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 Adrenocortical carcinoma is extremely rare in children. The majority of cases presented with a combination of 
clinical features of Cushing syndrome and hyperandrogenism. The authors report three cases of isolated androgen-producing 
adrenocortical carcinoma with different clinical presentations. The two cases had clinical manifestations of hyperandrogenism: 
one boy with isosexual pseudoprecocity and one girl with heterosexual pseudoprecocity, both of whom underwent complete 
tumor removal and were well after surgery. The third patient presented with a huge abdominal mass and weight loss. Local 
and distant metastases (both lungs) were detected at the time of diagnosis. The patient expired after 36 days of hospitalization. 
The pathological section in all three patients demonstrated highly pleomorphism, increased mitoses, and scattered areas 
of necrosis. All cases had high levels of 17-hydroxyprogesterone, dehydroepiandrosterone-sulphate, and testosterone.
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 Adrenocortical tumors are rare in children 
with a calculated incidence of 0.3 to 3.0 per million(1,2). 
Such tumors secrete excess of cortisol, androgen, and 
aldosterone. The clinical presentation involves a 
combination of features of hypertension, virilization, 
and Cushing syndrome(3-7). Pure androgen-producing 
adrenocortical tumors without excess of cortisol are 
extremely rare. The presenting symptoms of a pure 
androgen-producing adrenal tumor are virilization in 
girls, and pseudoprecocious puberty in boys. To date, 
not more than 100 cases of a pure androgen-producing 
adrenocortical tumor in children younger than fi ve 
years old have been reported(3-8). The authors report 
three cases of young patients with a pure androgen-
producing adrenocortical tumor who presented with 
different clinical manifestations.

Case Report
Patient 1
 A 2-year-old boy presented with penile 
enlargement, the presence of pubic hair, and increased 

weight and height gain, which had been developing 
for four months. The physical examination revealed a 
virilized boy with body weight of 16 kg (> 97th centile), 
height 96 cm (> 97th centile), blood pressure (BP)  
90/60 mmHg, penile length 7 cm, pubic hair Tanner 
III, and testicular volume 1 mL bilaterally. Investigations 
showed normal blood chemistry and normal electrolytes. 
A standard ACTH stimulation test (ACTH 250 μg) 
revealed cortisol 16.81 μg/dL, 17-hydroxyprogesterone 
560 ng/dL, dehydroepiandrosterone-sulphate (DHEA-S) 
437 ng/dL, and testosterone 6.39 ng/mL. The boy was 
initially diagnosed with simple virilizing congenital 
adrenal hyperplasia. Despite treatment with hydro-
cortisone 15 mg/m2/day for four months, the patient 
still had progressive virilization with pubic hair Tanner 
IV (Fig. 1). Magnetic resonance imaging (MRI) 
demonstrated a well-circumscribed right adrenal          
mass 5.5 x 5.6 x 6.3 cm. The patient underwent a            
right adrenalectomy with complete tumor removal.          
A pathological study demonstrated varying numbers 
of cells with eosinophilic or bubbly clear cytoplasm 
and no capsular involvement. After tumor removal, the 
virilization dramatically decreased and testosterone 
level decreased to 0.2 ng/mL. At age 3.5 years, penile 
length was 5.0 cm, no pubic hair, and testes 1 mL 
bilaterally.
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Patient 2
 A 2.5-year-old gir l  presented with 
clitoromegaly and the presence of pubic hair for           
fi ve months. The physical examination revealed height 
of 95 cm (90th centile), weight 14.5 kg (90th centile), 
BP 90/60 mmHg, pubic hair Tanner III, clitoromegaly 
(2 cm in length) (Fig. 2). Initial investigations showed 
normal blood chemistry, normal electrolytes, 46XX 
chromosome, β-hCG < 1 mIU/mL. A standard ACTH 
stimulation test (ACTH 250 μg) revealed peak 17-
hydroxyprogesterone 670 ng/dL, DHEA-S 499 ng/dL, 

and cortisol 27.3 μg/dL. Testosterone was 3.07 ng/mL. 
Abdominal ultrasonography showed no adrenal mass. 
Congenital adrenal hyperplasia was initially diagnosed. 
She was treated with hydrocortisone 15 mg/m2/d for 
four months without improvement. An MRI abdomen 
revealed a 2.2 x 2.5 x 2.0 cm right adrenal mass. A 
right adrenalectomy with complete tumor removal          
was performed without complication. A pathological 
section revealed varying numbers of cells with 
eosinophilic or bubbly clear cytoplasm, and no capsular 
involvement. Hydrocortisone was tapered off                   
three months after surgery. Virilization subsided as 
shown by the decrease in size of clitoris to 1 cm and 
the disappearance of pubic hair.

