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Abstract

Background—Neoplasm-related precocious puberty (PP) is a rare presenting feature of
childhood cancer. Moreover, evaluation of suspected PP in a child is complex, and cancer is often
not considered. We characterized the clinicopathologic features of patients presenting with PP at a
large pediatric cancer center, reviewed the relevant literature, and developed an algorithm for the
diagnostic work-up of these patients.

Methods—We examined the records of all patients with a neoplasm and concomitant PP treated
at St. Jude Children’s Research Hospital from January 1975 through October 2011, reviewed the
available literature, and analyzed the demographic, clinical, endocrine, and neoplasm-related
features.

Results—Twenty-four of 13,615 children and adolescents (0.18%) were diagnosed with PP
within 60 days of presentation. Primary diagnoses included brain tumor (12), adrenocortical
carcinoma (5), hepatoblastoma (4), and others (3). PP was observed 0-48 months before diagnosis
of neoplasm; 17 patients had peripheral PP and 7 had central PP.

Conclusions—Neoplasm-related PP is rare and takes the form of a paraneoplastic syndrome
caused by tumor production of hormones or by alteration of physiologic gonadotropin production.
PP can precede diagnosis of malignancy by months or years, and neoplastic causes should be
considered early to avoid delayed cancer diagnosis. Treatment of the primary malignancy resolved
or diminished PP in surviving patients with an intact hypothalamic—pituitary—gonadal axis.
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INTRODUCTION

Puberty begins with activation of the hypothalamic—pituitary—gonadal system, and its
normal parameters are well defined. Precocious puberty (PP) is a more common
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pathological variant than absence or delay of puberty [1,2]. PP is conventionally defined as
the onset of puberty before age 8 years in females and 9 years in males [2]. It is categorized
as either “true” or central PP (gonadotropin-dependent, with premature activation of the
hypothalamic—pituitary—gonadal axis) or precocious pseudopuberty, also called peripheral
PP (independent of gonadotropin and axis maturation) [1,3]. While the gonadotropin pattern
is normal in central PP, peripheral PP induces secondary sexual characteristics by androgen
and estrogen secretion not physiologically mediated by gonadotropins [4]. Central PP occurs
in one in 5,000-10,000 children and is 5-10 times as common in females as in males [5,6].
While normal Tanner-stage progression is approximately 12 months per stage, exceptionally
rapid puberty may approach or exceed twice that rate.

In large studies of PP, the underlying cause is usually benign or unclear, with no evidence of
organ lesions [7,8]. PP is caused by malignant neoplasms and is described as a presenting
sign of childhood cancer in only a small number of case reports [8—-12]. Therefore,
awareness of the possibility of malignancy is necessary to avoid delayed cancer diagnosis.
Here we review our experience of PP caused by neoplasm, estimate its incidence at the time
of tumor diagnosis, and describe the demographic, clinical, endocrine, and neoplasm-related
features of 24 cases treated at our pediatric cancer center. We also searched available reports
for models of the underlying pathophysiology of neoplastic PP and for diagnostic clues to
neoplasm in children who present with central or peripheral PP.

METHODS

We reviewed the records of all patients at St. Jude Children’s Research Hospital who had a
new diagnosis of neoplasm between January 1, 1975 and October 30, 2011 to identify those
who had a secondary diagnosis of PP or age-inappropriate pubertal development and
velocity within 2 months of presentation. The 2-month period ensured inclusion of PP not
initially appreciated or that emerged during early antineoplastic treatment. Abnormal
pubertal velocity was identified by comparing pubertal development signs to skeletal
maturation and/or the presence of elevated serum human chorionic gonadotropin (hCG) or
hypothalamic—pituitary—gonadal axis hormones in males older than 8 years and females
older than 9 years.

The time when PP signs were first observed by the caregiver or primary care physician was
obtained from patient records. Physical, laboratory, and radiological findings consistent with
PP or with pathologic pubertal course and velocity were reviewed to determine the relation
of endocrine changes to underlying tumor type and treatment, including low-grade tumors or
tumors typically considered benign in children. For brevity, all tumors may be referred to as
cancers or neoplasms. This study was approved by the St. Jude Institutional Review Board.

