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germline genomes are currently being done by some
centres in North America and Europe, to identify new
biomarkers and therapeutic targets and to guide the
selection of agents for individual patients.*® Similar
research studies are beginning to be undertaken in some
advanced centres in Asia.

Risk assignment
Risk-directed treatment is the cornerstone of contem-
porary protocols for acute lymphoblastic feukaemia in
couniries with ephanced or mavinum resources.
However, in regions with basic resources, intensification
of treatment is not a feasible strategy despite availability
of some useful prognostic markers—eg, age, presenting
leucocyte count, and early treabment response as assessed
by peripheral-blood Dblastcell count {panel 2). When
resources are limited, risk assignment can be based on
these clinical features and, if available, biological features
such as immunophenotype and genotype of leukaemia
cell, which have prognostic and therapeutic implications.
With enhanced resources, additional molecular and
cytogenetic features can be assessed to increase precision
of risk assessment and, thus, tailor treatment intensity
{panel 2).* Screening for the oncogene fusion transcript
BCR-ABL1is recormmended in adult patients with acute
lymphoblastic leukaemia, not only because it has high
incidence and poor prognosis in this age-group but also
because ABL tyrosine kinase inhibitors are available for
treatment.s®

Quantification of minimal residual disease by allele-
specific oligonudleotide PCR (ASO-PCR), amplification
of immunoglobulin and Tcell receptor genes, or multi-
parametric flow cytometry of aberrant surface antigen
expression allows accurate submicroscopic measure-
ments of early treatment response, currently the most
powerful of all prognostic markers*** Centralised
referral laboratorles 1o measure minimal residual
disease are yecommended for countries with maxivaum
resources. For regions or countries with enhanced or
limited resources, a simplified and inexpensive flow
cytometric assay of bone-marrow cells—based on the
exquisite sensitivity of haematogones to  gluco-
corticoids—can identify patients who have a good
treatment response during remission induction and
who miight benefit frorn a reduction in treatment™
ASO-PCR is a time-consuming and laborious procedure,
and the flow cytometric method needs a high level of
expertise for meaningful data interpretatiory; moreover,
both assays have limited capadity to monitor clonal
evolution during treatment, which introduces the
potential for false-negative vesulis. New deep-
sequencing methods that can detect very low levels of
leukaemia (<0-001%) with prognostic importance” will
soon become available to centres with maximum
resources, and these are expected to overcome the
limitations of current approaches for assessment of
minimal residual disease.
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With the advent of genome-wide analyses, almost all
cases of acute lymphoblastic leukaemia can be classified
genetically*” Many individuals with Philadelphia
chromosome-like (or BCR-ABLIikey leukaemia had
genetic abnormalities that predicted responsiveness to
ABL tyrosine kinase inhibitors feg, NUP2M4-ABLI,
EBFL-PDGFRB) or to JAK inhibitors {eg, BCRJAKZ,
mutated IL7R).* These tests should soon be available to
Agian ceritres with maximum resources. Host
pharmacogenetics can also affect treatment response,
The classic example is the velation between inherited
polymorphisms in the gene encoding thiopurine
methyltransferase  (TPMT) and the respomse to
mercaptopurine. Patients who inherit one or two variant
alleles that encode either unstable or non-functional
TPMT proteins have an increased risk of haemopoietic
toxic effects and development of wreatmentrelated
leukaermia; therefore, the dose of mercaptopurine must
be reduced.® However, TPMT mutations are rare in
Asian populations {about 2-3%) compared with white
populations {about 10%),* a finding that cannot account
for the reduced itolerance of Asian people to
mercaptopurine. Further study is needed to ascertain
whether polymorphisms of genes encoding enzymes
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entailed in folate metabolism, or perhaps other genes,
affect the response to ant-metsbolites in Asian
populations.

Treatment of children

Basic resources

in countries with basic resources, family doctors with no
formal training in administration of c¢hemotherapy
might be responsible for management of patients with
cancer. Because drugs and supportive care are limited,
our recommended treatment protocol ({panel 3)
incorporates agents that are available in the WHO list of
essential medicines and are minimally myelosuppressive.

