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ALPHA-FETOPROTEIN FOLLOWING NEONATAL RESECTION

OF SACROCOCCYGEAL TERATOMA
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� The sacrococcygeal teratoma (SCT) is the most frequent tumor in the neonatal period. Alpha-
fetoprotein (AFP) levels fall after tumoral resection, although the time required for level normalization
has not been established. The authors evaluate the time required for AFP levels to reach normal levels
in 6 infants with prenatal diagnosis of SCT who underwent surgery for resection. The mean time
required for AFP level normalization was 9 months. All patients were alive and 1 had neurogenic
bladder. AFP has a progressive decrease, which may last 9 months in average and should not be
confused with tumoral relapse.
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The sacrococcygeal teratoma (SCT), a congenital tumor derived from
the 3 embryonic layers—ectoderm, mesoderm, and endoderm—is the most
frequent tumor in the neonatal period, with an incidence that varies between
1:35,000 and 1:40,000 of live-borns [1, 2]. Currently, serum α-fetoprotein
(AFP) is the best marker for patient postoperative follow-up, since its esca-
lation indicates tumor relapse [3]. The follow-up of neonates undergoing
surgery as a consequence of SCT demands, in addition to a thorough clini-
cal examination, a periodic evaluation of AFP levels for at least 3 years, until
values are reduced to normal [4].

This study evaluated the time necessary for AFP levels to reach normal
postsurgery levels in neonates who underwent SCT surgery.

PATIENTS AND METHODS

This was a retrospective study of the medical records of 6 infants who
presented with a prenatal SCT diagnosis between 1996 and 2001, assisted at

Received 18 July 2005; accepted 8 February 2006.
Address correspondence to Prof. Dr. Lourenço Sbragia, Discipline of Pediatric Surgery, Department

of Surgery, School of Medical Science, State University of Campinas–UNICAMP, Rua Alexander Fleming,
181, Barão Geraldo, CEP: 13084-971 Campinas, SP, Brasil. E-mail: sbragia@fcm.unicamp.br

287



288 M. W. Guimarães Barreto et al.

the neonatal ICU of the Center for Integral Attention to Women’s Health
(CAISM-UNICAMP), in Campinas, SP, Brazil. Gestational age was calculated
by the Capurro or New Ballard methods. Neonates were classified according
to intrauterine growth (birth weight/gestational age) as small (SGA), appro-
priate (AGA), or large for gestational age, based on the curve proposed by
Lubchenco et al. [5] and Brenner et al. [6]. Birth weight was considered as
the overall weight of the neonate minus the tumor weight. The classification
of the tumor type was in accordance with the American Academy of Pedi-
atrics, which varies from I to IV [7]. There was no patient with type I or IV
in this series.

AFP levels were measured through the Elecsys AFP test method (Elecsys
1010/2010/Modular Analytics E170; Roche Diagnostics, Indianapolis, IN,
USA). The values considered normal in the standardization of the neonates
in our study ranged between 8 and 18 ng/mL. AFP level during the postop-
erative period is the best serum marker for tumor relapse in SCT and was the
only blood exam done in follow-up. AFP was collected monthly in the first
6 months, every 2 months in the following 6 months, and every 3 months
in the second and third years. AFP half-life is an important test to be done
in the postsurgical period because the fall of these values is an indicator of
completeness of resection. Although it is difficult to obtain blood samples
according to the above schedule, all evaluations were done with minimal
deviation (one week at the maximum) in all 6 patients.

The neonatal data reviewed in this study were gestational age at prenatal
diagnosis (in weeks), sex, type of delivery, birth weight, timing of delivery,
age at surgery, tumor weight, tumoral classification (American Academy of
Pediatrics), anatomopathological diagnosis, postsurgery complications, time
of follow-up, and AFP half-life (defined by the time required for AFP to drop
by half), time for AFP to reach normal values, and late complications and
survival.

