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Summary

The definition of primary refractory acute myeloid leukaemia is the failure to achieve a response

after one or two cycles of induction. Given that there are many different strategies involving

different doses of cytarabine and anthracyclines, which may or may not be equivalent, and as this

is an area of unmet need with the potential for the development of new agents and strategies,

uniform criteria for response have been described that need to be adhered to. The outcome of

patients with chemoresistant disease is poor with only a proportion of patients salvaged by

allogeneic stem cell transplantation. Progress in supportive care strategies and donor identification

has enabled more of these patients to undergo unrelated donor transplantation. Novel strategies

and new agents directed at the biology of the disease and the mechanisms of resistance are needed.
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The importance of achieving complete remission

Historically, the achievement of complete remission (CR) after receiving induction

chemotherapy has been considered as essential for improving survival in patients with acute

myeloid leukaemia (AML) (Freireich, et al 1961). In a recent study of over 6,000 patients

with AML treated by the Eastern Cooperative Oncology Group (ECOG), the Southwest

Oncology Group (SWOG), or at the M. D. Anderson Cancer Center (MDACC),

approximately 90% of the patients who were alive 3 or 5 years after induction had achieved

CR after their initial therapy (Walter, et al 2010). This was independent of the cytarabine

dose and age of the patients. Furthermore, among the few patients who received non-

cytarabine containing regimens and were alive at 3 years, the majority had achieved CR with

the initial therapy.(Walter, et al 2010) Therefore, although this notion has been recently

challenged in trials of older patients receiving less intensive treatment strategies, such as

hypomethylating agents (Fenaux, et al 2010), the achievement of CR has been considered as

a requisite first step for achieving long-term survival in patients with AML.(Walter, et al

2010)
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Of course, CR is an arbitrarily defined state of reduced disease burden based on

morphological assessment of the bone marrow and peripheral blood and is by no means

sufficient for achieving cure, as shown by studies demonstrating the need for post-remission

therapy in both younger and older patients with AML.(Stone 2010) However, achieving CR

and perhaps other definitions of lesser response, such as CR with incomplete platelet

recovery (commonly denoted as CRp), serve to identify patients that are sensitive to the

standard cytotoxic chemotherapeutic agents, particularly cytarabine and the anthracyclines.

It is clear, both in leukaemia and in cancer therapy, that morphological CR is not equivalent

to complete eradication of all neoplastic cells and new and more sensitive techniques of

identifying minimal residual disease (MRD) have demonstrated the persistence of cells

responsible for relapse in most patients achieving CR. (Grimwade, et al 2010) So, it is likely

that, with the development of new and effective targeted strategies with the potential for

eradicating MRD, our concepts and definitions of CR, may evolve further in the future.

(Hokland & Ommen, 2011)

At the present time, however, achievement of morphological CR will remain the gold

standard for assessing the sensitivity of an individual patient's leukaemic cells to cytotoxic

chemotherapy while other indicators, such as lesser responses and the degree of clearance of

leukaemic cells from the bone marrow on day 14 or 21, may also be useful to assess and

grade chemosensitivity.

Definition of complete remission in AML and need for uniformity of its

application

The original definitions of response as devised in a report by a group of international

investigators interested in conducting clinical trials in patients with AML, was revised in

2003 to include updated endpoints of clinical relevance.(Cheson, et al 2003, Cheson, et al

1990) The definition of morphological CR requires a morphological leukaemia-free state

with less than 5% blasts in the bone marrow aspirate sample (including marrow spicules and

at least 200 nucleated cells), together with an absolute neutrophil count ≥ 1.0 × 109/l and

platelet count ≥ 100 × 109/l in the absence of any evidence of extramedullary disease.

(Cheson, et al 2003) Frequently, 1 to 5% circulating blasts may be identified at the time of

CR and at least one study has suggested that these low numbers of persistent peripheral

blasts at CR have no effect on the subsequent outcome.(Estey, et al 2003) However, in

general, and particularly in clinical research, circulating blasts are considered to be evidence

of resistant disease unless they disappear on subsequent evaluations. Another issue is the

time of defining CR in relation to the induction treatment. Frequently, a regenerating bone

marrow can be mistaken for persistent leukaemia, when repeating a bone marrow

examination a week later can establish the achievement of CR. Clearly, in practice and in

clinical research these definitions and practices need to be closely adhered to in order to

achieve uniformity in studies of agents for primary resistant disease. Some definitions, such

as CR with incomplete recovery of peripheral counts (CRi) or CRp remain problematic, as

they do not specify the timing of the platelet or neutrophil count in relation to the bone

marrow examination and or indicate if there is a leeway in the number of days allowed

before this recovery occurs (i.e. a week after the bone marrow examination or longer?).
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Definitions of induction failure

Despite the significant advances in the treatment of AML in the recent years, a significant

proportion of patients fail to achieve CR with the initial induction regimen. Although

inherent resistance of the leukaemia cells to the cytotoxic drugs is responsible for a

proportion of these failures, other events, such as death as a result of infections and other

complications of therapy, account for a proportion of patients failing to achieve a response.

