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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.r Accordingly, treatment risks and benefits may differ substan-
tially between LMIC and HIC.

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%.23 The same regimen was used in El Salvador with adaptations
designed to reduce toxicity, including a three-drug induction with-
out anthracyclines.* 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.®

The first adapted regimens developed were 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.®
For example, the retinoblastoma guidelines applied this adaptation
process to outline treatment based on availability of specific ophthal-
mologic interventions.” Similarly, additional chemotherapy was used
for Wilms tumor and Hodgkin lymphoma when radiation therapy is
unavailable.8? Adaptations may include major 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 and HIC.

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
treated with reduced-intensity regimens, despite very limited support-
ive care and related infrastructure.10-12 |ndeed, treatment with a high-
intensity regimen when supportive care is inadequate can lead to para-
doxically lower EFS by increasing toxic death more than it decreases
relapse.13-1¢ 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.? In Recife, Brazil, the cure rates for childhood ALL
increased from 32% to over 65% using adapted regimens accompanied
by rigorous programs to prevent treatment abandonment and reduce
toxic death.317 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.%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.2526

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.3° 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
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TABLE 1 Examplesofstrategiestodevelopment and implement adapted treatment regimens for children with cancer in low- and middle-income

countries

Strategy Examples Mission

SIOP PODC SIOP PODC Develop, adapt, implement, and
Working Adapted improve treatment regimens for
Groups Treatment children with cancer in LMIC

Regimens
Working Group

Regional AHOPCA Improve care and outcomes for
networks of GFAOP children with cancer and blood
peer pediatric disorders in Central America
oncology units (AHOPCA) and French-speaking

African countries (GFAOP)

National SOBOPE>* Improve care and outcomes for
networks of GATLA5556 children with cancer by
pediatric TPOG% implementing national protocols
oncology units  InPOG>8

IPHOG>?
PINDA%0

Global Global Improve care and outcomes for
disease-specific ~ Neuroblastoma  children with neuroblastoma in
networks Network LMIC and HIC

Methods
1. Regular online meetings (www.Cure4Kids.org) to develop adapted
treatment regimens

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

3. Improvement of regimens based on their utility and effectiveness

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

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

3. Shared treatment regimens adapted to conditions of the PCUs in the
regional network1248-53

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
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

1. Case discussion via online meetings (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, Asociacion Hemato-Oncologia Pediatrica de Centroamérica; GFAOP, Groupe Franco-Africain d'Oncologie
Pédiatrique; SOBOPE, Sociedade Brasileira de Oncologia Pediatrica; 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 Antineoplasicas; 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 care2?:3335) 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 save more 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

HOWARD ET AL.

WILEY

S40fS18

(senunuo))

1VINA pue ‘A1s8insoipe.
‘weaq uojoud 3uipnpoul
‘3]qe|ieAe sanbiuyday pazijerdads ||y

Adeuayjolpes uojoyd
paoueApe (A1lj1oe) weaq uojodd

sjualjed swos 01 s|qe|leAe (1 VINA)

AdeJaay) 2.4e paje|npow d1133Wn|oA

pue paje|npow-Alisusiul :3|qe|ieAe
Adeuayj jewuojuod |ny ‘Bujuueld gg

wa)sAs Suiuue|d pajea3dajul
AlINJ Yy1M J01eI3|9I08 JBaulT

sjualjed
awos 03 d|qe|ieAe Suluue|d g swos

(Alddns A310113099 J00d Yyim seaue
ul 9|qeJaa.d sI sulydew 3eqod)
aulydew 1|eqod J0 J0Je.s|adde Jeaul

Suluueld gz

aujyoew 3eqod

SUON

QUON

s|003 Suluue|d
Adeuayj uoneipey

Ssal}l|10ey
Adeusyj uoneipey

Adpiayj uonpipvy

awoy
0] 950|2 2482 3pIA0.d 03 d|qe|leAe
Sa131|19e4 23| |93eS JusRedinQ
(elwax N3

p1oj2Aw 93n2e ‘A30|0ou00JN3U
‘uedsue.; “3-9) spiem
A80j0duo0 d143e1pad pazijeldadsqng

shem|e
1sow|e sjualjed ||e 01 9|qISSa22y

S9DIAJSS pue S31INs
3ui8ew o13soudelp pue A1a3.ns
J14103ds-o143e1pad sajouasiawa

pue AdeJayjowsyp Joj Aep/iy ¢
9|qe|ieAe aJed jualjedino 3dIAISS-||N4

papaau uaym a|qejieae
SAeM|e }SOW|e SWOO0J UOIIe|oS|

shem|e
1sow|e sjualjed ||e 03 3|qISSa22y

SpJeMm Jay310 01 uolissiwpe aJinbau

AJ2.eu syuaijed ASojoduo jey3 yons

spaq juaidiyyns ‘syualjed Jaylo

J0J sjun jusijedul wouy ajesedas
pJem juaijedul A30]0ouU0 dLIjeIPSd

awin ay}
4O }sow sjuaijed 3sow 03 3|qISSa20Y

SuiSew

J13souselp pue AJa84ns 10) Spasu

juaijed oluje1pad a1epowiwodde

AJ3sow ued jeyj saIAILS

‘awly ayj Jo Jsow d|gejieAe

9.1e2 Aouadusawa swos pue
Adeuayjowaypd oy eale juaijedinQ

papasau uaym
3|qe|leAe AJ|ENSN SWOO. UOI}e|OS|

awin ay}
J0 350w sjuaiied 3S0W 03 3]qISSIIY

(paudisse Ajpusuew.sd

9s4nu A30|0du0 “3°9) JJe)1s paxy

payiwi| ‘syualjed 3sow 01 3|qe|leAe
pJemjuanedul A30]0ouU0 dLIjeIPad

SawaWos
sjuaijed swos 03 3|q1SSIIY

Spasu

juailed oLijelpad ajepowwiodde

Alle1aed ued inq sjnpe

J0) Ajlaewrad aq Aew SuiSew

o13s0u8elp/A1984ns 10} SIIAIDS

‘9482 Adua3awWwa awWos pue
Adeuayjowayp 1oy eale juaijedinQ

a|qe|iene
AJ2Jed INq 3SIXd SWOOJ UOIFE|OS|

Saw3aWos
sjuaijed awos 03 3|qISSIIY

1JB1S PaxI OuU ‘SpJem Jayjo

0] MO|JJ3A0 Juanbauy 9|qissod

USYM palliwpe aJe Jadued Y3im
uaJp|Iyd a43ym |e3dsoy ayj Jo ealy

(Asejes s Ajiwey [ea1dAy
03 9AI3e[24 3500 y3SIy

10 92eds Jo oe| 03 anp

“8'9) ss9208 panlwI| AJSA

SUON

NI

(Aaejes s Ajiwey [ea1dAy
03 9AI3e[24 3500 ysIy

10 Spaq JO >oe| 03 aNp

“8'9) ss9208 panlwi| AJSA

Hun juaijedul
AS0|0duo0 d143eIpad ON

SS9I0E DAIIDYD
sa131[10e4 JuaijedinQ

sal

sjualjed pajoajul
J0J SWOOJ UOIE|O0S|

ssanoe
SA13994J pJem juaiiedu)

pJemjuanjedu|

2131120} [DIIPaN

2Jed Aseudalenb
pue Auei3493 Ajijenb-y3iy
pue pasueApe AJaA 4aJJo
1ey3 s493uad Ajjerdads Jadns pajds|ag

