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急性骨髄性白血病	
  
Acute	
  myeloid	
  leukemia	
  (AML)	


白血球，赤血球，血小板などの血液細胞は，骨髄
において造血幹細胞からそれぞれの前駆細胞を経
て分化・増殖する．これらの血液前駆細胞が，「が
ん化」して異常に増殖することで起こる腫瘍性疾患
が急性白血病である．骨髄系細胞の場合は，急性
骨髄性白血病（AML:	
  Acute	
  Myeloid	
  Leukemia）と呼
ばれる．AMLを発症すると，骨髄中で幼若な細胞
（異常芽球）が大量に増殖し，正常な造血が抑制さ
れる．結果として，正常な白血球減少による易感染
症状態や貧血，血小板減少による出血傾向来す．	
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AML	
  (M0,	
  M1,	
  M2)	


AML	
  (M3)	
  急性前骨髄球性白血病（APL）	
  

AML	
  (M4,	
  M5)	

AML	
  (M6)	


AML	
  (M7)	


自己複製	


骨髄系	
  
前駆細胞	


急性白血病は	
  
増殖能は保持するが	
  
分化能を喪失する	


French-­‐American-­‐BriBsh（FAB）分類	




WHO分類（2008年）	

1.  特異的染色体相互転座を有するAML	
  

a.  染色体転座t(8;21)(q22;q22)または融合遺伝子RUNX1-­‐RUNX1T1を有するAML	
  
b.  染色体第16番逆位inv(16)(p13.1q22)または転座t(16;16)(p13.1;q22)または融合遺伝子CBFB-­‐MYH11を有するAML	
  
c.  急性前骨髄球性白血病[染色体転座t(15;17)(q22;q12)または融合遺伝子PML-­‐RARAを有する]	
  	
  
d.  染色体転座t(9;11)(p22;q23)またはMLLT3-­‐MLLを有するAML	
  
e.  染色体転座t(6;9)(p22;q34)またはDEK-­‐NUP214を有するAML	
  
f.  染色体第3番逆位 inv(3)(q21q26.2)または転座 t(3;3)(q21;q26.2)または融合遺伝子RPN1-­‐EVI1を有するAML	
  
g.  染色体転座t(1;22)(p13;q13)またはRBM15-­‐MKL1を有する巨核芽球性AML	
  
h.  暫定的病型:	
  遺伝子突然変異を伴うAML	
  (NPM1遺伝子変異,	
  CEBPA遺伝子変異など)	
  

2.  骨髄異形成関連の変化を伴うAML	
  
a.  多血球系に異形成を有するAML	
  
b.  骨髄異形成症候群(MDS)から移行したAML	
  
c.  MDSに関連した染色体異常を有するAML	
  

3.  治療に関連した骨髄性腫瘍	
  
4.  上記以外の急性骨髄性白血病	
  

a.  最小分化型AML:	
   	
   	
  FAB分類の”MO”に相当	
  
b.  未分化型AML:	
   	
   	
   	
  FAB分類の”M1”に相当	
  
c.  分化型AML: 	
   	
   	
  FAB分類の”M2”に相当	
  
d.  急性骨髄単球性白血病:	
   	
  FAB分類の”M4”に相当	
  
e.  急性単芽球性および単球性白血病: 	
  FAB分類の”M5”に相当	
  
f.  急性赤芽球性白血病	
  

A)  赤白血病 	
   	
  FAB分類の”M6”に相当	
  
B)  純赤芽球型	
  

g.  急性巨核芽球性白血病:	
   	
