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Glycogenosis storage type I diseases 
and evolutive adenomatosis: an indication 
for liver transplantation 

Abstract We report on two cases of Keywords Glycogen storage disease 
type I glycogen storage disease type I . Liver adenoma . Adenoma- 
(GSD) complicated by malignant tosis . Hepatocellular cancer . Liver 
tumors. A 23-year-old man had transplantation . Cholangiocellular 
GSD Ia with adenomatosis. He cancer 
underwent transplantation for rap- 
idly growing and radiologically 
changing adenomata. At histological 
examination, one adenoma had be- 
come a hepatocellular carcinoma. A 
22-year-old, HBV-infected woman 
had GSD type Ib with adenomato- 
sis. At follow-up, several tumors 
showed changing morphological 
characteristics. Pre-transplant lapa- 
rotomy confirmed the presence of a 
metastatic cholangiocarcinoma. 
Liver transplantation should be 
considered in GSD type I patients 
with adenomatosis, especially when 
tumor characteristics change. 
Regular detailed Doppler ultra- 
sound and magnetic nuclear 
resonance screening during 
childhood and adolescence are, 
therefore, mandatory in order for 
the timing of transplantation to be 
optimized. 
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Introduction 

Glycogen storage diseases (GSDs) are inherited disorders 
characterized by excessive intracellular accumulation of 
glycogen. GSD type I, or von Gierke's disease, is one 
of the most common types of liver glycogenosis [ 1,2, 31. 

Despite major progress in medical treatment, GSD 
type I remains associated with the development of 
hepatocellular adenoma(ta) and carcinoma. The devel- 
opment of potentially malignant liver tumors makes 
these young patients eligible for liver transplantation 
(LT) [2]. We report here on the evolution of GSD 
types Ia and Ib, complicated by malignant tumor 
(trans)formation. 

Materials and methods 

Between February 1983 and March 2002, three children and one 
adult (44/1,055 patients4.38%) successfully underwent trans- 
plantation at our institute for GSD type Ia (Table 1). Indications 
for LT were: unresponsiveness to medical therapy in a 7-year-old 
boy [4]; non-compliance with medical therapy in a 13-year-old girl 
presenting with adenomatosis; adenomatosis and growth retarda- 
tion in a 14-year-old girl; degenerating adenomatosis in a 23-year- 
old man. A 22-two-year-old woman with GSD type Ib and 
adenomatosis could not undergo transplantation because of diffuse 
extrahepatic malignant tumor spread. The two latter patients are 
discussed in detail because of the relevance to the timing of LT. 

Case 1 

A 23-year-old man was referred for LT for GSD type I and ade- 
nomatosis. GSD had been diagnosed when he was only a few weeks 
old, presenting as recurrent hypoglycemia and hepatosplenomeg- 
aly. Family history revealed that a male sibling had died from 
infection at the age of 1.5 years. The patient had shown significant 
growth and pubertal retardation. At the age of 16, he showed a 
growth profile and osseous age corresponding to that of a 10-year- 
old child (135 cm <P3; 28.5 kg <P3). He developed chronic 
acidosis (lactic acid up to 12 mmol.), hyperlipidemia, and hyper- 
uricemia. Ultrasound (US) examination revealed enlarged kidneys. 

Due to his fear of undergoing a liver biopsy, which had been 
suggested in order for a definitive diagnosis to be made, he refused 
further medical follow-up. He re-presented at the age of 16.3 years 
as he was worried about his height and sexual retardation. By the 
age of 18, his height was only 129 cm, and he finally agreed to 
adequate nutritional therapy. Nightly raw starch supplementation 
was commenced, which normalized his glycemia and lactic and uric 
acid levels. He started working full-time at night in order to comply 
with his diet and, most importantly, to improve his quality of life. 
Six months later, he was admitted for the first time to the trans- 
plant unit. Clinical examination revealed marked hepatomegaly 
and collateral venous circulation. His weight was 30 kg (< P3) and 
his height was 135 cm (<P3). Doppler-US (DUS) confirmed the 
presence of adenomata; the right kidney was hyperechogenic, in- 
dicating probable glycogenic renal infiltration. Magnetic nuclear 
resonance imaging and a CT scan of the liver showed several en- 
capsulated liver tumors that were taking up contrast medium 
(Fig. 1). Bone X-ray showed poor global density; osseous age was 
calculated to be that of an 11-year-old. Diagnosis of GSD type I 
was confirmed by liver biopsy. 
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Fig. 1 CT scan showing several adenomata in GSD type Ia liver 
disease. One adenoma compresses the right hepatic vein and intra- 
hepatic vena cava 

Over 2.5 years of adequate nutritional therapy, he grew from 
129 to 149.5 cm, and his weight rose from 33.8 to 41.5 kg. Pubertal 
development remained retarded (stage Tanner 11). DUS of the liver 
showed a changed pattern in the parenchyma; the adenomatous 
lesions had grown but remained well encapsulated. The biggest 
lesion however, localized in segment IV, showed enhanced central 
arterial vascularisation. Due to this finding, US-guided biopsy and 
cytology of this lesion were performed, and the results were com- 
patible with adenoma. Tumor markers (ctFP, CEA, CA 19.9) re- 
mained negative throughout follow-up. In view of the possible 
degenerative signs of the main liver tumor and his poor quality of 
life, the patient himself requested a radical solution. 