(sa1pn3s | aseyd ‘Adessyy
9g|IN ‘Ade.sy) uonjeipes weaq
uojoud “3-3) $adIAISS pazijeldads
Aly31y swos pue sadIAIDS
1Je-9Y3-J0-9]B1S :92US||9X3

0 193u32 A30]02UO dLIjeIpad

v 19897

DIH Ul S193uad
1sow ‘DN 12ddn ul su93uad Auely

S9DIAISS }Ue-3Y)}-J0-23€)S
1SOW PUE SDIAIDS [BIJUISSD
Jle yum weaSoad ASojodouo dLelpad

£ 19Aa]

eSUBWISaJ Juswiealy pajdepe DAOd OIS JO UOIFI|3S 10} JUBAS|SJ SUI| DIAISS YIED JO S|9AS| PUE 94N3ONJISEIUL JO SO

JIN
Jaddn ul sua3uad padejueapesip

‘DIIN JoMo] Ul s921N0Sa.
1916248 A]oAIIE[24 UHM SJ91UD)

S9DIAJSS 11e-2Y3-JO-2)E1S M3 B pue
S9DIAIDS ISeq 3sow Ym weadoud
A80j0du0 d143e1pad paysijgeis3

Z19A91

JIIN Jomo| Ui seaue
pagejueApesip ‘J|7 Ul $224nosal
1916248 A]oAIRE[24 UHM SJ91UDD)

S92IAJ35 A80|0JUO DISEeq SWOS

T [9A97

seaJe padejueApesip
urjjursisjua)y

12foid 10]1d

019197

s3uiy3as |eaidA

euondrosap |esouad
J1Un J3dued dl4jelpad

uonduosap [pJauas

aul| 9d1AI9G

1epeieyd 314Vl



S50fS18

WILEY

HOWARD ET AL.

(ssnunuo))
weay Adeuldpsipi3inw
ay3 ul pappaquw sisije1dads
Juswadeuew uled isa1jijepow
Juswa3euew ujed Jo wni3dads [N}
‘soi1sag|eue pioido-uou pue pjoido
|eJajuaued pue [edajus Jo a3uel SpIAA

sjuaijed [|e Aq s3nJp ||e 03 Ss9228 ||N4

S|elqoJdlwiue Mau 1oy sjod030.4d

pue (saumipaw paAoiddeun

10J suodaoxa jualjed-a|3uls)
9sn ajeuolssedwod 03 $$920y

sjuaijed [|e Aq s8nJp ||e 03 Ss9228 ||n4

salpnjs || aseyd pue | aseyd
sn|d ‘s3nJp panoadde |je 03 SS90y

papaau uaym a|qge|ieAe sisijerdads
Juswadeuew uled :(320|q SAISU
“3'9) saljl|epow Juswadeuew
uled 9|di3jnw 03 ssa22€

‘sjuade d1sad|eue JO UOI3I3[3S SPIM

sjualjed

1S0W 0] 3|ge|IeAR S2UBINSUl

93eAlId 10 WI)SAS yjjeay ayl Aq
papiAoid s3nup |eiqoadiwIue JSON

sAejop aJe4 ypm

sjualjed ||e 03 3|qe|ieAe syuase

[BJIAIJUE pUE ‘Slua8e |eSunyijue
‘S2130IqI3UE JO UO[303[9S SPIM

sjualjed

1SOW 0} 3|ge|IBAB SdUBINSU]

93eAlId 40 WISAS Yjjeay ay3
Aq papinoad s3nip AS0|0du0 3SO|A|

SauIdIpaw d14auas pue papue.q
Ajljenb-y3iy 03 ss922e JUaSISU0D

sadejJoys aJeJ s3nup a|qe|iene
AJ|e12J9WwWod ||e 3SoWl|e 0] $S922Y

SAe|ap [ewiuiw Yy3im sjuaired jsow
03 3|qe|ieAe saisagd|eue ploido-uou
pue p1oido Jo UoI303|as 91eJaPOIA

1oddns OHN

10 9dueansu| ajeAlsd uo puadap

Aew s3nJp aAISUSdXD 940w ‘WI)SAS
yyeay ay3 Aq papiaoad s3nup oiseg

3|qe|leAe s|eSunjijue awos
‘sAe|ap |ewiuiw y3im sjuaized
1S0W 0} 3|qe|IBAB UOI}I3[3S SPIM

poddns OON
10 9duedansul ajeAlsd uo pusadap

Aew s3nJp aAISUadXa 40w ‘WIJSAS
yyeay ay3 Aq papiaoad s3nup oiseg

Aj1enb poo3 Aj3sow Jo sauipaw
J113Ua3 sauldIpaw papuelq
Ay1jenb-y3iy 03 ssadde [euoisead

s98e340ys |euoiseddo s3nup
A30[02UO |BIJUDSSD 1SOW 0] SS9y

sAe|ap awos ‘sjualjed 3sow
03 3|qe|ieAe saisagd|eue pioido-uou
pue p1o1do Jo uo1323|9s pajiwI]

Swi} 3Y3 JO sWos
S3NJp 1S0W 10 awi3 ay3 Jo yonw
s8n.up awos Joj 31oddns QOHN
uo Juspuadap ‘walsAs yijeay ayy
woJy s3nup oiseq Jo Ajddns pajiwi

sAe|ap awos ‘sjualjed
1SOW 03 3|ge|IBAB UOIID[3S Paiwl]

Swi} 9Y3 JO SWos s3nJp

1SOW 10 3w} 3Y3 JO yanwi s3nup

QWOS J0J JuswAed 32320d-j0-1n0

10 p10ddns Q9HN uo juspuadap

‘W21sAs Y1jeay ay3 wouy a|qissadde
s3nup oiseq Jo Ajddns pajiwi

Alllenb umouun Jo a|qeliep

so3ejioys
juanbauy (s8nup ASojodouo
10 UOI129]9S PaiWl| B 0 SS90V

Ss900e
paAe|ap ‘saisad|eue
Jouoi1o9lss payiwr

juswAed 39x20d-j0-1n0
Jo poddns OHN
uo AjpJ13us Juspuadag

$S920€ paAe|ap
‘Uoid9|es paywi]

juswAed 39y20d-j0-1n0
Jo poddns OHN
uo AjpJ13us Juspuadag

Ajllenb umouun 4o Mo
s3n.up A3ojoduo
JO UOI3D9|3s ||ews

€ 0] 559208 pajiwl| AJ9p

Alljige|iene
3nup o1sa8jeuy

SS9D0E DAI}IDYD
3nup |eiqoaoiwiuy

AJ[ige|ieae
3nup [elqooiwuy

$S9208 9A1109)49
3nup o13sejdoaunuy

Ajjenb
3nup o13sejdoaunuy

Ajljiqejiene
3nup o1psejdosunuy

SUOIIDIIPaW 0} SS9

sjuaijed ||e 03 o|qe|ieAe suoljdo
Adeuayj uonjeiped jo adued ||n4

(s420ued
uleuq “8-9) sadA} 4adued oLelpad
J14199ds ul 9s1349dxd Ayerdadsqng

Adeuayj uoijeiped uliinbad

sjuaijed oljeipad [|e Jo) d|qe|ieAe

AJauinou sysidojoissyisaue
Jla3eipad pasualiadx3

9s|349dxd
o1j109ds-aseasip pazijeldads A|ysiy
U3IM 515130|00UO UOljelpe. dLIjeIpad

