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cQue porcentaje de los sobrevivientes de cancer infantil estima
gue presenta al menos un trastorno endocrino?

A. Menos del 25 %
B. Del 25 al 49 %
C.Del 50 al 74 %
D. EI 75 % 0 mas

Seleccione una opcién en la encuesta de Teams.
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cQue grupo de trastornos endocrinos es el mas frecuente en los
sobrevivientes de cancer infantil?

A. Trastornos tiroideos
B. Deficiencia de hormona de crecimiento
C. Trastornos reproductivos

D. Trastornos del metabolismo de la glucosa

Seleccione una opcién en la encuesta de Teams.
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Un sobreviviente de cancer infantil recibio radioterapia craneo-
espinal (35 Gy) y no presenta alteraciones endocrinas cinco
afos despues. ;Cual es la mejor conducta?

A. Suspender la vigilancia endocrina
B. Continuar unicamente hasta completar la pubertad
C. Reevaluar solo si reaparece el cancer

D. Mantener vigilancia de por vida, adaptada a su riesgo

Seleccione una opcién en la encuesta de Teams.
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«La cura» del cdncer pedidtrico

El Dr. Donald Pinkel describid la
«terapia total» para la leucemia
aguda en 1962

* Quimioterapia multiple
« Quimioterapia intratecal
« Radioterapia
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—  El cancer pediitrico va en aumento

También aumenta el nimero de sobrevivientes de cancer pediatrico (SCP)

® (Cancer pediatrico (<19 afios)
® Sobrevida a5 afios: 85 %
® Incidencia anual: 18,7 por 100.000

® SCP estimados para el 2020
® 1 decada 750 adultos
® Medio millédn de sobrevivientes
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-  Las endocrinopatias son frecuentes en los SCP
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Sobrevivientes de cancer pedidtrico en Latinoamérica

SCP con trastorno

Incidencia | Supervivencia

Sl anual a 5 anos (%) Sl e eE endocrino por habitante

Costa Rica cr 52 M 180 79.0 142 1 por cada 73,239 [A][B]
Chile au 19.6 M 500 78.4 392 1 por cada 100,000 [C]
Argentina ar 46.2 M 1,400 70.0 980 1 por cada 94,286 [D]
Brasil Br 2153 M 7,900 64.0 5,056 1 por cada 85,166 [E]
Colombia co 52.1 M 1,950 59.5 1,131 1 por cada 92,131 [F]
México mx 128.5 M 6,000 56.1 3,366 1 por cada 76,352 [A][G]
Peru pe 344 M 1,680 55.0 924 1 por cada 74,459 [A]
Ecuador Ec 18.2 M 800 50.0 400 1 por cada 91,000 [A]
Guatemalaer 18.1M 900 50.0 450 1 por cada 80,444 [A]
Fuentes

[A] OPS/OMS (PAHO/WHO): Perfiles de Pais sobre Cancer Infantil — Costa Rica, México, Perd, Ecuador y Guatemala.
[B] CCSS, Costa Rica - [C] RENCI/ Ministerio de Salud, Chile - [D] ROHA / Instituto Nacional del Cancer, Argentina.
[E]INCA / Ministério da Saude, Brasil - [F]INS / Ministerio de Salud, Colombia - [G] IMSS, México.

Nota metodoldgica: la columna F supone que 50% de los sobrevivientes presenta al menos un trastorno endocrino.
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Las endocrinopatias mas frecuentes en los SCP

‘ Females =l Males

GH deficiency -  —— 14.62 (9.03-21.88) 17.22(12.01-23.55)

Primary hypothyroidism - —— 20.77 (14.16-28.76) 15.56 (10.50-21.69)

Central hypothyroidism <,g—y 154 (0.19-5.45) 278 (0.91-6.36)

Spermatogenesis damage - — 4222 (34,91-49.79)