He underwent transplantation at the age of 23.6; at that time his 
height was 166 cm and his weight was 45 kg. LT was performed 
with preservation of the inferior vena cava. Histological examina- 
tion of the hepatectomy specimen confirmed GSD type Ia and 

Fig. 2 A Hepatocellular carci- 
noma that had developed in one 
of the adenomata of the GSD 
type Ia patient (x 282). B Low- 
power magnification (X 63) of 
the degenerated lesion clearly 
shows the absence of reticulin 
network 

polyadenomatosis. The liver weighted 2,150 g. All tumors but one 
had the typical appearance of an adenoma. The largest adenoma 
corresponded to hepatocellular carcinoma (HCCA) with loss of the 
reticulin network (Fig. 2). Late post-LT follow-up was complicated 
by portal vein thrombosis that was corrected by mesenterico-portal 
shunting. Six years post-LT, he is alive and extremely well on 
cyclosporine monotherapy. Freedom from metabolic disturbances 
and nocturnal feeding has given him an optimal quality of life 
(WHO status I and Karnofsky score of 90%). Height and weight 
remained identical throughout the post-LT period. 

Case 2 

A 22-year-old woman had been diagnosed with GSD type Ib at the 
age of 11 months. She was hospitalized at 6 months of age with a 
rubella infection; at that time, hepatomegaly with venous collateral 
circulation was noted. US showed hepatomegaly and nephromeg- 
aly. At the age of 2.2 years, she presented with severe hypoglyce- 
mia, severe developmental retardation, hematuria, and frequent 
urinary infections. At that time she underwent surgical removal of 
a bladder stone. Hepatomegaly and nephromegaly progressed 
steadily. At the age of 6 years she had frequent seizures that 
required valproate treatment. Biochemistry showed neutropenia, 
moderate acidosis, hyperuricemia, and elevation of liver enzymes. 

Once the diagnosis of GSD type Ib was confirmed by liver 
biopsy, she commenced supplemental nutritional therapy. At 8.6 
years, she was re-hospitalized with alimentary intolerance and se- 
vere infectious mononucleosis syndrome. At that time she was 
found to be HBsAg and HbcAb positive and HBeAg negative. 
Transaminase levels were three times the normal levels. Her weight 
was 8 kg (< P3) and her height 106 cm (< P3). There were no signs 
of liver adenomata. 

Despite the nutritional changes, her lactic acid levels remained 
very high (59 mmol/l), but supplementation resulted in increases in 
weight I(43.9 kg-P10) and height (148.5 cm-P3) by the age of 
211. Pubertal development remained retarded. Menstruation star- 
ted when she was 17, but she rapidly became amenorrheic. At the 
age of 21, she underwent DUS, CT scan and magnetic nuclear 
resonance (MNR) imaging, which showed several adenomata in the 
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Fig. 3A, B Typical tubular 
architecture of the cholangio- 
carcinoma that had developed 
in the GSD Ib patient. A With 
a strong and diffuse cytokera- 
tin 7 expression in neoplastic 
cells, indicating that these do 
not correspond to hepatocellu- 
lar cells (B). Magnification 
x 211 

presence of portal hypertension. The largest tumor had a diameter 
of 7 cm. At that time, she was still leukopenic (3,250 mm’), liver 
tests continued to give elevated results and triglycerides levels 
remained high (223 mg/dl). Liver biopsy confirmed intra-cyto- 
plasmatic and intra-nuclear glycogen overload. At clinical exami- 
nation there was hepatosplenomegaly but no ascites; paresis of left 
upper eyelid was also noted. Liver resection was proposed but re- 
fused by the patient. 

Two years later, at the age of 22 years, she presented with severe 
right upper quadrant pain and diarrhea. At clinical examination, 
the left liver lobe was large and painful. Biochemistry revealed 
severe inflammatory syndrome and elevated transaminases (three- 
times normal) and GGT (ten-times normal); alpha-feto-protein 
level was 2.8 ng/ml. HBs-antigenemia remained positive; HCV- 
antibodies were negative. DUS, CT-scan and MNR imaging 
showed several heterogeneous, hypervascular bi-lobar liver tumors, 
many of which had grown significantly. There was no intra-tumoral 
bleeding. Two large heterogeneous lesions in the right lobe of the 
liver had highly vascularized intra-tumoral septa and tumor 
periphery. Some lesions contained calcifications. Thoraco-abdom- 
inal and bone examinations did not reveal any extrahepatic tumor 
spread. 

Peritoneal carcinomatosis was found on a pre-transplant 
exploratory laparotomy. Surgical biopsies of one of the liver tu- 
mors were taken for histological examination; surprisingly these 
showed cholangiocarcinoma with a strong diffuse cytokeratin 7 
expression (Fig. 3). There were no signs of liver fibrosis or cirrhosis. 
Immunohistochemistry of tumoral tissue and of the surrounding 
normal liver tissue was positive for HBc antigen. She died 4 months 
later. 