¥ 19Aa]

Aem Ajpwiy e
ul syuaijed ||e 0] 9|qe|ieAe Ajqela.
suoljdo Adeaayj uoljelpel uIapoiN

9s1uadxa oLjelpad ym
pue sanbiuyss) paoueape 3uisn
9ousLIadXd YyM [suuostad s1enbapy

sjualjed orzeipad 3sow
104 3|qe|ieAe s3siSojoisayisaue
J13epad wouy BISay3saue/uoijepas

9s134adxa
o1e1pad y3im $35130|00U0 UolleIpeY

£ [9Aa]

sAe|ap |BUOISEI0 Duwil} Y}
10 1sow sjuaijed 3sow 03 s|qe|leAe
Adeuayj uoljeiped jew.aojuod

9sI1349dxa o1ujeipad
SWOS YM |[uuosiad arenbapy

sjuaijed olijeipad swos
104 3|qe|leAe s3siSojoisayisaue
|e42ua3 WoJy BISSYISaUB/UOIIEPIS

9dualadxa d1jelpad
SWOS Y}IM S5315180]00U0 UoljeIpey

Z19A91

sAe|ap juanbauy
awi1 ay3 Jo swos syualjed
Swos 0} o|qe|ieAe AdeJsy) uoljelpey

9s1349dxa
Jla3e1pad ou ‘|suuosiad maq

Ajuo uolyepag

9s1349dxa
3INpe Y3Im $35130|02U0 uolleIpey

T [9A91

SUoN

ENIN

SUON

SUoN

019197

$S9208 9AI1034J9
Adesayj uoljeipey

(sueiuyday Adessyy

uollelpeJ ‘s3siisAyd

|ea1paw) |suuosiad
Adesayj uoljeipey

Adesayy
uoljelpeJ JoJ eISay1sauy

s3sidesayy uol

pey
aul| 32IAIRS

(penupuod) z 3lavi



HOWARD ET AL.

WILEY

S60f 518

(senunuo))

JJe3s 3sijerdadsqns ASojoouo
ola3e1pad pauled) Ag saijijepowl
140ddns |euollinu pazijerdads

JO AelJe apim e 0] $s9228e ||N4

(uoneuadAxo sueiquisw
|easod.odel)xs) a|qe|leAe
Joddns Aseuow|ndoip.aed pasueApy

sjualied ||e 03 3|qe|lene
aul| [e43uad e yym sjuaijed Joy ueld
9Jed B puE SSII2E SNOUIA [BIJUDD)

sjualjed ||e 01 3|ge|leAe
sisiuoInu dLIjeIpad paulely
‘9|qe|leAe sAeme (suoljesedaud
pazijenpiAlpul Suipnjoul)
Suipaay [edajualed pue |eiajug

SWo0. uol}e|os|
aanssaud aAlzeSau pue aAl3isod
91enbape ‘Dual8AY puey [eSJaAIUN

sjuaijed [je 03 3|qissa0e Ajipeay

9s1349dxa a4ed
dAISUUl d1a3eIpad Y3m [puuosiad
pue juawdinba Auessadau

||E Y3IM 1UN S4B SAISUS]UI DLIjeIpad

14 Z Uiyim syuatzed e 03 3]qissady

s3onpoud poojq pa.al|ly/pajelpe.l

0] $$922€ 2ulINoJ :syun 19|aje(d

pasasayd Suipnjoul ‘syonpo.d
pooiq ||e jo Ayljiqe|iee Apeay

sjualjed pa3da|as 03 d|qe|lene
aul| [e43ua e ypm sjuaiied Joy ueld
9Jed B puUE SSII2E SNOUIA [BIJUDD)

9ouaLIadx® 40 Sulule.) uoijLIINU
UM JJB)S SWOS (SaWIIaWOS
9|qe|ieAe Sulpaay |esajualed

pue o|qe|ieAe sAem|e Suipaa) [eJa3ug

S|ge|leAe
sAem|e anolif sipsAcownaud
1oy sanjoiqiaue o13oejAydoud
‘paoiyoeud Ajapim auaiSAy puenH

$S920€ paAe|ap A[|euoisesdo
‘9|ge|ieAe adeds usym sjuaijed
A30|02U0 5WOs 03 9|q1SSIIY

9s134adxa

ol43e1pad awos Y3Im [puuos.aad

‘SISA[IP ‘S$920B SNOUSA |BJIuad
‘sado.joul ‘SI03.|1JUSA |eDIUBYIS|A|

poliad awil} 9|qeuosead e ulypm
sjuaijed Jsow 03 3|qIssadde Ajlensn

3|qe|leAe Saw}aWos
s3onpoud poojq pa.al|ly/pajelpe.l
‘9|ge|ieAe usyjo ewse|d
uaz04j ysauj pue ‘91eqdidsidoAsd
‘s19|a1e(d ‘s||22 poo|q pay

sjualjed swos 0} s|qe|leAe
DDId ‘ssad0e A| |esaydiiad Ajute|n

SaNSS| [BUOI}IIINU JO JuSWSSeuew

Ul 9dUa14adXa 40 Sujuie.) pajiwi|

Y3Im JJe)s ‘spuaijed awos 0}
3|qe|ieAe yioddns jeuoriLInu pajiwi

S|ge|leAe
Ajlensn 1panouif si3sAoownaud 104
so1joiqijue o13oejAydoud o|gejieae
Ajlensn suoijels auaiSAy pueH

$S920€ paAe|ap
Ajpuanbauy ‘Ajjeuoiseddo sjuaijed
A30]02U0 BWOS 03 3|qISSIY

2oualiadxa olijelpad
pajiwi| y3m jpuuosaad quawdinba
pajiwi| :juasadd J1un a.4ed SAISUSU|

sAe|ap juanbauy {syuaijed
SWOS J0J SOWIIBWOS 3|qISSaIY

2|q1ss0d Uojje.y|iy/uotelpe.
ou {sjuaied SWOS 10) SSWIIBUWIOS
3|qe|leAe syonpo.d poojq awos

ssa00e A | [edaydiiad

SUON

QuUoN

sjualjed
1S0OW 0} 3|q1SS320€ JON

SUoN

sAejop juanbauy
pue 3uo| sjusijed
M3} B 0] 3|qISS902Y

poojq ajoym

S$S920E SNOUSA

9SSI0B DAI}HD
pue Ajjigejieae
oddns jeuoijlINN

|0J3u0d
pue uoruaAa.d uoidaju|

ssa00e
SA1309443 3JeD SAISUIU|

A}l|Iqe|IEAR 48D DAISUSIU|

Ssa00e
SA13234J3 3onpo.d poolg

Ayjige|ieae 3onpoud poojq

24p2 aA13I0ddng

sjuaijed [|e Aq s3nJp ||e 03 Ss922e |4

saupIpaw
94ed aAlo0ddns [ejuswiaadxe
pue mMau Joj s|02030.d

9sn 2jeuoissedwod 03 SS90y

sAejap
ou ypm sjuaijed ||e Aq ssad2e ||n4

v 19Aa]

sjuanjed

1S0W 01 3|ge|IeA. adueINSUl

93eAlId 40 WI)SAS y3jjeay ay)
Aq papinoud s3nip A30]0dU0 3SON

sAejap

a.JeJ Yyym sjualjed ||e 03 3|qe|ieAe

SauIpaw aJed dA130ddns

1330 pue ‘s103oe ymous
‘SD139WII3UE JO UOIFI3|3S SPIM

SJallieq [edny|nd 1o Aloje|ngau

ou ‘sjualjed 3sow 03 3|qe|leAe

dueINnsul 93eAldd 4o WaIsAs
y3jjeay ay3 Aq papiaoud sSnup 3sojn|

£ [9ra]

poddns OHN

40 9duednsu| ajeAlsd uo puadap

Aew s3nJp aAIsuadxa aJow ‘WolSAS
y3jjeay ay3 Aq papiaoud s3nap oisegq

sAejap |ewiuiw yim sjuaijed
1S0W 03 3|ge[IeAR UOIJI3|9S SPIAA

sJalJieq |eanynd
10 Asoje|ndau may faoddns QON
10 9duednsul ajeAlsd uo puadap
Aew s3nJp aAIsuadxa 210w ‘WoISAS
yajeay ay3 Aq papiaoud s3nup oiseg

