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Objectives

• Knowledge of childhood cancer epidemiology

• Knowledge of clinical manifestations, diagnostic approach, treatment 
overview, and prognosis of common childhood cancers. 

When to suspect childhood cancer



Epidemiology
• Childhood cancer is rare

• Cancer incidence in among US children aged 
0-14 years was 16.7/100,000 in 2012-2016 
(SEER data).

• Cancer is the second leading cause of death 
in children (ACCIDENTS are number one)



Epidemiology- Saudi Arabia

National Health Information Center Saudi Cancer Registry 
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Causes of Childhood Cancer
• Mostly unknown.
• Genetic predisposition: e.g.

– Down syndrome
– Neurofibromatosis
– Fanconi anemia
– Li-Fraumeni syndrome (germline P53 mutation)

• Environmental factors:
– Ionizing radiation or radiotherapy
– Chemotherapy.
– ? Infectious etiology
– ? Chemical exposures e.g. pesticides, benzene



Leukemia
• Types:

– Acute lymphoblastic leukemia (ALL)
– Acute myelogenous leukemia (AML)
– Chronic myelogenous (CML)



Leukemia
• Symptoms:

– Lethargy
– Fever/Infection
– Bone/Joint pain
– Bleeding
– Anorexia
– Abdominal pain
– CNS signs 

• Signs:
– Pallor
– Hepatosplenomegaly
– Petechiae/Purpura
– Lymphadenopathy.
– Testicular involvement  



Leukemia
• Workup:

§ CBC and differential
§ LFT, electrolytes (K, Ph), uric acid, LDH
§ CxR
§ Bone marrow study:

o Morphology
o Flow cytometry
o Molecular studies e.g. BCR-ABL
o Cytogenetics e.g. t (9;22)

§ Lumbar puncture 



FAB L1 Morphology



Acute Myelogenous Leukemia

FAB M1



Flow Cytometry
• B-ALL

– CD10, CD19, CD20, CD22,  CD79a, HLA-DR, 
CD34 & TdT

• T-ALL
– CD2, CD3, CD5, CD7, CD1a, TdT

• AML
– CD13, CD15, CD33, CD117, MPO, HLA-

DR, CD34



Prognostic Factors in ALL
• NCI Risk Grouping

– Std Risk: Age 1-9 yr and WBC <50,000/µl
– High Risk: Age <1 or > 10 yr and/or WBC > 50k

• Immunophenotype
• Cytogenetics
• Response to induction therapy
• CNS disease 



Leukemia

• Differential diagnosis: 
o Non-malignant:
• Infectious mononucleosis
• JRA
• ITP
• Aplastic anemia
• Pertusis



Leukemia

• Differential diagnosis: 
o Malignant:

• Lymphoma (BM blasts < 20%)
• Neuroblastoma
• Rhabdomyosarcoma



Leukemia

• Treatment:
– Supportive care:

• Tumor lysis syndrome (high uric acid/K/Ph)
• Hyperleukocytosis
• Superior vena cava syndrome
• Infections

– Chemotherapy
– Cranial radiation if CNS positive 
– Hematopoietic stem cell transplant (rarely)
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A B S T R A C T

Purpose
Blinatumomab is a bispecific T-cell engager antibody construct targeting CD19 on B-cell lympho-
blasts.We evaluated the safety, pharmacokinetics, recommended dosage, and potential for efficacy
of blinatumomab in children with relapsed/refractory B-cell precursor acute lymphoblastic leukemia
(BCP-ALL).

Methods
This open-label study enrolled children, 18 years old with relapsed/refractory BCP-ALL in a phase I
dosage-escalation part and a phase II part, using 6-week treatment cycles. Primary end points
were maximum-tolerated dosage (phase I) and complete remission rate within the first two cycles
(phase II).