We propose a two-drug remission induction regimen
with prednisolone and vincristine. Intrathecal metho-
trexate is recommended to prevent or treat CNS
leukaemia, but the first dose can be delayed forup to 2
week to avoid excessive toxic effects attributable to
delayed clearance of methotrexate in patients with renal
impairment at diagnosis and to reduce the risk of
traumatic lumbar puncture with blast cells, which can
adversely affect treatment outcome® On entering
complete remission, patients should receive interim
maintenance for 8 weeks with oral mercaptopurine or
tioguanine (if mercaptopurine is unavailable) every
night and methotrexate given every week, alternating
oral and intrathecal administrafion. Delayed
intensification with dexamethasone, vincristine, and
intrathecal methotrexate is recommmended in two parts,
interrupted by a second interim maintenance phase,
followed by a maintenance phase, to complete a total
tréatment duration of 2 years.

Although some findings show that one delayed
intensification course is enough for patients with a rapid
carly response to freatment,”™ the treatment used in those
studies was more intensive than that in our proposed
protocol. In a Children’s Cancer Group study,* double
delayed ingensification in an overall non-intensive
treatment protocol improved the outcome of patients with
intermediate-risk acute lymphoblastic leukaemia. Our
proposed protocol is low-intensity, non-myelosuppressive,
and repetitive, with little interruption. The repetitive blocks
simplify training for dociors and nurses on how to
adrminister treatment. About 50-70% of patients might go
into remiission and 20% might be cured with the two-drug
induction followed by raaintenance therapy, on the basisof
data for treatment regimens used in the USA in the 1960s.%
Compared with a threedrug or fourdrug induction
strategy, use of two drugs entails fewer toxic effects and
needs less supportive care, which is generally limited in
countries with basic resources, thus reducing abandon-

anent rates, However, if asparaginase is affordable, it could

be added for 2-3 weeks during remission induction
because it is relatively non-myelosuppressive compared
with other drugs and might boost long4erm survival to
30-50%, according to results of the Children’s Cancer
Group series of studies.®
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Limited resources

In countries with lmited resources, efforts fo train and
certify oncologists and nurses are helpful to establish a
team of trained clinicians. A prograrime whereby an
institution in a developed country is paired with an
organisation in a country with limited resources could
facilitate development of effeclive cancertreatment
programmes. ™ Internet-based communication initiatives
such as Cure4Kids are invaluable for training of teams
and management of difficult cases.

We recommend a three-drug induction protocol for
all paediatric patients ({panel 4}, with added
daunorubicin and extended asparaginase treatment
for children with a2 poor early response (based
on assessment of peripheral blood at day & or
bone ‘marrow at day 15). Protocols developed by the
US Children’s Oncology Group that feature a three-
drug induction regimen {dexamethasone, asparaginase,
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and vincristine, without anthracyclines), a 4-week
low-intensity consolidation phase, and no high-dose
methotrexate have yielded good results, particularly for
children with standard-risk B-cell acute lymphoblastic
leukaemia.” In a low-income province of Indonesia,
three-drug induction with only two doses of asparagi-
nagse induced 71% complete remission; failures
included abandonment in 12% of patients, toxic deaths
in 10%, and resistant disease in 7%.% Risk stratification
is possible and desirable. For consolidation treatment
in children with high-risk disease, we propose use of a
higher dose of cyclophosphamide than for those with
standard-risk disease, because this drug improves
outcome particularly for patients with Twcell acute
Iymphoblastic leukaemia.® In cases of high-risk acute
iymphoblastic leukaemia, intermediate-dose metho-
frexate {1 g/m? infusion over 24 h with folinic acid
rescue at 10 mg/m?, starting at 42 b and repeated every
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For mure on CuredKids see
httpffersnvcuredkids.org
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6 h for three doses) can also be added as part of
consolidation, with increased folinic acid rescue
implemented on the basis of a raised concentration in
seruim of creatinine. Dexamethasone is used for post-
remission ireatment to augment systemic and CNS
leukaemia control® ‘Triple intrathecal therapy is
recommended for children with Tcell acute
lymphoblastic leukaemia and those with leukaemic
blast cells in cerebrospinal fluid.® On the basis of
results from India, in which a similar treatment
protocol was used,”™ up to 60% of paediatric patients
might be cured with this approach. We do not
recommend routine prophylactic cranial irradiation
because this meodality is associated with serious
complications and has not been shown convincingly to
increase long-term survival in the context of effective
systemic and intrathecal treatinent, particularly for
children with B-cell acute lymphoblastic leukaemia
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Enhanced or maximum resources

