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Abstract
Many children with cancer in low- and middle-income countries are treated in hospitals lacking

key infrastructure, including diagnostic capabilities, imaging modalities, treatment components,

supportive care, and personnel. Childhood cancer treatment regimens adapted to local condi-

tions provide an opportunity to cure as many children as possible with the available resources,

while working to improve services and supportive care. This paper from the Adapted Treatment

Regimens Working Group of the Pediatric Oncology in Developing Countries committee of the

International Society of Pediatric Oncology outlines the design, development, implementation,

and evaluation of adapted regimens and specifies levels of services needed to deliver them.
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1 INTRODUCTION

1.1 Need for adapted regimens for use in low- and

middle-income countries

Many pediatric cancer units (PCUs) in low- and middle-income coun-

tries (LMIC) treat children with cancer, but lack the infrastruc-

ture available to PCUs in high-income countries (HIC). Treatment

using standardized regimens or protocols has led to unprecedented

improvements in survival of children with cancer, but most published

regimens are based on therapies developed and delivered in HIC.

Treatment outcomes with these regimens differ in PCUs that treat dif-

ferent patient populations and lack a full complement of diagnostic

facilities, imaging modalities, treatment components, and supportive

care.1 Accordingly, treatment risks and benefits may differ substan-

tially between LMIC andHIC.

For example, the Total XI protocol for childhood acute lymphoblas-

tic leukemia (ALL) achieved a 72% event-free survival (EFS) in the

United States, but when implemented in Recife, Brazil, the EFS was

32%.2,3 The same regimen was used in El Salvador with adaptations

designed to reduce toxicity, including a three-drug induction with-

out anthracyclines.4 This approach increased 4-year EFS from <10 to

48%. However, despite these adaptations, the rate of toxic death was

12.4% during remission induction therapy and another 4.6% in remis-

sion. This emphasizes the need to not only adapt treatment for LMIC,

but also to carefully evaluate the results of adapted regimens to iden-

tify opportunities for further improvement.5

The first adapted regimensdevelopedwere called “graduated inten-

sity regimens,” a term replaced by “adapted treatment regimens”

because the necessary adaptations often do not involve only changes

in chemotherapy intensity, but also incorporate use of distinct meth-

ods of staging, risk stratification, local control, and supportive care.6

For example, the retinoblastoma guidelines applied this adaptation

process to outline treatment based on availability of specific ophthal-

mologic interventions.7 Similarly, additional chemotherapy was used

for Wilms tumor and Hodgkin lymphoma when radiation therapy is

unavailable.8,9 Adaptationsmay includemajor changes in therapy, such

as addition of chemotherapy and omission of radiation therapy in

Wilms tumor, but could also include relatively minor alterations, such

as omission of two doses of doxorubicin from ALL remission induction

therapy or use of prophylactic antibiotics when the risk/benefit ratio

differs in LMIC andHIC.

It might be tempting to defer childhood cancer treatment in set-

tings with suboptimal infrastructure, but this would be unwise, since

most children have no option for transfer to a more advanced PCU,

and many are curable even in settings with limited resources. For

example, Burkitt lymphoma in African PCUs has been successfully

treatedwith reduced-intensity regimens, despite very limited support-

ive care and related infrastructure.10–12 Indeed, treatmentwith a high-

intensity regimenwhen supportive care is inadequate can lead to para-

doxically lower EFS by increasing toxic death more than it decreases

relapse.13–16 Cure rates can rise quickly with focus on preventing

treatment abandonment, reducing toxic death, and adapting the diag-

nostic strategy, risk stratification algorithm, and treatment regimen to

the local situation.4 In Recife, Brazil, the cure rates for childhood ALL

increased from32% to over 65%using adapted regimens accompanied

by rigorous programs to prevent treatment abandonment and reduce

toxic death.3,17 Curing the curable is ethically mandatory and highly

cost-effective even in LMIC.18–20

1.2 Obstacles to adapting treatment regimens

Obstacles to adapting treatment regimens to local conditions have

included an unwillingness to deviate from published regimens used in

HIC due to provider preferences, cultural or historical reasons, mis-

perception that “more is better,” lack of published evidence about

adapted regimens, insufficient local data on which to base rational

adaptations (due to lack of hospital-based registries and routine out-

come evaluation of locally treated patients), perceived ethical con-

cerns about using a less intense regimen, and lack of time and exper-

tise by LMIC physicians to adapt each regimen to local conditions.

In some cases, physicians practicing in LMIC care for 10 times more

patients than their counterparts in HIC. This makes it very challeng-

ing for them to engage in activities other than direct patient care,

even if those activities might ultimately improve survival in their PCU.

Furthermore, conditions in PCUs vary greatly, even within the same

country. While there is general agreement that patients should be

treated at the PCU that offers the highest chance of cure, many

LMIC have heterogeneous levels of care at various centers combined

with complex health systems that may mandate treatment at a spe-

cific PCU based on insurance coverage and other factors unrelated to

expertise.