  FAB分類の”M7”に相当	
  
h.  急性好塩基球性白血病	
  
i.  骨髄線維化を伴う急性汎骨髄症	
  

5.  骨髄肉腫	
  
6.  ダウン症候群関連骨髄増殖	
  

a.  一過性骨髄増殖異常症	
  
b.  ダウン症候群関連骨髄性白血病	
  

7.  芽球性形質細胞様樹状細胞腫瘍	
  

薬物療法への治療反応性が良いもの。	


薬物療法への治療反応性が悪いもの。	




AMLの骨髄像	


正常骨髄（x400）	
 AML（x600）	




AMLの疫学	


日本における骨髄性白血病の発症頻度は，毎年10
万人あたり男性 3.5人，女性 2.1人で，成人の骨髄性
白血病の70%がAMLといわれている．年齢別にみる
と，21～69歳では10万人あたり0.6～6人だが，70歳
以上になると10～17人と発症頻度は増加する．	
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Figure 1 Age-specific SEER incidence rates for acute myeloid leukemia, 2006–2010.
Abbreviation: SEER, Surveillance, Epidemiology and End Results.
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Figure 2 Five-year relative survival (percentage) for acute myeloid leukemia by 
year of diagnosis.
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Figure 3 Five-year relative survival (percentage) by age of diagnosis, 2003–2009.
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as many as 75% of patients with newly diagnosed AML can 
expect to enter remission and as many as 40%–50% can 
expect to survive long-term. However, the great majority of 
patients enrolled in those trials were younger than 60 years 
old, and as expected, the chemotherapy regimens developed 
in the process perform best in the younger patient popula-
tion. Very few older patients can tolerate such intensive 
chemotherapy; those who can, do not respond as well as 
younger patients, relapse sooner, and their long-term prog-
nosis remains poor.

Over the past several years, we have come to a realization 
that improving the outcomes of older patients with AML will 
require approaches specifically developed for them. These 
approaches will need to take into account not only the differ-
ent biology of AML in these patients but also find a way to 
overcome specific host factors such as comorbid conditions, 
overall fitness, and difficult psychosocial aspects. In this 
review, we will provide an overview on the epidemiology and 
characteristics of AML in elderly patients, the rationale for 
treating elderly AML patients, and the potential of sapacit-
abine to become a novel treatment strategy, specifically for 
elderly patients.

Epidemiology and treatment 
outcome in elderly AML patients
Prior to the introduction of effective therapy, AML was a uni-
formly fatal disease, with an expected 5-year survival of less 
than 10%. Over the past 3 decades, the survival rate in AML 
patients gradually increased: according to the  Surveillance, 
Epidemiology and End Results (SEER) program, statistics 
between 2003 and 2009 reached 24.9% (Figure 2).1 The 5-year 
relative survival of younger AML patients actually increased to 
41.6%. At the same time, the 5-year survival of older patients 
aged 65 years remained poor at 5.4% (Figure 3).1 Other 
registries and AML treatment groups confirmed the slow but 

steady improvement over time in the outcomes of younger 
patients coupled with the lack of any appreciable progress in 
older patients (Figure 4).2,3 The newer data also confirmed the 
arbitrary nature of the cut-off we use to define younger and 
older patient populations, which is between 55 and 65 years 
old. It has become apparent that beginning at the age of 30–40 
years old, the increasing age of these patients acts as an inde-
pendent continued variable until well past age 65 years. The 
retrospective analysis of 968 untreated AML adults from the 
Southwest Oncology Group trials demonstrated a consistent 
decrease with age in the likelihood of achieving complete 
remission (CR) and the likelihood of overall survival (OS). 
Among patients 56, 56–65, 66–75, and 75 years the CR 
and OS rates were respectively: 64%, 46%, 39%, and 33% and 
18.8, 9.0, 6.9, and 3.5 months.4 These numbers are particu-
larly sobering considering that they reflect the outcomes of a 
selected minority ( 30%) of older patients with AML who 

発症年齢中央値	
  67歳	


米国における2013年の
AML発症年齢分布	
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AMLの症状	


• (正常)白血球減少	
   	
  =易感染症状態 	
  …発熱，風邪が治らない etc	

• 赤血球減少 	
   	
  =貧血 	
   	
   	
  …めまい，だるさ，動悸，息切れ	


• 血小板減少	
   	
   	
  =	
  出血傾向	
   	
   	
  …血が止まらない,出血しやすい	


正常な血液が造れない	


• 肝臓･脾臓 	
   	
  → 肝腫大･肝機能異常，脾腫	


• 中枢神経 	
   	
  → けいれん，頭痛，幻覚 etc	


血管外臓器への浸潤	


• 発熱(腫瘍熱)	