Atcentres with enhanced or maximum resources, adoption
or modification of one of the many risk-directed protocols
developed in Asia, western Europe, or the USA, which
have vyielded good results, should be possible
{panel 5).2#55455 Iy general, these protocols feature early
intrathecal treatment, consolidation with high-dose metho-
trexate for high-risk disease and T-cell acute lymphoblastic
leukaemia, a delayed intensification phase with dexameth-
asone, vincristine and asparaginase, and continuation
treatment with mercaptopurine and methotrexate for
2-2-5 years. Although haemopoietic ster-cell transplant
aton from a matched-related donor is recommended for a
small proportion (2-6%) of very highrisk paediatric
patients, such as those with Twcell or Philadelphia
chromosome-positive acute lymphoblastic leukaemia and
a poor early respouse®®® longderm survival is only
extended moarginally compared with that for children
treated with intensive chemotherapy only (eg, from 36% to
45% in Philadelphia chromosome-positive acute lympho-
blastic leukaemia).® Tyrosine kinase inhibitors, if available,
should be used in patients with Philadelphia chromosome-
positive acute lymphoblastic leukaemia because it can
inerease 3-year eventfree survival from 35% to 80%
without use of wansplantation® If tyrosine kinase
inhibitors are not available, children with this genotype
should be preated with the most intensive arm of
chemotherapy and undergo transplantation: if response to
remission induction treatment is poor.

Treatment of adults

Basic resources

To our knmowledge, no reports have been published
on treatment of adults with acute lymphoblastic
leukaermia in countries with basic resources. Therefore,
we recommend a similar approach to that for paediatric
patients {panel 3}, Drug doses should be tailored
to the tolerance levels of adults. Referral to tertiary
medical centres with adequate expertise and resources
should be considered.

Limited, enhanced, and maximum resources

Most chemotherapy regimens used to treat adults with
acute lymphoblastic leukaemia in countries with at least
limited resources feature multiagent induction, intensi-
fication, consolidation, and maintenance phases,
together with CNS prophylaxis using intrathecal
chemotherapy, with or without crandal irradiation®* The
protocol from the UK Medical Research Coundil (MRC)
Acute Lymphoblastic Leukaemia trial (UKALL XII) and
the regimen consisting of hyperfractionated cyclophos-
phamide, vincristine, doyorubicin, and dexamethasone
{hyper-CVAD) are both popular because of encouraging
results. & Haemopoietic stem-cell transplantation is a
key component in the overall treatment strategy for most,
if not all, transplant-eligible adult patients in countries
with enhanced or maximum resources {panel 6).*¢
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The UKALL XII protocol features a two-phase induction
regimen with vincristine, preduisolone, daunorubicin,
asparaginase, cyclophospharide, cytarabine, and mercap-
topurine, followed by intensification with high-dose
methotrexate and asparaginase® Patents in the MRC
international trial were randomly allocated either matched-
sibling allogeneic transplantation, autologous transplant-
ation, or consolidation and maintenance chemotherapy.
Patients randornly assigned consolidation and mainten-
ance therapy received CNS prophylaxis with intrathecal
cytarabine and 24 Gy cranial irradiation. Of 1153 adult
patients with Philadelphia chromosome-negative disease,
93% achieved complete rexmission and S-year survival was
419%.% Of 293 patients with Philadelphia chromosome-
positive disease, 83% achieved complete remission and
S-year survival was 25%. Risk factors for poor response
included age 35 years or older, high leucocyte count
{>30x10% cells per L for B-cell acute lymphoblastic
Jeukaemia and >100x10% cells per L for Tcell acute
lymphoblastic leukaemia), and B-cell lineage. This
regimen yielded a comparable outcome in Asian patients:
85% of patients had complete remission and 40% were
estimated to survive to 5 years when UKALL X1 was used
in a Singapore centre.®