Clearly, there is an interaction between inherent resistance and the complications, as those

patients who do not recover normal haematopoiesis within about a month of induction are

more susceptible to the complications of prolonged apalsia related to persistent disease.

Therefore, it is possible to further segregate these patients depending on the time of

infectious death (beyond 4 weeks, this is more likely due, at least in part, to true resistance).

Alternatively, induction death can be considered a separate entity as it would not be clear

whether the patient would have achieved CR had it not been for an early death due to

complications. Patients with chemotherapy-resistant disease would then be considered to be

those who are alive after the induction but fail to fulfill the criteria for CR or CRi, coined by

the International Working Group and more recently the European LeukaemiaNet (Cheson, et

al 2003, Dohner, et al 2010) (Table I). Clearly, the patient will need to be alive for a

minimum number of days to have the chance of demonstrating their ability to reach a

response. The definition of resistant disease determined by the International Working Group

and European LeukaemiaNet requires the patients to be alive for only 7 or more days after

the completion of the first course of chemotherapy and have persistent leukaemia cells in the

peripheral blood or bone marrow at this time (Cheson, et al 2003, Dohner, et al 2010).

Clearly, with this definition, we are likely to encounter cases that would have been classed

as resistant but, with further follow up, may actually achieve a CR. The early assessment

proposed by the International Working Group, i.e., an evaluation at 7 to 10 days after

completing the last dose of the initial course of treatment, serves to provide an early

indication of the anti-leukaemic efficacy of the regimen.

This leads to the point of whether early clearance of the bone marrow and blood from blast

cells is an important goal of therapy. Previous studies have indicated this to be the case. In a

of 449 patients with AML aged 16 to 76 years of age, lower marrow blasts count at day 16

was associated with a better CR rate (p < 0.0001), and higher event-free, disease-free and

overall survival (p < 0.0001 for all endpoints) on multivariate analysis.(Kern, et al 2003)

When applied to the “3+7” regimens this observation is very valid. However, one would

expect this to be a function of the intensity of the initial therapy, at least in chemo-sensitive

disease, with more intensive regimens more likely to produce hypoplasia in the majority of

the patients.

Is achieving CR after one course similar to achieving it after 2 courses?

What about doses of cytarabine and anthracyclines?

Recently, Lowenberg et al (2011) reported the results from a randomized study comparing

two induction regimens in patients with mostly de novo AML, aged 18 to 60 years of age.

This included 431 patients who received an intermediate dose cytarabine regimen consisting

of 2 cycles, with the first cycle including cytarabine 200 mg/m2 administered as a
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continuous infusion for 7 days (total of 1.4 g/m2) together with idarubicin for 3 days. The

second cycle consisted of cytarabine 1000 mg/m2 given intravenously for 3 h twice daily for

6 days (total of 12 g/m2) together with amascarine. The 429 patients on the high dose

cytarabine arm of the study received cytarabine 1000 mg/m2 twice daily for 5 days (total of

10 g/m2) plus the same dose of idarubicin as above followed by a second cycle of

amascarine as above together with cytarabine 2000 mg/m2 twice daily for 4 days. They

demonstrated no benefit for the more intensive regimen with respect to CR rate, probability

of relapse, event-free survival at 5 years or overall survival and concluded that induction

therapy with cytarabine at the lower dose produced maximal anti-leukaemic activity,

suggesting that the first regimen produced a plateau level above which further dose

intensification with cytarabine was unlikely to be beneficial.(Lowenberg, et al 2011) Earlier

studies demonstrated the saturation of intracellular cytarabine triphosphate accumulation

with increasing doses of cytarabine, thereby providing the rationale for the use of

intermediate dose cytarabine in the treatment of AML patients (Plunkett, et al 1987).