Results
We treated 49 patients in phase I and 44 patients in phase II. Four patients had dose-limiting
toxicities in cycle 1 (phase I). Three experienced grade 4 cytokine-release syndrome (one attributed
to grade 5 cardiac failure); one had fatal respiratory failure. The maximum-tolerated dosage was
15 mg/m2/d. Blinatumomab pharmacokinetics was linear across dosage levels and consistent
among age groups. On the basis of the phase I data, the recommended blinatumomab dosage for
children with relapsed/refractory ALL was 5 mg/m2/d for the first 7 days, followed by 15 mg/m2/d
thereafter. Among the 70 patients who received the recommended dosage, 27 (39%; 95% CI, 27%
to 51%) achieved complete remission within the first two cycles, 14 (52%) of whom achieved
complete minimal residual disease response. The most frequent grade $ 3 adverse events were
anemia (36%), thrombocytopenia (21%), and hypokalemia (17%). Three patients (4%) and one
patient (1%) had cytokine-release syndrome of grade 3 and 4, respectively. Two patients (3%)
interrupted treatment after grade 2 seizures.

Conclusion
This trial, which to the best of our knowledge was the first such trial in pediatrics, demonstrated
antileukemic activity of single-agent blinatumomab with complete minimal residual disease re-
sponse in children with relapsed/refractory BCP-ALL. Blinatumomab may represent an important
new treatment option in this setting, requiring further investigation in curative indications.

J Clin Oncol 34:4381-4389. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common malignant disease in children, with an
annual incidence of approximately three cases per
100,000 persons.1When treated with contemporary
combination chemotherapy, approximately 15% of
patients relapse and 10%die.2,3 Patients who relapse
have a cure rate ranging from 10% to 70%, mainly
depending on site of and time to relapse.4,5 Children

with second or greater relapse or refractory dis-
ease have a dismal prognosis even when treated
with intensive combination chemotherapy and
allogeneic hematopoietic stem-cell transplantation
(alloHSCT).6,7 Targeted treatments are needed
to overcome disease resistance and to replace
nonspecific toxic chemotherapy, even in childrenwith
chemosensitive ALL. Immunotherapy constitutes an
important new antileukemic treatment strategy.

CD19 is expressed on B-lineage cells8,9 and
is a therapeutic target for B-cell precursor ALL
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Data Supplement). Grade 3 and 4 AEs were primarily cytopenias
(Table 3). Most AEs occurred in the first few days of cycle 1 (data
not shown). Six of 70 patients had fatal AEs; three died after
alloHSCT after blinatumomab-induced remission (Table 3). Ten
patients (14%) interrupted treatment and four (6%) discontinued
treatment permanently because of AEs (Data Supplement). Two
permanent discontinuations were considered treatment related
(grade 3 and 4 CRS). No patient developed anti-blinatumomab
antibodies during the study.

Eight (11%) of the 70 patients treated with 5/15 mg/m2/d had
CRS of any grade (Data Supplement). Three patients had grade 3
and one patient had grade 4 CRS. All four patients interrupted
treatment (n = 2) or discontinued treatment permanently (n = 2;
after 3 days [cycle 1] and 10 days [cycle 2] of infusion, respectively).
All four patients achieved CR at response assessment. Peak levels
of interleukin-10, interleukin-6, and interferon-g were higher in
patients with CRS than in patients without, although sample sizes
were small (Data Supplement).
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Fig 3. (A) Relapse-free survival in all 27
responderswho received the recommended
dosage. (B) Relapse-free survival among
patients with complete remission according
to minimal residual disease (MRD) response.
(C) Overall survival in all patients who re-
ceived the recommended dosage. Data are
based on the 2-year follow-up.
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Chimeric Antigen Receptor Therapy (CAR T-cell)

n engl j med 379;1 nejm.org July 5, 201866

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

rence through antigen release, by assisting tumor-
infiltrating lymphocytes to attack tumors, or by 
their own persistence.11,12

Antitumor immunity comprises complemen-
tary innate and adaptive immune responses. The 
cellular components of innate immunity (natural 
killer cells and myeloid cells) recognize and de-
stroy virally infected cells and a range of tumor 
cells in a manner that is not restricted by the major 
histocompatibility complex. Adaptive immunity 
is antigen specific and is mediated by B lympho-
cytes and T lymphocytes that are controlled by 
antigen-presenting cells such as dendritic cells. 
More than a century ago, Paul Ehrlich proposed 
that the immune system is programmed to avoid 
the generation of autoreactive immune responses, 
and he termed this aversion to autoreactivity “hor-
ror autotoxicus.”13 The central challenge in im-
muno-oncology is that most tumor antigens are 
self-antigens that are also expressed on normal 
tissues.14 Thus, antitumor responses are often tran-
sient and ineffective, owing to host immune re-
sponses that evolved to prevent autoimmunity.15

T-cell engineering provides a means to overcome 
immune tolerance.