The hyper-CVAD protocol is a dose-intensive regimen
comprising eight cydes of fractonated cyclophos-
phamide, vincristine, dogorubicin, and dexamethasone,
alternating with high-dose methotrexate and cytarabine,
followed by 2 years of maintenance chemotherapy”
Granulocyte colony-stimulating factor is given during
the intensive chemotherapy cycles. CNS.directed
treatment consists of intrathecal methotrexate and
cytarabine only; cranial irvadiation is not done. In a
single-centre study of 288 patients, overall complete
remission was 92% with hyper-CVAD, and 5-year
survival was 38%, results that are remarkably similar to
those with UKALL XIL® Advanced age, poor
performarnce status, and high leucocyte count were

associated with a poor outcome. In a retrospective .
analysis of 53 adulf patients with acute lymphoblastic

leukaemid at one cenire in China, weatment with hyper-
CVAD resulted in 74% complete remission and 83%
survival at 2 years.”® We recommend either UKALL XII
or hyper-CVAD as initial treatment for adults with acute
Iymphoblastic leukaemia {panel 6).

In view of the suboptimum outcome with chemo-
therapy alone for adults with acute lymphoblastic
leukaemia, and poor survival after relapse, allogeneic
transplantation in first rémission has been assessed in
countries with enhanced or maximum resources >
In a large prospective trial¥ allogeneic transplantation,
chemotherapy alone, and autologous transplantation
were assessed. When comparing patients who received
an allogeneic transplant with those who received either
autologous transplantation or chemotherapy, adults with
Philadelphia chromoesome-negative disease and an
allogeneic transplant had significantly better 5-year
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survival (53% vs 45%) and fewer relapses than those
treated with chemotherapy alone or autologous trans-
plantation. High-risk disease was defined as age older
than 35 years, high leucocyte count, or prolonged
induction (more than 4 weeks) to achieve complete
rermission.” Allogeneic transplantation in both high-risk
and standard-risk groups was -associated with fewer
relapses compared with the other two ireatment
methods, but the survival benefit was only significantin
the standard-risk group, partly because of increased
transplantrelated mortality in the highrisk group
{particudarly in older patients). Survival did not differ
between patients who received chemotherapy alone
and those undergoing autologous transplantation.?
Researchers on a Cochrane review analysed 14 relevant
clinical trials, and their findings also supported use of
matched-sibling donor allogeneic transplantation as the
optimum post-remission treatment in acute lympho-
blastic leukaemia patients aged 15 years or older™
Findings of 2 meta-analysis showed that matched-sibling
donor allogeneic transplantation increased survival, but
outcorne was only improved In younger patients
{age <35 years), and the absolute benefit in survival was
about 10%.™ Based on current evidence, we suggest that
matched-sibling donor allogeneic transplantation should
be considered for adults with Philadelphia chromosome-
negative acute lymphoblastic leukaemia, particularly for
patients younger than 35 years {panel 6).

In adults with Philadelphia chromosome-positive
acute lymphoblastic leukaemia, allogeneic transplant-
ation (related or unrelated donor) in first remission
was recommended because of improvements in 3-year
survival to 36-40%.7 Howevery, in recent years, addition
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of tyrosine kinase inhibitors—eg, imatinib mesylate or
dasatinib, a second-generation tyrosine kinase inhibitor
that can overcome several imatinib-resistant ABL kinase
domain mutations—ito frontline chemotherapy signifi-
cantly increased remission rates to more than 90%,
without systemic toxic effects. Moreover, when tyrosine
kinase inhibitors were given before and after allogeneic
transplantation, disease-free survival rose to 60-75%.7%
For patients without a donor for allogeneic trans-
plantation, continuation of chemotherapy with a
tyrosine kinase inhibitor is recommended. In adulis
older than 60 years who were ineligible for trans-
plantation, use of a tyrosine kinase inhibitor as a single
agent or combined with standard regimens was well-
tolerated and led to an improved outcome.™” Although
extended follow-up is needed to ascertain the durability
of such approaches, we recommend older patients with
Philadelphia chromosome-positive acute lymphoblastic
leukaemia, who are precduded from intensive
treatments, should receive a tyrosine kinase inhibitor
combined with corticosteroids or chemotherapy
regimens as tolerated {panél 6). Emergence of resistance
to tyrosine kinase inhibitors remains a challenge.
Current trials are testing the third-generation tyrosine
kinase inhibitor ponatinib, which shows promising
actvity against various ABL kinase domain mutations,
including Thr315He”

