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BASICS OF PAEDIATRIC ONCOLOGY

- 1

Introduction 00:00:23
Statistics :
Childhood cangers {n=542)
Every 3 minutes Childhood cancer in India 25.5% B1% hemia _
B vint i it atcounts for 0.7-4.4 % 16.3% -y ,,. 24.4% [0 Btain & Spinal cord tumors
o g | = ot
w z\ There are 9 major types Bl Wilins tumor
HE HE 3 of childhood cancers ! Il Lymphoma
- 48 . .
’ 1.24% —20538% o Hepatiastoms:
india has a 5 years styvival [ )
e rate of 37% 40% in Bl Ostebsarcoma
chiidhood cancers f =y Em“g'smma
iy 3,800,000 worldwide Il Rhabdomyosarcoma
incidence of childhood Lack of reat-world 55.10% 44.8% )

India incidence of the giobat
figure, (2017)

* 80% of children with cancer will survive in h'\gh—'\ncome countries.
o Onl5 obout 20% of children with cancer will survive in some low and middle

income countries.,

Roadblocks 1o improved cancer survival :
* Delayed diagnosis/misdiagnosis/no diagnosis.
* Lack of awareness.
* Overlap of signs and symptoms of cancer with other infectious diseases.
* Lack of diagnostic facilities.
. S}jmp’coms of leukaemio/! lgmphoma are often mistaken for more common

nutritional de%c\en%/ ‘uberculosis.

- manB podc'\en’cs are emp'\r'\cod\lj storted on ATT.
- Steroids are often used in peripheral centres without o diasnosis.

example : Retinoblostomo.
L eour|5 d'\ognosis 1 100% survival rote.
* Lode diagnosis (extroocular retinoblostomo) ¢ 30-230% survival rote.

Loss of red reflex early
retinoblastoma

extraocular
retinoblastoma. (Late)
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2 - Basics of Paediatric Oncology

Cost of lote diagnosis :
®* Poor swrvival rotes.
U Hish treotment cost.

Foctors related to lote diasnosis :

Patient related foctors :
* Infonts : Dependent on caregivers for a o\iagnos‘\s.
* RAdolescents : Ignoring the symptoms.

Health reloted foctors :
* Lock of d'\agnos‘\s.
* Lock of a\/ajlab'\\'\’cﬂ of cancer centres within reach.

Children ot risk :

* Infections :
- BV infection : Hodgkin Lymphoma, Burkitt lymphoma, post transplont
lymphoproliferative disorder (PTLD), nasopharyngeal cancer.
- HIV : Koposi sarcoma, B cell Iﬂmphoma,
- Hepotitis B and C : Hepatocellular carcinomo.
- HPV : HPV associoded cancer (Vaccines are available).
* Immunodeficiency syndromes.
* Patients receiving immuno-suppressive ’c\nempg : H‘\Sher risk of mod‘\gnancﬂ
(PTLD and lymphomas).
* Paediodric solid organ transplant recipients who are on pro\onged thiopurine
therapy (PTLD).
* Childhood concer survivors.
~ exposure to ahHg\o@c‘mB agent, an’chmggc\‘\ne, topoisomerase inhibitors.
~ exposure to radioion.

Signs and symptoms 00:10:31

Fever :
* Non specific symptom.
* One of the causes of prolonged Fever of unknown origin (FUO) is occult
modignancg.
* 10% or less ot podients with FUO as the on|5 sgmp’com are loter d'\agnosed
with o mod'\gr\ancg.
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Basics Of Paediatric Oncology - 3

Lgmphadenopad:hg 2
mM/C couse : Reoctive hyperplasio. (%n‘gn).
&nlarged I}jmph node could be due 1o

* Intrinsic cellulor components.

* extrinsic cellular infitrodion.

;‘ Sisni%can’c lymphadencpathy :

Cervical > em,

* Supraclavicular nodes.