1.3 Development and implementation of adapted

treatment regimens

Several strategies have been employed to overcome the aforemen-

tioned obstacles (Table 1). Many clinicians have devised strategies

to try to cure as many patients as possible despite the lack of key

infrastructure at their center. For example, treatment of Hodgkin lym-

phoma and Wilms tumor without radiation therapy was first con-

sidered in PCUs without access to radiation therapy, and use of

reduced doses of high-dose methotrexate in ALL and non-Hodgkin

lymphoma regimens has been studied extensively in LMIC.9,21–24

In fact, these and other innovative strategies now used in HIC

to minimize toxicity and optimize long-term outcomes were pio-

neered in LMIC to address conditions that made the HIC regi-

men impractical in the local setting, including retinoblastoma stag-

ing, treatment of osteosarcoma without high-dose methotrexate, and

others.25,26

To develop and disseminate adapted treatment strategies, the Pedi-

atric Oncology in Developing Countries (PODC) committee of the

International Society of Pediatric Oncology (SIOP) established the

Adapted Treatment Regimens Working Group, charged with provid-

ing such regimens for use in LMIC.30 The volunteer leaders serve for

3-year terms and volunteer members carry out the projects. Meet-

ings are conducted online via www.Cure4Kids.org and members listed

on the SIOP website (www.siop-online.org). To date, working group

http://www.Cure4Kids.org
http://www.siop-online.org
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TABLE 1 Examplesof strategies todevelopment and implement adapted treatment regimens for childrenwith cancer in low-andmiddle-income
countries

Strategy Examples Mission Methods

SIOP PODC
Working
Groups

SIOP PODC
Adapted
Treatment
Regimens
Working Group

Develop, adapt, implement, and
improve treatment regimens for
childrenwith cancer in LMIC

1. Regular onlinemeetings (www.Cure4Kids.org) to develop adapted
treatment regimens

2. Implementation of adapted treatment regimens in LMICwith
dissemination of results via SIOP presentations and peer-reviewed
publications

3. Improvement of regimens based on their utility and effectiveness

Regional
networks of
peer pediatric
oncology units

AHOPCA
GFAOP

Improve care and outcomes for
childrenwith cancer and blood
disorders in Central America
(AHOPCA) and French-speaking
African countries (GFAOP)

1. Email contact to discuss patients, protocols, and supportive care issues

2. Regular onlinemeetings (www.Cure4Kids.org) to discuss patients,
protocols, and supportive care issues

3. Shared treatment regimens adapted to conditions of the PCUs in the
regional network12,48–53

4. Shared strategies to reduce treatment abandonment and toxic death

5. Annual or biannual meetings to review all treatment regimens and
discuss ways to further improve them

6. Facilitated outcome evaluation, statistical analysis, and publication of
results

National
networks of
pediatric
oncology units

SOBOPE54

GATLA55,56

TPOG57

InPOG58

IPHOG59

PINDA60

Improve care and outcomes for
childrenwith cancer by
implementing national protocols

1. Shared protocols adapted to national conditions

2. Shared strategies to address medication shortages and other national
issues

3. Annual meetings to review protocols and discuss ways to improve
them

4. Facilitated outcome evaluation, statistical analysis, and publication of
results

5. Educational exchange among participating PCUs

Global
disease-specific
networks

Global
Neuroblastoma
Network

Improve care and outcomes for
childrenwith neuroblastoma in
LMIC andHIC

1. Case discussion via onlinemeetings (www.Cure4Kids.org)

2. Development of adapted treatment regimens

3. Facilitation of protocol design for PCUs in LMIC

SIOP, International Society of Pediatric Oncology; PODC, Pediatric Oncology in Developing Countries committee of SIOP; LMIC, low- and middle-income
countries; HIC, high-income countries; AHOPCA, AsociaciónHemato-Oncología Pediátrica de Centroamérica; GFAOP, Groupe Franco-Africain d'Oncologie
Pédiatrique; SOBOPE, Sociedade Brasileira de Oncologia Pediátrica; GATLA, Grupo Argentino de Tratamiento de la Leucemia Aguda; TPOG, Turkish
Pediatric Oncology Group; InPOG, Indian Pediatric Oncology Group; INPHOG, Indian Pediatric Hematology-Oncology Group; PINDA, Programa Infantil
Nacional de Drogas Antineoplásicas; PCU, pediatric cancer unit.

members have published adapted regimens for seven cancers along

with two supportive care manuscripts.5–7,27–32 The published adapted

regimens were developed with broad input from clinicians in multiple

disciplines, and experts from LMIC and HIC, and have been improved

during extensive review by peers from the global oncology commu-

nity.Where possible, recommendations have been evidence based, but

when published evidence to guide regimen selection was not avail-

able, as is often the case in the most resource-limited settings, expert

opinion was used. Four of these guidelines (Wilms tumor, Kaposi sar-

coma, Burkitt lymphoma, and supportive care29,33,35) were designed

for settings in low-income countries where only the minimal require-

ments for treatment with curative intent are available (defined as set-

ting 1, see Table 2). However, for some cancers, definition of an over-

all level of care was insufficient to select the best treatment regi-

men, because they depend on access to a particular component of

care, such as neurosurgery for brain cancers or radiation therapy

for unresectable sarcomas. Therefore, a framework based on specific

service lines was required to guide clinicians to the best treatment,

and to highlight the need for certain service lines to treat specific

cancers. This paper provides such a framework and suggests com-

ponents for each adapted regimen to make it maximally useful and

applicable.

2 CHOOSING THE OPTIMAL THERAPY

DEPENDS ON THE SETTING

The “optimal” therapy in LMIC is not necessarily that used in HIC, but

that which provides each child with the highest probability of cure in

the given setting at the time of diagnosis. Of necessity, in LMIC the

optimal therapy will change over time, with improvements in diagnos-

tic accuracy, surgical expertise, improved access to supportive care and

treatments such as radiation therapy or new drugs, implementation of

treatment abandonment prevention programs, and as improved regi-

mens are identified by research in HIC and LMIC. If the relapse rate

with a given therapy is excessive, then the treatment may need inten-

sification; however, if toxic death rates are too high, deintensification

may savemore lives, pending improvements in supportive care. There-

fore, constant evaluation of the regimens is imperative.