Supportive care

Timely and effective supportive care is important for
successful treatment of acute lymphoblastic leukaermia.
However, indiscriminate adoption of high-ntensity
treatments from developed countries is inappropriate
without a commensurate level of supportive care.
Overtreatment beyond the limits of supportive-care
capabilities can lead to excessive death during induction,
and high abandonment rates™ Thus, the intensity of
treatrnent must be appropriate for the level of supportive
care that is available,

In countries with basic, and even limited, resources,
about 30% of patients die during induction, exceeding
the total cumulative risk of relapse™® Deaths from
infection and bleeding are most common. In a study
from northemn India,” sepsis and bleeding accounted for
53% and 16% of deaths, respectively, with tumour lysis
syndrome contributing to 6%.” Adequate hydration and
use of allopurinol before commencement of steroids or
other chemotherapy agents must be done. Table 3
presents some supportive treatment regimens according
to the level of available resources. Hunger and
colleagues® have outlined step-up treatment protocols
that might still be too intensive for countries with basic
and limited resources in Asia. The Paediatric Oncology
in Developing Countries commitiee of the International
Society of Paediatric Oncology: has developed
recommendations for supportive care in a low-income

setting.®
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Infection control and nutrition

Prevention of infection by simple means is a cost-
effective strategy that can pay large dividerids, Preferably,
patients receiving chemotherapy should be admitted to a
separate ward away from those with infectious diseases.
Hand hygiene is espedially important to prevent cross-
infection. Hand-washing facilities with easy accessibility
should be made available in wards, or disinfectant hand
gels can be placed at the bedside. WHO has published a
simple forrmula for low-cost handrub.™ A combination of
trimethoprim  and  sulfamethoxazole is eéssential to
prevent Pneumocystis firovecii pneumonitis. A febrile-
neutropenia protocol based on local bacterial sensitivity
should be developed so that nurses and junior doctors
can initiate tregtment without delay.

Malnuirition is common among infants in Asian
countries (table 2). According to UNICEF, 17% of
children under-5 in east Asia and the Pacific region, and
46% in southeast Asia, are underweight® Malnutrition
can develop within days after anticancer treat-
ment in children® and could be assodated with
impaired immunity, decreased tolerance to chemo-
therapy, increased infection rates, and a resultant decline
in overall outcome®* Paediatric patients with acute
lymphoblastic leukaemia receiving chemotherapy might
also have intestinal parasitic diseases™

Management of tuberculosis

Tuberculosis is endemic in Asia. The incidence of
the disease in children with acute lymphoblastic
leukaemia is 10-22 times that of young people from
similar backgrounds, and about 50% of patents with
active tuberculosis at presentation show reactivation
within 5 months after completion of remission
induction treatment.” The two most common forms of
infection are pulmonary and meningeal tuberculosis.
Culture and sensitivity testing for wmultiresistant
Mycobacterium tuberculosis is important. Inital treat-
ment with isoniazid, rifampicn, pyrazinamide, and
ethambutol for 2 months followed by isoniazid and
rifampicin for 4 months is needed. Treatment for
miliary tuberculosis is prolonged for 12 months to
reduce risk of reactivation. Chemotherapy should notbe
delayed for an extended time, and antituberculosis
drugs can be started simultaneously with chemotherapy.
Patients might need more than one course of
antituberculosis treatment because reactivation is
common. Family menibers must be screened and
treated for tuberculosis. Combination antitubercidosig
drugs in one pill are available in many Asian countries
and can improve treatment adherence. In endemic
areas; routine Mantoux testing and chest radiography
are recommended for all patients newly diagnosed with
acute lymphoblastic leukaemia. A positive Mantoux test
(induration >20 mm) will require investigations to
isolate M tuberculosis, In most countries, analysis of
early-morning gastric aspirates or induced sputum,
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- Antiemetics

Metoclopramide and diph
dexamethasone

Paracetamol, codeine, morphine

Whole blood {directed), platefots
Allopurino!