Z19A91

swiyayy

1O 5WOS S3NJP 1SOW 10 awlil 3y}

40 yonw s3nJp awos 104 jusawAed

19%20d-40-1n0 J0o 34oddns QON

uo Juspuadap :walsAs yijeay ayy
woJy s3nup dIseq Jo Ajddns pajiwi

sAejap awios ‘sjuaijed
1S0W 03 3|ge|IBAE UO[3D3]9S Pajiwil]

sJaliieq
|ean3|nd pue Aioje|n3aJ swos
‘awli} ay3 Jo yonw Joj juswAed
1920d-40-1n0 Jo J4oddns QON
uo jusapuadap wa3sAs yijeay ayy
wo.y s8nup diseq Jo Ajddns pajiwi

T 9797

juswAed 39x20d-}0-1n0
1o 340ddns Q9HN
uo AjpJ13ua juapuadag

$S9208E paAe|ap
‘Uo3d3[as pajiwir]

sJaldeq
|ean3|nd Jo Auoje|ndal
juediusis JuawAed
19)20d-40-3n0
Jo poddns O9HN

uo AjpJnua juapuadag

019197

$S9208 DAI1I34J9
3nup aued aAlpioddng

(s403084

ymoJ3 ‘quswaseuew

uoljedijsuod

‘soljawaljue

“8'9) AJl|iqe|ieAe
8nup a.ed aAi340ddng

ssa00e
SA1309443 dIsad|euy

aul| ad1AI3G

(PenunuoD) z 3l1avi



S7of S18

WILEY

HOWARD ET AL.

(senunuo))

S9seas|p ||e 40y
A3ojoyjed sendajow ‘Bupuanbas
aWoua3 9|oyM ‘sa13soudelp Yyo.aeasay

9s1349dxa d1j109ds-aseasip
pazijedads A|ysiy ynmisisojoyred

S9seasIp ||e oy
A3ojoyjed Jejndajow ‘Sudusnbas
awouas ajoym ‘salsouselp yo.ueasay

*239 ‘salpnjs

T @seyd ‘soiaunjodew.eyd

10) 8u13sa) pazijerdads
Bulpn|oul Auojeloge| 9dusJajey

suol}daoxs
9.4eJ Ym sjualjed ||e 03 9|q1SSa20y

$J493Ud2 J3Y3o0 je s)siSojoyled

14adxa d1y109ds-aseasip

U3IM UO118}|NSU0D 0} $S33de

‘as134adxe o1a3elpad (sa13ua803Ad

pue ASojoyjed uejndsjow

‘3u11593 9seaSIp |enpISal [ewiuiw
‘A31jenb y31y Jo Au3awi03Ad mo|4

sased
||e Joj 3]qe|iene 3siSojoyied oLijeIpad

s}InsaJ 0}
S$S902€ U SAB|9p 3.6l ‘suoj3dadxe
2JeJ yHm sjuaiied ||e 03 9|q1SSa00Y

$193Ud2 J9Y30 Je s3sidojoyjed
J1adxa o1y109ds-asesasip
U3IM U01181|NSUOD 0] SS3Jd8
‘3ui8e)s pue sisousdeip ods
10} Auessadau as134adxa olajelpad
{S9SEISIP 3S0W 10J $2139U2303Ad
pue ASojoyjed uejndajow {|sued
A3siwaydojsiyounwwi 339|dwo)

sAepijoy pue 32am Jad
sAep / 921AJ35 Y- ‘Ssuoijdadxa
aJed yym sjuaijed ||e 03 9]qISSa20y

sqe| [e21314
10} auiInoJ swi} punoJeu.n) pide.
‘(ssuriydauelsw surin/ewsed
pajeuoijoel) ‘S|aAs| a1exadioyiaw
“8'9) 8u11s9] pazi|eldads
J0 98ueJ apim ‘weSoway

pue 9|1304d As3siwayd poo|g

poddns Q9N 40
uoI3eN}IS |eIDUBULY UO SdUSpUadap
|e1jJed ‘syuaijed 3sow 03 3|qISSI0Y

aWl} 8y3 JO 3sow 3|qe|leAe

$2139Ua803A2 pue A1jawolAd

MO|J ‘(d1j109ds-aseasIp) |aued
A13siwayd03siyounwiwll pajiwi

sased |[e 10} 3|qe|leAe }siSojoyred

$3|NSa. 0} SS922€ Ul SAe|op

|euoised20 :34oddns QON J0

uoljenyis |ejoueuly uo aduapuadap
|el3Jed isyuaijed jsow 03 9|¢1SS920Y

so|dwes 45D 40}
uidsolAd ‘(d1y10ads-aseasip) |sued
AJ3siwayo3siyounwiwi pajwi

Joddns O9HN 40
uollenyis |ejpueul) uo asuspusdap
|eipued ‘sjuaijed jsow 03 3|q1SS920Y

sqe| |ed13142 404 9|qissod awli}

punoJeu.ny pide. {(saulwe|oydaled

aulIn ‘unIay “8-9) 8ullsal

pazije1dads swos snid ‘weaSoway
pue 9|1304d Assiwayd poo|g

140ddns Q9N -0 uoijenyis [erueul)
uo puadap Aew :SaWI}SWOS
sjualjed swos 03 3q1SSa22Y

A30]03A2
45D ‘Suiuiels IH ‘@dodso.din

S9seD WS 104 3|qe|ieAe 3siSojoyied

s}|NsaJ 0}
$S9208 Ul SAe[ap Juanbauy :jioddns
O9SN 4o uoljenyis |epueuly
uo puadap Aew :SaW(}DWOS
sjualjed swos 01 9|q1SSa22y

A30]03A2
45D ‘Buluiels IRH ‘©dodsoudln
140oddns Q9N 40 uoIenyis |eldueul)

uo puadap Aew :SaWIBWOS
sjualled awos 03 9|q1SS32DY

weJSowsay
pue 9|1404d Assiwayd poo|g

Joddns

OON uo spuadap
‘31qIssad2e Ajauey

SUON

1s180j0y3ed oN

sAe|ap 8uoj ‘3uoddns

OSN uo spuadap
‘9|qIssadde AjaJey

SUON

j4oddns

O9DN uo spuadap
‘31qIssad2e Ajaley

Sqe|
1S USAS 3NO PUSS ISN|A|

SS920B DAI}034J9
A3ojoyjedojewsH

Ajljigejiene
A3o|oyjedojewsH

|]auuos.iad ASojoyied

ssa20e
9AI11294J9 ASojoy3ed

A3lliqe|iene ASojoysed

SS200B 9A1109))0
AJojeioqe| [BJ2USD)