Selection of the optimal regimen for patients treated in a specific

setting does not preclude making every effort to improve the envi-

ronment of care. Explicit identification of the care that can be safely

delivered may help prioritize quality improvement efforts. In general,

priorities to improve survival rates include investments in core ser-

vices for appropriate diagnosis and management: pathology and diag-

nostic imaging; nursing and access to essential medicines; prevention

http://www.Cure4Kids.org
http://www.Cure4Kids.org
http://www.Cure4Kids.org
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of toxic death by hand hygiene programs and rapid access to effec-

tive antibiotics; prevention of abandonment by provision of subsidized

transportation, local housing, and food baskets; and family education

and support programs. However, after these essentials are in place,

whether efforts should be put toward early diagnosis of retinoblas-

toma, local control for sarcomapatients, development of neurosurgical

expertise for brain tumors, improved diagnosis and risk stratification

systems, or other important aspects of pediatric cancer care depends

on many factors. Of course, the initial focus should always be on cur-

ing the most curable patients. While the choice of focus and resource

allocationwill differ indifferent centers, prioritization canbeevidence-

based once incidence and outcome data are available for the various

cancer types treated with adapted regimens and explicit evaluation

criteria are formulated for each. For example, a PCU in which 20% of

children with ALL die of toxicity during the first 3 months of therapy

would appropriately select the Level 1 regimen for ALL, but as sup-

portive care improves and toxic death decreases to 3%, excess relapse

with a low-intensity treatment regimen may merit stepping up to the

Level 2 regimen (Table 2).5 However, if toxic death occurs in five of the

next 25 patients treated with the Level 2 regimen, the stopping rule

would be triggered and clinicianswould know to stepdown to the Level

1 regimen and redouble efforts to improve supportive care. Decisions

about the optimal regimen for a PCU would ideally fit within the con-

text of regional and international disease-specific networks, such as

the Global Neuroblastoma Network where peers and colleagues pro-

vide advice about treatment regimens and specific patients and imple-

mented in the context of regional collaboration networks such as those

listed in Table 1.32

3 ADAPTED TREATMENT REGIMENS,

RESEARCH, AND INDIVIDUALIZED CARE

3.1 Adapted regimens for each PCU

Adapted regimens apply to groups of patients, and are based on

the axiom that standardized care and following a specific regimen

improves results for pediatric cancer patients, who require complex,

prolonged treatments, often involving many disciplines. Minimizing

variation in the regimen used for patientswith the same disease allows

oncologists, pediatricians, nurses, pharmacists, and other caregivers to

develop expertise and a deep understanding of the regimen's expected

toxicities while improving communication among teammembers.

3.2 Adapted regimens and research

Adapted regimens are not research protocols per se; rather, they rep-

resent efforts to improve care in each PCU for each disease. Adapted

regimens are best applied in conjunctionwith a datamanagement pro-

gramand frequent, rigorousoutcomeevaluation todeterminewhether

the regimen is achieving the expected results. In some cases, such qual-

ity improvement programs produce generalizable knowledge and are

appropriate subjects for research to improve care and save lives even

beyond the local setting.

One might argue that application of an adapted regimen that has

not been validated by results fromclinical trials represents a departure

fromstandard care and thereforewould constitute research.However,

use of a regimen developed and studied only in HIC without adapta-

tion for LMIC also represents a departure from standard care, since

the context of treatment is different and limitations in supportive care

and specific treatment modalities in LMIC can render an HIC regi-

men irrelevant or dangerous. In all cases, when treatment is provided

with the goal to optimize the cure rate of an individual, consent for

treatment should be obtained from the patient and family. By con-

trast, when information about outcomes is collected to produce gen-

eralizable knowledge with the intent to publish results, research com-

mittee approval should be obtained in advance, and the patient and

family should provide consent for both treatment and participation in

research.

This framework document facilitates the adaptation process, stan-

dardizes terminology and levels of care, and assures that all neces-

sary elements are included in each published adapted regimen. We

hope that this will be followed by a proliferation of regimens adapted

to various situations and prospectively validated in research studies.

In this regard, the Wilms tumor regimen for Level 1 settings is being

studied by a group of eight centers in sub-Saharan Africa, which will

show how the adapted regimen and its implementation can be further

improved.31

4 STANDARDIZED DEFINITIONS OF

LEVELS OF CARE BY SERVICE LINE

Levels of care available at a PCU are defined by service lines for infras-

tructure and personnel (Table 2) needed to manage each pediatric

cancer. Heterogeneity of services is common in LMIC, and service

line levels are distinct from the regimen level selected for a particular

cancer or patient: a PCU may have Level 0 radiation therapy (none)

but may offer Level 3 chemotherapy and supportive care. For the ALL

regimen, such a PCU should choose the Level 3 treatment, but for

Hodgkin lymphoma or Wilms tumor an adapted chemotherapy-only

regimen is warranted.36,37 The selection of the initial treatment

regimen for each disease should be based on levels of service relevant

to the disease and available to the patient, not on the overall level of

the PCU. Service levels for this framework paper were developed by

a consensus of working group members in consultation with domain

experts from HIC and LMIC (e.g., radiologists for radiology section,

surgeons for surgery section). These represent a starting point for def-

inition of service levels, which require significantly more nuanced and

disease-specific definition and validation. For example, management

of Hodgkin lymphoma generally does not require magnetic resonance

imaging (MRI), so one could consider availability of Level 3 diagnostic

imaging services for Hodgkin lymphoma even if the center lacks access

to MRI. However, for sarcomas, a hospital lacking MRI would be

considered Level 2. Ultimately, we envision using this framework to

help writing groups create service levels that are disease specific and

to some extent protocol specific.
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Service levels outlined here are not primarily meant to be used to

evaluate PCUs; rather, to help clinicians best choose the starting level

for each disease (fromwhich they will “step up” or “step down” as indi-

cated by the stopping rules in each adapted regimen based on toxic

death and relapse rates). Nuanced definition of service lines and appli-

cation to adapted regimens for specific cancers will be carried out

by global strategy groups like the World Health Organization, com-

missioned strategy groups like the Lancet Commissions, SIOP PODC

Working Groups, regional networks, and others.

