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Estimated and projected number of cancer survivors in 
the United States from 1977 to 2022 by years since diagnosis.

Janet S. de Moor et al. Cancer Epidemiol Biomarkers Prev 2013;22:561-570
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5-year Cancer Survival, Age < 20 years

Modified from: Howlader N, Noone AM, Krapcho M, et al, editors: 
SEER cancer statistics review, 1975-2010. Bethesda, Maryland, 

National Cancer Institute. 



Overall Survival among Children with ALL

Hunger SP, Mullighan CG. NEJM. 2015;373(16):1541-52.

COG SJCRH

Inaba H, Pui C-H. Journal of Clinical Medicine. 2021; 10(9):1926. 



Acute vs. Late Toxic effects 
for Childhood leukemia

https://www.baamboozle.com/game/27654





 Asparaginase hypersensitivity
 Asparaginase-associated pancreatitis
 Sinusoidal obstruction syndrome
 Hyperlipidemia
 Osteonecrosis
 Arterial hypertension

Schmiegelow K, et al. The Lancet Oncology. 2016 Jun 1;17(6):e231-9.

Acute Toxic effects for Childhood ALL
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 Posterior reversible encephalopathy syndrome (PRES)
 Seizures
 Depressed level of consciousness
 Methotrexate-related stroke-like syndrome
 Peripheral neuropathy
 High-dose methotrexate-related severe nephrotoxicity
 Thromboembolism
 PCP pneumonia

Acute Toxic effects for Childhood ALL
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Schmiegelow K, et al. The Lancet Oncology. 2016 Jun 1;17(6):e231-9.



Arterial Hypertension
 SBP and/or DBP ≥95th percentile for sex, age, and height x 3 

1. SBP or DBP in the 90th–95th percentile for age and/or BP > 120/80 mm 
Hg

2. Recurrent or persistent SBP or DBP greater than the 95th percentile for 
age x3 or lasting >72 h with monotherapy indicated

3. Recurrent or persistent SBP or DBP >95th percentile for age x3 or 
lasting >72 h and needing > 1 drug or additional intensive treatment 
than grade 2 for blood pressure control. 

4. Life-threatening consequences (eg, hypertensive crisis with transient or 
permanent neurological deficit and urgent intervention needed). 

5. Death from hypertension
Schmiegelow K, et al. The Lancet Oncology. 2016 Jun 1;17(6):e231-9.



Doxorubicin Induced Cardiotoxicities

Qin Y, Guo T, Wang Z, Zhao Y. Journal of Materials Chemistry B. 2021.



 Disorder of reversible subcortical vasogenic brain edema
 Patients with acute neurological symptoms (eg, seizures, encephalopathy, 

headache, and visual disturbances)
 The setting of renal failure, blood pressure fluctuations, cytotoxic drugs, 

autoimmune disorders, and preeclampsia or eclampsia
 Pathophysiological changes underlying PRES are not fully understood, 

endothelial dysfunction is a key factor.

Posterior Reversible Encephalopathy Syndrome 

Jennifer E Fugate et al, Lancet Neurol 2015



Imaging

 Brain MRI (FLAIR) is much more 
sensitive

 Vasogenic edema is usually asymmetric, 
but almost always bilateral

 Three primary area 70% 
1. parieto-occipital pattern 
2. holo-hemispheric watershed pattern 
3. superior frontal sulcus pattern 

parieto-occipital pattern

holo-hemispheric watershed pattern 

superior frontal sulcus pattern 

Courtesy by Piradee Suwanpakdee, MD. (with permission)



JPHO 2019

The risk factors include 
• Age > 10 years
• Patients with high-risk ALL
• Higher cumulative number of IT 

doses
• Higher ratio of 42-hour plasma 

MTX concentration to leucovorin 
rescue

• Genetic polymorphisms
• Concurrent radiation



Neurotoxicity from Methotrexate



Peripheral Neuropathy

Am J Cancer Res 2016;6(11):2416-2430



Peripheral Neuropathy

Am J Cancer Res 2016;6(11):2416-2430

Sensory
Distal to proximal
• Loss proprioceptive and 
vibration
• Decrease light touch, 
pinprick, and temperature
sensations
• Numbness, tingling, 
neuropathic pain
• Cranial nerves : 
hoarseness, jaw pain

Motor
• Foot-drop

• Upper and lower
Extremity weakness

Autonomic
• Constipation
• Urinary retention
• Orthostatic 

hypotension

Hyporeflexia



Transition to Survival Care

Summary cancer treatment
Demographic data
Cancer diagnosis
 Treatment 
Chemotherapy
 Radiation
HSCT
 Surgery



Cumulative Cause-Specific Mortality

Armstrong GT, et al. Journal of Clinical Oncology. 2009 May 10;27(14):2328.



Grades 3-5 Chronic Health Conditions

Bhakta N, et al. The cumulative burden of surviving childhood cancer: an initial report from the 
St Jude Lifetime Cohort Study (SJLIFE). Lancet. 2017 Dec 9;390(10112):2569-2582. 



