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a b s t r a c t

Neuroblastoma (NB) is the most common malignancy of infancy. The perinatal tumors are

usually associated with an excellent prognosis, although lethal respiratory distress may

occur in newborns with stage 4S disease due to large metastatic liver. We describe an

autopsy case of a male newborn that died on the second day because of the Pepper

syndrome's complications. He had massive hepatomegaly, splenomegaly, and hypertrophic

cardiomyopathy, but he did not show any malformation. Histology and immunohistochemi-

cal studies confirmed a NB of undifferentiated subtype invading the liver and the pancreas.

The primary tumor could not be localized in the adrenal medulla or anywhere along the

sympathetic ganglion chain. Accordingly, stage 4S NB with massive hepatomegaly may be of

pancreatic origin, raising major diagnostic and therapeutic challenges.
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1. Introduction

Neuroblastoma (NB) is an embryonal tumor of neural crest
origin, usually arising from adrenal medulla or sympathetic
ganglia. It is the most common malignancy in infancy, with
approximately 20% of all cases occurring either antenatally or
in the first 3 months of life.1 Prenatal detection of this tumor is
becoming more and more common due to the third trimester
ultrasound's routine use.1,2 The clinical presentation is highly
variable, ranging from an asymptomatic mass to a primary
tumor that exhibits diverse and often dramatic clinical
manifestations, as a result of an either local invasion or a
widely-disseminated disease. Particularly, massive hepatic
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metastases can cause increased intraabdominal pressure and
even death from respiratory compromise.2,3 We reported a
fatal case of neonate Pepper syndrome occurring in a male
infant who died on the second day of life.

2. Case presentation

A 38-week-old newborn male, weighing 4 kg at birth, was
delivered via an emergency cesarean section because of fetal
distress that was caused by gestational diabetes. The mother
was 24 years old, prima gravida, without personal or familial
medical history. Routine prenatal screening for syphilis,
hepatitis, and human immunodeficiency virus was negative.
 a division of Reed Elsevier India, Pvt. Ltd. All rights reserved.
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At birth, the infant had tachypnea, tachycardia, and
respiratory distress and needed oxygen support. His abdomen
was markedly-distended with massive hepatomegaly. Thin
venous vessels were visible through his abdominal skin. Other
physical examination was unremarkable. He was intubated
and transferred to neonatal intensive care unit (NICU) in our
center because of respiratory distress and cardiac failure.

The laboratory studies of the neonate were as following: CBC
showed Hb 17.8 g/dL, Hct 54.7%, WBC 60,100/mm3 (neutrophils
35%, lymphocytes 63%, monocytes 17%, leucocytes 45%,
erythroblasts 55%) and platelet 187,000/mm3. His blood group
was O, Rh negative, which was the same as his mother. Renal
function, blood chemistry, and liver function test showed BUN
0.46 g/L, Cr 8.3 mg/L, Na 138 mmol/L, K 8.34 mmol/L, Cl
109 mmol/L, HCO3 11.3 mmol/L, glucose 0.1 g/L, and protid
42 g/L. Coagulation studies revealed a prothrombin time (PT)
61.5 s (control 12.3 s) and activated partial thromboplastin time
(PTT) 54.0 s (control 30 s). Tumor markers were alpha-fetopro-
tein >1000 ng/mL (normal for age <10 ng/mL), b-HCG
57.45 mUI/mL (normal for age), LDH 656 UI/L (500–1100 UI/L),
and ferritin 3943 ng/mL (90–600 ng/mL).

After being intubated and supported by a ventilator, he was
given broad spectrum antibiotics because sepsis could not be
excluded. He had progressive anemia (hemoglobin 15.9 g/dL),
thrombopenia (platelet 108,000/mm3), and hypotension.
Though he was treated with volume expander and inotropic
drugs, including dopamine and adrenalin, the symptoms were
not resolved. He had progressive abdominal distension and
intractable hypotension. Abdominal ultrasound could not be
performed, since his vital signs were not stable enough to
move him to the radiology unit. His clinical course was
complicated by multisystem organ failure with cardiorespira-
tory failure, hepatic failure, and ongoing coagulopathy. At the
age of 2 days, he turned cyanotic and developed cardiac arrest.
Cardiopulmonary resuscitation was performed but unsuc-
cessful. Death occurred 48 h after birth.

3. Postmortem findings

The complete autopsy was performed. The body was that of a
well-nourished, well-developed male infant. The face and nail
bedsweredeeplycyanosed.Theheartwasconsiderablyenlarged
Fig. 1 – Hepatic infiltration by the neuroblastoma. Multiple small 

capsule (A and B). (B) Note the globular-shaped enlargement of 
weighing 40.89 g (twice and half of normal), but without
malformations. The lungs were congested and oedematous.
The adrenals appeared macroscopically normal in size and
shape. The liver wasremarkably large,weighing547.75 g (7 times
higher than normal). The edges were smooth and rounded, and
the surface's whole was mottled by numerous miliary foci of
greyish yellow tumor tissue up to 2 mm in diameter. These were
visible through the capsule, and the surface's cut showed a
similar pattern of tumor infiltration (Fig. 1A).

The pancreas showed a globular-shaped enlargement
without a distinct mass (Fig. 1B).

The spleen was also enlarged weighing 31.9 g (4 times
higher than normal), but without macroscopic tumor infiltra-
tion.

The brain was not examined, and the remaining organs
showed no abnormality apart from venous congestion.

Histological examination did not show evidence of tumor in
the adrenal medulla. The liver contained scattered miliary foci
of metastatic tumor.