Discussion 

GSDs are inherited autosomal recessive metabolic dis- 
eases in which the concentration and structure of glyco- 
gen in body tissues are abnormal. GSD type I is one of 
the most common types of liver glycogenosis [5, 61. 
Type Ia is caused by a deficiency of the enzyme glucose-6 
phosphatase, and type Ib is caused by a deficiency of 

G-6-P microsomial translocase. Both diseases have al- 
most identical biochemical and clinical manifestations: 
hypoglycemia, lactic acidosis, hyperlipidemia, hyperuri- 
cemia, hemorrhagic diathesis, hepatomegaly, growth 
retardation, and sexual immaturity [I ,  31. GSD 
type Ib has further specificities, such as neutropenia, 
impaired neutrophil migration, and frequent infectious 
syndromes [7]. 

Adequate medical treatment gives good short-term 
results in GSD type I diseases [8]. Treatment has chan- 
ged from portosystemic diversion (ameliorating all the 
disease manifestations except hypoglycemia) [9] to 
round-the-clock alimentation using combinations of 
continuous or intermittent nasogastric feeding and raw 
starch supplementation [8]. If adequate nutritional 
therapy is started early, preferably within 2 years, the 
incidence of liver adenoma formation and proteinuria 
will be lower [3, 8, 101. Adequate diet may also result in 
adenoma regression. Despite individualized and well- 
controlled medical therapy, the long-term outlook of 
patients remains compromised by the risks of hepato- 
cellular cancer transformation, atherosclerosis, and 
progressive renal disease [ 1 1, 121. Hypoglycemia and 
severe lactic acidosis are the initial life-threatening 
complications. During adolescence or adulthood, uric 
acid nephropathy and glomerulosclerosis lead to renal 
insufficiency, and adenomatosis becomes more prevalent 
[3, 13, 141. Liver adenomata develop in most (50 to 80%) 
GSD type I patients by the time they reach their second 
or third decade of life [2, 3, 131. 

Adenoma formation in GSD type I is probably re- 
lated to constant hormonal stimulation of the liver by 
persistent peripheral hypoglycemia; some authors think 
the impaired ratio between insulinic and glucagonic 
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immunoreactivity is responsible for tumor formation 
[14, 151. These hypotheses, which have been confirmed 
both with experimental rat models and clinical experi- 
ence, stress the beneficial role of early nocturnal enteral 
nutrition [ 161. The transformation of adenomata into 
hepatocellular cancer has been documented in approx- 
imately 10% of GSD type I patients [15]. The risk is 
high during the third decade of life, particularly if 
appropriate nutritional therapy is not given, as dem- 
onstrated in our two cases. The first report of liver cell 
carcinoma in GSD type I was made by Zangeneh et al. 
in 1969 [17]; more cases were published subsequently 
[15]. The mean age of liver adenoma detection is 21.5 
years (range 3 to 40), and the mean age at diagnosis of 
HCCA is 25.5 years (range 14 to 31). Two-thirds of the 
patients are male. Tumor markers are frequently nor- 
mal. Adenomata are diagnosed 2-5 years (mean 4 
years) before the development of HCCA. HCCA has 
not been observed in the absence of a pre-existing 
adenoma [14]. So far, only one case of liver adenoma 
has been described in a patient with type Ib glycoge- 
nosis [17]. Case 2 is, to our knowledge, the first 
description of the development of a malignant tumor, in 
this case a cholangiocarcinoma, in GSD Ib. It should 
be emphasized that this young woman had HBV 
infection and sub-optimal dietary therapy. 

To date, several GSD type I patients have undergone 
transplantation, and 12 cases have been reported in 
detail [l,  3, 4, 7, 13, 18, 19, 201. Indications for 
transplantation were based on the progression of aden- 
omatous lesions (lox), suspicion of malignant transfor- 
mation of an adenoma (lx) and unresponsiveness to 
medical therapy, insufficient control of hypoglycemia, 
and growth and sexual retardation (lx) [4]. 

LT is a specific and radical option that allows the 
metabolic disease and most of its consequences to be 
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corrected [l]. The benefit of LT for children lies in the 
improvement of quality of life by preventing hypogly- 
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growth (which has been observed late into the third 
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children is clear in cases of uncontrollable manifesta- 
tions of the metabolic disease (despite adequate 
nutritional therapy), or in cases of lack of compliance 
with medical therapy. In adolescents, regular follow-up 
of GSD is mandatory once adenoma formation has 
been documented. The potential degeneration and 
further development of adenomas, despite adequate 
dietary measures, and the difficulty of making an early 
diagnosis of HCCA, justify this. Follow-up should 
include DUS three to four times yearly, and yearly 
MNR imaging. Development of adenoma(ta) accom- 
panied by changing tumor characteristics, such as 
intra-tumoral vascularisation and modified echo- 
genicity, make it mandatory for the patient to be 
listed for LT. 
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