Patient 3
 A 4-year-old girl presented with an abdominal 
distension and three kg weight loss in four months. On 
admission, she was ill-looking appearance with body 
weight 14.5 kg (25th centile), height 98 cm (25th centile). 
BP was 100/70 mmHg. Abdominal examination 
revealed large abdominal mass with massive ascites. 
Examination of genitalia revealed swelling of labia 
majora (from massive ascites), presence of pubic hair 
Tanner III and clitoromegaly (Fig. 3). Investigations 
showed normal blood chemistry and electrolytes, 
except for hypoalbuminemia (albumin 2.3 g/dL), 
β-hCG < 1 mIU/mL, alphafetoprotein 3 ng/mL, 17-
hydroxyprogesterone 420 ng/dL, DHEA-S 318 ng/dL, 
cortisol 23.4 μg/dL, and testosterone 4.06 ng/mL. An Fig. 1 A 2-year-old boy with penile enlargement and 

pubic hair stage Tanner IV

Fig. 2 A 2.5-year-old girl with pubic hair Tanner III

Fig. 3 A 4-year-old girl with pubic hair Tanner III and 
clitoromegaly. Note the swelling of labia majora 
from massive ascites
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MRI abdomen demonstrated a 12.7 x 15.1 x 20.0 cm 
mass involving left adrenal and kidney, extending to 
the right side of abdomen. A chest X-ray showed 
multiple metastatic nodules in both lung fi elds. A tissue 
biopsy demonstrated frequent mitoses and scattered 
areas of necrosis. After 36 days of hospitalization, the 
patient expired from ventilator-associated pneumonia 
and septicemia.

Discussion
 Our patients had clinical features of 
hyperandrogenism (presence of pubic hair, growth 
acceleration, penile enlargement in boys, and 
clitoromegaly in girls) without features of Cushing 
syndrome. The algorithm for investigations of the 
presence of pubic hair in prepubertal children is hCG, 
DHEA-S, 17-OHP, and ACTH stimulation test(9). The 
abnormally high levels of DHEA-S and 17-OHP 
suggest a diagnosis of late-onset 21-hydroxylase 
defi ciency congenital adrenal hyperplasia (21-OHD 
CAH). All of the presented patients, particularly 
patients 1 and 2, had the high level of 17-OHP and 
DHEA-S which led to the misdiagnosis to 21-OHD 
CAH. The misdiagnosis was also aided by the 
extremely rare incidence of adrenocortical tumor 
(1:1,000,000) compared to that of CAH (1:15,000). 
The recent reports of childhood adrenocortical        
tumors in children under 5 years old are summarized 
in Table 1.
 One of the important clinical clues used to 
differentiate between virilizing congenital adrenal 
hyperplasia and an androgen-producing adrenocortical 
tumor in young children is the clinical condition of 
virilization. In congenital adrenal hyperplasia, 
virilization will decrease within two to three months 
after treatment with a physiological dose of hydro-
cortisone whereas the virilization will continue to 
progress in patients with adrenocortical tumor. 
Therefore, the physicians should be aware of the 

possibility of an adrenocortical tumor in young children 
presenting with virilization. For defi nite diagnosis, a 
CT or MRI adrenal glands is indicated. Ultrasonography 
is not sensitive enough to identify a small adrenal tumor 
mass, as in the patient 2 whose 2 cm right adrenal tumor 
could not be detected by abdominal ultrasonography.
 Patient 3 presented with a huge abdominal 
mass and weight loss which mimicked Wilms tumor 
or neuroblastoma. The presence of pubic hair and mild 
clitoromegaly were the suggestive signs for excess 
androgen secreted by adrenal tumor. The pathological 
section confirmed the diagnosis of adrenocortical 
carcinoma. 
 Surgical tumor removal with steroid 
replacement therapy is the definite treatment for 
adrenocortical tumor. The majority of these tumors, 
particular in young children, are malignant. However 
the prognosis in young children is favorable(1-8). A 
complete tumor removal without metastasis at the time 
of diagnosis has been shown to have a better prognosis, 
even with a tumor size larger than 5 cm, or with the 
poor histological features. Reports of 10-20 year 
follow-up of such children have shown that up to 90% 
of cases survive without recurrence of tumor. The 
prognosis of the authors’ fi rst two patients is favorable 
as they underwent complete macroscopically and 
microscopically tumor removal, had no evidence of 
local or distant metastasis, and the pathological section 
revealed no capsular or vascular involvement. In 
patient 3, the prognosis was poor since the tumor was 
huge and there were local and distant metastases. The 
pathological section showed highly pleomorphism, an 
increased number of cell mitoses and necrotic areas. 
Moreover, her condition at the time of diagnosis was 
such that she could not undergo surgical tumor 
removal. Although combination chemotherapy and 
radiotherapy might be an alternative treatment for an 
inoperable case, many studies have been shown an 
unfavorable result(3-8).