Ajljigejiene
Alojeloqe| |edsuan)

BuiBpys pup sisouspiq

uaJp|Iyd 40) paJojiel
Juswa3euew woldwAs pue
uied Joy sjoo3 2130j0dew.eyduou
pue d130j0oew.eyd

JO 93Ukl ||NJ e Y3M 9DIAIDS

v 19797

9s134adxa
oLjeipad {jpuuosaad Juswadeuew
wojdwAs pue uled pazijedads

s|qe|leAe
sAemje jJuswdinba sAl3d9304d
|euos.tad 01 ssadde ‘9|qe|leAe
pooy uoije.aedaud Adessyjowsyd

£ [9A97

9dualadxa dLjelpad
WS ‘[puuostad Juswsdeuew
wojdwAs pue uled pazijeldads awos

9|qe|ieAe Ajjensn yuswdinba

9A130930.d |euos.ad 0} ssa20e

‘(@p1sIno 01 “8'9) ea.e uoljesedaud
Adesayjowayd paje|ijusp

Z 1997

eaJe s1yy ul asi3uadxs |e1dads
1noyHMm |duuosiad A30|0ouo
Aq juswaSeuew woldwAs pue uied

juswdinba aA130930.d |euos.ad
03 Ss922e ou ‘eaJe uoljeledaud
Adesayjowsyp |edads oN

T 1997

weu3oud oiy10ads oN

EliN]

019A97

wea) Juswadeuew
wojdwAs pue uled

24n3onJ3seajul
uoljesedaud
Adessyjowsyd ajes

aul| 22IAI3S

(PenunUOD) z 319vlL



HOWARD ET AL.

WILEY

S80fS18

(senunuo))

as134adxa
21J199ds-95easIp Y1IM sasanu
Jaoued dlajelpad pazijenads AjySiH

(s3s1jeydsoy ‘saauoi3ijoead
9sanu “8'9) suapuaixs ueldisAyd
pazije1dads uipn|oul ‘|suuos.aad

A30]02u0 Jo Juawa|dwod ||n4

9s1349dxa d1j109ds-aseasip
AlyS1Y yym3si8ojoduo dlijelpad

Suijeaw ewodies

e 40 Jown} SND e 31| sSuizaaw

Adeurdipsipiinw oy1oads-19oued

‘s3ui3eaw uj 9s1349dxa d139uUs3
pue Jejndajow jo uoijeiodiodu|

(49y31y 40 9:7) syuaijed A3ojoouo
J0J oljed Jualjed-03-asunu a1enbapy

9|qe|IeAB S103B2NPD 3SINU Jiun

Jaoued dljelpad ay3 03 pausisse

Ajpuauewad aue oym aousliadxa
pue Suiuiea} AS0j0d2UO Y3IM SasInN

$35130]00UO0
olaje1pad Aq 4oy paJed syualjed ||y

3ujuiesy

A30]02u0 Yy3Im s3sioewleyd isasunu

A80|02u0 pazijerdads {s3s180]00uU0
ol3e1pad Jo Juawa|dwod ||n4

3ulureuy 4o scusiiadxe dljelpad
Juediu3is Yym 3s130j0o0uo0
|ed1paw 10 35130]02U0 Jlijelpad

suoIsId9ap
a.ed juejsodwi aping 03 sased
X3|dwod ||e JO UoISSNISIP SWI}-[edy

(49mo] 10 /:T) suaijed A3ojoouo
10J oljed Jualjed-01-9s4nuU Mo

SSWIIBWOS 3|ge|ieAe
1031e23nps asunu jun A3o0j0douo
9y} 03 paugdisse Ajjusuew.ad jou
s9s4nu A30]0ou0 {(Adessyjowayd
9|puey 03 Aj|ige ay3 “3-9)
9oualJadxa pue ujuiel) ASojoduo
Pa31e21pap SWOS YHM S3SINN

9s1349dxa o143e1pad

3WOS Y1IM S315130[0dU0 |edipawl

10 s3s130j0duouOuU AQ SUOP MJOM
A30]02uU0 swos ‘3|q1ssadde Ajjensn

a.ed juaized Ul paAjoAul

saauleJ} Aue Jo uolsiaiadns

JU33SISU0D {|puuosiad ASojoduo
JO suaquinu a3enbape Ajjesausn

9s134adxa o13eipad noym

15180]02U0 |e2Ipaw ‘Bululely

SWOS J0 dduaLIadxs A30j0dU0
oljeIpad yum Japiaoad aaed Adewlid

90UBPUDIIE 3|CeUOSED.
UM sSu13aaw panpayds Ajauinoy

(49mo] 10 GT:T) sjuaned A3ojoouo
10J o13e. Jual1ed-03-954nuU MO| AJSA

sjualjed Jaoued
UM 9dudluadxa awos :3ujulely
A80]0ou0 pazijedads ou Yy3m sasinN

s1s130j0ououoU
Aq auop >Jom A3ojoduo
1S0W {3|qISSaI2E A||BUOISEIDQ

aJedjualjed
J0 s30adse Auew 1oy a|qisuodsal
saauleJy ‘Bulujes) ASojoouo

9WOS YHM [duuosiad A30[0oU0 M4y

A30j0ouo Ul
159493Ul Yy}IM Japinoad aued Adewlid

sased |e12ads 404 S8u13daW 20y Py

(4omo| 10 GZ:T)
sjualjed A30|0du0 J0)
oljed Jualjed-03-asinu

MO| AjpwiaJ3x3

sjuaijed ASojoouo

yuMm 2sualiadxa

ou pue 3ujuie.
A30]02U0 Y3IM S3SINU ON

Ajuo sjuaijed ajeard
10y (3] q1s59008 Aja.ey

Sujuieuy oiseq
UM SIS0 WIDW JJe1s May Y

S95B3S|P J2Y30 Auew
pue Jasued 104 4ed
sueldisAyd aued Asewlid

uasqy

SS900€ DA1309442 SUISINN

9s1349dxd
pue Sujuleay asinN

$S9208 9AI1I34J9
ueisAyd A30j0ouQ

9ouslIadxa pue

3ujuies} weaj A3oj0ouQ

Japea| wea} A30|0ouQ

wea) Aseul|didsipiyniz

aA0qD Saul| 3I1AI3S J1J192dS Y}M Papn|aul J0U [UU0SIdd

9s134adxa
o1j109ds-aseas|p pazijedads
Alysiy ynmisisojolpe. dLijelpad

(8uiuueds [Dg|IN]

aulpiuengjAzusaqopolelsw “8-3)

suoijedljdde suidipaw Jeajnu
pasueApe ZuiSew| pazije1dads

9s134adxa
o1y10ads-aseas|p pazijeldads
Alusiy ynmisisojoyjedojewsy

p[9A91

AS0|01peJ [euoIJUSAISIUI pdUBAPE
‘aw} |eaJ ul SuiSewl| [|e 324da3ul
0} 3|qe|ieAe }siSo|o1peJ dl4jelpad

suol3daoxs

aJeJ yum sjualjed ||e 01 9|qIssaddy
papasu usym
e1sayjsaue Jo Al|ige|ieAe sulino.