Male primary hypogonadism - il 13.33 (8.73-19.19)
Female primary hypogonadism - ' 21.54 (14.81-20.60)

Hypogonadotropic hypogonadism < yg—y 462(1.71-0.78)  5.00(2.31-0.28)

Low BMD - r— 17.69 (11.56-25.35)  13.80 (9.19-19.76)

Diabetes mellitus 1.54 (0.19-5.45) 1.67 (0.35-4.79)

Diabetes insipidus 0.77 (0.02-4.21) 1.11 (0.13-3.96)

Hyperprolactinemia 2.31 (0.48-6.60) 1,67 (0.35-4.79)

Central hypoadrenalism 0.77 (0.02-4.21) 1.67 (0.35-4.79)

Any endocrine problems Py 48.46(39.61-57.39) 62.78 (55.27-60.85)
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—  Causas de endocrinopatias en los SCP

% Efectos del cancer o del tumor
a Cirugia

G Quimioterapia

@ Radioterapia

DEPARTMENT OF Endocrine Society. Childhood Cancer Survivors and Endocrine Gland Disruption. 2022.
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—  Dependen del diagnéstico y de la localizacién

Tumores cerebrales

* 15 % de diagnosticos, pero con mayor
riesgo de endocrinopatias. o
« Conducen al diagnostico neoplasico

« 87 % de los craneofaringiomas al 100 1 a Al partcpants
diagnostico CRI-Yes
DI puede presentarse antes de . = e
hallazgos imagenoldgicos _ & HP involvement with CAT
Z;Q invoivement without
« Gliomas de la via 6ptica o 60 B i o
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Aparicién de endocrinopatias en tumores cerebrales

Diabetes Insipidus (n=22) |  ——  &}— o o
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—  Fendémenos para-neoplisicos

Hipercalcemia de origen maligno -
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—  Causas de endocrinopatias en los SCP

% Efectos del cancer o del tumor
a Cirugia

G Quimioterapia

@ Radioterapia
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— Endocrinopatias posquirtrgicas

 Directos
« Hipotiroidismo
 Diabetes mellitus

. . Thyroid
« Hipogonadismo eland
* Indirectos Parathyroid |
 Hypopituitarismo y/o sindrome glands .}
hipotalamico, especialmente tumores
selares
« Hipoparatiroidismo en cancer de tiroides
Back view
DEPARTMENT OF \Q.://
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Sindrome hipotalimico

«  Se caracteriza por un aumento de peso
intratable, multiples anomalias endocrinasy
deterioro de la memoria, déficit de atenciony
menor control de los impulsos, asi como un
mayor riesgo de trastornos cardiovascularesy
metabdlicos.

«  Obesidad hipotalamica

« Alterala regulacién central de la saciedad,
el gasto energético y la funcién
autondmica

«  Afecta al 50 % de los pacientes con . . -
craneofaringiomas, independientemente .
de la sustitucién hormonal hipofisaria -

« Adipsia

7,
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—  Causas de endocrinopatias en los SCP

% Efectos del cancer o del tumor
a Cirugia

G Quimioterapia

@ Radioterapia
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Efectos de la quimioterapia

Baylor

College of
Medicine

DEPARTMENT OF
PEDIATRICS

Q)

Agentes alquilantes (CED)

* Hipogonadismo y subfertilidad
» Osteopenia

* Deficienciade GH: IT

* ¢(Hipotiroidismo?: dosis altas

Agentes de platino

* Hypogonadismo y subfertilidad
+ Aumentariesgo de injuria for radiacion

Antimetabolitos

+ Crecimiento deficiente
* Osteopenia

Glucocorticoides

+ Crecimiento deficiente

* Osteopenia

* Hiperglucemia

+ Necrosis avascular

+ Insuficiencia suprarrenal

PEG-Asp y 6-MP

* Hipoglicemia
* Hiperglucemia

Vincristina y vinblastina
+ SIADH

Inhibidores de tirosina cinasa
* Hipotiroidismo

* Crecimiento deficiente

* Hipoparatiroidismo

* Hipogonadismo

Inhibidores de puntos de control
inmunitario

* Tiroiditis

* DM tipo 1

« Insuficiencia suprarrenal

* (Hipofisitis?