® ﬂx'\l\ar_Lj 71 e,

* gpitrochlear >0 em.

e \ngu’mal 715 em,
Generalized lymphadenopathy : Significant lymphadenopathy of a
or more non-contiguous Iymph nodes. Popliteal D

Note :
* Polpable supraclaviculor nodes should always be considered abnormal. Lymphadenopatiy
* Left-sided (Virchow) nodes suggest metastases $rom an intra-abdominal
malignancy (Neuroblastoma).
* Right-sided nodes SuSSeS{’ introthorocic disease.

evoluodion of podients with |5mphadenopodch5 s

Enlarged lymph node
T =
{ } i !
Local infection Not local infoction Fluctuant ot fiuctuant
L 3 | |
Abriormal chest x-ray Normal chest x-ray I diagnosis | chest x-ray
Rapldy endarging of Not rapidiy entarging I_]ﬁ
m:m »ownwmlon = o
Eed toat No prolonged fever Dlegmaste “"'T""
Bone marraw aspirats Serology and skin tests Blopey |
Diagnostic  Not Dingr Net
' Biopsy Triaf of anfibiotios
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4 - Basics of Paediatric Oncology

L,fjmph node biop53 L

Indicodions :

Chronic, persistent, progressive adenopa’chﬂ in the absence of any infectious
e’c‘\olo%.

Any nodes 7a.5 ecm in diameter in the absence of signs of infection.
Supraclaviculor adenoPa’chH.

Sgs’cem‘\c SHmP&oms.

Cowions for |5mph node biopsB ]

Avoid upper cervical and inguinal areas : Commonly d/t infections.

Lower cervical and ax‘\l\arﬂ nodes are more reliable.

Largest node should be biopsied.

Node should be removed intact with the capsule.

Lymph node should be immediotely submitted to the pothologist fresh or in
sutficient tissue culture o prevent the tissue from drying out.

The node must not be left in strong light (Gubject to head) and should not be
wropped in dry gauze ®rying) : May produce o drying artefact.

Fresh and $rozen samples should be set aside for additional studies, as
noted loter.

Note :
most common mal‘\gnanc‘\es which presen’cs with \5mph ader\opa’chg include :
Leukaemio/lymphomo. (NHL/HL.

Introcranial moss :

Red %\og signs of heodache :

Recurrent ear\g norning \/omi’cing.

Headache that owakens the child from sleep.
Incapacitating headache.

enlargement of head size (in infants).

C/F associoked with raised ICT (ntracranial tensior.

_ g N Probability o , ,
Risk group Clinical definition ety 5 Diagnostic strategy

Headache 6 months and no No imaging

Low o.0l o :
neurologic symptoms Clinical follow-up § medical treodment
Intermediote LS T el el 0.4 CT, mRI foliowed by biopsy or surgery

syrptoms
Heodache <b months and
High one clinical predictor of 4 MRI followed by biopsy or surgery
spoce occupying lesion
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Basics Of Paediatric Oncology

Abdﬂm\nﬁ.‘ maosses -—-—- Active space -—--
Polpable abdominal mass : M/C presenting feodure.
Age ot potient

* Neonatal period : wqgeni’cal malformodion of &l and gu S\ljS‘tem.

* Childhood : mod'\gnom’c.

Site ¢
upper abdomen mid abdomen Lower abdomen
Neuroblostoma
LS o Lﬂmphom Germ cell tumor
Hepa’cob!as’com Sarcomo. Sarcomao.
tajraphomo. germ cell tumor Lﬁmphoma
His{orB ond phgsicod exominodion :
S}js%emic samp’roms : -
* Periorbital ecchymosis (Racoon eyes). x
*  Subcutoneous nodules. -

m i _uﬁ

* Bone pains, petiche, purpura. /
Subcutaneous nodules

\nVes’cisakions :
* uHrasound abdomen.
* mass arising $rom liver : Serum alpho. fetoprotein (AFF).
* Tumour markers : B-HCa,

Bone pain:

Locolized bone pain with Iimpinq :
* Osteosarcomo.

S aw'\ng Sorcomo.

Features of malignant bone tumour : Malignant bone tumor
* Cortical erosion. * Periosteal reoction.
. iregular mass. *  white 2one of transition.