• 骨痛	


• 播種性血管内凝固症候群(DIC)	
  =	
  出血傾向と微小血栓による多臓器不全	


その他	




AML診断のための検査	


1.	
  血液検査	


2.	
  骨髄検査	


3.	
  その他	


●体幹部CT検査	
  
	
  （肺炎などの感染評価，肝脾腫，リンパ節腫大の有無）	
  

●頭部CT	
  and/or	
  MRI（中枢神経浸潤が疑われる場合）	
  
●心エコー，腎機能検査など，臓器予備能，合併症評価の検査	


●血液学的検査（末梢血中の異常芽球の形態）	
  
●生化学検査	
  
●凝固系検査（播種性血管内凝固，DIC）	
  
●感染症検査（HCV，HBVなど）	
  

●形態学的検査	
  
	
  （ギムザ染色，ミエロペルオキシダーゼ染色などの特殊染色）	
  

●染色体検査	
  
●キメラ遺伝子スクリーニング検査	
  
●FLT3-­‐ITD，c-­‐KIT遺伝子変異検査	
  



AML治療の考え方	


=	
  Total	
  cell	
  kill	

体内の白血病細胞をゼロにする	
  

化学療法	
  
（抗がん剤治療）	


造血幹細
胞移植	


その他	
  
(放射線治療など)	


支持療法 
感染症対策，出血対策，貧血対策，消化器症状対策 etc	




正常な白血球（好中球）	


白血病細胞	


減少期	
 増加期	


白血病細胞と好中球の減少と増加	


再発	


抗癌剤	


抗癌剤	


白血病に対する寛解導入療法の概念	




白血病に対する抗癌剤治療の概念	


経過	


寛解導入療法	


強化療法	
 強化療法	
 強化療法	
 強化療法	


再発	


血液学的寛解	


分子遺伝学的寛解	


白
血
病
細
胞
数	
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AMLの予後分類	

染色体異常による予後分類	
  

Slovak.	
  Blood.	
  2000:4075-­‐83;	
  	
  	
  Grimwade.	
  Blood	
  2010:354-­‐65	
  

予後分類	

SWOG/ECOG	
  

{Slovak,	
  2000	
  #6}	
  
MRC	
  

{Grimwade,	
  2010	
  #3}	
  

良好群	


inv(16)	
  
t(16;16)	
  
t(8;21)	
  
t(15;17)	
  

inv(16)	
  
t(16;16)	
  
t(8;21)	
  

中間群	


正常核型、 -­‐Y	
  
+6	
  
+8	
  

del(12p)	
  

良好群、不良群に 
属さないもの	


不良群	


abn(3q)	
  	
  
-­‐5/del(5q)	
  
t(6;9)	
  	
  

-­‐7/del(7q)	
  
t(9;22)	
  	
  
abn(9q)	
  	
  
abn(11q)	
  	
  
abn(17p)	
  	
  
abn(20q)	
  	
  
abn(21q)	
  

複雑核型 (≧3	
  aberra7ons)	
  

 t(3;5)を除く abn(3q)	
  	
  
inv(3)	
  

-­‐5/del(5q),	
  add(5q)	
  	
  
-­‐7/del(7q),	
  add(7q)	
  

t(6;11)	
  	
  
t(10;11)	
  	
  
t(11q23)	
  	
  
t(9;22)	
  

-­‐17/abn(17p)	
  	
  
複雑核型 (≧4	
  aberra7ons)	
  

Core-­‐binding	
  factor（CBF）	
  
白血病	




AMLの予後分類	

染色体異常による全生存率	
  

(P 5 .0080) were highly significant prognostic factors for re-
sponse. After adjusting for either or both PS and fever, the
heterogeneity of CR rates among the 3 cytogenetic categories
remained highly significant (P , .0001). These analyses suggested
that the effects of cytogenetics on CR rate could not be explained
by any of the other patient or disease characteristics considered.

Overall survival by cytogenetic risk status

Of the 609 patients with evaluable cytogenetics, 403 have died. The
other 206 have survived a median of 58 months (range 8 to 94
months). Among the 583 patients with known cytogenetic risk

status, OS varied significantly according to cytogenetic risk status
(P , .0001) (Figure 2). Comparisons of OS within cytogenetic risk
groups are summarized in Table 4. The estimated relative risk (RR)
of death compared with the favorable group was 1.50 (CI,
1.10-2.05) for the intermediate group and 3.33 (CI, 2.43-4.55) for
the unfavorable group.
Multiple proportional hazards regression analyses were per-

formed to investigate whether the apparent effect of cytogenetic
risk status on OS might be explained by the effects of other
prognostic factors. After adjusting for the effect of cytogenetic risk
status, 3 variables had significant prognostic effects: OS decreased
with increasing age (P , .0001) and white blood count (WBC)
(P 5 .0072) and with worsening PS (P 5 .0002). The effect of
cytogenetic risk status remained highly significant (P , .0001)
after adjusting for the effects of these 3 factors. None of the other
factors considered were significantly associated with OS after
accounting for the effects of risk status, age, WBC, and PS. Thus, it
did not appear that the effect of risk status on survival could be
attributed to the other factors.