—  Causas de endocrinopatias en los SCP

% Efectos del cancer o del tumor
a Cirugia

G Quimioterapia

@ Radioterapia
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= Dependen de la dosis recibida

Baylor

College of
Medicine

Hypothalamic / Pituitary Radiotherapy Dose

-—

2 10 Gy Single Fraction Total Body

2 12 Gy Fractionated Total Body

Growth Hormone Deficiency

DEPARTMENT OF
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—T—

= 18 Gy and < 30 Gy Cranial

= 30 Gy Cranial

Growth Hormone Deficiency
Central Precocious Puberty

Growth Hormone Deficiency
Central Precocious Puberty
LH/FSH Deficiencyt
TSH Deficiencyt
ACTH Deficiencyt

Sin deficiencia de vasopresina (AVP)

Sklar, C.J Clin Endocrinol Metab. 2018;103(8):2761-84



Deficiencia de GH como centinela

T Chemaitilly W. J Clin Oncol. 2015;33(5):492-500
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Factores del paciente

Mas alla de la dosis

- Edad
+ Sexo
« Estado puberal
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PEDIATRICS

Baylor

College of
Medicine

a) 30 b) 35
—_—— ;%e:er:rs Males
25 ————  10-14years 30 1 -~ = = Femaks
--------- >=15 years / \

20 i >_ 25 b / \
% e o
© y il By 8 20 - / \
R B I e s
2 ¥ “\ g sl [

/7 N\ s \
w1 [ 4 5 /
// \\ 10 - \
/
g / .............. \\ ~ 5 4 \
........ | | \\‘ \\
0 10 20 30 40 50 60 70 0 . . r r " =
10 20 30 40 50 60 70
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Dose (Gy)
Minimally Significantly High level of
Increased Risk Increased risk Increased risk
Radiation | Ovary | Prepubertal <15 Gy 215Gy
exposure
Pubertal < 10 Gy 2 10 Gy

Bhatti et al. Radiat Res. 2010 Dec;174(6):741-52
Meacham, L. et al. ] Adolesc Young Adult Oncol. 2020 Dec;9(6):662-666.



[Los efectos de la radiacidn son latentes

« Pueden presentarse incluso décadas después del tratamiento

« Requieren seguimiento de por vida

GH deficiency

LH/FSH deficiency

= 2
== || P —— o | = o R D
Fisbsrg Banc iz Faikiare: far ton
5 23
EE' ........ gE:
a e
§$_ iﬁ-
OF oR
= - =8 T T T T T
D 10 20 30 40 50 D 10 20 30 40 50
Years since diagnosis, y Years since diagnosis, y
Mo, &t risk (Mo, faled) Mo. at sk (Mo, faled)
2261 (189) 2043 (65) 1372 (97) 651 (84) 139 (14) 2 3031 (25) 2985 (26) 1968 (26) 90T (28) 180 (14) 3
7/
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Consideraciones clinicas en la

evaluacidn de sobrevivientes de

cancer infantil
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Consideraciones clinicas para el seguimiento

. Crecimiento

« Crecimiento desproporcionado tras irradiacion
craneo-espinal o corporal total

« Latalla puede ser engafiosamente baja

082
060
0sa
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054

Sitting Height / Height Ratio

2 3 4 5 6 7 8 9 10 1 12 13 14 15 % 17 8

Age (years)
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Consideraciones clinicas para el seguimiento

« Lagonadarquia es el primer signo de pubertad
en ninos

Elongated spermatids — [

Round spermatids

« Las células Sertoli componen el 70-80 % del
volumen testicular

Sertoli cells

Spermatocytes

Sertoli cell

o son mas vulnerables a la radioterapiay a los alquilantes spermatogonial —\ ) _
que |aS Ce|U|aS de Leydlg Spermatogonial stem cells : ‘Y - ) J_

Peritubular myoid cells
DHH. WT1, LIF,

« LahCG estimula el receptor de LH, no el de FSH POGF. IGF. Notch.