‘syuaijed 3sow 03 a|qejieAe | J-13d
Bui8ew| aoueu0Sal d132USeN

sased ||e 10y 3|qe|leAe dsi}1adxe
o13elpad yim isidojoyedojeway

£ [9A97

ASo|o1peJ |[euoijusnIaiul
QWOos ‘aw} |eau ul Suidew|
||e 324d193ul 03 3|ge|ieAe 3si3ojolpey

poddns O9HN 40
uoljenyis |ejoueuly uo aduapuadap
|eljJed isyuaijed jsow 03 9|¢1SS920Y

papasu
Uaym eisayisaue Jo Ajljige|iene
|euoiseado :Aydeadijuios

wnij|es ‘Aydea8i3uids suoq ‘ueds 1 D

as134adxa ASojoyjedojewsy

oL3e1pad aAISUS)IXS

U1IM 15130]02U0 :S9s5BD 1S0W
10j 3|qe|ieAe 3si3ojoyjedojewsH

1997

sAe|ap |euoisedd0 ‘Suidew| }sow
124dJa3u] 03 9|qe|ieAe 3si3ojoipey

40ddns Q9N 40 uoljenyis [epueuly
uo puadap Aew ‘sow1}aWOS
sjualjed swos 01 9|q1SSa22y

punoseJ3|n ‘syde.Solpey

9s134adxa A3ojoyjedojewsy sawos
Y1IM 15130|01BWIY ‘S9SED BUI0S
104 3|qe|ieAe 3s13ojoyjedojewaH

T 1997

1s130j01peJ oN

jJoddns

OSN uo spuadap
‘9]qIssadde AjaJey

SUON

}s180joyjed-ojeway oN
(LSS

|2uuosiad
uidew o13soudelq

SS9D0E DAIIDYD
SuiSew o13soudeiq

Ajjigejiene
Suidew o13soudelq

|suuosiad
A3ojoyjedojewsH

aul| adIAIRS

(pPenunUoD) z 31avl



S9of S18

WILEY

HOWARD ET AL.

(sanunuo))

sjuaijed ||e Jo) sdnoud
Joddns juaued pue ‘sI9XJoM [e1d0s
‘s35130|0YdAsd 03 SS922€ |eSIDAIUN
‘sjuaijed ||e Jo) sasuadxa |ed1paw
||e 10} 340ddns [|n4 "saljiwey
pue sjusijed 1o) [00Yyds 404
Jloddns pue Suluies) [euoi}ed0/
'S9131SS993U |E2IPSWIUOU
Allep pue ‘uoljejiodsuely

‘pooy ‘uisnoy 104 34oddns ||n4

sjuanjed
||e 404 sdno.3 Juoddns jualed pue
‘519)J0M [B1205 ‘53S130|0YydASd 03
$S920€ 3|qel|ay sjualied ||e 3sow|e
104 Sasuadxe [edlpawi ||e 3sow|e
104 340ddns ||n4 ‘pasu pajuswndop
ym sjuaiied ||e 03 papirouad
uoljeliodsuedy pazipisqns

pue ‘pooy pazipisgns ‘9snoy 3sen9

sdno.8 3uoddns jusaed

pue ‘sia.40M |e120s ‘s3sI30joydAsd

03 SS920€ 9WO0S "sjualjed

1S0W J10J s9suadxa [ealpaw

Jsow .oy 3Joddns |eijueisqng

"awl} 8y} JO awos sjualjed swos

10} uoljeliodsuedy pazipisqns
pue pooj pazipisgns ‘9snoy 3sano

sdno.g yioddns juaied

pue ‘suaX.40M |e120s ‘s)si3ojoydAsd

0] $$9208 pajiWwI ‘sasuadxa

|ea1paw Swos 10j yoddns

pa3wiT 'sasuadxa |esipawuou
Sjuaijed swos Jo0) Juoddns pajiwi

weJ3oad uojjuanaud
SUON Juswuopueqy

14oddns [p120s pup |po13sIS0T

ENIBELNE]
Jlj109ds-aseasip ‘OLjelpad
pazije1dads yum s|euolissajold

as134adxd
o14109ds-aseasip ‘lujelpad
‘pazije1dads Y}IM S|euoissajo.d

salye1ads
|| ul s3sije1dadsqns dL3e1pad

wea} A30[0ouo Adeulddsipi3inw
93 ul pappaquwa 3sijeldadsqgns
95e3SIP SNOI3d3ul dLIjeIpad

S9SSE|2 AuIdIpaW
pue (ue|dsueu; “3-9) sdnou3
juaijed 214129ds y3Im as134adxe
ym syspewseyd A30j0ouo

oLjeipad pazijedads A|ysiH

9s134adxd
J1j109ds-aseasip pazijeldads A|ysiy
yumisi3o|oisayissue dliielipad

9s134adxa
Jlj109ds-aseas|p pazijedads A|ysiy
UM suoa3uns Ajjeidadsqns d14je1pad

as134adxa
J1j109ds-aseasip pazijeldads A|ysiy
UM SU093.ns Jaoued dlijeipad

v 19A97

sjuaijed
||E 03 3|qB|IBAB SISYJOM |BId0S
Jo 3ujules) pue Jaqunu ajenbapy

3|qe|ieAe suojssajo.d
2Jedyjjeay paljje jo a8ued N4

salye1ads
Jsow ui sysijerdadsqns oLijeIpad

sjualjed
150w 10j a|qe|ieAe jsijeldadsqns
95B351p SN0IJI34ul dl4jeIpad

A1ajes 3nup

Sulioyuow pue Adeasyjowayd

3uruedaud asiyuadxs
yymisieweyd A3ojoouo pajedipaq

ERIEIFETME]
AJ98.ns Jadued ‘sainpadoJd ||e 4oy
9|qe|leAe s31s180|01Say}saue dLijeIpad

(42y30 1s130joweyrydo

‘uoa38.ns oipadoyjio

‘uoagdJnsolnau) suoaduns
Ajjenadsqns oLeipad Jo a8uel ||n4

u0a34ns AS0]0du0 J143e1pad

£ [9A97

sjuanjed
1S0W 0] 3|(e|IBAR SIDXIO0M [eID0S

sjuaijed 3sow Joj s|euoissajold
1soW Jo A3ljiqe|leAe SWog

a4ed Aje1dadsqns ul
1S2433Ul |e123ds e Y}IM Sueldlijelpad

sjualled swos
10} 9|qe|leAe 9seasIp snoijdajul
ul 3saJajul |e1dads y3m sueidlijelpad

$954Nnu pue s10320p 03 Joddns
apinoud pue Adelsyjowsayd 3sow
aJedaud 03 9|ge|ieAe 3sideulleyd

saunpadsoud
Jofew uoj a|qe|leAe s1s130|01say1sauy

(42y30 1s130joweyiydo

‘uoa8.ns oipadoyjlo

‘uoagdJnsolnau) suoaduns
Ajjedadsqns olijeipad awog

2oualIadxa

oujelpad pajiwi| ym uoasins

A30|02u0 ‘92udliadxa A30j0ouo
paiWl| Y}M uoa8uns dlijelpad

Z 1997

sjuaijed swos 03 3|qe|ieAe
SIIIOM [BID0S JO JaqUINnU |[ews

s|euolssajo.d

2Wos Jo AJljiqe|leAe SWOS

swa|qo.d Ajjerdadsqns
93euew suedlaielpad [easusn)

swia|qo.d aseasip snol3oajul
a8euew sueldliyelpad [eiausD

Adeusyjowayd

aJedaud o0} s|ge|lene

J0U INQ ‘suoljedipaw asuadsip
0] |eyidsoy ay3 ul 3spew.eyd

SawawWos
3|qe|ieAe 3s130|01say3sauy

(42y30 ‘3s130joweyiydo ‘uoadins
21padoy3.0 ‘Uoa31Nsoanau)
uoa3.uns Ajjerdadsqns 3 npy