 CD19 C A R T  Cell s

CARs are synthetic receptors that redirect the 
specificity, function, and metabolism of T cells 
(Fig. 2). CARs consist of a T-cell activating domain 
(typically including the zeta chain of the CD3 com-
plex) and extracellular immunoglobulin-derived 
heavy and light chains to direct specificity.16-18

These minimal structures, termed first-generation 
CARs,9 recognize antigen independently of HLA 
but do not direct sustained T-cell responses, owing 
to their limited signaling capability.19,20 Chimeric 
costimulatory receptors, which enhance prolifera-
tion and afford antiapoptotic functions in human 
primary T cells,21 paved the way for dual-signal-
ing CARs that could effectively direct the expan-
sion of functional T cells on repeated exposure to 
antigen.22 These receptors, termed second-gener-
ation CARs,9 enabled the generation of the per-
sistent “living drugs” that are the foundation of 
current CAR T-cell therapy.

We chose CD19 as our first target not only 
because of its frequent expression in B-cell leuke-
mias and lymphomas but also because of its 
broader and higher expression relative to other 

Figure 2. Structure of CARs and T-Cell Receptors.

Panel A shows the structure of a T-cell receptor, which consists of heterodimeric and antigen-specific α and β 
chains that closely associate with the invariant ε, δ, γ, and ζ chains of the CD3 complex. The T-cell receptor binds to 
the HLA allele that has a bound peptide derived from a tumor antigen on the target cell. Panel B shows the CAR, 
which includes the single-chain variable fragment (scFv) that binds to tumor antigens, fused to a spacer and trans-
membrane domain. The intracellular domain contains costimulatory domains, such as CD28 and 4-1BB and the 
CD3ζ chain, which drive signal activation and amplification of CAR T cells. S–S denotes disulfide bond.
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CAR T-cell therapy
1. Peripheral blood mononuclear cells 

are collected from the patient using 
a large-volume leukapheresis 
procedure. 

2. The cells are then transferred to a 
GMP manufacturing facility for T cell 
engineering and expansion. Patient 
T cells are then incubated with 
CAR-encoding viral vectors, which 
enter the T cells and introduce CAR 
gene RNA. CAR RNA is then 
reverse-transcribed into DNA, which 
recombines into the T cell genome, 
resulting in permanent CAR gene 
incorporation. 

3. Transformed T cells undergo ex vivo 
expansion for multiple days, 
resulting in a product that is ~ 90% 
CD3+ T cells.

4. The cells are transferred back to the 
center for infusion after chemo 
depletion.



CAR T-cell therapy



CAR T-cell therapy
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Tisagenlecleucel in B-Cell Lymphoblastic Leukemia

B-Cell Aplasia
All patients with a response to treatment had 
B-cell aplasia, and most patients in the study 
received immunoglobulin replacement in accor-
dance with local practice. The median time to 
B-cell recovery was not reached (Fig. S4 in the 
Supplementary Appendix). The probability of 
maintenance of B-cell aplasia at 6 months after 
infusion was 83% (95% CI, 69 to 91).

Cytokine Response
Among the 75 patients who received tisagenlec-
leucel, transient increases in serum interleu-
kin-6, interferon gamma, and ferritin levels oc-
curred during the cytokine release syndrome 
after infusion; these increases tended to be more 
pronounced in patients with grade 4 cytokine 
release syndrome than in patients with lower 
grades (Fig. S5 in the Supplementary Appendix). 
Similar trends were observed in the levels of 
other cytokines, including interleukin-10, inter-
leukin-12p70, interleukin-1β, interleukin-2, inter-
leukin-4, interleukin-8, and tumor necrosis fac-
tor α. A transient increase in the C-reactive 

protein level was observed in most patients, but 
with large variability.

Safety
The safety analysis set included all 75 patients 
who received an infusion of tisagenlecleucel; the 
median time from infusion to data cutoff was 
13.1 months (range, 2.1 to 23.5). Eighteen pa-
tients (24%) received their infusions in an outpa-
tient setting. All patients had at least one adverse 
event during the study; 71 of 75 patients (95%) 
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Figure 2. Duration of Remission, Event-free Survival, 
and Overall Survival.

