It was first described by Cohen 
and Hayden in 1979 4 and later termed Proteus syndrome by 

F I G U R E  1  A, CT abdomen/pelvis, 
sagittal view. B, CT Abdomen/Pelvis, 
transverse view
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Wiedemann et al in 19835 due to its phenotypic heterogene-
ity. Correct diagnosis is paramount in PS and can be difficult 
due to the diversity of presentations.6,7 Since the publication 
of a revised diagnostic criteria in 2006,6 an activating muta-
tion in AKT1 c.49G>A p.E17K of the PI3K- AKT pathway 
has been associated with PS.8,9 In order to include genotype 
in the diagnostic criteria, a dyadic genotype- phenotype ap-
proach has been proposed.1 Our patient meets genotype and 
phenotype diagnostic criteria, as described previously. In a 
2004 review of 205 reported cases of PS, less than half of 
published cases of PS (47%) met diagnostic criteria, and im-
portantly, reported cases in this study that met the PS criteria 
had a higher incidence of morbidity and mortality compared 
to those in the non- Proteus group.10 The need for molecu-
lar testing is further highlighted by phenotypic overlap with 
similar but distinct syndromes such as PTEN hamartoma 
tumor syndrome and PIK3CA- related overgrowth spectrum 
(PROS).11- 16

Tumors usually associated with PS have been reviewed 
elsewhere 6,10,17,18 and include cerebriform connective tissue 
nevi, bilateral ovarian cystadenomas, parotid gland mono-
morphic adenomas, lipomas, regional lipohypoplasia, and 
vascular malformations, all of which are considered in the 
diagnostic criteria.19,20 In regard to an association with germ 
cell tumors, Hong et al (2010) 21 described a girl with PS 
found to have a pelvic mass at 21 months of age that was later 
resected at 5  years of age and found to be a mature cystic 
teratoma of the left ovary. Another case report by Zacharious 
and Krug, et al (1996) 22 described a young boy with PS and 
a mature sacrococcygeal teratoma, however a panel of ex-
perts later reviewed this case, among others, and determined 
that this patient did not meet diagnostic criteria for PS and 
likely had a non- Proteus condition.10 Our case describes an 

adolescent female with PS who developed a massive imma-
ture teratoma, an otherwise rare tumor at 0.05 per 100 000 
in the general population,23 which represents an association 

F I G U R E  2  Intraoperative image of tumor

F I G U R E  3  A, tumor pathology showing numbers neuroepithelial 
elements merging with cellular stroma. B, tumor pathology showing 
numbers neuroepithelial elements merging with cellular stroma. C, 
tumor pathology showing immature neuroectodermal tissue

(A)

(B)

(C)
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between PS and an ovarian germ cell tumor not previously 
described in PS.

Recommendations from Children's Oncology Group 24 
and the National Comprehensive Cancer Network 25 sup-
port surgery- only in stage I patient with periodic surveil-
lance thereafter. There has been debate between adult and 
pediatric providers regarding the value of chemotherapy 
should this tumor relapse. Given the activating AKT1 mu-
tations found in PS, there are reports of AKT1 variants in 
testicular germ cell tumors (GCT),26 but not ovarian GCT. 
Though not AKT1 activating mutations, similar pathway 
proteins, PIK3CA and PTEN, have shown mutations in 
ovarian GCTs and AKT1 amplification was addition-
ally noted.27 Additionally, there is a recent case report in 
Proteus syndrome with different ovarian tumor pathology, 
low- grade serous ovarian carcinoma, that showed response 
to the AKT inhibitor, miransertib.28 These findings collec-
tively argue that treatment with an AKT inhibitor should 
be explored in ovarian immature teratomas, especially ones 
associated with Proteus syndrome.

In summary, we report the first known association with 
PS and development of an immature teratoma. Given the 
germline AKT1 variant in this case and the lack of chemo-
therapy response usually observed in pediatric immature 
teratomas, treatment with an inhibitor of PI3K- AKT- 
MTOR pathway makes an intriguing option should recur-
rence occur.