RESULTS

Patients

Of 13,615 patients with neoplasms diagnosed during the study period, 24 (0.18%, 16 male, 8
female) had PP with onset before or within 2 months after presentation at St. Jude (Table I).
PP was diagnosed or confirmed by clinical, laboratory, or radiological findings. Age at onset
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or at detection of pathologic pubertal velocity was 11 months to 11 years (median, 6.63
years). Twenty-one patients had signs of PP for more than 1-month (and 16 of them had
signs for 3 months or more) before tumor diagnosis. In three patients, PP was appreciated
within 60 days after presentation (patients 11, 12, 24, Table I).

Brain tumors (n = 12/24, six low-grade) were most common and resided in the pineal (n = 6)
or optic pathway/hypothalamic (n = 4) regions. Of the 12 extracranial tumors, adrenocortical
carcinoma (ACC, n = 5) and hepatoblastoma (n = 4) were most common (Table I). Most
extracranial neoplasms were high-grade (9 of 12) and metastatic (6 of these 9) at diagnosis.
Two of the three patients with PP discovered within 60 days after tumor diagnosis had brain
tumors and presented with headache. The third had hepatoblastoma and, interestingly,
developed PP after initiation of chemotherapy. This patient (patient 24) had normal hCG and
testosterone levels at tumor diagnosis. After one course of chemotherapy, he showed signs
of PP and significantly increased hCG and testosterone but a decrease in the primary tumor
marker a-fetoprotein (AFP). A patient with metastatic hepatoblastoma (patient 23, Table I)
had elevated AFP and hCG at cancer diagnosis; after one course of chemotherapy he had
reduced AFP but markedly increased hCG and testosterone. He also experienced a greater
frequency and duration of erections and mild acne. Both patients had reduced hormone
levels and signs of PP after course two.

Endocrine Features, Treatment, and Outcome

Median age at onset of PP was 8.5 years in patients with brain tumors and 3.1 years in those
with extracranial tumors. Seventeen patients (10 male, 7 female) met the age-based
definition of PP; seven (6 brain tumors, 1 ACC) were older (6 males aged 9.3-11.75 years, 1
female aged 11.0 years) but demonstrated age-inappropriate pubertal velocity. In six of these
seven patients, bone age was 6-50 months (median, 27 months) greater than chronological
age at the time of tumor diagnosis. The remaining patient had prominent secondary sexual
characteristics and elevated hCG and testosterone.

Fifteen patients did undergo evaluation by an endocrinologist which led to tumor diagnosis
in 11 patients. Six of the seven females <8 years old at onset of PP were evaluated by a
pediatric endocrinologist before tumor diagnosis. Only 6 of the 10 males <9 years old at
onset of PP had undergone endocrine evaluation, despite onset of PP at a median of 4.3
years. In 3 of the 6 males age =9 years, malignancy was identified during endocrine
evaluation. The one female with PP onset after age 8 years (patient 11) had no endocrine
evaluation; her neurological symptoms (concurrent with abnormal pubertal signs) led to
diagnosis of brain tumor.

Median time from onset of PP to tumor diagnosis was 6 months (range, 0-48 months) in
both sexes. Median time was 6 months in all patients with brain tumors and 5 months in
those with extracranial tumors (Fig. 1). The six patients with low-grade brain tumors had a
prolonged median period between PP onset and diagnosis (low grade, 18 months; high
grade, 4.5 months). Remarkably, median time to diagnosis was greater among patients who
had undergone endocrine evaluation (8 months vs. 4 months).
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Three of the 4 patients who died had extracranial tumors and a markedly longer time to
diagnosis (8, 11, and 48 months) than the median of 5 months in other patients with
extracranial tumors. All three patients had advanced solid tumors at diagnosis. One patient
died of a malignant brain tumor (Table ).