Panel A shows the duration of remission, defined as 
the time to relapse after the onset of remission, in the 
61 patients who had a best overall response of either 
complete remission or complete remission with incom-
plete hematologic recovery. Panel B shows event-free 
survival among the 75 patients who received an infusion, 
defined as the time from tisagenlecleucel infusion to 
the earliest of the following events: no response (8 pa-
tients), relapse before response was maintained for at 
least 28 days (2), or relapse after having complete re-
mission or complete remission with incomplete hema-
tologic recovery (17). A total of 32 patients had still not 
had an event at the time of data cutoff. Data for 16 more 
patients were censored for event-free survival — 8 pa-
tients for allogeneic stem-cell transplantation during 
remission, 7 patients for new cancer therapy other than 
stem-cell transplantation during remission (4 received 
humanized anti-CD19 CAR T cells, 1 received ponatinib, 
1 received vincristine sulfate and blinatumomab, and  
1 received antithymocyte globulin), and 1 patient for 
lack of adequate assessment. Ten patients were followed 
for relapse after new therapy, 4 of whom had a relapse 
or died. Panel B also shows overall survival among the 
75 patients who received an infusion from the date of 
tisagenlecleucel infusion to the date of death from any 
cause. Nineteen patients died after tisagenlecleucel in-
fusion, and 56 patients had their data censored at the 
time of the last follow-up. Tick marks indicate the time 
of censoring.

The New England Journal of Medicine 
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Brain tumors

• 2nd most common cancers in children
• Most common solid neoplasms
• 60-70% 5 year survival



Brain tumors

• Clinical presentation:
– General and non-localizing symptoms

(e.g. headache, vomiting, behavioral changes, learning 
problems, weight loss/gain)

– Increased intracranial pressure
(e.g. irritability, vomiting, bulging fontanelle, papilledema, 
parinaud syndrome)

– Localizing signs
(depend on tumor location e.g. ataxia)



Brain Tumors: Distribution

0

10

20

30

40

50

60

70

80

90

100

Children Adults

Supratentorial

Infratentorial



Brain tumors

• Workup:
– Brain MRI/Spine
– CSF cytopathology
– Surgical biopsy
– CSF tumor markers (B-HCG/AFP) if germ 

cell tumor is suspected



Pediatric Brain Tumors:
Distribution
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Astrocytoma (Glioma)

• Low grade: good prognosis
– WHO grade I (juvenile pilocytic astrocytoma)
– WHO grade II (diffuse fibrillary astrocytoma)

• High grade: v. poor prognosis
– WHO grade III (anaplastic astrocytoma)
– WHO grade IV (Glioblastoma multiforme)









Medulloblastoma 
• Location: posterior fossa (PNET).
• Staging: M0= non-metastatic

M1= mets to CSF
M2= mets within brain
M3= mets to spinal cord
M4= mets outside brain.

• Prognosis: 85% survival  (non metastatic)
50% survival (metastatic)



Ependymoma

• Site: ventricular lining
• Prognosis: 50-60% if fully resected

0-10% if not fully resected



Brain stem glioma

• Diffuse pontine glioma:
– Aggressive in 6-18 months after radiation



Brain tumors
• Treatment:

– Surgery
• Needed for diagnosis in most cases (exceptions: BSG, 

GCT)
• Gross total resection is the ideal
• Supportive measures e.g. shunts, 

– Radiotherapy
– Chemotherapy

• Used as adjuvant therapy in most cases
• Particularly efficacious in GCT and medulloblastoma
• In < 3 y/o children to avoid radiation (High dose 

chemotherapy followed by autologus stem cell 
transplant)



Pediatric Brain Tumors:
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Hodgkin Lymphoma

• Bimodal – Mid-20’s and after 50 yr..
– Rarely < 5 yr

• Classical Hodgkin Lymphoma (cHL)
– Nodular sclerosis (NS)

• Most common histology in children/adolescents
• 80% of cases 10-19yr

– Mixed Cellularity (MC)
• more common in < 10yr
• Majority are EBV(+)