ERIEIFETME]
o1a3e1pad pajiwi| (uoasuns [elausn)

T 1997

SUON SJXJOM |B1D0S

(3s130j0ydAsd ‘9sidesayy
yoaads ‘}sidessyy
Jeuoizedndoo ‘}sidessyy
|ea1sAyd “3-3) audipsw
SUON 0] pal||e suoIssaj0.d

(A3ojoursoopus
‘A3ojoJnau ‘A3ojoJydau

“8'9) J40ddns
SUON Ajje1dadsqgns oLijeipad
s3sije1dads
SUON 95e3SIp SNOII_U|
SUON sisiew.eyd
SUON s1s130|01sayisauy

A30|00u0 J0J JuBAS|DU

SUON saljje1adsqns |ea13.ung
uoagins oN A4984ng
[WIELE]] aul| JIAIRS

(PenunUoD) z 3l1avli



HOWARD ET AL.

WILEY

S$100fS18

Alleuoijeussjul

pue ‘Ajjeuoljeu ‘Ajjeuoi3au

‘A||ed0| 93pajmoud pazijetauss o
3unngruod isjely /| aseyd ‘sjeLy
P3|]043u02 paziwopueu ||| aseyd

J93ud213|NW dAI32adsoud Jo Jued

pJodaJ yjjesy

21U0J323]3 3Y3 YHM pajesdajul
AJIny aseqeieq "2.ed apingd 03}
sisAjeue ejep pasueApe jo a|qeded
weay |e20| pue pajuswa|duw

AlIny saappe| Ja3.Jed JaSeuew ejeq

SpJodau |edlpaw paleys A|ny
pue sAemyjed uoijesiunwuwod

pue |eliajaJ pajelsajul ‘pasueApy

‘auipiuengjAzuaqopoleiaw ‘Og|A ‘AJ3unod awodul-ysiy ‘D|H ‘AJ43unod swodul-3|ppIiw ‘DA ‘AJ3UN0D SWODUI-MO| ‘)| ‘UoIFeZ|ueS.o |BJUSWUISA0S
-uou ‘O9HN :uIsod pue uljAxojoway ‘IH ‘Aydes3owo) payndwod ‘| D pinjy [euldsouqalad 4SD saliuno) padoljaaaqg ul AS0j0duQ dli3eIpad ‘DA0d ‘@ul| [edjuad pajasul Ajjesaydiiad ‘QD|d ‘Hun usdued oljelpad ‘NDd
'SNDd 104|003 UoI3eN|eAS Uk se Ajldewd Jou “4adued jo adA} Yyoes Joj uswiSa Juawieay pajdepe DA0d OIS 21elidoidde ay3 Jo UoI303|as |el3iul 93e3|1de) 03 papinoid dJe s3140893ed 3say | .

JuswaAodwi Jo) seale

AJ13uapi oy sjeydsoy Jayjo jsuiede

3uJewydusd suoljuaAIRIul

wiie 93uls Yy3Im asoyy Jo

$31pNJS |euUOI}eAISSqO dAI3dadsoud
10 9A1199dS0439. 193U NIA

$94npa20.d A314n23S pue ‘s|0J3u0d
ssa22e ‘Dunpadoud dn-ydeq Ajiep
UM aseqelep 21u0J123|(3 ‘|eAIAINS
99.J-JUSAS pue Quswuopueqe
‘y3esp 21x03 Sulpnjoul
‘S9WO0IN0 JO UolleN|eAs Je|n3ay
'SUSWIZa4 214129dS YyHM pajes)
950U} 404 UOIJeW.I0jul p3|IeIap
pue sjuaiied ||e 3noge uoljew.oul
2ISeq 5323|102 Ja8euew ejeq

J91U32 yoes je papiroid
9 p|noys 1eyi aJed ayjl 4o}
$94Npa20.4d US111IM pue spoylaw
UOo11e21UNWWOD Paysi|qe)ss
UM S191U3D aJed AJelnal

pue ‘Auepuodas ‘Adewtid Jo daomlaN

$21pn3s aAI3dadsoud ‘eyep
9Wo023N0 pue dn-moj|o) poo3 ym
$91pN3s 9A1302ds043a4 J93ud2-9|3UlS

sdn-)oeq [euoiseado

Y3IM SSeqelep o1uo43dd|3

'sjuaijed 3sow 3noge uoljewrioul
oIseq $309]|02 JaSeuew ejeq

sjuaiyed oly0ads

104 PaPa3U Se UOoIIedIuNWWo))

‘dn-mo||0j pue Juswiealy Jo

s109dse awos ajejl|1oe) 03 3ulj|Im
sangea||0 a.4ed Adewad Jo SIoMIaN

€}Ep 2W0d3N0 pajil] ypm
sasAjeue dA1399dsou3a4 Suipnpdul
y2.easal 191ua2-|3uls pajiwi

SJ9qWIAW JJ€)S SNOLIBA Ag J0Y
pe 3day| S| pa3jeaJy sjuaiied Jo ploday

Jlpeaods

10 paAe|ap uoljediunwwo))

'songea||0d aJed Asewud
1e20] yum diysuolje|a. [ewou|

SUON

SUoN

2UON

aJled
|eaiul]d Sudueyus pue
JuswaAoadwi Ayjenb
U0 pPasnd0J Yydueasay

weJiSoud
jJuswageuew ejeq

2Jed paJeys
J04 519D 2}1||938S

wa)sAs yjpaH

pJodau
y3|eay 21uoJ3239|9 1. ayl-Jo-a3e1s
e 0ju| paje.dajul A||ny SwWalsAs

3upjoes; pue juswiulodde 21u0.329|3

¥ 19Aa]

(49340Mm |e120S
‘1s130joydAsd “3-9) |suuos.iad
A30|0ouo oLijeipad paulesy
Aq pajesapow pue pajioddns
AjIny sdnou3 juoddns Ajlwey

pue juaijed pajes3ajul pue auiINoyY

sjualjed ||e Joj uoijeanps Ajiwey
pue juaijed SNONUI3UOD pue aulINoY

spasu jualjed
Ajpuapt Ajaaizoeoud o3 Suppoedy
pue Apisqns uoljeliodsue.y ||n4

sjuswiulodde

Ssiw oym sjuaijed 3oejuod

03 W3sAs 3upyde.y isyuswijuiodde

passiw Joj SSujuiem pajewoline
UM WwalsAs Juswijulodde 21u0.3d9|3

9Jed juaedino
1o |ejidsoy ay3 03 ssad2e Ases pue
pide. ‘swoo. Jo Jaquinu a3enbapy

£ [9ra]

92IAJ9S A30]0dU0 By} wouy jioddns
‘Ajaein3au 39awi jeyy sdnous yioddng

sjualjed 1sow Joj uoljeonps
Ajlwey pue jusijed J0j Wa3ISAS

11 pasu oym sjuaijed
Jsow Joj Apisgns uoijejiodsued |

>2eq-||ed
pue SupjdoeJy ooy pe ‘syuswiulodde
SSIW oym sjuaijed AJ13uspl 0] Wa3SAS