ACKNOWLEDGMENTS
Published with written consent of the patient.

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTIONS
MF, CO, RCB, and JU: contributed to the medical care of 
this patient. JU: wrote the manuscript for this case report. 
CO, MF, and RCB: reviewed and edited the manuscript for 
accuracy and important intellectual content. All authors gave 
final approval of the version to be published and agreed to be 
accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

ETHICAL STATEMENT
The patient's family member and legal guardian signed a 
document reflecting informed consent and accepted the pub-
lication of clinical information for research and scientific 
purposes.

DATA AVAILABILITY STATEMENT
Data sharing not applicable to this article as no datasets were 
generated or analyzed during the current study.

ORCID
John S. Underwood   https://orcid.
org/0000-0001-7478-2998 
Christopher Ours   https://orcid.
org/0000-0002-7831-1621 

REFERENCES
 1. Sapp JC, Buser A, Burton- Akright J, Keppler- Noreuil KM, 

Biesecker LG. A dyadic genotype- phenotype approach to diagnos-
tic criteria for Proteus syndrome. Am J Med Genet C Semin Med 
Genet. 2019;181(4):565- 570.

 2. Keppler- Noreuil KM, Lozier J, Oden N, et al. Thrombosis risk 
factors in PIK3CA- related overgrowth spectrum and Proteus syn-
drome. Am J Med Genet C Semin Med Genet. 2019;181(4):571- 581.

 3. Prat J. Staging classification for cancer of the ovary, fallopian tube, 
and peritoneum. Int J Gynaecol Obstet. 2014;124(1):1- 5.

 4. Cohen MM Jr, Hayden PW. A newly recognized hamartomatous 
syndrome. Birth Defects Orig Artic Ser. 1979;15(5b):291- 296.

 5. Wiedemann H- R, Burgio GR, Aldenhoff P, Kunze J, Kaufmann 
HJ, Schirg E. The proteus syndrome. Partial gigantism of the hands 
and/or feet, nevi, hemihypertrophy, subcutaneous tumors, macro-
cephaly or other skull anomalies and possible accelerated growth 
and visceral affections. Eur J Pediatr. 1983;140(1):5- 12.

 6. Biesecker L. The challenges of Proteus syndrome: diagnosis and 
management. Eur J Hum Genet. 2006;14(11):1151- 1157.

 7. Biesecker LG. The multifaceted challenges of Proteus syndrome. 
JAMA. 2001;285(17):2240- 2243.

 8. Carpten JD, Faber AL, Horn C, et al. A transforming mutation 
in the pleckstrin homology domain of AKT1 in cancer. Nature. 
2007;448(7152):439- 444.

 9. Lindhurst MJ, Sapp JC, Teer JK, et al. A mosaic activating muta-
tion in AKT1 associated with the Proteus syndrome. N Engl J Med. 
2011;365(7):611- 619.

 10. Turner JT, Cohen MM Jr, Biesecker LG. Reassessment of the 
Proteus syndrome literature: application of diagnostic criteria to 
published cases. Am J Med Genet A. 2004;130a(2):111- 122.

 11. Caux F, Plauchu H, Chibon F, et al. Segmental overgrowth, li-
pomatosis, arteriovenous malformation and epidermal nevus 
(SOLAMEN) syndrome is related to mosaic PTEN nullizygosity. 
Eur J Hum Genet. 2007;15(7):767- 773.

 12. Cohen MM Jr, Turner JT, Biesecker LG. Proteus syndrome: misdi-
agnosis with PTEN mutations. Am J Med Genet A. 2003;122a(4):32
3- 324.

 13. Smith JM. Germline mutation of the tumour suppressor PTEN in 
Proteus syndrome. J Med Genet. 2002;39(12):937- 940.

 14. Barker K. PTEN mutations are uncommon in Proteus syndrome. J 
Med Genet. 2001;38(7):480- 481.

 15. Zhou X- P, Hampel H, Thiele H, et al. Association of germline 
mutation in the PTEN tumour suppressor gene and Proteus and 
Proteus- like syndromes. Lancet. 2001;358(9277):210- 211.