5 ASSESSMENT OF LEVELS OF CARE BY

SERVICE LINE AND THE IMPORTANCE OF

EFFECTIVE ACCESS

This paper does not purport to offer a detailed guide to assessment and

classification of PCUs; however, assessment of the level of each ser-

vice line relevant for each cancer is a necessary first step to select the

appropriate treatment regimens that will optimize outcomes. It must

beemphasized that the level of each service line should reflect the level

of service towhichmost patients have “effective access.” The existence

of services is irrelevant if the patient cannot access them due to over-

crowding or inability to pay. Ahospitalwith a Level 3 intensive care unit

that is always full and therefore does not accept oncology patients is

considered to have Level 0 intensive care, and the regimens adapted

accordingly. Using an intense regimen that requires intensive care is a

mistake at this hospital, since effective access influences toxic death

rates. When determining the levels of service lines available, clinicians

are encouraged to think in narrow terms: what services are effectively

available tomost patients most of the time?

Supportive care is important in the management of all pediatric

cancers, but the level needed for acute myeloid leukemia (Level 3

for services including blood bank, intensive care, infection prevention,

and infection control) is higher than that needed for low-stage Wilms

tumor (level 0 or 1). Nutritional support is particularly important in

LMIC, where malnutrition at diagnosis or during treatment is preva-

lent, and can increase the complication rate even for therapies that

hadminimal toxicity in HIC. 38-41 The PODCAdapted Treatment Regi-

mens Working Group Guidance for supportive care in LMIC has pub-

lished guidance for LMIC, and many HIC guidelines are relevant for

LMIC.28,42 All PCUs should have a multidisciplinary team, regardless

of resource constraints. A team of doctors from multiple specialties,

nurses, socialworkers, pharmacists, anddatamanagers canaccomplish

most when working together. This core team can later mobilize other

key professionals and community advocates needed for cancer care.

6 ADAPTED REGIMEN MANUSCRIPT

PREPARATION, REVIEW, AND PUBLICATION

Available infrastructure and personnel services at each “Level” should

follow the standard descriptions provided herein and need not be

repeated in future publications of SIOP PODC adapted treatment

regimens. However, the disease- and regimen-specific requirements

along with additional disease-specific services should be included in

the adapted regimens for each disease (e.g., neurosurgery for brain

cancer, ophthalmology for retinoblastoma, N-MYC testing for neu-

roblastoma). Authors should define the minimum requirements for

each service line to deliver each proposed adapted regimen, includ-

ing chemotherapy regimens, dosing levels and intervals, and radia-

tion therapy suggested by level of care. Development of SIOP PODC

adapted regimens occurs in collaboration with the Adapted Treatment

Regimens Working Group, whose membership is open. A flow chart

describes the process of development (Figure 1) and Figures 2 and 3

provide examples.

Review by Working Group members and approval by group lead-

ers is mandatory for all adapted regimens prior to submission to

the SIOP Publications Committee to assure that all criteria are met

and that the final product is clear and practical. Once approved, the

manuscript may be submitted for additional peer review and publica-

tion. All manuscripts describing SIOP PODC adapted regimens should

conformto the requirements enumerated inTable3.Adapted regimens

are designed with curative intent, even if conditions at the PCU sug-

gest a regimen with a cure rate known to be less than that achievable

in HIC. Use of the adapted regimen is ethically supported by the fact

that alternative regimens, or lack thereof, would result in even lower

cure rates. However, if a patient has access to a PCU with a higher

cure rate for their disease, referral to that center is ethically manda-

tory. Furthermore, if patients have access to a locally adapted clinical

trial thiswouldbepreferredover anadapted treatment regimen,which

purports to describe the best standard therapy available for a given

patient in a specific setting. However, awaiting the development and

funding for such a clinical trial before implementing the best standard

local care possible is not acceptable. Cliniciansmust attempt to choose

the best treatment for each new patient each day, and adapted regi-

mens are designed to facilitate this choice while awaiting better evi-

dence (and better services within the PCU) to cure evenmore patients

in the future.

7 ADAPTED REGIMEN DISSEMINATION,

FIELD TESTING, AND UPDATES

The dissemination strategy has several components, including publi-

cation, presentation at SIOP Annual Meetings, regular open meetings

of the SIOP PODC Adapted Treatment RegimenWorking Group, edu-

cation sessions via www.Cure4Kids.org, and creation of a repository

of adapted regimens available via the SIOP web page and Cure4Kids.

Extension of the concepts by Childhood Cancer International, con-

sortia like GFAOP and AHOPCA, and groups like the Lancet Oncol-

ogy Commission will provide further visibility. Getting the first set of

adapted treatment regimens into the public sphere was the first pri-

ority of the SIOP PODCAdapted Treatment RegimenWorking Group,

because as Loblaw et al. point out: “…it is often the areas of great-

est uncertainty in which the evidentiary base is incomplete, and thus,

guidelines are neededmost.”43

http://www.Cure4Kids.org
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F IGURE 1 Process flow diagram for development of SIOP PODC adapted treatment regimens

The initial group of adapted regimenswere developed using a series

of consensus meetings held via regular online meetings by disease-

specific working groups with feedback from the largerWorking Group

that includes allmembers of the disease-specificworking groups. After

the first step (creation of the adapted regimen), the critical next steps

include (1) prospective validation in a variety of centers that use the

adapted regimen, (2) evaluation of practical implementation barriers,

and (3) documentation of patient outcomes. This process is ongoing for

ALL and Wilms tumor, and will be followed by revision of the adapted

treatment regimen to address implementation barriers andmodify the

regimen as necessary based on results plus any newpublished relevant

literature from HIC or LMIC. The Working Group should review each

adapted treatment regimen annually and update it every 3 years.