Table 1. Adrenocortical tumors in children under 5 years old

Mayer(4) 
(1997)

Wajchenberg(5) 
(2000)

Cordera(6) 
(2003)

Hanna(7) 
(2008)

Chen(8) 
(2011)

Years of study 1972-1996 1982-1999 1946-2002 1976-2005 1991-2010
Duration (yr) 24 17 56 30 20
Total cases   4 22   - 23 34
Pure-androgen-producing tumor   2 13   4 13 19
Cushing syndrome/mixed/others   2   9   - 10 15
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Conclusion
 The authors report three cases of pure 
androgen-producing adrenocortical carcinoma in 
young children with different clinical presentations, 
two cases with progressive virilization and growth 
acceleration, and one case of huge abdominal mass  
and weight loss. Therefore, in young children who 
present with virilization similar to that of late-onset 
congenital adrenal hyperplasia and show no response 
to glucocorticoid treatment, MRI is indicated to 
demonstrate adrenocortical carcinoma. Surgical tumor 
removal with steroid replacement therapy is the  
defi nite treatment for adrenocortical carcinoma with  
a favorable outcome.

Potential confl icts of interest
 None.
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มะเร็งเปลือกตอมหมวกไตท่ีสรางฮอรโมนเพศชาย: รายงานผูปวย 3 รายท่ีมีอาการแสดงแตกตางกัน

สมจิตร จารุรัตนศิริกุล, ศักดา ภัทรภิญโญกุล, วิญู มิตรานันท

 มะเร็งเปลือกตอมหมวกไตพบไดนอยมากในเด็ก สวนใหญของมะเร็งเปลือกตอมหมวกไตแสดงลักษณะทางคลินิกของ 
กลุมอาการ Cushing รวมกับลักษณะของการมีฮอรโมนเพศชายมากกวาปกติ รายงานน้ีเปนการรายงานผูปวยเด็ก 3 รายที่เปน              
มะเรง็เปลอืกตอมหมวกไตทีส่รางเฉพาะฮอรโมนเพศชายสงูมากทีม่อีาการนำแตกตางกนัโดยไมมลีกัษณะของกลุมอาการ Cushing 
ผูปวย 2 รายมีลักษณะทางคลินิกของการมีฮอรโมนเพศชายสูงมากกวาปกติ โดย 1 รายเปนเด็กชายท่ีมาดวยอาการ isosexual 
pseudoprecocity และเด็กหญิง 1 รายที่มาดวยอาการ heterosexual pseudoprecocity ทั้งสองรายไดรับการผาตัดเอากอน 
มะเร็งออกท้ังหมดและอาการตาง ๆ ดีขึ้นภายหลังการผาตัด ผูปวยรายท่ีสามมาดวยเรื่องกอนในทองและน้ำหนักลด การตรวจ            
เพิ่มเติมพบการกระจายของมะเร็งไปยังอวัยวะขางเคียงและปอดท้ังสองขาง ผูปวยรายน้ีเสียชีวิตหลังจากรับตัวไวในโรงพยาบาล  
36 วัน การตรวจชิ้นเนื้อทางพยาธิวิทยาในผูปวยทั้งสามรายพบลักษณะเซลลมีขนาดที่แตกตางกัน การแบงตัวเพิ่มขึ้นของเซลล 
และเนื้อเยื่อตาย การตรวจเลือดในผูปวยทั้งสามรายพบมีระดับ 17-hydroxyprogesterone, dehydroepiandrosterone-
sulphate และ testosterone สูงมาก



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