Ditfuse bone pain is a. cardinal feadure of acute leukaemio.
Ditlerential diaanosis : Juvenile rheumodoid arthritis.

e o Feute leukemia »a
Symptom manifestation worse ok night moming stitiness
Involvement gones and joints Joints
Constitutional symptoms Present Present/obsent

Paediatric Hemato-Oncology * v1.0 - Marrow SS Paediatrics



6 - Basics of Paediatric Oncology

Mediastinal tumors 00:23:11

Parts of mediastinum :
* Anterior mediastinum : Anteriorly by sternum §
posteriorly bﬂ pericardium.
* middle mediostinum : Between the anterior
border of pericardium and an imaginary line drawn |
em posterior to the anterior border of the vertebrol
bodies.

* pPosterior mediastinum : An’cerior\g b5 an imaginary b =
line drawn | em posterior to the anterior border of Parts of mediostinum
the vertebral bodies and pos’cerior\ij b5 the posterior
poravertebral Su’c{ers.

Anterior mediostinal moss ¢

e&enign mm&

J Mon—-Hodg\«in’s lﬂmphoma
* Terotoma ) HodgK\n’s diseose
° 05$+ic h%roma *  Terotomao with 50“4 soc tumour
® Haemangioma ®  Seminomo.
C Thﬂm'\c cl:)s{t *  Desmoid

®  Soarcomoo

)‘ = Thgmoma

nmiddle mediastinal mass :

eenign mMalignont

Hodg\ﬁ'\n’s disease
*  (Tracheal duplication c5s’c) *  Non-Hodgkin's iymphoma

= Ebronchogenic CBSJc

*  Terotomao ®*  Terotomo.
®* Plosma cell Smnulomcx L Qhabdomﬂosarcoma
* Cardiac rhabdomyoma. | ®  Other sarcomas l

Posterior mediastinal moss ¢

Benign malignant

* Neuwroblogtomow

N (—‘mnghoneurob\as’coma
*  NeuwroRbrosarcomo.

®*  Soarcomoo

° Ganghoneuroma

*  Neurofibroma

. S:n{erogenow c5s’c
*  Terotoma (Rare)

= L'\poma

. o Lze\omﬂosarcoma
° Le\omtjoma
* Sarcomo N o

Posterior mediastinal mass

N L\POSOJ‘ comoe
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Basics Of Paediatric Oncology - 7

Lung tumors 00:26:03

| :

Overview :

Primary malignancies of the lung and tracheobronchial tree : Rare.
Inflamematory myoSibroblastic tumour : M/C lung tumour in paediatrics.
gronchial carcinoid : Intense contrast enhancement reloded to their fbbrovasculor
stromal component.

Mucocepidermoid carcinomao.

6ronchogen'|c coarcinomao.

Pleuropulmonary blastomas (PPe) :

‘\ Type | :

Purel5 c53’dc tumours occurring <a years ot age.
mMedion age of 10 months, S-year OFS : 90%.

| T}jPe W

Y

(‘,Ss’dc ond solid tumours.
nedion age of 35S months.

pe Wl :

Solid tumours, median age of 41 months.
Surgical resection is recommended it Feasible, followed by chemotheropy
and/or radiokion therapy, intracavitary chemotherapy,
S-year OFS : SO0~b0%.
Associoted with germiine pcxthogenic DICeRI varionts.
Susceptible to other tumours :
S %s’dc nephromas.
Ovarian stromal sex cord fumours.
Thyroid and other endocrine tumours.
&mbrgonal rhabdomgosarcomo,

|

1

i

\

Broin tumours.

Pleuropulmonarg blastomos

Paediatric Hemato-Oncology ° v1.0 < Marrow SS Paediatrics



8 - Basics of Paediatric Oncology

Chest wall tumors 00:27:22

Overview :
* Moy arise $rom bone or soft tissues.
* m/C : metostatic rib lesions (Neuroblastoma, Langerhans cell histioeytosis,
lymphomoa, leukaemia).

malignan’c chest wall masses :

mM/C poediatric chest wall primary molignancies :
° Qhabdomﬂosourcoma,
*  extroosseous ZWiNg Sarcomo.
* PNET of the chest (Askin tumour).