8 SELECTION OF THE OPTIMAL REGIMENS

FOR THE PCU

The “optimal” treatment regimen depends on rates of treatment fail-

ure, toxic death, abandonment, second cancer, and the salvage rate for

those who relapse. Ideally, treatment regimens best suited to each site
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F IGURE 2 Minimum levels of each service line needed to safely deliver childhood acute lymphoblastic leukemia adapted regimens; CRT, cranial
radiation therapy

wouldbeestablished in collaborationwith local clinicians, national, and

international disease experts. The adapted regimen anticipated to cure

the highest number of patients given the current status of the PCU

should be used. It may be more intense, less intense, or simply differ-

ent (such as using additional chemotherapy when radiation therapy is

not available) than regimens used in HIC.

Hodgkin lymphoma illustrates the nuances of “optimal” regimen

selection. In HIC, the benefits of radiation therapy were documented

in the short term (5–10 years) for various subgroups of patients. In

theCCG5942 trial, patientswith complete remission after chemother-

apy were randomized to no further therapy or involved-field radiation

therapy.37 At 10 years, EFS of children who received radiation therapy

was 8% higher than with chemotherapy alone, but overall survival was

similar.42 However, as late effects of radiation therapy occur longer

than 10 years after treatment, in the long term, omission of radiation

therapy actually predicted better outcomes (inHIC). Indeed, a recently
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F IGURE 3 Sample algorithm for adapted risk stratification for patients with Hodgkin lymphoma

published decision analysis of patients treated in HIC found that aver-

age conditional life expectancy was higher without radiation therapy

(57.2 vs. 56.4 years).43 However, this model does not apply in LMIC,

where the rates of successful salvage therapy for those who relapse

may be much lower than in HIC.46 In settings where salvage therapy

is suboptimal, and few survivors are seen following relapse, a more

intense front-line regimenmay be preferred, and the benefits of radia-

tion therapymay be greater than they were in HIC.

Thorough evaluation of the level of each service line, combined

with prospective analysis of outcomes for patients treated previ-

ously to document rates of abandonment, toxic death, relapse, and

successful salvage allows selection of an appropriate approach for

each cancer that will cure the greatest number of patients at each

PCU. Service lines provide a framework for initial selection of the

adapted regimen likely to have the highest cure rate in the spe-

cific setting, but the regimen may need adjustment based on out-

come evaluation in case the initial selection was not optimal. Fur-

thermore, regimens should be periodically evaluated and adjusted

based on changing conditions: if the PCU improves access to inten-

sive care for cancer patients, adds a guest house for patients who

live far away, increases the number of nurses, or improves the speed

with which antibiotics can be administered to patients with febrile

neutropenia, then the best adapted regimen for some diseases may

change.

9 INDIVIDUALIZED TREATMENT FOR

SPECIFIC PATIENTS

Individualized management of specific patients, whether on an

adapted regimen or not, is inevitable in oncology. Such individualized

management depends on the experience of the treating clinician, ide-

ally complemented by localmultidisciplinary tumor boards and consul-

tation with national or international disease experts. Although beyond

the scopeof this paper, the guiding principle for individualizedmanage-

ment is to maximize the probability of cure for each individual patient.

Conditions for a specific patient may warrant adjusting the regimen

at the beginning for that individual to maximize her/his probability

of cure. For example, in a PCU that uses a Level 1 regimen for child-

hood ALL, a patient with high risk of relapse due to adverse present-

ing leukemia features, who tolerated initial therapy in good condition,

and who lives 100 m from the PCU may be safely treated on a Level

2 or 3 regimen. Such exceptions to the standard protocol used at the

PCU should each be carefully justified and documented, and the regi-

mens designed so that the treatment intensity can be increased with-

out completely changing the backbone. Toxicities or other events that

occur during therapy may warrant adjusting the regimen for an indi-

vidual to maximize her/his probability of cure. Many PODC members

participate in regular online meetings via www.Cure4Kids.org to dis-

cuss the management of individual patients and practical aspects of

http://www.Cure4Kids.org
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TABLE 3 Requirements for SIOP PODC adapted regimen publications

Component Requirement

Service lines and levels Use the service lines and levels outlined in this guidance paper (Table 2).

Thewriting committee for each adapted regimen is expected to elaborate where necessary.

Diagnosis and risk stratification Specify the approach to the disease-specific elements needed for adapted diagnosis, staging, and risk
stratification.

Include a flow chart with a clear algorithm to guide application of the adapted diagnosis, staging, and
risk stratification to arrive at the correct adapted treatment regimen (see the example in Figure 3).

Treatment regimens Identify the levels of each service line needed for each level of the adapted regimen (see the example in
Figure 2).

Specify adapted treatment regimens and response evaluation in a table with details sufficient to treat
the patient (number of cycles, criteria to start each cycle, required and recommendedmonitoring,
dosemodification recommendations for toxicities, timing of local control when relevant, timing of
response evaluation, response criteria).

Include alternatives with similar efficacy where they exist (e.g., ABVD vs. OEPA/COPDac for Hodgkin
lymphoma).

Outline keymanagement differences for initial regimen selection and any alteration in timing of surgery
or chemotherapy asmandated by local surgical or patient factors (e.g., upfront surgery vs.
chemotherapy for retinoblastoma orWilms tumor).

Provide detailed recommendations and rationale to guide potential decisionmaking for chemotherapy
substitution or regimen readjustments when individual chemotherapeutic agents aremissing.

Provide treatment roadmaps that include all elements of treatment for all phases of the regimen (drugs,
doses, route of administration, fluid in which tomix the chemotherapy, schedule, recommended
evaluations, timing of local control).

Explicitly recommend strategies to treat patients when key elements aremissing (e.g., lack of radiation
therapy, laser therapy for local control of retinoblastoma, or access to stem cell transplantation).