FGF, IL-1, TGF

Activin A
TGF-B

o En tumores de células germinales hay discrepancia @

Baylor DEPARTMENT OF Feng, X. Front Cell Dev Biol. 2025 Dec 10;13:1693878 Y,
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La vida después del cancer:

oncofertilidad
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El hipogonadismo es el trastorno mis frecuente en los SCP

Baylor

College of
Medicine

GH deficiency
Primary hypothyroidism
Central hypothyroidism

Spermatogenesis damage

Male primary hypogonadism
Female primary hypogonadism
Hypogonadotropic hypogonadism
Low BMD

Diabetes mellitus

Diabetes insipidus
Hyperprolactinemia

Central hypoadrenalism

Any endocrine problems

DEPARTMENT OF

Females B Males
— i 14.62 (9.03-21.88) 17.22 (12.01-23.55)
— f 20.77 (14.16-28.78) 15.56 (10.59-21.69)

1.54 (0.19-5.45)

2.78 (0.91-6.36)
42,22 (34.91-49.79)
13.33 (8.73-19.19)

21.54 (14.81-29.60)

4,62 (1.71-9.78) 5.00 (2.31-9.28)
17.69 (11.56-25.35)  13.89 (9.19-19.78)

1.54 (0.19-5.45) 1,67 (0.35-4.79)
0.77 (0.02-4.21) 1.11 (0.13-3.96)
2.31 (0.48-6.60) 1,67 (0.35-4.79)
0.77 (0.02-4.21) 1.67 (0.35-4.79)

I = i 48.46 (39.61-57.39) 62.78 (55.27-69.85)

10 20 30 40 50 60 70

Brignardello et al. European Journal of endocrinology. 2013;168:465-72
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Salud reproductiva y preservacion de la fertilidad

Determinante principal de la calidad devida «  Ofrecer asesoramiento y preservacion de la
en los SCP fertilidad a todos los pacientes

Mas alla de la fertilidad « Uso marginal
Carga econdmica

« Baja densidad mineral 6sea y crecimiento
deficiente

Caracter invasivo de los procedimientos
« Ansiedad y depresion

Prioridad del presente inmediato
« Riesgo de deterioro neuroldgico

« Deterioro cognitivo, demenciay
parkinsonismo

 Problemas cardiovasculares

DEPARTMENT OF /4
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Diferencias psicosociales en oncofertilidad

« Mayor malestar emocional por la infertilidad,
de mayor duracion

* Procedimientos de preservacion de la
fertilidad mas complejos e invasivos

« Mayor necesidad de comunicacion y
asesoramiento sobre fertilidad

aylor DEPARTMENT OF
College of Psycho-Oncology. 2019;28(3):607-614

VUSRS  PEDIATRICS Frontiers in Oncology. 2025;15:1515952.

N/

Malestar por la alteracion de la
espermatogénesis y la disfuncién sexual,
menor que en las mujeres

Retraso del desarrollo psicosocial y
preocupaciones sobre las relaciones de
pareja

Mayor satisfaccidon con la preservacion de la
fertilidad y el asesoramiento

L
Y
Texas Children’s
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Estratificacion del riesgo en SCP