Primar5 bone mal"\gnanc‘\es :

Chest wall tumor

° Ew'mg soycomoa

* Osteosarcomo.
Moy arise $rom the ribs, thoracic vertebrae, or scopulae and manifest as chest
woll masses.

Non malisnan’c chest wall masses :

* Neurofibromas.

* Hemangiomas, Vascular malformodions.

. ﬂneuurgsrnod bone cgs’cs.

* Osteochondromas.

* Healing rib Sroctures.

¢ Os’ceomgeh’ds.

* Developmental variotions of the thoracic cage.

Approach :
cT/mRr), Soliowed by biopsy,

Indications of immediote evaluation of back pain
* sowel/bladder dystunction.
* Poaresis.
* gait abnormalities.
* Paroesthesio.
Risk of spinal cord compression * emergency,
Imnmediate MRI sconning,

Stort dexomethosone.

Paediatric Hemato-Oncology - v1.0 - Marrow SS Paediatrics



Basics Of Paediatric Oncology - 9

Peripheral Blood- abnormalities

\nves’ciga’cions :
* Complete blood counts :
- Pancytopenia/ bicytopenio.
S LeuHocg’cosis.
* Peripheral smear (P : Presence of blasts, high N:C rodio.
* Bone marrow studies :

Indicadions for bone marrow studies :
- Pafients with pancytopenia/more than one depressed cell line.
- Presence of blasts on peripheral smea.
Presence of leucoerythroblastic changes on PS.
— Rssociodion with unexplained Igmphadenopa’cha, bone pain, or
hepoecosplenomesalg.

Associodion with an anterior mediostinal moss.

1

Diagnosis of leukaemia. :
* 230% bone marrow Bmphob\as’cs in bone mavrow stud5.
* Peripheral blood sample moay be substituted it o sufficient level of
* Circulating lymphoblasts is present.
* Stains fo distinguish lymphoblasts $rom myeloblasts :
- wr'gh’c—-eﬂemsa—s{mned bone mayrow aspirotes.
~ Hematoxylin and eosin (H§E) stained biopsies.
Features of lymphoblast :
- H'\gh nucleus—’co—-cﬂ’mplasm rodio.
- Rbsence of nucleoli.
- Smaller size.

Flow c\tj’come’crg.
¢ \mmunopheno’cﬂp'\ns :
- B cells : CDIO, CDI9, CDAO, CDAS, kappa, lambda.
- T cells : CD3, CD3, CD4, CDS, COT, COB, CDAS.
- m5elomonoc5’c‘xc cells : Clib, CDI3, CDI4, COIS, CDI6, CD33, CD24, CDAS,
colT,
- HLA-DR.
* Chromosomal analysis and bonding :
- essential for the identificotion of aneuploidy, microseopic chromosomal
anomalies, and some translocotions.

Paediatric Hemato-Oncology * v1.0 « Marrow SS Paediatrics



10 - Basics of Paediatric Oncology

_____ Active space --—- Common translocation in ALL :

e t(a; ad : m/C translocation in childhood ALL, favourable prognosis.
(519 : Bad prognosis.
* (%3 : very poor outcome.

* 1lga3 rearrangements : Poor outcome.
o 4.
used for risk strotificaion.

Note :
In case of suspicion of leukaemia, do not give steroids during o blood transtusion
or in case of transfusion reaction as it can delay the diagnosis.

modalities of treatment :

Note :

The goal of WHO global initiative is 4o :

Achieve ok least a 0% cancer survival and to reduce sufSering of all children
with cancer b5 30320.

ey home message :
* Childhood concer is a h'\gh15 curable disease.
* Increase awareness about symptoms and signs of childhood cancer.
° WB diagnosis.
* early referral to the paediatric oncology unit.

Paediatric Hemato-Oncology * v1.0 - Marrow SS Paediatrics



EPIDEMIOLOGY AND MOLECULAR BIOLOGY OF
PAEDIATRIC CANCER

Introduction 00:00:17

* Tissue homeostasis depends on the regulo&ced cell division and self
elimination (Programmed cell death) of each ot its constituent members
except its stem celis.

*  ptumor arises as a result of ¢

- uUncontrolied cell division.
-~ Failure for self—elimination.