Although accepting the conclusions of the study by Lowenberg et al (2011), there are

dangers in the potential ways these data can be interpreted and clarification of the exact

regimens being compared is crucial. A common practice by the United States cooperative

groups is to use an induction regimen of cytarabine 100 mg/m2 by continuous intravenous

infusion for 7 days (total 0.7 g/m2) together with an anthracycline, typically daunorubicin, at

doses of 45 to 90 mg/m2 daily for 3 days (Baer, et al 2011, Burnett, et al 2009, Fernandez, et

al 2009). A bone marrow examination performed on approximately day 14 determines the

need for a second cycle of induction of similar intensity, with 5 to 7 days of cytarabine at

100 mg/m2 (total 0.5 to 0.7 g/m2) and 2 to 3 days of an anthracycline (typically the need for

second course is defined by the presence of ≥5% blasts in the aspirate and ≥20% cellularity

in the biopsy on day 14 following initiation of induction therapy). Response is determined at

the completion of the first, and if needed, the second cycle of the treatment, with a recent

ECOG report suggesting a similar outcome for all the patients achieving CR irrespective of

whether they needed one or two cycles of induction (Rowe, et al 2010). A report from the

UK Medical Research Council (MRC) has also shown that a reduction of bone marrow

blasts to 5% -15% after the first cycle of induction is associated with a high chance of

achieving CR and, although the overall survival was worse for patients achieving partial

remission, there was no difference in relapse rate whether CR was achieved with one or two

cycles (Wheatley, et al 1999). Clearly, extrapolation of the data from the study reported by

Lowenberg et al (2011) to such regimens is problematic as, although the first cycle of the

lower dose regimen in that study is comparable to the induction regimens used by the MRC

and the US cooperative groups, the second cycle is clearly more intensive. This further

highlights the fact that the definition of primary resistant disease is highly dependent on the

dose of the drugs used, at least in patients with inherently chemosensitive disease, such as

those with more favourable cytogenetics and molecular features.

A meta-analysis of 3 randomized trials including approximately 1700 patients with de novo

AML, aged 15 to 60 years, who received either a high dose (≥ 1 g/m2 per dose) or a standard

dose (≤ 0.2 g/m2 per dose) cytarabine-based induction concluded that high dose cytarabine-

based induction was associated with an improvement in event-free and overall survival in
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these patients with no difference in the rate of CR or early death between the two strategies

(Kern and Estey 2006). This has led to the current practice by our group of using cytarabine

1500 mg/m2 by continuous intravenous infusion daily for 4 days (or for 3 days in patients 60

to 65 years) (total 4.5 to 6 g/m2) with a CR rate of 75% to 80%. (Ravandi, et al 2010a) The

advantage of high dose cytarabine regimens in improving CR duration and event-free

survival may be limited by higher induction toxicity associated with these regimens, which

can potentially be overcome by improvements in supportive care.(Bishop, et al 1996)

An important question remains as to whether the total dose of cytarabine in the initial

induction attempts (cycles 1 and 2) needs to be a total of around 1 g/m2, as is the current

practice among the US cooperative groups and most European centres, or whether it needs

to be escalated to 4.5 - 6 g/m2 (as practiced by our group). The study by Lowenberg et al

(2011) does not provide guidance in this area as their intermediate risk group received an

initial total dose of 1.4 g/m2 and could be “rescued” with a high dose of cytarabine (12

g/m2) in the second cycle; this is not a common strategy employed by the US and most

European cooperative groups. Clearly, the higher dose group with the potential 26 g/m2 total

cytarabine dose for cycles 1 and 2 did not benefit from this strategy, but the question still

remains whether the traditional regimens are inferior to intermediate dose regimens of

cytarabine (5 - 10 g/m2) for induction.

We have shown previously that failing one cycle of high dose cytarabine-based induction is

associated with a very poor outcome and a very low likelihood of long-term survival

(Ravandi, et al 2010b). It has also been shown that patients who are unresponsive to one

cycle of “standard’ dose cytarabine induction can achieve a CR with a second cycle and do

as well (Rowe, et al 2010). It is likely that patients who fail these higher dose cytarabine

induction regimens have a disease that is inherently resistant to cytotoxic chemotherapy and

are unlikely to benefit from similar chemotherapy-based interventions in their subsequent

treatment. This has also been demonstrated in studies comparing “standard” versus escalated

dose anthracyclines, where the younger patients with more favourable risk AML and

without adverse cytogenetics or molecular aberrations benefited from increasing the dose of

daunorubicin from 45 to 90 mg/m2 but those with these adverse features did not (Fernandez,

et al 2009, Lowenberg, et al 2009). It is likely that such patients with inherently

“chemotherapy-resistant” AML would benefit from alternate strategies, such as allogeneic

stem cell transplantation or novel investigational agents directed at the molecular aberrations

within their leukaemic cells. However, in patients with chemosensitive disease, the

daunorubicin dose of 45 mg/m2 is clearly inadequate. Whether 80 mg/m2 is necessary or

similar outcome can be obtained using 60 mg/m2 remains unclear.