 16. Zhou XP. Germline and germline mosaic PTEN mutations associ-
ated with a Proteus- like syndrome of hemihypertrophy, lower limb 
asymmetry, arteriovenous malformations and lipomatosis. Hum 
Mol Genet. 2000;9(5):765- 768.

 17. Biesecker LG, Happle R, Mulliken JB, et al. Proteus syndrome: 
diagnostic criteria, differential diagnosis, and patient evaluation. 
Am J Med Genet. 1999;84(5):389- 395.

 18. Gordon PL, Wilroy RS, Lasater OE, Michael MC. Neoplasms in 
Proteus syndrome. Am J Med Genet. 1995;57(1):74- 78.

https://orcid.org/0000-0001-7478-2998
https://orcid.org/0000-0001-7478-2998
https://orcid.org/0000-0001-7478-2998
https://orcid.org/0000-0002-7831-1621
https://orcid.org/0000-0002-7831-1621
https://orcid.org/0000-0002-7831-1621


   | 5 of 5UNDERWOOD Et al.

 19. Cohen MM Jr. Proteus syndrome review: molecular, clinical, and 
pathologic features. Clin Genet. 2014;85(2):111- 119.

 20. Nelson AA, Ruben BS. Isolated plantar collagenoma not associated 
with Proteus syndrome. J Am Acad Dermatol. 2008;58(3):497- 499.

 21. Hong JH, Lee JK, Song SH, et al. Unilateral ovarian dermoid cyst 
accompanied by an ipsilateral paratubal cyst in a girl with Proteus 
Syndrome discovered by laparoscopic surgery. J Pediatr Adolesc 
Gynecol. 2010;23(3):e107- e110.

 22. Zachariou Z, Krug M, Benz G, Daum R. Proteus syndrome asso-
ciated with a sacrococcygeal teratoma; a rare combination. Eur J 
Pediatr Surg. 1996;6(4):249- 251.

 23. Ray- Coquard I, Trama AnnaLisa, Seckl MJ, et al. Rare ovarian 
tumours: Epidemiology, treatment challenges in and outside a net-
work setting. Eur J Surg Oncol. 2019;45(1):67- 74.

 24. Billmire DF, Cullen JW, Rescorla FJ, et al. Surveillance after initial 
surgery for pediatric and adolescent girls with stage I ovarian germ 
cell tumors: report from the Children's Oncology Group. J Clin 
Oncol. 2014;32(5):465- 470.

 25. Network NCC. NCCN Clinical Practice Guidelines in Oncology. 
Ovarian cancer. National Comprehensive Cancer Network. 2020; 
Available from: https://www.nccn.org/profe ssion als/physi cian_gls/
pdf/ovari an.pdf

 26. Feldman DR, Sapp JC, Teer JK, et al. Presence of somatic mu-
tations within PIK3CA, AKT, RAS, and FGFR3 but not BRAF 
in cisplatin- resistant germ cell tumors. Clin Cancer Res. 
2014;20(14):3712- 3720.

 27. Van Nieuwenhuysen E, Busschaert P, Neven P, et al. The ge-
netic landscape of 87 ovarian germ cell tumors. Gynecol Oncol. 
2018;151(1):61- 68.

 28. Leoni C, Gullo G, Resta N, et al. First evidence of a therapeutic 
effect of miransertib in a teenager with Proteus syndrome and ovar-
ian carcinoma. Am J Med Genet A. 2019;179(7):1319- 1324.

How to cite this article: Underwood JS, Ours C, 
Burns RC, Ferguson MJ. Immature teratoma in an 
adolescent with Proteus syndrome: A novel 
association. Clin Case Rep. 2021;9:e04143. https://
doi.org/10.1002/ccr3.4143

https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
https://doi.org/10.1002/ccr3.4143
https://doi.org/10.1002/ccr3.4143