Prevention of tumour lysis

dexamethasorie, ondansetron

o

aminoglycosides, trimethoprim-sulfamethoxazole

Metoclopramide and diphenhydramine, lorazepam, chlorpromazine,

% Analgesics Intravenous midazolam and ketamine for painful procedures, codeing,
§ methadone, morphine (multiple formulations)

;f,ﬂ Antibiotics Broad-spectrum antibiotics, amphotericin B

P

Trimethoprir-sulfan olefor Pre
Packed red-blood cells, platelets
loputinol

. Prophylaxis

- Antiemetics
| Analgesics
% procedures, fentanyl and other opicids

Ondansetron, granisetron, aprepitant

- Antibiotics

Tiisnethopri hoxazole for P

is jirovecii

Central venous catheters, sedation or general anaesthesia for painful
Broad-spectrum antibiotics, carbapenems, azoles, echinocanding

JSEIS jiroveci;

Prophylaxis

. Blood products

Nytrition .
Allopurinol with or without rashuricase

Prevention of tumour lysis

larnivudine, entecavir, tenofovir for hepatitis B carviers

Leucoryte-depleted or irradiated blood companents, single-donor platefets

¥ chiorpre Metodop and diphenhydraming, lorazepam, chlorpromarine, dexamethasone,
ondansatron
Paracetamol, codeine, morphine
Cephalosporins, antipseudomonas semisynthetic penicillins, Cephalosporins, antipseudomonas thetic penicilling, aminoglycosides;

trimethoprim-sulfamethoxazale
Whole blood (directed), platelets
Allapurinot
Metoclopramide and diphenhydramine, | 1
! 4 ar granisetion

Paracetamol, codeing; methadone, morphine {multiple formutations)

chlorpromazine,

hasong,

Broad-spectrum antibiotics, amphotericin B, azoles
L.

hoxazole for P jstis jiroveci

Triemathopri
Packed red-blood cells, single-donor platelets
Allopuringl

Ondansetron, granisetron, aprepitant

intravenous morphine, fentanyl
Sroad-spectrum antibiotics, carbepenams, azoles, echinocandins, liposomal
amphotericin B
Trimethoprim-sulfamethoxazole for P
acidovir for herpas simplex, varicella zoster
famivudine, entecaviy, tenofovir for hepatitis B carriers

Leuencye-depleted or irradiated blood components, single-donor platefets,
HLA-matched platelets

Total parenteral nutrition

s firovect;

Alfopyrinol with orwithout rasburicase

using nebulised normal saline for 3 days consecutively,
is done 1o look for acid-fast bacilli, and tuberculosis
culture and sensitivity testing is recommended.
In countries with maximum resources, bronchoalveolar
lavage is also acceptable. Because latent tuberculosis
can reactivate during the early months of chemotherapy,
prophylactic treatment with rifampicin for at least
& months is common pracice, even without a definite
focus for infection or positive culture.

Management of hepatitis B

Of the 400 million carriers of hepatitis B virus in the
world, 75% live in Asia. Prevalence of chronic hepatitis B
virus infection is high in Asia, with the highest
proportion of chronic infection {about 8-209) occurring
in southeast Asia, China, central Asia, and the
Middle East. Most infections arve acquired by vertical
transmission from maternal hepatitis B carriers or in
early childhood, Active neonatal hepatitis B vaccination
programmes in most Asian countries promise to reduce
this heavy burden of chironic hepatitis B carriage in the
future. Transfusion-acquired hepatitis B infection still
occurs in some countries;” revaccination for hepatitis B
virus at diagnosis of acute lymphoblastic levkaemia can
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reduce  transfusionacquired  infection. Intensive
chemotherapy or iransplanfation might reactivate
chronic hepatitis B infections in carriers and could
adversely affect treatment. We recommend routine
testing of Hiver function, HBsAg, anti-FBs, and anti-HBc
at diagnosis in countries with enhanced or maximum
resources. Presence of HBsAg indicates a chronic
carrier state and a need for regular quantitative
monitoring of hepatitis B virus DNA titres duwring
treatment. Carriers with high titres of hepatitis B virus
DNA or raised amounts of liver enzymes might need
antiviral treatment with oral nucleosides or nucleotides
such as lamivadine, entecavir, or tenofovin, Entecavir is
preferable for patients either with high tizres of
hepatitis B virus or who have undergone prolonged
treatment with lamivudine, because of emerging
concern about development of resistance fto
lamivudine ™ Detection of anti-HBc suggests a history
of previous natural infection. Monitoring of hepatitis B
virus DNA titres is recommended when lasting,
unexplained, raised concentrations of liver enzymes or
conjugated hyperbilirubinaensia are noted in patients
who are positive for anti-HBc. In countries with basic
and limited resources, where antiviral treatment is not
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Central venous catheters, sedation or general anaesthesia for painful procedures,
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Pain control
Nawses or vomiting