Further analyses of the unfavorable group

Further investigation of the unfavorable group examined the role of
complex abnormalities in the presence or absence of 25/5q2
and/or 27/7q2. There was significant heterogeneity of outcomes
in the 4 resulting groups (P 5 .0068 for CR, P 5 .0018 for
survival) (Table 5). In particular, the patients with aberrations of
chromosome 5 and/or 7 in a complex karyotype had a particularly
low CR rate (37%), and all died within 2.5 years. Patients in the
unfavorable risk group without 25/5q2, 27/7q2, or complex
karyotype had a 68% CR rate, although this did not result in
markedly superior long-term survival compared with the remaining
unfavorable subgroups.

Table 4. Complete remission and overall survival, by cytogenetic risk status

Risk status Total no. of patients

Complete remission Overall survival

CRs/Pts* CR rate (%) 95% CI Died RR 95% CI

Favorable 121 98/117 84 77-90 53 1.00 —
Intermediate 278 205/270 76 71-81 168 1.50 1.10-2.05
Unfavorable 184 96/173 55 48-63 162 3.33 2.43-4.55
Unknown 26 13/24 54 33-74 20 2.66 1.59-4.45

CR indicates complete remission; CI, confidence interval; Pts, patients; RR, relative risk.
*Denominator is the number of patients who were evaluated for response.

Table 3. Patient and disease characteristics, by cytogenetic risk status

Characteristic
Favorable
(n 5 121)

Intermediate
(n 5 278)

Unfavorable
(n 5 184)

Unknown
(n 5 26)

Age, y
Median 34 40 39 44
Range 17-54 16-55 17-54 18-54

Female 43% 54% 40% 35%
Median WBC (3 109/L) 15.1 18.0 9.5 21.5
Median marrow blast* 56% 64% 69% 83%
Median blood blast* 38% 37% 30% 52%
Median hemoglobin
(g/dL)* 8.7 9.3 8.7 9.0

Median platelets
(3 109/L)* 37 61 56 41

Hepatomegaly* 8% 8% 6% 0%
Splenomegaly* 9% 9% 10% 4%
Extramedullary
leukemia* 42% 49% 44% 41%

Fever . 38° at
presentation* 47% 44% 51% 26%

Zubrod performance
status*
0 36% 33% 38% 35%
1 51% 54% 43% 46%
2-4 12% 13% 18% 19%

Fab class (central
morphology review)

M1 7% 27% 21% 31%
M2 42% 27% 27% 31%
M3† 17% 3% 1% 8%
M4 21% 14% 10% 0%
M5 1% 12% 11% 12%
M6 0% 3% 5% 0%
Other‡ 3% 8% 18% 15%
Unknown§ 9% 7% 7% 4%

*Results are based on fewer than 609 patients with data available.
†Of 33 morphologic M3 cases, all 21 with t(15;17) were coded as favorable; 9

karyotypically normal cases were coded as intermediate; one 11q23 case was coded
as unfavorable [t(11;17)(q2?3;q2?5)]; and 2 were coded as unknown [add(1)(q22)
and add(13)(q1?4)].

‡Other includesM0, M7,AML (not otherwise specified), andmiscellaneous other.
§Patients with no or inadequate materials submitted for central morphology

review.