– Lymphocyte –Deplete
• Rare in children, more common in HIV –infected patients

– Lymphocyte-rich



Hodgkin Disease



Hodgkin Disease

Ann Arbor Staging
• Stage I – single site/nodal region of involvement 
• Stage II – 2 or more sites/nodal regions on same side of 

diaphragm
• Stage III – Sites/nodal regions involved on both sides of 

diaphragm
• Stage IV – diffuse or disseminated involvement in one or more 

extralymphatic organs
• (E) – designation for extralymphatic involvement in any stage
• (S) - splenic involvement



Hodgkin Disease

• “A” – no associated symptoms
• “B”

– Fever (>38o C) usually > 3 consecutive days
– Unexplained weight loss of 10% - preceding 6 months
– “Drenching” night sweats

• “X” – bulky disease 
– mediastinum > 1/3 intrathoracic diameter 
– > 10 cm other nodal site

• “E” – extranodal involvement
• Pruritus 
• Alcohol-induced pain 
• Autoimmune disorders e.g. ITP 



Lymphoma 

• Workup:
– Labs

• CBC
• ESR/CRP
• Renal and hepatic function
• LDH and uric acid

– Lymph node biopsy
– CT neck, chest, abdomen, pelvis
– Bone marrow biopsy (Bilateral biopsies)
– PET scan



Hodgkin Disease

• Treatment:
– 90-95% of all children/adolescence with HD can be cured
– Multi-agent chemotherapy given in short, pulsed cycles of 

chemotherapy.
• Radiation – involved field (15 – 25 Gy)

– Goal is now to minimize late effects



Immune Tolerance in Cancer 

Both PD-1/PD-L1 and 
CTLA-4 create a 
checkpoint on the 
immune system to 
maintain self-tolerance 
and prevent 
autoimmune disorders 
in normal cells. 
However, this leads to 
immune evasion in 
cancer.

June	et.	al.	Nat.	Med.	23,	540–547	(2017)	



Unleashing the Immune System to Conquer Cancer 

The Nobel Prize in Physiology or
Medicine 2018 was awarded to
both James P. Allison from the
United States and Tasuku Honjo
from Japan for “for their discovery
of cancer therapy by inhibition of
negative immune regulation”
which is related to their work on
PD-1 and CTLA-4



Approved Indications of checkpoint inhibitors

© 2019 Journal of Nature and Science of Medicine | Published by Wolters Kluwer - Medknow 3

Editorial

Programmed cell death receptor 1 (PD-1) naturally inhibits 
T-cell immune response when it interacts with programmed 
cell death ligand 1 (PD-L1). Similarly, cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) is another negative regulator of T-cell 
response by interacting with its ligands CD80/CD86. Both 
PD-1/PD-L1 and CTLA-4 create a checkpoint on the immune 
system to maintain self-tolerance and prevent autoimmune 
disorders.[1,2] The expression of PD-L1 by tumor cells is 
a mechanism that is present in various types of cancer to 
evade the immune system.[3,4] Thus, blockade of PD-1/PD-L1 
interaction or CTLA-4 was proposed to be a potential strategy 
for cancer immunotherapy.[2,3] This led to the development 
of immune checkpoint inhibitors that target CTLA-4, PD-1, 
or PD-L1 in cancer.[5-7] The Nobel Prize in Physiology or 
Medicine 2018 was awarded to both James P. Allison from 
WKH�8QLWHG�6WDWHV� DQG�7DVXNX�+RQMR� IURP� -DSDQ� ³IRU� WKHLU�
discovery of cancer therapy by the inhibition of negative 
immune regulation” which is related to their work on PD-1 
and CTLA-4.[8]

Ip i l imumab,  an  ant i -CTLA-4 ant ibody,  and s ix 
PD-1/PD-L1 inhibitors were approved by the Food and Drug 
Administration (FDA) for the treatment of advanced cancer 
since 2011. Pembrolizumab, nivolumab, and cemiplimab-rwlc 