Evidenced-based recommendations Make the adapted regimens as evidence-based as possible and provide supporting references.

Note the level of evidence available for specific recommendations, and outline to the extent possible the
practice settings where evidence has been primarily generated.

Supportive care Provide supportive care recommendations that address common toxicities of the proposed regimens
and any unique complications of the cancer.

No need to provide general recommendations, which are available from various sources.23

Diagnostic evaluation and
monitoring

Consider any data that may support less intense diagnostic evaluation ormonitoring.

Consider evidence that justifies allocation of resources for specific testing.

Selection of themost appropriate
initial regimen for a particular
pediatric cancer unit

Provide guidance to help clinicians identify the optimal regimen for their patients given the available
resources.

Include stopping rules for toxic death when one should “step down” to a less intense regiment.

Provide criteria to “step up” to the next regimen and specific guidance about when and how to step up
or step down to a different regimen to cure the highest number of children possible.

Review process Follow the approval process that includes review by the SIOP PODCAdapted Treatment Regimens
Working Group leaders and by the SIOP Publications Committee prior to submission for publication
(see Figure 1).

applying protocol-based care in diverse settings. Most such meetings

are open, and there are several hundred per month in many regions,

different languages, and for different diseases.47 No adapted regimen

can substitute for the experience of the clinician and ready access to

advice from expert colleagues.

10 CONCLUSIONS

Implementation of standardized care adapted to local conditions has

the potential to improve outcomes and establish a global commu-

nity using similar regimens in similar situations, thereby facilitating

future treatment advances. Coupled with a data management pro-

gram and continuous quality improvement, adapted regimens can pro-

duce the highest probability of cure for children with cancer in all

settings.

ACKNOWLEDGMENTS

This work was supported by the National Institutes of Health Cancer

Center Support Core grant (CA-21765) and the American Lebanese

Syrian Associated Charities (ALSAC). Stephen Hunger is the Jeffrey E.

Perelman Distinguished Chair in the Department of Pediatrics, Chil-

dren's Hospital of Philadelphia.



HOWARD ET AL. S17 of S18

CONFLICTS OF INTEREST

The authors declare that there is no conflict of interest.

ORCID

Scott C. Howard http://orcid.org/0000-0003-2244-1686

Trijn Israels http://orcid.org/0000-0003-4309-4994

Simon Bailey http://orcid.org/0000-0003-4763-4329

REFERENCES

1. Howard SC, Ortiz R, Baez LF, et al. Protocol-based treatment for chil-

dren with cancer in low income countries in Latin America: a report

on the recent meetings of the Monza International School of Pedi-

atric Hematology/Oncology (MISPHO)–part II. Pediatr Blood Cancer.
2007;48:486–490.

2. Rivera GK, Pui CH, Hancock ML, et al. Update of St Jude Study XI

for childhood acute lymphoblastic leukemia. Leukemia. 1992;6(Suppl
2):153–156.

3. Howard SC, Pedrosa M, Lins M, et al. Establishment of a pediatric

oncology program and outcomes of childhood acute lymphoblastic

leukemia in a resource-poor area. JAMA. 2004;291:2471–2475.

4. BonillaM,Moreno N,Marina N, et al. Acute lymphoblastic leukemia in

a developing country: preliminary results of a nonrandomized clinical

trial in El Salvador. J Pediatr Hematol Oncol. 2000;22:495–501.

5. Hunger SP, Sung L, Howard SC. Treatment strategies and regimens

of graduated intensity for childhood acute lymphoblastic leukemia in

low-income countries: a proposal. Pediatr Blood Cancer. 2009;52:559–
565.

6. LadasEJ, AroraB,HowardSC,RogersPC,MosbyTT, BarrRD.A frame-

work for adapted nutritional therapy for children with cancer in low-

andmiddle-income countries: a report from the SIOP PODCNutrition

Working Group. Pediatr Blood Cancer. 2016;63:1339–1348.

7. Chantada G, Luna-Fineman S, Sitorus RS, et al. SIOP-PODC recom-

mendations for graduated-intensity treatment of retinoblastoma in

developing countries. Pediatr Blood Cancer. 2013;60:719–727.

8. Baez F, Ocampo E, Conter V, et al. Treatment of childhood Hodgkin's

disease with COPP or COPP-ABV (hybrid) without radiotherapy in

Nicaragua. AnnOncol. 1997;8:247–250.

9. Baez F, Fossati BF, Ocampo E, et al. Treatment of childhood Wilms’

tumor without radiotherapy in Nicaragua. Ann Oncol. 2002;13:944–
948.

10. Hesseling P, Molyneux E, Kamiza S, Israels T, Broadhead R.

Endemic Burkitt lymphoma: a 28-day treatment schedule with

cyclophosphamide and intrathecal methotrexate. Ann Trop Paediatr.
2009;29:29–34.

11. Hesseling PB, Njume E, Kouya F, et al. The Cameroon 2008 Burkitt

lymphoma protocol: improved event-free survival with treatment

adapted todisease stage and the response to induction therapy.Pediatr
Hematol Oncol. 2012;29:119–129.

12. Traore F, Coze C, Atteby JJ, et al. Cyclophosphamide monotherapy in

childrenwithBurkitt lymphoma: a study from theFrench-AfricanPedi-

atric Oncology Group (GFAOP). Pediatr Blood Cancer. 2011;56:70–76.

13. Hesseling PB, Broadhead R, Molyneux E, et al. Malawi pilot study of

Burkitt lymphoma treatment.Med Pediatr Oncol. 2003;41:532–540.

14. Hesseling P, Broadhead R, Mansvelt E, et al. The 2000 Burkitt lym-

phoma trial inMalawi. Pediatr Blood Cancer. 2005;44:245–250.

15. Mostert S, Gunawan S, Wolters E, et al. Socio-economic status plays

important roles in childhood cancer treatment outcome in Indonesia.