Figure 2. Estimated distributions of OS by cytogenetic risk status. OS was
measured from date of entry into the study until death from any cause. Tick marks
indicate censored observations, and 95% CIs are shown in parentheses.
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the mutations we analyzed confirm and substan-
tially extend the results of previous studies.21-34 
Logistic-regression analyses showed that the gen-
otype of mutant NPM1 without FLT3-ITD was 
associated with a complete remission after con-
ventional anthracycline and cytarabine–based in-
duction therapy. Similarly, the mutant CEBPA gen-
otype was associated with a complete remission, 
a correlation that had not been found in previous 
studies of CEBPA as a single genetic marker.28-30 
In Cox regression analyses with relapse-free and 
overall survival as end points, the genotype of 
mutant NPM1 without FLT3-ITD and the mutant 
CEBPA genotype again appeared to be associated 
with a favorable outcome. The 4-year rate of over-
all survival for patients with the mutant NPM1 
genotype without FLT3-ITD was 60% and for 
those with mutant CEBPA was 62%. These out-
come data are similar to those for patients with 
core-binding-factor leukemias, which are catego-
rized as diseases with cytogenetically favorable 
risks.39-41 In contrast, the subgroups of patients 
with the FLT3-ITD genotype or the triple-nega-
tive genotype consisting of wild-type NPM1 and 
CEBPA without FLT3-ITD had similarly poor out-
comes, with 4-year rates of relapse-free survival 
of 24% and 25%, respectively, and 4-year rates of 
overall survival of 24% and 33%, respectively.

The influence of FLT3-TKD mutations on the 
outcome is unsettled. A negative influence was 
reported in a meta-analysis,42 but in a recent 
study by the Medical Research Council, TKD mu-
tations were associated with a favorable outcome 
in the entire cohort as well as in patients with 
cytogenetically normal AML.43 In our study, FLT3-
TKD mutations were not significantly associated 
with the outcome, possibly because other genetic 
markers, NPM1 in particular, were considered in 
the multivariable analysis. Notably, 54% of pa-
tients with the mutant FLT3-TKD genotype were 
in the subgroup of patients with the prognosti-
cally favorable genotype of mutant NPM1 with-
out FLT3-ITD; in contrast, patients with a FLT3-
TKD mutation as the sole aberration had a poor 
outcome.

Among the various clinical and genetic fea-
tures at presentation, besides genotype, the only 
significant factor for overall survival in our study 
was age, and this result was mainly due to the 
favorable outcome among younger patients who 
received a stem-cell transplant from a matched 
unrelated donor after relapse. However, age did 

not influence relapse-free survival in the donor 
group or in the no-donor group. In contrast, 
recently published data from the Dutch–Belgian 
Hemato-Oncology Cooperative Group and the 
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Figure 2. Kaplan–Meier Survival Estimates, According to Genotype.

Data are shown for relapse-free survival (Panel A) and overall survival 
 (Panel B). “Other genotypes” is defined as the FLT3-ITD genotype and the 
triple-negative genotype consisting of wild-type NPM1 and CEBPA without 
FLT3-ITD. Tick marks represent patients whose data were censored at the 
last time they were known to be alive and in complete remission (Panel A) 
or whose data were censored at the last time they were known to be alive 
(Panel B).
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tially extend the results of previous studies.21-34 
Logistic-regression analyses showed that the gen-
otype of mutant NPM1 without FLT3-ITD was 
associated with a complete remission after con-
ventional anthracycline and cytarabine–based in-
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a correlation that had not been found in previous 
studies of CEBPA as a single genetic marker.28-30 
In Cox regression analyses with relapse-free and 
overall survival as end points, the genotype of 
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with a favorable outcome. The 4-year rate of over-
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genotype without FLT3-ITD was 60% and for 
those with mutant CEBPA was 62%. These out-
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core-binding-factor leukemias, which are catego-
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CEBPA without FLT3-ITD had similarly poor out-
comes, with 4-year rates of relapse-free survival 
of 24% and 25%, respectively, and 4-year rates of 
overall survival of 24% and 33%, respectively.

The influence of FLT3-TKD mutations on the 
outcome is unsettled. A negative influence was 
reported in a meta-analysis,42 but in a recent 
study by the Medical Research Council, TKD mu-
tations were associated with a favorable outcome 
in the entire cohort as well as in patients with 
cytogenetically normal AML.43 In our study, FLT3-
TKD mutations were not significantly associated 
with the outcome, possibly because other genetic 
markers, NPM1 in particular, were considered in 
the multivariable analysis. Notably, 54% of pa-
tients with the mutant FLT3-TKD genotype were 
in the subgroup of patients with the prognosti-
cally favorable genotype of mutant NPM1 with-
out FLT3-ITD; in contrast, patients with a FLT3-
TKD mutation as the sole aberration had a poor 
outcome.