SUIPMOIIISAO [EUOISEII0
‘sjuaijed Auew o3 s|qe|leAy

Z19A91

921A19s A30|0dUo
9y} Aq pajJoddns jou isuayjo
JO saljlwe) awos Aq 34oddns 2oy py

Sal|lwey pue
sjuaijed sWOS J0j UOIFEINPD SWOS

sjualled swos
104 ApIsgns uojjelsodsuety swog

juswijulodde ue ssiw oym sjuaijed
AJ1auspl 03 Aem d11ewa3sAs
ou 1day| spJodaJ Juswijuloddy

POPMOUDIBNO {SS00E
paAe|ap ‘sjuaijed may e 03 3|qe|leAy

T [9A91

QUON

SUON

QUON

SUON

SUON

019797

sdno.g juoddns
Allwey pue jusijed

uolesnpa
Ajiutey pue Jusijed

joddns uoljejsodsue. |

Wa)SAs Xoeq-||ed pue
3ulnpayds Juswiuloddy

(8u13poj Ajiwey/jusized)
asnoy 1san9

aul| 22IAIRS

(penupuod) z 3lavi



HOWARD ET AL.

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 sarcoma patients, 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
allocation will differ in different centers, prioritization can be evidence-
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).> 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 clinicians would know to step down 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 1.2

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 patients with 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 team members.

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 conjunction with a data management pro-
gram and frequent, rigorous outcome evaluation to determine whether
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.
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One might argue that application of an adapted regimen that has
not been validated by results from clinical trials represents a departure
from standard care and therefore would 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.3!

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 O 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.3¢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 (from which 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
be emphasized that the level of each service line should reflect the level
of service to which most patients have “effective access.” The existence
of services is irrelevant if the patient cannot access them due to over-
crowding or inability to pay. A hospital with a Level 3 intensive care unit
that is always full and therefore does not accept oncology patients is
considered to have Level O 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 to most 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 O 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
had minimal toxicity in HIC. 3841 The PODC Adapted 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.2842 All PCUs should have a multidisciplinary team, regardless
of resource constraints. A team of doctors from multiple specialties,
nurses, social workers, pharmacists, and data managers can accomplish
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 in Table 3. 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 this would be preferred over an adapted 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. Clinicians must 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 even more 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 Regimen Working 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 PODC Adapted Treatment Regimen Working 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 needed most.”43
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(Stakeholder identifies the need for an adapted regimen)

Concept discussion at virtual meetings (Curedkids)

@bmit outline and timeline to chairs of PODC adapted regimens working grma

Virtual meetings Cure4Kids

«

(wmdng group chairs approve the conoept)

( Working group assures adequacy of the proposal )

Adequate?

Yes

( Form authorship committee

|
Discuss at virtual meetings (Cure4Kids)

Regular progress reports and presentations

for review of consistency with other regimens

Submission of final paper to the Working group )

No

Adequate?

Yes

Yes
Update the date of
most recent review
Update > in the Adapted
required? " Regimens Working
Group and on the
SIOP Website

Csmmitfor SIOP Publications Committee revievD

Submit for publication

Implementation and
evaluation

Review every 2 years
for need to update

FIGURE 1 Process flow diagram for development of SIOP PODC adapted treatment regimens

The initial group of adapted regimens were developed using a series
of consensus meetings held via regular online meetings by disease-
specific working groups with feedback from the larger Working Group
that includes all members of the disease-specific working 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 and modify the

regimen as necessary based on results plus any new published 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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Category Service line ALL1 | ALL1RT | ALL2 | ALL2RT | ALL3 | ALL4

Medical Inpatient ward

facilities Inpatient ward effective access
Isolation rooms for infected patients
Outpatient facilities
Outpatient facilities effective access

Radiation Radiation therapy facilities
therapy Radiation therapy planning tools
Radiation therapists

Radiation therapy personnel
Radiation therapy effective access

alalalalaiNNININ N

1
1
1
1
1

Access to Antineoplastic drug availability

drugs Antineoplastic drug effective access
Antimicrobial drug availability
Antimicrobial drug effective access
Analgesic drug availability

Analgesic effective access
Supportive care drug availability
Supportive care drug effective access

V) [V N S
(V) V] Y S

Supportive Blood product availability

care Blood product effective access
Intensive care availability

Intesive care effective access
Infection prevention and control
Nutritional support availability
Nutritional support effective access
Venous access

Pain and symptom management team

NN
NN

Diagnosis and |General laboratory availability
staging General laboratory effective access
Pathology availability

Pathology effective access
Pathology personnel
Hematopathology availability
Hematopathology effective access
Hematopathology personnel
Diagnostic imaging availability
Diagnostic imaging effective access
Diagnostic imaging personnel

Personnel Multidisciplinary team

Oncology team leader

Oncology physician training and experience*
Oncology physician effective access
Nursing training

Nursing effective access

Surgery

Surgical subspecialties relevant for oncology
Anesthesiology

Pharmacy

Infectious disease specialists

Paediatric subspecialty support

Professions allied to medicine

Social workers

1 1
1 1
1 2
1 1
2 2
2 2
0 0
0 0
0 0
1 1
1 1
1 1
0 0
0 0
0 0
1 1
2 2
2 2
2 2
0 0
0 0
0 0
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Social support{Shared care centers for treatment close to home
Guest house (patient/family lodging)
Appointment scheduling and call-back system
Transportation support

Patient and family education

Patient and family support groups
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FIGURE 2 Minimum levels of each service line needed to safely deliver childhood acute lymphoblastic leukemia adapted regimens; CRT, cranial

radiation therapy

would be established in collaboration with 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
the CCG5942 trial, patients with complete remission after chemother-
apy were randomized to no further therapy or involved-field radiation
therapy.3” At 10 years, EFS of children who received radiation therapy
was 8% higher than with chemotherapy alone, but overall survival was
similar.*2 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 (in HIC). Indeed, a recently
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FIGURE 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).*® 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.#¢ In settings where salvage therapy
is suboptimal, and few survivors are seen following relapse, a more
intense front-line regimen may be preferred, and the benefits of radia-
tion therapy may 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 local multidisciplinary tumor boards and consul-
tation with national or international disease experts. Although beyond
the scope of this paper, the guiding principle for individualized manage-
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
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TABLE 3 Requirements for SIOP PODC adapted regimen publications

Component

Service lines and levels

Diagnosis and risk stratification

Treatment regimens

Evidenced-based recommendations

Supportive care

Diagnostic evaluation and
monitoring

Selection of the most appropriate
initial regimen for a particular
pediatric cancer unit

Review process

Requirement
Use the service lines and levels outlined in this guidance paper (Table 2).
The writing committee for each adapted regimen is expected to elaborate where necessary.

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).

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 recommended monitoring,
dose modification 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 key management differences for initial regimen selection and any alteration in timing of surgery
or chemotherapy as mandated by local surgical or patient factors (e.g., upfront surgery vs.
chemotherapy for retinoblastoma or Wilms tumor).

Provide detailed recommendations and rationale to guide potential decision making for chemotherapy
substitution or regimen readjustments when individual chemotherapeutic agents are missing.

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

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

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.

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.?

Consider any data that may support less intense diagnostic evaluation or monitoring.

Consider evidence that justifies allocation of resources for specific testing.

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.

Follow the approval process that includes review by the SIOP PODC Adapted 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.*” 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.
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