Asian Pac J Cancer Prev. 2012;13:6491–6496.

16. Sitaresmi MN, Mostert S, Schook RM, Sutaryo VeermanAJ. Treatment

refusal and abandonment in childhood acute lymphoblastic leukemia

in Indonesia: an analysis of causes and consequences. Psychooncology.
2010;19:361–367.

17. Ribeiro RC, Pui CH. Saving the children—improving childhood can-

cer treatment in developing countries. N Engl J Med. 2005;352:2158–
2160.

18. BhaktaN,MartiniukAL,Gupta S,Howard SC. The cost effectiveness of

treatingpaediatric cancer in low-incomeandmiddle-incomecountries:

a case-study approach using acute lymphocytic leukaemia inBrazil and

Burkitt lymphoma inMalawi. Arch Dis Child. 2013;98:155–160.

19. Faulkner LB, Uderzo C, Masera G. International cooperation for the

cure and prevention of severe hemoglobinopathies. J Pediatr Hematol
Oncol. 2013;35:419–423.

20. Denburg AE, Joffe S, Gupta S, et al. Pediatric oncology research in low

income countries: ethical concepts and challenges. Pediatr Blood Can-
cer. 2012;58:492–497.

21. Sackmann-Muriel F, Zubizarreta P, Gallo G, et al. Hodgkin dis-

ease in children: results of a prospective randomized trial in a

single institution in Argentina. Med Pediatr Oncol. 1997;29:544–
552.

22. Barr RD, Antillon KF, Baez F, et al. Asociacion de Hemato-Oncologia

Pediatrica de Centro America (AHOPCA): a model for sustain-

able development in pediatric oncology. Pediatr Blood Cancer.
2014;61:345–354.

23. Navarrete M, Rossi E, Brivio E, et al. Treatment of childhood

acute lymphoblastic leukemia in central America: a lower-middle

income countries experience. Pediatr Blood Cancer. 2013;61:803–
809.

24. Castellanos EM, Barrantes JC, Baez LF, et al. A chemotherapy only

therapeutic approach to pediatric Hodgkin lymphoma: AHOPCA LH

1999. Pediatr Blood Cancer. 2013;61:997–1002.

25. Stannard C, Lipper S, Sealy R, Sevel D. Retinoblastoma: correlation of

invasion of the optic nerve and choroidwith prognosis andmetastases.

Br J Ophthalmol. 1979;63:560–570.

26. SchvartzmanE, ScopinaroM,Muriel FS. Results of therapy in osteosar-

coma: experience in childrens hospitals in Buenos Aires. Cancer Treat
Res. 1993;62:351–353.

27. Hesseling P, Israels T, Harif M, Chantada G, Molyneux E. Practical rec-

ommendations for the management of children with endemic Burkitt

lymphoma (BL) in a resource limited setting. Pediatr Blood Cancer.
2013;60:357–362.

28. Israels T, Renner L, Hendricks M, Hesseling P, Howard S, Molyneux E.

SIOP PODC: recommendations for supportive care of children with

cancer in a low-income setting. Pediatr Blood Cancer. 2013;60:899–
904.

29. Israels T, Moreira C, Scanlan T, et al. SIOP PODC: Clinical guidelines

for the management of children with Wilms tumour in a low income

setting. Pediatr Blood Cancer. 2013;60:5–11.

30. Molyneux E, Davidson A, Orem J, et al. The management of children

with Kaposi sarcoma in resource limited settings. Pediatr Blood Cancer.
2013;60:538–542.

31. Paintsil V, David H, Kambugu J, et al. The Collaborative Wilms

TumourAfricaProject; baselineevaluationofWilms tumour treatment

and outcome in eight institutes in sub-Saharan Africa. Eur J Cancer.
2015;51:84–91.

32. Parikh NS, Howard SC, Chantada G, et al. SIOP-PODC adapted risk

stratification and treatment guidelines: recommendations for neu-

roblastoma in low- and middle-income settings. Pediatr Blood Cancer.
2015;62:1305–1316.

http://orcid.org/0000-0003-2244-1686
http://orcid.org/0000-0003-2244-1686
http://orcid.org/0000-0003-4309-4994
http://orcid.org/0000-0003-4309-4994
http://orcid.org/0000-0003-4763-4329
http://orcid.org/0000-0003-4763-4329


S18 of S18 HOWARD ET AL.

33. Arora RS, Challinor JM, Howard SC, Israels T. Improving care for chil-

dren with cancer in low- and middle-income countries—a SIOP PODC

initiative. Pediatr Blood Cancer. 2016;63:387–391.

34. Israels T, Renner L, HendricksM, et al. SIOP PODC: recommendations

for supportive care of children with cancer in a low-income setting.

Pediatr Blood Cancer. 2013;60:899–904.

35. Hesseling P, Israels T, Harif M, Chantada G, Molyneux E, Pediatric

Oncology inDevelopingCountries. Practical recommendations for the

management of children with endemic Burkitt lymphoma (BL) in a

resource limited setting. Pediatr Blood Cancer. 2013;60:357–362.

36. Mauz-Korholz C, Hasenclever D, Dorffel W, et al. Procarbazine-free

OEPA-COPDAC chemotherapy in boys and standard OPPA-COPP in

girls have comparable effectiveness in pediatric Hodgkin's lymphoma:

the GPOH-HD-2002 study. J Clin Oncol. 2010;28:3680–3686.

37. NachmanJB, SpostoR,HerzogP, et al. Randomized comparisonof low-

dose involved-field radiotherapy and no radiotherapy for childrenwith

Hodgkin's diseasewho achieve a complete response to chemotherapy.

J Clin Oncol. 2002;20:3765–3771.