RESULTS

All patients were diagnosed in utero by prenatal ultrasound and only
one had vaginal delivery. Five babies were female, two were term neonates,
and all were appropriate for the gestational age. Even in patient 1, after
the tumor weight was discounted, his own weight was considered appropri-
ate for the gestational age (2670 g/35 weeks). The surgery was done in the
first or second day of life and in only one was done in the seventh day due
to respiratory problems. The weight of the tumor varied from 120 to 1900
g; 3 were type II, 2 were type III, and 1 was type IV. All but one were ma-
ture at anatomopathological exam. The main postsurgical complication was
cellulitis, which occurred in 3 patients. One patient developed neurogenic
bladder. The follow-up period ranged from 34 to 44 months and all patients
were alive. The reviewed data are found in Table 1.
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TABLE 1 Casuistic Characteristics

Neonatal data 1 2 3 4 5 6

Prenatal diagnosis 32 29 33 30 27 30
(age in weeks)

Route of delivery C C C V C C
Sex M F F F F F
Gestational age (weeks) 35 33 36 40 40 35
Birth weight (g) 4570 1920 3530 3380 3345 3540
Timing of delivery PT PT PT T T PT
In utero growth AGA AGA AGA AGA AGA AGA
Age at time of surgery (days) 2 7 2 1 1 1
Tumor weight (g) 1900 315 410 165 610 120
Type of tumor II II III III III II
Anatomopathological Mature Mature Mature Mature Immature Mature
Postsurgical complication N Cellulitis N Cellulitis Cellulitis N
Time required for AFP 8 8 8 12 12 6

normalization (months)
Follow-up (months) 44 40 34 40 40 36
Late complications Neurogenic N N N N N

bladder
Last follow-up ANED ANED ANED ANED ANED ANED

Note. ANED, alive with no evidence of disease; V, vaginal; C, cesarean; F, female; M, male; PT, preterm;
T, term.

The times required for AFP level normalization for each patient are
found in Figure 1. Patients 1, 3, 4, and 6 had their AFP values drop by half
of the initial value in the first month and the others in the second month of
life.

DISCUSSION

SCT is the most frequent fetal tumor and, although it has a benign behav-
ior in most cases, it may be involved in important morbidity, due to risk of de-
velopment of fetal hydrops and premature labor, so the fetal ultrasonography

FIGURE 1 AFP values according to time after tumoral resection.
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is an essential exam for intrauterine follow-up and prognosis [8, 9]. The pres-
ence of hydrops, polyhydramnios, or oligohydramnios during the gestation
represents a dismal fetal prognosis [10]. Heerema-McKenney et al. [11] have
observed that a valid prognostic factor to predict the course of disease after
birth is the tumoral stage, associated to the clinical stage and surgical re-
sectability at diagnosis.

The recommended conduct for SCT is surgery soon after birth, with
complete tumor excision to reduce the risk of malignant transformation if
tumor tissue remains and removal of the coccyx to avoid tumoral relapse [12].
The recurrence rate of SCT varies from 7.5 to 22% [4, 13]. An important
marker of tumoral relapse after total SCT and coccyx resection is the rising
of serum AFP levels [3] and, in addition to periodic physical exams, it is
necessary to evaluate it regularly for early detection of eventual recurrences.
Bilik et al. [4] recommend a new evaluation every 3–6 months for at least 3
years after tumoral excision. In our service AFP was evaluated monthly in the
first 6 months, every 2 months in the following 6 months, and every 3 months
in the second and third years. This is an intensive and difficult schedule to
follow and does not seem to be necessary, since the scheme proposed by Bilik
et al. is more reasonable.

Brewer et al. described a 6-month period for drop of the AFP levels after
removal of testicular yolk sac tumor [14]. The authors explain that AFP is
higher in the first 6 months of life of normal babies and may persist at higher
levels following resection of germ layer tumors, so caution is needed to con-
sider tumoral relapse as the first hypothesis. Since the elevation of AFP levels
represents tumoral relapse, it is also important to verify the gradual drop of
its values during the postsurgical period. AFP half-life behavior in the first
2 weeks after embryonic tumor resection (yolk sac tumors, hepatoblastoma,
teratoma) may reveal incomplete tumor resection [15]. Our AFP half-life
results showed a slow drop that occurs in the first and second months follow-
ing resection, reaching normal values at 6–12 months period (average = 9
months). In this series, the average follow-up time was 3 years and 4 months
(range 34–44 months). At the end of the first year of follow-up, all patients
had normal AFP values. Long-term survival rate was 100%.

Based on these results, we can verify that the AFP levels, evaluating their
progressive decrease after resection, lasted 9 months in average. These data
support the need for periodic monitoring of AFP levels, but also highlight the
importance of gradual drop of its values as an indicator of the completeness
of surgical resection, being an higher value not always a sign of recurrence
of the disease.
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