are PD-1 inhibitors, whereas atezolizumab, durvalumab, 
and avelumab are PD-L1 inhibitors. Table 1 summarizes 
FDA-approved indications for checkpoint inhibitors. The overall 
response rate (ORR) to PD-1/PD-L1 inhibitors whether used 
alone or in combination with other therapy ranges between 26% 
and 61% in advanced melanoma, 28% and 55% in advanced 
non-small cell lung cancer, 65% and 70% in relapsed/refractory 
Hodgkin lymphoma, and 17% and 28% in advanced urothelial 
carcinoma.[9] The presence of microsatellite instability (MSI) 
RU�PLVPDWFK�UHSDLU�GH¿FLHQF\��G005��LQ�VROLG�WXPRUV�VXFK�
as colon cancer is associated with a high number of somatic 
mutations and increased sensitivity to PD-1 inhibitors, with 
ORR of about 50%.[10] Combination of two checkpoint inhibitors 
such as ipilimumab and nivolumab showed encouraging results 
in advanced melanoma, renal cell carcinoma, and MSI/dMMR 
metastatic colon cancer.[11-13] The optimal treatment duration of 
checkpoint inhibitors still needs to be determined.[14] There are 
limited reports about the use of checkpoint inhibitors in children 
with refractory solid tumor, and several clinical trials are ongoing 
WR�DGGUHVV�WKH�VDIHW\�DQG�HI¿FDF\�RI�FKHFNSRLQW�LQKLELWRUV�LQ�
advanced childhood malignancies.[15]

Checkpoint inhibitors disrupt the self-tolerance in the immune 
system and could potentially cause autoimmune disorders 

Unleashing the Immune System to Conquer Cancer

Table 1: FDA approved indications for checkpoint inhibitors as of December 2018

Cancer type Ipilimumab Pembrolizumab Nivolumab Cemiplimab-rwlc Atezolizumab Durvalumab Avelumab
Advanced melanoma p p p
Recurrent/metastatic head and 
neck squamous cell carcinoma

p p

Metastatic non-small cell lung 
cancer

p p p p

Refractory/relapsed classical 
Hodgkin lymphoma

p p

Advanced/metastatic urothelial 
carcinoma

p p p p p

Advanced/metastatic solid tumor 
with microsatellite instability/
PLVPDWFK�UHSDLU�GH¿FLHQF\�

p

Advanced/metastatic gastric cancer p p
Recurrent/metastatic cervical 
cancer

p p

Refractory/relapsed primary 
mediastinal large B-cell lymphoma

p p

Hepatocellular carcinoma 
previously treated with sorafenib

p p

Advanced renal cell carcinoma p p
Advanced/metastatic colon cancer 
with microsatellite instability/
PLVPDWFK�UHSDLU�GH¿FLHQF\

p p

Advanced/metastatic cutaneous 
squamous cell carcinoma

p

Metastatic merkel cell carcinoma p p



Autoimmunity is a major side effect of         
Checkpoint inhibitors
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As T cells exit the thymus, additional peripheral tolerance mecha-
nisms prevent autoreactive T cells that escaped negative selection 
from reacting to or attacking self-antigen-expressing healthy cells. 
These include T cell–intrinsic mechanisms, such as immunological 
ignorance, anergy, exhaustion, phenotypic skewing, and apoptosis, as 
well as extrinsic-cell-based mechanisms14. Among the latter, Treg cells 
stand out as unique because they are comprised both of ‘central’ Treg 
cells—formed from high-affinity interactions with self-peptide–MHC 
complexes in the thymus, as mentioned above—and ‘peripheral’ Treg 
cells, formed from T cells that engage in prolonged interactions with 
low-affinity self-antigens and non-self-antigens, such as allergens, 
food and commensal microbiota. Together, these pathways help to 
maintain peripheral tolerance to self-antigens and certain foreign 
antigens13,15. Therefore, although tumors express tumor-specific 
neoantigens and overexpress self-antigens that can potentially initiate  
a potent anti-tumor immune response16, the immune system has 
developed a complex, redundant, and robust combination of cells 
and molecules all designed to keep the immune system in check and 
avoid unwanted inflammation and tissue damage17.