38. Israels T, Borgstein E, JamaliM, deKJ, CaronHN,Molyneux EM. Acute

malnutrition is common in Malawian patients with a Wilms tumour: a

role for peanut butter. Pediatr Blood Cancer. 2009;53:1221–1226.

39. Israels T, van dW MD, Hesseling P, van GN, Caron HN, Molyneux

EM. Malnutrition and neutropenia in children treated for Burkitt lym-

phoma inMalawi. Pediatr Blood Cancer. 2009;53:47–52.

40. Sala A, Antillon F, Pencharz P, Barr R. Nutritional status in chil-

dren with cancer: a report from the AHOPCA Workshop held in

Guatemala City, August 31-September 5, 2004. Pediatr Blood Cancer.
2005;45:230–236.

41. Viana MB, Fernandes RA, de Oliveira BM, Murao M, de Andrade

PC, Duarte AA. Nutritional and socio-economic status in the prog-

nosis of childhood acute lymphoblastic leukemia. Haematologica.
2001;86:113–120.

42. Dupuis LL, Boodhan S, Holdsworth M, et al. Guideline for the preven-

tion of acute nausea and vomiting due to antineoplastic medication in

pediatric cancer patients. Pediatr Blood Cancer. 2013;60:1073–1082.

43. Loblaw DA, Prestrud AA, Somerfield MR, et al. American Society

of Clinical Oncology Clinical Practice Guidelines: formal systematic

review-based consensus methodology. J Clin Oncol. 2012;30:3136–
3140.

44. Wolden SL, Chen L, Kelly KM, et al. Long-term results of CCG 5942:

a randomized comparison of chemotherapy with and without radio-

therapy for childrenwithHodgkin's lymphoma—areport fromtheChil-

dren's Oncology Group. J Clin Oncol. 2012;30:3174–3180.

45. Yeh JM, Diller L. Pediatric Hodgkin lymphoma: trade-offs between

short- and long-term mortality risks. Blood. 2012;120:2195–

2202.

46. Hsu SC,MetzgerML,HudsonMM, et al. Comparison of treatment out-

comes of childhoodHodgkin lymphoma in twoUS centers and a center

in Recife, Brazil. Pediatr Blood Cancer. 2007;49:139–144.

47. Quintana Y, Nambayan A, Ribeiro R, Bowers L, Shuler A, O'Brien

R. Cure4Kids—building online learning and collaboration networks.

AMIA Annu Symp Proc.;2003:978.

48. Harif M, Barsaoui S, Benchekroun S, et al. Treatment of B-cell

lymphoma with LMB modified protocols in Africa—report of the

French-African Pediatric Oncology Group (GFAOP). Pediatr Blood Can-
cer. 2008;50:1138–1142.

49. Lemerle J, Barsaoui S, Harif M, et al. Treatment of childhood cancer in

Africa. Action of the Franco-African childhood cancer group.Med Trop
(Mars). 2007;67:497–504.

50. Gupta S, Antillon FA, Bonilla M, et al. Treatment-related mortality in

childrenwith acute lymphoblastic leukemia inCentralAmerica.Cancer.
2011;117:4788–4795.

51. Quintana Y, Patel AN, Naidu PE, Howard SC, Antillon FA, Ribeiro

RC. POND4Kids: a web-based pediatric cancer database for hospital-

based cancer registration andclinical collaboration. StudHealth Technol
Inform. 2011;164:227–231.

52. Gupta S, Bonilla M, Fuentes SL, et al. Incidence and predictors of

treatment-related mortality in paediatric acute leukaemia in El Sal-

vador. Br J Cancer. 2009;100:1026–1031.

53. Moreira C, Nachef MN, Ziamati S, et al. Treatment of nephroblastoma

in Africa: results of the first French African pediatric oncology group

(GFAOP) study. Pediatr Blood Cancer. 2012;58:37–42.

54. de Castro Junior CG, Macedo CR. Brazilian Society of Pediatric

Oncology–SOBOPE: 30 years of history, a lot in the present, full of the

future. Rev Bras Hematol Hemoter. 2011;33:326–327.

55. Garay G, Aversa LA, Svarch E, et al. Progress in the treatment of acute

lymphoid leukemia in children. Experience of the GATLA/GLATHEM,

1967–1987. Sangre (Barc). 1989;34:136–143.

56. Pavlovsky S, Lastiri F. Progress in the prognosis of adultHodgkin's lym-

phoma in thepast 35years through clinical trials inArgentina: aGATLA

experience. Clin Lymphoma. 2004;5:102–109.

57. Akyuz C, Yalcin B, Yildiz I, et al. Treatment of Wilms tumor: a report

from the Turkish Pediatric Oncology Group (TPOG). Pediatr Hematol
Oncol. 2010;27:161–178.

58. AroraRSBS. IndianPediatricOncologyGroup (InPOG)—Collaborative

research in India comes of age. Pediatr Hematol Oncol J. 2016;1:13–17.

59. Yadav SP, Rastogi N, Kharya G, et al. Barriers to cure for children with

cancer in India and strategies to improve outcomes: a report by the

Indian Pediatric Hematology Oncology Group. Pediatr Hematol Oncol.
2014;31:217–224.

60. Campbell M, Salgado C, Quintana J, et al. Improved outcome for acute

lymphoblastic leukemia in children of a developing country: results of

the Chilean National Trial PINDA 87.Med Pediatr Oncol. 1999;33:88–
94.

How to cite this article: Howard SC, Davidson A, Luna-

Fineman S, et al. A framework to develop adapted treat-

ment regimens to manage pediatric cancer in low- and middle-

income countries: The Pediatric Oncology in Developing Coun-

tries (PODC) Committee of the International Pediatric Oncol-

ogy Society (SIOP). Pediatr Blood Cancer. 2017;64:e26879.

https://doi.org/10.1002/pbc.26879

https://doi.org/10.1002/pbc.26879