Dyspnoea
Pain controt
Nausea or vomiting

Dyspnoea
psychosodial support

Pain control

| Nausea orvomiting
Dyspnoea

Bleeding and anaemia
Psychusodial support
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available, routine meonitoring for hepatitis B virus
immune status is not done. Testing for HBsAg and
antibodies against hepatitis C virus in all blood products
is important to protect patients.

Transfusion support

In countries with basic or limited resources, safe blood
components such as platelets and red-blood cells might
not be readily available, and even blood banks might not
be open daily. For these countries, family donors are
commonly asked to complement the volunteer donor
pool. In some places, medical students, doctors, and
nurses are a ready pool of blood donors. The blood
transfusion infrastructure for thalassaemia major—a
common inherited blood disorder in soutleast Asia—
could help provide additional units of random platelets.
Local government has an important role in providing
resources 1o set up blood-bank services that meet safety
standards: The processing of whole blood into various
components helps the rational supply of packed-red-
blood cells and random platelets. Government and other
public organisations should work together to raise public
awareness about the importance of voluntary blood
donation,

Pain control

The WHO guideline on pain control recommends a two-
step approach that is effective in about 90% of patients.®
Mild pain in patients with acute lymphoblastic leukaemia
can be managed with oral paracetamol; non-steroidal anti-
inflasnmatory  drugs  should be avoided because
thrombocytopenia s common in  individuals with

leukaemia. Non-pharmacological approaches such as
distraction, controlled breathing, and provision of
appropriate anticipatory guidance should always be used
concomitantly with pharmacological approaches. For
moderate-to-severe pain, opiates are necessary. Morphine
is the first-line opioid, but the problerns of narcotic abuse,
misconceptions about addiction, and administrative
restriction unfortunately limit the availability of morphine
in miany Asian countries. Codeine (a prodrug) is
commonly available, but it needs to be converted by
cytochrome P450 2D6 (CYP2D6) to active morphine
in vivo; some people with poor metabolism do not respond
to codeine whereas others with ultra-rapid metabolism are
at risk of toxic effects with standard doses.” The Asian
Oncology Summit guideline on palliative care noted that,
in about seven Asian countries, patients with cancer have
access to more than 1 mg of morphine per person, which
is judged adequate for pain relief.” The limited access to
morphine i other areas of Asia could soon be lessened,
because WHO has made access o this drug a high priority
for patients with cancer pain.

Many children in Asian countries do not receive
sedation and pain control for bone-marrow aspiration
and lumbar puncture because of scarce ireatment
facilities and monitoring devices. Procedurerelated pain
can induce substantial short-term and long-term anxiety
and psychological sequelae. Local analgesia with EMLA
cream {lidocaine and prilocaine) and subcutaneous
lidocaine and conscious sedation—such as with
intravenous midazolam—should be given before painful
procedures. Staff should be trained in safe administration
of sedation, from monitoring to resuscitation.”™

Paracetamol, codeine, immediate-release aral morphine, dexamethasong

3,

Metoclopramide and di
pramethazing, dexamethasone

lorazepam, chlorpromazine,

Paracetamod, codeing, immeds

goral morp

#etaclopramide, prochloperazine, ondansetron, d

+

Codeine, morphine, chlorpromazing, lorazepam

immediate-release oral morphine, neuropathic pain adjuvact

{eg, gabapentin)