Several specific cases exemplify the degree to which tumors can take 
advantage of immune-tolerance mechanisms to disrupt anti-tumor 
immunity. Some tumor-associated  antigens, such as tyrosinase-related 
protein 1 (TYRP1, also known as TRP1), are expressed in medullary 
thymic epithelial cells18. In addition, tumors can escape anti-tumor 
T cell responses by decreasing their expression of tumor-associated 
antigens and/or MHC molecules; by secreting immunosuppres-
sive soluble factors (vascular endothelial growth factor, stromal- 
cell-derived factor, interleukin 10, interleukin 6, transforming 
growth factor-B, adenosine, and prostaglandins); and/or by engaging 
immune checkpoints (CTLA-4, PD-1, Tim-3, and LAG-3) that sup-
press anti-tumor activity. Immunosuppressive cells, including mye-
loid-derived suppressor cells (MDSCs), Treg cells, tumor-associated 
macrophages, regulatory B cells, and regulatory dendritic cells19,20, 
present within the tumor microenvironment can also suppress  
anti-tumor responses21.

Therapeutic induction of anti-tumor responses
Clinical development and approval of immunomodulators, also 
known as immune-checkpoint inhibitors, have transformed the 
treatment of certain tumors, such as melanoma, non-small-cell lung 
cancer, and bladder cancer. Checkpoint inhibitors act by blocking 
interactions that normally suppress T cell responses. The binding 
of CTLA-4 on naive T cells in the lymph nodes to B7 on antigen-
presenting cells (APCs) produces an inhibitory signal during the 
primary phase of T cell activation (Fig. 2). CTLA-4 can also strip B7 
molecules—which are ligands for CD28 costimulatory molecules on 
T cells—from the APCs through a process of transendocytosis, which 
further impairs T cell activation22. Thus, the blockade of CTLA-4 
leads to a more robust costimulatory signal, and this boosted signal 
may enable otherwise naive T cells with weak affinity to respond to 
overexpressed and mutant tumor antigens. CTLA-4 is also expressed 
on CD4+CD25hiFOXP3+ Treg cells, and its engagement leads to 
enhanced IL-35, IL-10, TGF-B, and indoleamine 2,3-dioxygenase 
(IDO) production, Treg cell proliferation, and decreased effector  
T cell activation and proliferation23.

By contrast, PD-1 binding to PD-L1 and PD-L2 regulates those 
already activated T cells later in the immune response in the periph-
eral tissues. PD-1 engagement inhibits T cell proliferation, IFN-G, 
TNF-A, and IL-2 production24, although some data suggest that it 
may also be involved in early T cell activation25, central tolerance, 

and regulation of negative selection26. In addition to the direct 
effect of checkpoints on effector T cells, blockade of the molecular 
interactions can also affect the tumor microenvironment (TME). 
For example, altering IDO expression and CTLA-4 engagement on 
APCs, and decreasing Treg cells in the TME through mechanisms 
such as STING/IFN-AB signaling and myeloid-derived suppressor 
cells improves cancer immunity27.

Autoimmune consequences
Considering their diverse mechanisms of action, it is perhaps not 
surprising that these immunomodulators induce multiple immune-
mediated adverse events that lead to antigen-specific autoimmune 
manifestations. In humans, autoimmune manifestations caused by 
drugs targeting the CTLA-4 and PD-1 pathways seem to be dependent 
on the pathway(s) targeted5,10,28,29. For example, the most commonly 
reported endocrine irAE following therapy with the CTLA-4-blocking 
antibody ipilimumab is hypophysitis, an event that is rarely observed 
after PD-1-antibody therapy. Ectopic expression of CTLA-4 in the 
pituitary gland may be responsible for this effect30, and antibody-
dependent, cell-mediated cytotoxicity (ADCC) with activation of 
complement might be involved in the destruction of the hypophy-
sis. By contrast, the most commonly reported endocrine-related  
toxicity after PD-1-antibody therapy is hypothyroidism, a syndrome 
that is rarely observed in patients treated with ipilimumab. These  
autoimmune syndromes could be a consequence of revealing pre-
existing conditions in these patients. However, with one excep-
tion31, analysis of pre-existing autoantibodies and single-nucleotide 
polymorphisms (SNPs) associated with autoimmune disease has not 
proved useful in the identification of patients at risk for irAE.