* Atterations in genes responsible for the deregqulated control mechanisms thot
are the halimarks of cancer cells :

- Proto-oncogenes.
- Tumor SUpRressor genes.
~ DNA stability genes/DNA repair genes.

Genes involved : 00:01:18

Oncosenes H
Proto-oncogene —= Mutadion — S'\gnods cousing uncontrolied grow’ch ie., cancer.

TG ED O

| -

Pro’co—oncosenes ‘o oncogenes

45t owstation (leads to
nocelorated call
o ey

important oncogenes
oncogene Function
encodes cell surface receptor thot stimulote cell division
HeR-a/neu
Amplified, in up o 30% of human breast concers
one Involved. in kinase signalling pathways — Controls ranseription ot
genes, requlating cell growth and difterentiation
myc encodes transeription foctor § controls expression ot several genes
— First oncogene ever discovered
Is o turosine kinase —> Requlates cell activity
hTeRT Codes for telomerase — Maintains chromosome ends

Paediatric Hemato-Oncology * v1.0 « Marrow SS Paediatrics
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12 - Basics of Paediatric Oncology

Normal genes

! 2nd mutation or lass

{inads 1o cancer)

{ragulate cell growth) | i

Tumor suppressor sene :

° Segments of DNIB thot code Sor negodive regujoecor proteins which Keep the

cell from undergoing uncontrolied division.

* Braking signals during phase &l of the cell cycle, to stop or slow the cell

cgc\e before & phase.

* Mutadions in tumor suppressor genes cause loss-of-function, resulting in

uncontrolied cell growth, ie, cancer.

MO0

No Brakes

TMOT PO

1st mutation {leads to
accelerated ceil
division}

oo

No Brakes

Active

Tumor suppressor genes are normal genes whose absence leads to cancer

i‘:xomples of concer predispos‘\’c'\on genes ond their associoted sijndromes :

BTMOT»O

MO XD

Tumor Suppressor gene Syndrome Tumor
Rb Retinoblastomo. Refinoblastomo.
WwT | Familial wilns tumor wilm’s tumor
NIF | NeuroRbromadosis tupe | Neurofbroma, sarcomao
NIF & Neurofbromotosis type a Schwannoma, meningioma
APC Familial adenomodosis polyposis Tumors of colon, stomach and intestine
pS3 Li-Froumeni syndrome Breast, lung, brain tumors, sarcomao.
VHL von Hippel-Lindou disease Tumors of Kideny, adrenal
e-CAD Familial gastric cancer Tumor of stomach, breast
PTCH Sorlin syndrome Bosal cell careinomo.
PTeN Cowden syndrome Hamartoma
MeEN | mMultiple endoerine neoplasio. Tumors of pituitary, pancreas and parothyroid

Paediatric Hemato-Oncology - v1.0 « Marrow SS Paediatrics




Epidemiology And Molecular Biology Of Paediatric Cancer - 13

PSdgene: Active space -----
Normal pS3 mMutoded ps3
DA damage DNA domage
Cell c5c|e obnormalities cel cﬂcle obnormalities
Hﬁpoxia H}jpoxia

3 mMutoded ps3

| cell c\tjcle continues |

cell cgcle ovyrest npoptosis
»} - (ngmmmed cell deotty)
ONA 1 i L
P ! Cells con become cancerous I

| |

Cell cljcle restort

when cellular damage occurs, pS3 arrests cell mutoted pS3 does not arrest the cell 056|6
eycle until the domage is repaired. I¥ The damaged cell continues to divide which
damage cannot be repaired, apoptosis cecurs may result in cancer
Rb gene:

plso known oS ‘30Vemor ot the genome’.
z - @
v B
@D 7

L

- , O

DA «=»

nmechanism of Rb gene

Paediatric Hemato-Oncology * v1.0 « Marrow SS Paediatrics



14 - Basics of Paediatric Oncology

mechonism :

Rb is phosphorylated by cyclin ©/CoK4/6 complexes as cells leave &0 phose
and enter the cell cgcle.
noving ’chrough &l phase, Rb becomes progressiVeB more phosphorg\oeced
until R is reached.
Hljperphosphorg\a’ced Rb : Unable 1o bind § inhibit its primary target, the earF
tronseription factors.
Derepressed €3Fs are $ree o up requlote expression of cell cycle reloted
genes, cycling £/A and CDK.
eegond the R point, Rb remains hgperphosphog\oeced throughout cell cgcle
until dephosphorylated by protein phosphotase type | PPD ok end of mitosis.
Homozygous deletions of Rb are necessary for the genesis of Rb.
Rb gene mutations are also seen in :

- Subsets of osteosarcoma.