&=
Minimally Significantly High level of Minimally Significantly High level of
Increased Risk Increased risk Increased risk Increased Risk Increased risk Increased risk
Alkyl‘ators Prepubertal CED<8 8-12 >12 Alkylators CED <4 CED=24
CED* gm/m2
gm/ Pubertal CED<4 4-8 >8 CED* gm/m2
Carboplatin Transplant body irradiation
Myeloablative and
Hematopoietic Stem Cell Transplant Alkylator +/-Total Reduced intensity
body irradiation reglmens
Myeloablative and . - . 2
Reduced intensity Heavy Metal mg/m2 Cisplatin Cisplatin > 500
regimens Carboplatin
Radiation Ovary Prepubertal <15 Gy >15 Gy Radiation Testicular 0.2-0.6Gy 0.7-3.9 Gy 24.0Gy
exposure Exposure
Pubertal <10 Gy 210 Gy Hypothalamus 26-29.99 > 30-39.9 Gy > 40 Gy
Hypothalamus 22-29.9 >30-39.9 Gy > 40 Gy Surgery RPLNDA?
JOURNAL OF ADOLESCENT AND YOUNG ADULT ONCOLOGY
Volume 9, Number 6, 2020
7/
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El papel del pediatra general
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El papel del pediatra en los SCP

Baylor

College of
Medicine

Guias multidisciplinarias basadas en la
evidencia

Disefiadas para todos los profesionales de
la salud
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ol Section # Pagel Sex | Therapeutic Agent Potential Late Effect

41 48 Plant Alkaloids Peripheral ¥ or motor ipathy
42 43 Plant Alkaloids Vasospastic attacks (Raynaud's
phenomenon)
43 50 Epipodophyliotoxing Acute myeloid leukemia
Radiation
( 44 52 All Fields Subsequent benign or malignant neoplasm
occurring in or near radiation field
45 53 Al Fields Dermatologic toxicity
46 54 Brain/Cranium Brain tumor (benign or malignant)
47 55 Brain/Cranium Neurocognitive deficits
48 57 Brain/Cranium Clinical leukoencephalopathy
49 58 Brain/Cranium Cerebrovascular complications
50 59 Brain/Cranium Craniofacial abnormalities
51 60 Brain/Cranium Chronic sinusitis
52 61 Neuroendocring Axis Overweight; Dbesity
53 63 Neuroendocrine Axis Growth hormone deficiency
54 64 Male | Meuroendocrine Axis Precocious puberty
55 65 Female | Neuroendocring Axis Precocious puberty
56 66 Neuroendocring Axis Hyperprolactinemia
QLOGY | — a4
E‘ Section# | Page | Sex |Therapeutic Agent | Potential Late Effect ]
13 14 Male | Alkylating Agenis Impaired spermatogenesis
—
14 16 Female | Alkylating Agenis Owarian hormone deficiencies
15 18 Female | Alkylating Agenis Diminished ovarian reserve (DOR)



https://www.survivorshipguidelines.org/pdf/2025/COG_LTFU_Guidelines_Comprehensive_v6.pdf

uias

Baylor

College of
cdicine

DEPARTMENT OF
PEDIATRICS

RADIATION

Sec # Therapeutic Potential
Exposure Late Effects
53 | Head/Brain Growth hormone deficiency
TBI

Periodic Evaluation

HISTORY

Assessment of nutritional status

Every 6 months until growth is completed,
then yearly

PHYSICAL
Tanner staging
Every 6 months until sexually mature

Height

Weight

BMI

Every 6 months until growth is completed,
then yearly

COG de seguimiento a largo plazo

POTENTIAL IMPACT TO )
NEUROENDOCRINE AXIS (CONT)

Health Counseling/

Further Considerations

HEALTH LINKS
Growth Hormone Deficiency
Hypopituitarism

Magic Foundation for Children's Growth: www.magicfoundation.org
POTENTIAL CONSIDERATIONS FOR FURTHER TESTING AND INTERVENTION

Growth velocity can be assessed using dedicated charts or electronic medical
record tools if available.

Consider bone density testing in patients who are GH deficient.