In summary, resistance is a function of inherent disease biological characteristics as well as

the dose and type of the chemotherapeutic agents used in induction. Patients with inherently

sensitive disease who demonstrate a reduction of disease burden using various parameters,

such as early blast clearance, can be “rescued” by a second course of similar or higher

intensity if not in CR after the first course. However, those with inherent resistance to the

commonly used induction drugs are unlikely to benefit from further dose intensification.

Clearly, the age of the patient is an important determinant of the disease biology, impacting

the likelihood of response to induction as demonstrated by numerous studies regarding the
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importance of age in the outcome of AML patients (Appelbaum, et al 2006, Kantarjian, et al

2006).

What is the importance of minimal residual leukaemia

The identification and eradication of MRD is increasingly important in cancer therapy due to

the development and refinement of progressively more sophisticated techniques for MRD

detection.(Grimwade, et al 2010, Kern, et al 2010) Quantitative polymerase chain reaction

(QT-PCR) and multi-parameter flow cytometry (MFC) are increasingly used to detect MRD

in various lymphoid and myeloid leukaemias and multiple studies have established the

association of persistent MRD with a worse outcome (Campana 2010, Cilloni, et al 2009,

Grimwade, et al 2009, Schnittger, et al 2009). This will obviously influence our concepts

and definitions of sensitive and resistant disease. For example, a patient remaining positive

by PCR for the PML-RARA fusion gene after consolidation therapy for acute promyelocytic

leukaemia (APL) is clearly at a high risk of relapse and therefore such a patient must be

considered as being resistant to the regimen he or she received and offered pre-emptive

treatment with arsenic trioxide (Grimwade, et al 2009).We and others have reported that

persistence of cytogenetically abnormal metaphases at the time of CR is associated with a

significantly shorter relapse-free and overall survival in AML (Chen, et al 2011, Marcucci,

et al 2004). As such, patients with cytogenetically persistent disease should be considered

for intensification of post-remission therapy or alternative strategies and perhaps be

considered as having primarily resistant disease (Chen, et al 2011).

A number of molecular markers are candidates for MRD monitoring in AML, including

translocation fusion products in core-binding factor leukaemias, as well as newly described

molecular markers such as WTI and NPM1. (Cilloni, et al 2009, Grimwade, et al 2010,

Kronke, et al 2011) These studies have clearly demonstrated the feasibility of establishing

time points when persistent MRD is associated with a higher risk of relapse, providing

opportunity for disease intensification or development of novel immunotherapeutic

approaches. Undoubtedly, the usefulness of such definitions is highly dependent on the

availability of effective and non-toxic strategies to eradicate the MRD and achieve “cure”.

How the definitions of disease response and resistance will evolve in this era remain to be

seen.

Is there a role for chemotherapy in primary refractory AML?

The question of efficacy of further chemotherapy in primary refractory AML is highly

dependent on the definitions used and the initial treatment received. Patients with inherently

chemosensitive leukaemia who receive less intensive therapy (standard 3+7 regimens) and

do not achieve a CR may be “rescued” with a second course of similar or more intensive

chemotherapy with a reasonable likelihood of response, whereas patients with an inherently

chemo-resistant disease who receive intensive chemotherapy (cytarabine dose of at least

about 5 g/m2 for induction together with either idarubicin or higher dose of daunorubicin)

and who do not achieve a response are unlikely to benefit from further chemotherapy and

should be considered for alternative strategies, such as allogeneic stem cell transplant or

investigational agents targeted at the biology of the disease (Figure 1). These distinctions are
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important to consider when designing clinical trials specific for patients with primary

refractory AML. It can be argued that true definitions of resistant and sensitive disease are

probably based on disease biology. However, although biological predictors of response to

chemotherapy, such as cytogenetic abnormalities, molecular aberrations (such as NPM1 and

KIT mutations) and the existence of efflux pumps do exist, their predictive value is not

universally established and they are not used in clinical practice to select initial therapy

(Leith, et al 1999, Smith, et al 2011). It is also important to note that chemosensitivity

should be viewed in the context of particular medications and that the same patient may be

chemoresistant to one regimen and chemosensitive to another, particularly with

identification of new specific targeted agents directed towards these molecular aberrations.

In patients with truly chemoresistant disease, various chemotherapy strategies have been

associated with significantly lower response rates compared to those with relapse following

a prior response.