- Burkitt |5mphoma,

- @lioblastoma multiforme.,

Dierence between tumor SUppressor genes ond oncogenes

S TUMor SUpPPressor i .
ope {5 aenes 3
Alleles mutoted in cancer poth alleles One allele
germline transmission of
Frequently seen Rare
mutant alieles
Somoadic mutodion involved
Yes Yes
in fumor Lormodion
Loss of function aain of function
Function o mutant aliele(s)
(Recessive aliele) (Dominant allele)
gffects of cell growth Inhibit cell growth | Promote cell arowth

ONA repodr genes:

* Code for proteins thod function 1o correct errors thot arise when cells

duplicate their DNA prior o cell division.
Active throughout the cell cycle, particularly during &a phose.
28 : BRCA | and BRCA 4.

Paediatric Hemato-Oncology - vi1.0 - Marrow SS Paediatrics



Epidemiology And Molecular Biology Of Paediatric Cancer - 15

exogenous
damage 9 Mm damaga healthy cell

rate of DNA damage > rate of repair
repair
f@Pﬂlf -

nuc!em‘

ume}:aired

mltochomﬁrlal
DNA

unrepaired
unrepaired
diseased cell
rate of DNA damage > rate of repair

cancer -
senescence  apoptosis

BRCA | and BRCA mechanism

Hallmark of cancer 00:09:16

The important halimarks are :
* Sustained proliferative signaling.
* &vading growth receptors.
* Avoiding immune destruction.
. &nab\'mg replicofive \mmor’cah{g.
* Tumor promoting inflammodion.
* Activading invasion and metostasis.
¢ Tumor ang'\ogenes'\s.
* genome ins’cabih’cg and mutation.
* Resisting cell death.
* Deregulating celiular metobolism.
Sustained proliferative signaling :
Normal cells carefully control growth and division.
Cancer cells derequlote these signals of cell proliferation by :
* Synthesis of growth factors (Autoerine stimuladion. .0, : PD&F and TeF-PB .
* Over express receptors = EgFR.
* Show ligand-independent receptor activotion b5 structural changes.
* express ditferent extracellular receptors.
* Independent $rom grouth foctors.
* Activokion of downstream signod'\ng poechwaﬂs or the disruption of negotive
feedback mechanisms.

Paediatric Hemato-Oncology * v1.0 » Marrow SS Paediatrics



16 - Basics of Paediatric Oncology

PI3K-AKT
pathway

mechanism of cell proli?em’cion b5 RAS gene

Antiproliferation :
* Normal tissues have multiple antiproliferodive signals.
gq ¢ Soluble growth inhibitors and immobilized inhibitors embedded in
extracellular matrix § on surfaces of surrounding cells — These signals
transition cell out of cell cycle to resting state (§0).
* Cancer cells evoade the growth suppressor genes.
g9, Rb and pS3 gene —> Overrule initiation or “turning o of cell division.

&nabl'\ng replicotive '\mmor‘cah’rB :

* Normal cells — Limited replicative potential. Atter a number of divisions,
they stop growing (Senescence).

* mechanism of senescence : Due to limited number of telomeres (Qes’cr‘\c’dng
number of divisions).

* Telomerase adds hexanucleotide repeods (-TTRGES) 10 end of telomeric
DNA and prevent telomer shor’cen'\ng.

* Tumor cells have h‘\sh telomerose enzyme — Telomere shochen'\ns prevented
—> Unrestricted cell division.

Paediatric Hemato-Oncology * v1.0 - Marrow SS Paediatrics