Metaclopiamide and diphenhydrarmine, lorazepam, chlompromazine,
pramethazine, dexamethasone, ondansetron

Oxygen, diazepam, morphine

Parent suppart groups

Transdermal morphine (eg, fentanyl patch), intravenous or
patient-controlled analgesic morphine, palliative chemotherapy,
slow~ralease oral morphing, neuropathic pain adjuvants (eg, gabapentin,
cathamazepine)

o

Ond on or granisetron hasone

intravenous of patient-controlied analgesic morphine, diazepam
or jorazepam

Bload products
Hospice care, bereavement support
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Codeine, morphine, chlompromazing, lorazepam

Paracetamol, codeine, immediate-release oral morphine, dexamethasone,

slow-release oral morphine, neuropathic pain adjuvant {eg, amitriptyline)
Metaclopramide, prochloperazine, lorazepam, ond won, d hasong,
granisetron

Oxygen, morphine

Hospice care

Transdermal morphine (eg, fentanyl patch), intravenous or patient-controlled
analgesic morphine, paliiative chematherapy, slow-release oral morphine,
neyropathic pain adjuvants (eg, gabapentin, carbamarepine}, methadone,

neuropathic pain adjuvants {eg, amitriptyline, gabag % )]

Ondansetron or isetron, d hasone
b 5

Intravenous or patisnt-controlled analgesic morphing, diazepam, or lorazepam

Blood products
Hospide care, bereavernent support.
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Antiemetics

Setrons—S5-hydroxytryptamine antagonists—are highly
effective drugs for prevention of nausea and vomiting in
both children and adults with acute lymphoblastic
leukaemia, but they represent the second most expensive
supportive care after parenteral antibiotics. In general,
chemotherapy for acute lymphoblastic leukaemia is not
strongly emetogenic. Non-setron antiemetics can be used
as alternatives. Intravenous metoclopramide combined
with intravenous diphenhydramine, to reduce the risk of
oculogyric crisis, are effective in countries with basic
resources when patients or their families cannot afford
setrons, Lorvazepam and chilorpromazine might be helpful
in some patients.”* Asian governments should consider
subsidisation of generic ondansetron because it is cost
effective and increases tolerability of treatment for acute
lymphoblastic leukaemia. Patients with ultra-rapid
metabolising CYP2D6 variants might not respond to
ondansetron, and they may need granisetron.™

Psychosocial support and palliative care
Several factors contribute to failure of treatment for acute
lymphoblastic leukaemia in low-income countries, ™™
including abandonment of the paediatric patient’s
treatment by the family and poor adherence to
chemotherapy, because of the high costs of treatment
and travel to treatment centres and loss of income of
parents or carers. Besides social support to enable
patients to corplete treatment, an education programme
for parenis could substantially improve outcorne
Palliative care also has an integral role in management
of patients with acute lymiphoblastic leukaernia, but it is
still a fairly new subspecialty that is in development in
many Jowincome countries™ Palliative care is not
funded fully by governments of most Asian countries,
and provision is inadequate because staff are not well-
trained and communities mnot informed enough,
particularly for paediatric care. Integration of palliative
care through the primary oncology service, with
emphasis on comfort and quality of life, can reduce
suffering and abandonment and improve survival

wawthelancet.comfoncology Vol 14 November 2013

rates."™ Indeed, early integration of palliative care with
oncology treatment has been touted as the optimum
model for high-quality comprehensive care of adults and
children with cancer™ Table 4 surmmarises some of the
key components of palliative care. Paediatric palliative-
care programmes should be started, leaning on the
experience and resources of well-established adult
palliative-care programmes.

Conclusions

As the Asian economy and vegional infrastructure
continue to improve, patients with acute lymphoblastic
leukaemia in areas with basic or limited resources will
gain augmented access to treatment, whereas those in
countries or regions with enhanced or maximum
resources will have additonal options of novel targeted
therapies. The management proposed in this Review
should be modified on the basis of availability of drugs
and resources, the experience of the treatment team,
environmental factors, and racial and ethnic differences
in drug disposition.
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