Top 5 Ranks of Late Effects from 
Chinese Children’s Cancer Group (CCCG)

 Osteonecrosis and osteoporosis
 Left ventricular dysfunction
 CNS SMN and secondary AML
 Gonadal dysfunction and GH deficiency
 Neurocognitive deficits 

Cheung YT, et al. Identifying Priorities for Harmonizing Guidelines for the Long-Term Surveillance of 
Childhood Cancer Survivors in the Chinese Children Cancer Group (CCCG). JCO Glob Oncol. 2021





Evolving Spectrum of Late Effects



Chemotherapies VS. Toxicities



Doxorubicin Induced Cardiotoxicities

Qin Y, Guo T, Wang Z, Zhao Y. Journal of Materials Chemistry B. 2021.



Anthracyclins Formula

Doxorubicin x 1

Mitoxantrone x 4

Idurubicin x 5

Daunorubicin x 0.833



Dose and Therapy Combinations after Risk of Late Effects



Comorbidities and CHF Late Effects

 Hypertension potentiates 
anthracycline-associated risk of CHF 
in childhood cancer survivors.

 CVD risk factors increase risk of 
CHF.

 Prevention of hypertension should 
be focus during survivorship care. 

Armstrong GT, et al. Modifiable risk factors and major cardiac events among adult survivors of 
childhood cancer. J Clin Oncol. 2013 Oct 10;31(29):3673-80. 



Health Habits Associated Late Effects

 Vigorous exercise was associated 
with dose-dependent lower risk of 
CVE

 Risk was independent of CV risk 
profile among childhood HL

Jones LW, et al. Exercise and risk of major cardiovascular events in adult survivors of childhood hodgkin 
lymphoma: a report from the childhood cancer survivor study. J Clin Oncol. 2014 Nov 10;32(32):3643-50. 



J Clin Oncol 38:2398-2406



Chow EJ, et al. Cancer. 2021 Oct 13. doi: 10.1002/cncr.33974. Epub ahead of print.

 N=1308; ALL, HD, osteosarcoma

 ALL-Accumulate doxorubicin100-360 mg/m2:Dexrazoxane was not associated with relapse, second 
cancers, all-cause mortality, or cardiovascular mortality.

 ALL: cardiovascular outcomes (cardiomyopathy, ischemic heart disease, and stroke) occurred less 
commonly with dexrazoxane (5.6%) than without it (17.6%; P = .02), although cardiomyopathy rates 
alone did not differ (4.4% vs 8.1%; P = .35)

 Among OS patients exposed to dexrazoxane; cumulative doxorubicin, 450-600 mg/m2 ; median F/U, 
16.6-18.4 years, no cardiovascular deaths or heart transplantation occurred. 







Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Biomedicine & Pharmacotherapy. 2021 Jul 1;139:111708.



Age at Diagnosis Influences Vulnerability

Merchant TE, et al. Late effects of conformal radiation therapy for pediatric patients with low-grade glioma: prospective 
evaluation of cognitive, endocrine, and hearing deficits. J Clin Oncol. 2009 Aug 1;27(22):3691-7. 



Pui CH, et al. Treating childhood acute lymphoblastic leukemia without cranial irradiation. N Engl J Med. 2009 Jun 25;360(26):2730-41





Intraocular Heterotropic Ossification

 Eyeball structures ossification is a rare type of metaplasia
 Ectopic bone formation can be found in any soft, highly 

vascularized tissue
 The study examined 2,486 enucleated eyes, intraocular 

ossification was found in only 119 cases (4.8%) 67% were from 
men, 32% were from women

Am J Ophthalmol 1969; 68: 683-90
Rom J Ophthalmol. 2017 Jan-Mar; 61(1): 65–68



 A 70-year-old Caucasian man, asymptomatic lymphoplasmacytic lymphoma, 
presented with a blind painful right eye to evaluate enucleation bulbi.

 Histopathologic examination revealed ossification with intertrabecular infiltration
in the metaplastic bone marrow of non-Hodgkin B lymphoma, with small 
lymphocytes

 Careful histopathological examination in patients with a history of malignant 
neoplastic pathology is necessary to confirm the diagnosis and exclude occult 
malignancies

J Med Case Rep. 2020; 14: 92.

Intraocular Heterotropic Ossification



Lesson Learn!

 Role of regular eye examinations in leukemic patients especially in
 Hyperleukocytosis
 CNS involvement
 Multiple episodes of neutropenia

 Eye examination could be performed at the date at diagnosis for baseline and 
at the end of treatment.

 Regular eye examination may be a crucial role to diagnostic and prevention 
among those patients.



Summary

 Increased survival, increased late effect, need closely monitor
Minimized cardiologic toxicities
 Monitor BP
 Health behaviors
 Rationale use of anthracyclines
 Minimized RT
 Follow-up with echocardiogram



Summary

 Minimized neurologic toxicities
 Monitor BP: beware PRES
 Carefully treating patients with HD-MTX, IT CMT
 Monitor MTX level
 DTR when treating patients with VCR
 Omit CNS RT -> HD-MTX
 Regular eye examination in CNS+, hyperleukocytosis leukemia



www.pedhemeoncpmk.com
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