Four patients were treated with a gonadotropin-releasing hormone (GnRH) agonist for
presumed idiopathic central PP before the underlying neoplasms (2 brain tumors, 2 gonadal
tumors; patients 1, 2, 17, 22) were discovered. All four had CNS imaging during their
endocrine evaluations (3 had brain MRI after the year 2000, 1 had cranial CT before 1990),
but no lesions were initially appreciated in the brain tumor patients. In one patient with a
gonadal tumor (patient 17), the lesion was interpreted as benign. No records were found
about review of images by radiologists at the cancer center. Patient 22 underwent endocrine
evaluation and brain MRI 18 months after slowly progressive PP. Testosterone was elevated
and basal LH and FSH were prepubertal, but the LH stimulation test indicated central PP,
prompting treatment with a GnRH agonist. After 12 more months of progressive puberty
and rising testosterone, ultrasonography revealed a testicular mass. After this Leydig cell
tumor was resected, testosterone rapidly became undetectable while GnRH agonist treatment
continued. With suspension of hormone suppression therapy, pubertal basal LH and FSH
levels finally indicated central PP. Subsequent resumption of pubertal suppression was
effective.

All four patients continued PP treatment concurrently with tumor therapy; two additional
patients (with brain tumors) received GnRH agonist therapy after endocrine evaluation and
during tumor treatment. Of the 20 surviving patients, 2 were lost to follow-up; the remaining
18 have been followed for a median of 7.6 years (range, 6 mo-31.9 y). Four developed
panhypopituitarism after brain tumor treatment, and one had secondary central PP (patient
22). The remaining 13 patients needed no further endocrine therapy while in cancer
remission.

DISCUSSION

Although rare, malignancy can cause central or peripheral PP and should be considered
early in evaluation (Table 1) [4,9,13]. Signs of pubertal abnormality were misinterpreted or
underappreciated in half of our cohort reflected by a marked delay in evaluation of PP or
falsely diagnosed idiopathic central PP. In 16 of 24 patients, signs of PP had been observed
for more than 3 months before tumor diagnosis, often emerging before tumor-related signs
and symptoms. Seven children had normal pubertal timing but accelerated pubertal velocity,
as reflected by rapid progression through the Tanner stages and advanced bone age, that is,
accelerated more than two standard deviations above the chronologic age [14]. This finding
demonstrates that recognition of pathologic variants of puberty requires not only familiarity
with the age definition of PP, but a thorough knowledge of the normal spectrum of pubertal
development.

Time from PP onset to tumor diagnosis did not differ notably between brain tumors and
other diagnoses. However, most extracranial malignancies were high-grade and metastatic at
diagnosis, and three of the four patients who died had metastatic extracranial malignancies
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with above-median intervals from PP onset to cancer diagnosis. The prolonged median
interval between PP onset and diagnosis followed by favorable outcome in patients with low
grade brain tumors can likely be explained by the less aggressive nature of the tumor, and
the adolescent age of most of the patients which may have masked pathologic puberty. This
study did not include neurological, neurocognitive, or comprehensive neuroendocrine
outcomes, which may have been adversely affected by delayed diagnosis of malignancy
despite good cancer outcome measures. Timely recognition of paraneoplastic PP would
expedite cancer diagnosis, and thus potential resolution of PP, and might prevent metastatic
disease.

A narrow majority of patients underwent endocrine evaluation which did not appear to
expedite but rather delay cancer diagnosis. Misinterpretation as idiopathic CPP and failed
hormone suppression therapy were remarkably frequent. It is very likely that tumors were
present at the time of evaluation, as in patients 17 and 22. Although patients who did not
undergo endocrine evaluation had a shorter median time from PP onset to tumor diagnosis,
their concurrent symptoms (e.g., headache, abdominal distension) likely facilitated sooner
cancer diagnosis. However, continued education should be provided to endocrinologists to
raise awareness early for malignancy as a rare cause for PP.

Pathophysiology

A review of the literature reveals that brain tumors, gonadal and adrenal tumors, and
hepatoblastoma may be associated with PP [15]; all of these tumors were represented in our
series. An understanding of the pathophysiology of PP in relation to these tumors is essential
to their detection. Our patients fell into the three pathophysiological groups shown in Table
11 [15].