Endocrine consultation for: \

« Dose =30 Gy

* Poor growth for age or stage of puberty as evidenced by persistent decline
in growth velocity and change in percentile rankings on growth chart, weight
<3rd percentile on growth chart

# Discuss risks/benefits of adult GH replacement /
SYSTEM

Additional Information

Patient factors: Younger age at treatment
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= Conclusiones

1. Las endocrinopatias son prevalentes y variadas en los
SCP.

2. Pueden aparecer décadas después del tratamiento y
requieren monitoreo a largo plazo.

3. El aumento del nimero de SCP incrementa la carga de
endocrinopatias relacionadas con el cancer.

4. La endocrinologia pediatrica es esencial en el manejo
integral. Todos los pediatras deben conocer los
efectos endocrinos del cancer y su tratamiento.
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Section # | Page

Sex | Therapeutic Agent

Potential Late Effect

41 48 Plant Alkaloids Peripheral sensory or motor neuropathy
42 44 Plant Alkzloids Vasospastic attacks (Raynaud's
phenomenon)
43 50 Epipodophyliotoxins Acute myeloid leukemia
Radiation
44 52 All Fields Subsequent benign or malignant neoplasm
occurring in or near radiation field
45 53 All Fields Dermatologic toxicity
46 54 Brain/Cranium Brain tumor (benign or malignant)
47 55 Brain/Cranium Neurocognitive deficits
48 57 Brain/Cranium Clinical leukoencephalopathy
49 58 Brain/Cranium Gerebrovascular complications
50 59 Brain/Cranium Craniofacial abnormalities
51 &0 Brain/ Cranium Chronic sinusitis
52 61 Newroendocrine Axis Overweight; Dbesity
53 63 Neuroendocrine Axis Growth hormone deficiency
54 64 Male | Meuroendocrine Axis Precocious puberty
55 65 Female | Neuroendocring Axis Precocious puberty
56 66 Newroendocrine Axis Hyperprolactinemia
= Section# | Page | Sex |Therapeutic Agent | Potential Late Effect
13 14 Male | Alkylating Agents Impaired spermatogenesis
14 16 Female | Alkylating Agents Ovarian hormone deficiencies
15 18 Female | Alkylating Agents Diminished ovarian reserve (DOR)

~Uias COG d - | |

L)

N4

Texas Children’s

Hospital
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Baylor

College of
edicine

RADIATION NEUROENDOCRINE AXIS (CONT)
Therapeutic Potential T - Health Counseling/
Sec# Exposure Late Effects Periodic Evaluation Further Considerations
53 | Head/Brain Growth hormone deficiency HISTORY HEALTH LINKS
TBI Assessment of nutritional status Growth Hormone Deficiency
Every 6 months until growth is completed, Hypopituitarism

o oy =
PHYSICAL Magic Foundation for Children’s Growth: www.magicfoundation.org

Yo saging
Every 6 months until sexually mature Growth velocity can be assessed using dedicated charts or electronic medical
record tools if available.
Height Consider bone density testing in patients who are GH deficient.
Weight Evaluate thyroid function in any poorly growing child.
BMI Endocrine consultation for:
Every 6 months until growth is completed, * Dose =30 Gy
then yearly * Poor growth for age or stage of puberty as evidenced by persistent decling

in growth velocity and change in percentile rankings on growth chart, weight
<3rd percentile on growth chart
# Discuss risks/benefits of adult GH replacement

SYSTEM = Endocrine/Metabolic
SCORE =1

POTENTIAL IMPACT TO )

Additional Information

Growth charts available on-line at www.cdc.gov/growthcharts/ and www.who.int/'tools/child-growth-standards/standards

Consider patient and factors, pre: i ‘marbid health conditions, and health behaviors that may increase risk.
- Patient factors: Younger age at treatment
- Cancer/Treatment factors: Surgery in supra-sellar region, higher radiation dose ially =18 Gy), p plant radiation jally CRT), =12 Gy fracti TBI given in single fraction (especially = 10Gy)
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