Strands and clumps composed entirely of small round
tumor cells were seen within the vessels of the portal tracts, in
the sinusoids and between cords of liver cells causing
destruction of these cells. Between such foci of infiltration,
the liver appeared normal.

The tumor cells have darkly-stained nuclei and scanty
cytoplasm of fairly uniform size. Similar diffuse tumor
invasion was seen in the pancreas (Fig. 2). There were no
differences in histological differentiation between primary
pancreatic tumor and tumor tissue from the liver. The tumor
cells in the liver and pancreas were positively-stained for
chromogranin, synaptophysin, and CD56, but did not stain for
CD20, CD3, myeloperoxidase (MPO), and leukocyte common
antigen (LCA), confirming the diagnosis of NB (Fig. 3).

A poorly differentiated NB with overwhelming involvement
of the liver and the pancreas was then diagnosed. The primary
tumor could not be localized in the adrenal medulla or
anywhere along the sympathetic ganglion chain.

4. Discussion

NB is the most common solid tumor of infancy. It accounts for
30–50% of neonatal malignancies.3 Approximately 20% of NBs
metastatic nodules are noted, seen as pale areas through the
the spleen and the pancreas.



Fig. 2 – The tumors are composed of sheets of small cells with dark nuclei and scanty cytoplasm. The tumor cells are
separated by the thin fibrous septa. The liver (A and B) and the pancreas (C and D). A, C, D: hematoxylin and eosin T40, T400,
T400; B: Masson's Trichrome T100.

Fig. 3 – Immunohistochemical stains against chromogranin (A), synaptophysin (B), and CD56 (C) show diffuse strong positivity
in the tumor cells (T200).
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are diagnosed in the perinatal period.1 Fetal NBs are usually
detected by ultrasound in the third trimester of pregnancy.1–3

Those diagnosed at birth are usually presented as metastatic
disease (stage 4 and 4S).3 The fetal liver is the most common
site of distant metastases. Liver involvement may be massive,
resulting in intense abdominal distension.

Here, we reported a case of stage 4S congenital NB with
massive hepatomegaly, coined Pepper syndrome, which was
diagnosed after the postmortem examination.

Distension of the abdomen, as seen in our case, is the
characteristic presentation of Pepper syndrome. It results from
a metastatic massively-enlarged liver. In this case, we do not
know whether the hepatomegaly was overlooked, as the liver
involvement was diffuse and may not be apparent by
diagnostic imaging, or there were rapid-growing liver tumor
during the last 3 months of gestation.

Stage 4S NB may also spread to the skin and bone marrow.
In our case, subcutaneous skin nodules were not detected. In a
series of 45 cases of 4S NB, skin metastases were observed in
14% of cases.4

Bone marrow might be infiltrated due to the presence of
erythroblastosis. Unfortunately, histology examination was
not available.

Neonate NB is of adrenal origin in 45% and of extra-adrenal
origin in 55% (along the sympathetic chain from the neck to the
pelvis) of all cases.3 In our case, the autopsy revealed an
overwhelming involvement of the liver and pancreas, yet the
primary malignancy could not be identified in adrenal glands
and along the sympathetic chain.

Primary pancreatic NB is extremely rare with only few cases
described in literature without involvement of the liver.5,6

However, the lack of detection of the NB in the usual primary
site (adrenal) and the pancreatic massive involvement suggest
that this tumor might be arisen from the pancreas.

Stage 4S NB complicated by massive hepatomegaly, as in
our case, is a very challenging tumor, because the prognosis
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depends on the presence and extent of functional embarrass-
ment of vital organs. Although this metastatic cancer may
regress without treatment or remit with minimal therapy or
chemotherapy, it can result in significant mortality, especially
among newborns and infants under 3 months of age.7,8

The poor clinical outcome in this group of patients is
mainly due to respiratory distress and hepatic failure.9 The
hepatomegaly can also cause mechanical compression of
vascular structures and inferior vena cava syndrome, which
can become deadly.10 Furthermore, mechanical compression
may cause renal impairment and bowel dysfunction.9 Another
complication of congenital NB is disseminated intravascular
coagulation (DIC) which was assumed to be secondary to
thromboplastin release from the tumor.10

In our case, the patient died from multisystem organ
distress with respiratory, cardiac and hepatic failure, and
ongoing DIC, resulting from massive liver involvement with
replacement of hepatic parenchyma by tumor cells.

The NB cells can produce and excrete many substances
such as cathecholamines, neurone-specific enolase, vasoac-
tive intestinal peptide, ferritin, and lactic dehydrogenase
(LDH). In our patient, serum ferritin was very high (>6 times
higher than normal). This serum marker is useful for following
the disease activity and the response to treatment in patients.

The treatment of symptomatic neonatal NB with massive
hepatomegaly is a serious challenge. There is still a lack of
definite guidelines to approach the infants because treatment
may imply a greater risk than the disease itself. However,
massive hepatomegaly can rapidly deteriorate the patient's
clinical condition, as in our case, and require an urgent medical
intervention, i.e., hepatic intra-arterial chemo-embolization.7

5. Conclusions

In conclusion, our case demonstrated the diagnostic and
therapeutic challenges of stage 4S congenital NB. The life-
threatening complications are caused by extensive tumor
involvement of the liver. Prenatal diagnosis of fetal NB raises
the problem of management of neonates, but it allows planned
delivery and prompts neonatal treatment. In addition, definite
guidelines are needed to avoid inadequate treatment.
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