Paraneoplastic endocrinopathy

Nine of our 24 patients had true paraneoplastic PP. Five were diagnosed with germ cell
tumors (GCTs), four had hepatoblastoma. Their symptoms likely reflected tumor ectopic
production of hormone, most commonly hCG, a glycoprotein whose a-subunit is identical to
that of luteinizing hormone (LH). HCG may be expressed by GCTs and hepatoblastomas,
the latter classically produce AFP [16-18]. Because of its similarity to LH, hCG can
stimulate testosterone production by Leydig cells, causing penile enlargement, pubic and
axillary hair growth, and voice change in males [19]. Tumor lysis on initiation of
chemotherapy can increase hCG release, potentiating testosterone production, and symptoms
of PP. Testicular size often does not increase in the absence of FSH, which is necessary for
spermatogenesis.

Basal and stimulated LH production is initially suppressed in hCG-induced PP. In females,
ovarian follicles are not stimulated in the absence of FSH, and hCG-induced PP is less
common, as are some hCG-secreting tumors [20]. Some case reports, however, describe
females with isosexual PP, defined as secondary sexual characteristics matching the genetic
sex, associated with hCG-secreting tumors, usually brain tumors. Disinhibition of GnRH,
coincidental expression of estradiol or aromatase, or hCG’s weak intrinsic FSH-like activity
are speculated to induce female hCG-mediated PP [21,22]. As previously reported [12,18],
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true paraneoplastic endocrinopathy was more frequent in males in our study (eight males
and one female with a pineal non-germinomatous GCT). This female had age-inappropriate
puberty and elevated hCG, LH, estradiol, and testosterone but undetectable FSH, supporting
a hypothesis of FSH-like activity or co-expression of estradiol and/or aromatase. All
hormone levels normalized during treatment.

Proliferative process with excessive sex hormone production

Eight of our patients had neoplasms that cause PP by inducing excessive sex hormone
secretion by the tumor’s organ or tissue of origin. Three had a gonadal neoplasm and five
had ACC. Key diagnostic findings include high levels of testosterone, estrogen or its
precursors, and prepubertal basal or stimulated FSH and LH levels [23-25]. However,
secondary central PP with pubescent LH and FSH levels induced by persistently high sex
hormones may mask the underlying pathologic mechanism [26], as in patients 17 and 22
(Table I), who had gonadal neoplasms.

Childhood ACC, another entity in this group, usually secretes excessive steroids. The most
common presenting sign is virilization with elevated androstenedione and
dehydroepiandrosterone (DHEA). Estrogen secretion or aromatization of androgens to
estrogen causes feminization in less than 10% of cases [27]. In our group, females with ACC
were younger than males (12 and 16 months vs. 8.6-10.5 years) and had a shorter history of
PP before cancer diagnosis (2 and 3 months vs. 8 months—4 years). Two of the males with
prolonged unattended PP died of metastatic disease, while both females remain in remission.
Although the number of patients does not allow definitive conclusions, younger age, and
conspicuous virilization in females may prompt earlier medical evaluation.

Tumor alteration of gonadotropin production

In the remaining 7 of our 24 patients, tumor tissue was not hormonally active but likely
disrupted hypothalamic and pituitary function. Such tumors are typically hypothalamic—
chiasmatic gliomas, parenchymal pineal tumors, and craniopharyngiomas (rarely,
ependymoma or other brain tumors) [28]. Their location may prematurely activate the
hypothalamic—pituitary—gonadal axis, causing central PP. The mechanisms of activation are
complex and not entirely clear. The neoplasm can cause hydrocephalus or exert a mass
effect on the hypothalamus, which is thought to contribute to pubertal GnRH release and
subsequent secretion of LH and FSH [28]. In such cases, PP is rarely the only presenting
symptom. Headache, emesis, altered vision, cerebellar dysfunction, and seizures are
common, depending on tumor location [29]. However, as observed in our study, patients
with low-grade brain tumors may have a long history of neuroendocrine dysregulation
before other signs and symptoms prompt additional evaluation.

Diagnostic Recommendations

It is essential to recognize pathologic puberty in a child, both premature onset and increased
velocity (progression from Tanner 11 to IV in <12 months). For example, 7 of our 24 patients
had abnormal pubertal velocity but were older than the recognized gender-specific threshold
of PP. Discordant signs and symptoms should raise suspicion of an underlying problem. It
should also be kept in mind that PP is more common in females but is more often
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pathological in males, partly explained by a higher incidence of benign central PP in females
due to environmental factors and childhood obesity [3,5] but higher incidence of some hCG-
secreting tumors and hCG-induced PP in males [12,18,20,30].