Given that the function of CTLA-4 is to primarily affect CD4+ 
T cells at an early stage in lymphatic tissue, its blockade might be 
expected to have broader and more nonspecific consequences than 
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Figure 1 Examples of autoimmune and other immune-related adverse 
effects associated with cancer immunotherapy. See Supplementary Note 
for references describing each of these autoimmune and immune-related 
adverse events. T1D, type 1 diabetes. June	et.	al.	Nat.	Med.	23,	540–547	(2017)	



Non-Hodgkin Lymphoma

• No peak in incidence
• Immunodeficiency (10-100x increased risk over general population) 

– Inherited or Acquired (HIV, post-transplant) 
– Often EBV associated
– NHL in < 3 years of age – suspect immunodeficiency

• Environmental Exposures
– Insecticides/pesticides – adult NHL only
– Viruses – EBV (endemic malaria regions and Burkitt lymphoma and 

immunodeficiency)



Burkitt Lymphoma

• Mature B-cell (TdT-), CD10(+/-), CD19(+), CD20(+), sIg (+)
• C-MYC (+) 
• Burkitt leukemia (B-ALL) (20% of cases) 

– treated same as lymphoma
• Abdominal disease most common presentation
• Head & neck second most common site
• Extranodal disease very common
• Very rapidly growing (t1/2 = 18-24 hr)

T. Gross



Treatment
• Potential Complications:

• Superior vena cava syndrome
– Sx: Cough, dyspnea, orthopnea, dysphagia, wheezing, 

hoarseness, facial edema, chest pain. 
– Treatment

• Tissue diagnosis if possible
• Emergency XRT +/- steroids

• Tumor lysis syndrome

• Treatment: Chemotherapy



Neuroblastoma
• Second most common solid neoplasm in childhood
• Originates from neural crest tissue (sympathetic nerve pathway)
• Median age of diagnosis is 22 months
• > 95% of cases are diagnosed before 10 years of age
• Clinical Presentation:

– Asymptomatic mass (e.g. abdomen or chest) 
– Horner’s Syndrome
– Spinal Cord Compression (medical emergency)
– “Racoon eyes”
– Hepatomegaly
– Systemic symptoms (hypertension,intractable diarrhea (VIP), 

opsoclonus/myoclonus)
– Bone pain
– Skin lesions



Neuroblastoma

• Workup:
– Urine catecholamine levels (VMA/HVA)
– Imaging (CT/MRI, CxR, MIBG)
– Biopsy: MYCN
– Bone marrow
– Bone scan



Event-Free Survival by INSS Stage Cooperative 
Group Studies (CCG,POG,COG)
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Neuroblastoma
• Treatment:

– Low risk: Surgery +/- chemotherapy
– Intermediate risk: surgery + chemotherapy
– High risk: Challenging 

(High dose chemo/ autologus stem cell 
transplant + surgery + radiation+immunotherapy)

• Screening: 
• Urine VMA/HVA measured in infants e.g. Japan
• Increased rates of diagnosis but NO decrease in mortality
• Spontaneous remission



Wilms tumor
• Most common primary malignant renal tumor of childhood
• 5-10% of patients have bilateral tumors
• Median age at presentation:    

– Unilateral tumors: 44 months       
– Bilateral tumors: 31 months

• Clincial features:
– Asymptomatic upper abdominal mass
– Abdominal pain (20-30%)
– Fever (20-30%)
– Anemia
– Hematuria (20-30%)
– Hypertension (25%)



Wilms tumor
• Associated anomalies:

– WAGR syndrome (wilms tumor, aniridia, genitourinary malformation, mental 
retardation)

– Hemihypertrophy and Beckwith-Wiedemann syndrome

• Workup:
– CBC, renal and liver functions
– CT abdomen
– CxR/CT chest



Wilms tumor
• Prognostic Factors: 

– Stage 
– Histology (anaplasia=unfavorable histology)
– Tumors cytogenetics

• Treatment: 
– Surgery
– Chemotherapy
– Radiotherapy







Retinoblastoma
• US: 300 new cases/year
• Non-hereditary, unilateral:

– 60-75% of cases
– 2-3 yrs of age

• Hereditary, bilateral:
– Germline mutation of RB1
– 25-40% of cases
– 6-18 months of age

• Workup:
– Examination under anesthesia
– MRI orbit and brain
– Bone scan, BM, and CSF in advanced disease

• Treatment:
– Priorities: Cure > eye salvage > vision preservation
– +/- adjuvant chemotherapy +/- Radiotherapy +/- focal therapy +/-

Enucleation 