Allogeneic stem cell transplant has been considered as the only strategy capable of

producing meaningful responses and achieving long term disease-free survival in a

proportion of these patients.(Biggs, et al 1992, Fung, et al 2003) Its role in this setting has

been better delineated by a recent publication defining the predictors of outcome (Duval, et

al 2010). This large study of over 1600 patients with AML who were not in CR at the time

of transplant included 636 patients considered to be primary induction failures. The factors

predicting the outcome in the overall population included poor risk cytogenetics, presence of

circulating blasts, poor performance status, donors other than a human leucocyte antigen-

identical sibling, and first CR duration less than 6 months, with patients with primary

refractory disease having the worst survival (Duval, et al 2010). In another recent report,

22% of 168 patients with primary refractory AML who underwent an unrelated donor stem

cell transplant were alive at 5 years, demonstrating the feasibility of this approach.

(Craddock, et al 2011) Primary refractory disease was defined as failure to achieve a

morphological CR in the bone marrow after 2 or more courses of induction without

specifying the drugs used or their doses. On multivariate analysis, lower percentage of bone

marrow blasts, fewer than 3 courses of induction, and cytomegalovirus seropositivity were

associated with better patient survival, with survival differing from 44% to 0% based on the

absence or presence of these factors.

Therefore, allogeneic stem cell transplant, both from related and unrelated donors, has the

potential for achieving long-term survival at least in a proportion of these patients who

otherwise have a very poor outcome. In our report of patients with primary refractory AML

after receiving a high dose cytarabine-based induction, about half of the patients who were

alive and in CR for at least 6 months had undergone an allogeneic stem cell transplant

(Ravandi, et al 2010b). Unfortunately, these are only a minority of such patients. Novel

treatment strategies, such as sequential therapy with chemotherapy followed by reduced-

intensity allogeneic stem cell transplantation should be further evaluated (Schmid, et al

2006). However, the best prospect for improving the outcome of these patients probably

involves a better understanding of the biology of the disease in these patients and the

mechanisms that predispose to their insensitivity to cytotoxic agents.
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Conclusions

Despite the availability of standard criteria for response and resistant disease in AML, the

variability of dose and the number of drugs used by different groups in induction therapy

and the existence of different strategies regarding the timing of the second induction course,

has inevitably led to inconsistencies in defining patients with primary disease resistance.

More precise definitions, taking into account the dose of drugs, the timing of the

assessments to establish resistance, and perhaps incorporating biological characteristics of

the disease, may provide us with a clearer picture of truly resistant disease, hence enabling a

better comparison of data from various clinical trials of novel agents in this setting and

enabling the development of better strategies for managing these patients.
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Figure 1.
A potential decision tree for patients with primary resistant acute myeloid leukaemia.

* e.g., may include higher dose anthracycline regimens or higher dose cytarabine regimens

** e.g., may include the 3+7 regimen with lower dose daunorubicin (45 mg/m2/dose)
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Table I
Response criteria in acute myeloid leukaemia as reported by the International Working
Group and the European LeukaemiaNet

Category Definition

Complete remission (CR)*
Bone marrow blasts < 5%; absence of blasts with Auer rods; absence of extramedullary disease;
absolute neutrophil count > 1.0 × 109/l; platelet count > 100 × 109/l; independence of red cell
transfusions

CR with incomplete recovery (CRi) All CR criteria except for residual neutropenia (< 1.0 × 109/l) or thrombocytopenia (< 100 × 109/l)

Morphological leukaemia-free state Bone marrow blasts < 5%; absence of blasts with Auer rods; absence of extramedullary disease; no
haematological recovery required

Partial remission (PR)
Relevant in the setting of Phase 1 and 2 clinical trials only; all haematological criteria of CR; decrease
of bone marrow blast percentage to 5% to 25%; and decrease of pretreatment bone marrow blast
percentage by at least 50%

Cytogenetic CR (CRc) Reversion to a normal karyotype at the time of morphological CR (or CRi) in cases with an abnormal
karyotype at the time of diagnosis; based on the evaluation of 20 metaphase cells from bone marrow

Resistant disease (RD)
Failure to achieve CR or CRi (general practice; Phase 2/3 trials), or failure to achieve CR, CRi, or PR
(Phase 1 trials); only includes patients surviving ≥ 7 days following completion of initial treatment,
with evidence of persistent leukaemia by blood and/or bone marrow examination

Death in aplasia Death occurring ≥ 7 days following completion of initial treatment while cytopenic; with an aplastic or
hypoplastic bone marrow obtained within 7 days of death, without evidence of persistent leukaemia

Death from indeterminate cause
Death occurring before completion of therapy, or < 7 days following its completion; or deaths
occurring ≥ 7 days following completion of initial therapy with no blasts in the blood, but no bone
marrow examination available

Relapse Bone marrow blasts ≥ 5%; or reappearance of blasts in the blood; or development of extramedullary
disease
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