Basic evaluation of a child with PP should include a comprehensive medical history,
including parental pubertal history and longitudinal body height history, and a thorough
physical examination focused on growth, Tanner staging, asymmetry of genitals and gonads,
other signs of puberty (e.g., changes in skin and voice), abdominal mass, and neurological
abnormalities. Assessment of bone age completes a basic evaluation, although radiological
bone maturation may lag behind physical findings or height velocity. Secondary sexual
characteristics in prepubertal patients should prompt an evaluation for peripheral PP
including tumor markers, sex hormones, and imaging of gonads and adrenal gland and, if
appropriate, possible sites of hCG-producing tumors. Attention should also be given to
females with signs of progressive virilization without thelarche and menarche. Central PP is
more likely when initial changes include testicular enlargement in males and breast
development in females, and MRI of the brain is necessary to detect small lesions in the
pineal or hypothalamic-optic region. Figure 2 provides a diagnostic algorithm for central and
peripheral PP, including neoplastic causes.

CONCLUSION

Most children referred for a PP evaluation have benign normal variants [8]. Malignancy is a
rare but important cause of PP, and early recognition and appropriate diagnosis are crucial.
In our study, failure of caretakers and/or medical providers to recognize PP was the most
common cause of delayed cancer diagnosis. PP may be misinterpreted as idiopathic central
PP, and in rare cases central PP may be induced by peripheral PP. However, even when LH
and FSH are elevated, inappropriately high testosterone or estradiol levels or inadequate
response to a suppression regimen should raise early suspicion of an autonomous pathologic
process. In such cases, close monitoring and repeated imaging of potential hormone-
producing sites may be necessary to identify a tumor.

In our series, extracranial tumors, especially hepatoblastoma and ACC, were the most
frequent cause of PP in young children. Patients with brain tumors were frequently male and
presented with PP or pathologic pubertal progress at an age between childhood and
adolescence; therefore, abnormal pubertal development warrants medical attention even
beyond the defined age of PP.

Consequently, a final diagnosis of idiopathic PP should not be made before assessment of
the hypothalamo-pituitary-gonadal axis followed by appropriate laboratory tests (e.g., hCG,
adrenal DHEA, and androstenedione). When results are equivocal, close follow-up, repeat
studies, and an interdisciplinary approach are mandatory.
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Fig. 1.
Months between onset of precocious puberty and cancer diagnosis in the 24 study patients.

ACC, adrenocortical carcinoma; GCT, germ cell tumor; JGCT, juvenile granulosa cell
tumor; JPA, juvenile pilocytic astrocytoma; NG GCT, non-germinomatous germ cell tumor;
PNET, primitive neuroectodermal tumor.
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Fig. 2.

Diagnostic algorithm for precocious puberty, including malignancy as an underlying cause.
AFP, alpha-fetoprotein; BHCG, beta-human chorionic gonadotropin; CAH, congenital
adrenal hyperplasia; CNS, central nervous system; CPP, central precocious puberty; DHEA-
S, dehydroepiandrosterone; E&M, evaluation and management; GnRH, gonadotropin—
releasing hormone; H&P, history and physical examination; LH/FSH, luteinizing hormone
and follicle stimulating hormone; MAS, McCune Albright syndrome; PP, precocious

puberty.
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TABLE Il

Differential Diagnosis of Precocious Puberty

Central precocious puberty (gonadotropin-

dependent) Peripheral precocious puberty (gonadotropin-independent)
Idiopathic Exogenous steroids
CNS tumors Hormone-secreting tumor (hCG, adrenal androgens/cortisol, gonadal testosterone/

estradiol)

Anatomic or developmental abnormality (congenital or

acquired)
Arachnoid cyst
Hydrocephalus
Hamartoma

CNS injuries
Posttraumatic
Postinfectious
Posthemorrhagic

Postradiation

Genetic abnormalities
Mutation of LH receptor
McCune Albright syndrome

Defects in adrenal steroid biosynthesis

Leydig-cell hyperplasia

Ovarian follicle cyst

CNS, central nervous system; hCG, human chorionic gonadotropin; LH, luteinizing hormone.
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