Among the various clinical and genetic fea-
tures at presentation, besides genotype, the only 
significant factor for overall survival in our study 
was age, and this result was mainly due to the 
favorable outcome among younger patients who 
received a stem-cell transplant from a matched 
unrelated donor after relapse. However, age did 

not influence relapse-free survival in the donor 
group or in the no-donor group. In contrast, 
recently published data from the Dutch–Belgian 
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Figure 2. Kaplan–Meier Survival Estimates, According to Genotype.

Data are shown for relapse-free survival (Panel A) and overall survival 
 (Panel B). “Other genotypes” is defined as the FLT3-ITD genotype and the 
triple-negative genotype consisting of wild-type NPM1 and CEBPA without 
FLT3-ITD. Tick marks represent patients whose data were censored at the 
last time they were known to be alive and in complete remission (Panel A) 
or whose data were censored at the last time they were known to be alive 
(Panel B).
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Activating mutations of receptor tyrosine kinases are
associated with distinct cytogenetic subgroups

Experimental data from mouse models have suggested that certain
mutations of RTK cooperate with distinct leukemic fusion genes to
induce leukemia in mice.15,28 To validate this hypothesis in patients
with AML, we analyzed the frequency of activating mutations in
the FLT3 and KIT genes in different cytogenetic subgroups. As
shown in Figure 2A, the frequency of KIT-D816 mutations in
patients with AML1-ETO–positive leukemias was higher than in
patients with normal and complex aberrant karyotypes. In contrast,
mutations in the tyrosine kinase domain and length mutations in the
FLT3 gene (FLT3-TKD and FLT3-LMs, respectively) were found
at a much higher frequency in patients with a normal karyotype and
a t(15;17) translocation. These data clearly show that activating
mutations of FLT3 and KIT are associated with certain cytogenetic
AML subtypes.

Prognostic significance of KIT-D816 mutations

Analysis of the prognostic significance of KIT-D816 mutations was
carried out (a) for 64 patients with t(8;21) and (b) for 663 patients
that were classified to the subgroup with intermediate prognostic
karyotypes (Figure 3). The median OS of t(8;21) patients without
KIT-D816 mutations was 1836 days in contrast to 304 days for the
KIT-D816–positive subgroup (Figure 3A; P ! .001). Regarding
EFS, the median was 244 days for the KIT-D816 mutation–positive
patients and 744 days for the nonmutated subgroup (P " .003;
Figure 3A). Age (P " .021) was another significant parameter on
survival in the group with t(8;21) but FAB subtype, etiology, and
leukocyte counts were not. Thus, the negative impact of KIT-D816
mutations was found to be independent of age (P ! .001).

The same analysis was conducted for patients with a prognosti-
cally intermediate karyotype (Figure 3B) and for all unselected de
novo AML (Figure 3C). In contrast to the t(8;21) subgroup, no

Figure 3. Overall and event-free survival of patients with
D816 mutations in subgroups with t(8;21) or with intermedi-
ate karyotype. OS and EFS for patients with mutated or nonmu-
tated KIT-D816. (A) Only t(8;21) subgroup. (B) Patients with
intermediate karyotype. (C) All AML. Figure shows Kaplan-Meier
analyses for the patient numbers indicated. “Median” indicates
median survival time; survival curves were compared using
double-sided log rank test.
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t(8;21), we describe a novel mutation in KIT exon 17 that led to an
insertion of the amino acid triplet serine-leucine-leucine in the
A-loop. Although we observed several different mutKIT8s, either
small deletions or deletions and insertions, all but one affected the
same codon D419, a finding consistent with previous studies.24,27

Given the aforementioned heterogeneity of KIT mutations, it is crucial

to determine the exact type of KIT mutation in each case because
specific TK inhibitors are active against particular KIT mutations.

In vitro experiments showed that cells carrying exon 17 mutations
involving the N822 in the A-loop23,49 or variants of mutKIT850-52 are
sensitive to the TK inhibitor imatinib. Indeed, variable responses
to imatinib given as a single agent or in combination with other
chemotherapeutics have been reported anecdotally in CBF AML
with mutKIT8, whereas patients with D816 mutations did not
show any response.53,54 Nevertheless, in vitro data have demon-
strated that D816 mutations in the A-loop can be targeted success-
fully with other TK inhibitor compounds such as PKC41221,55,56 or
dasatinib.57 Importantly, clinical activity of PKC412 has been re-
ported in a patient with mast cell leukemia harboring a mutation
occurring at codon D816,58 and a phase II trial with PKC412 for
patients with aggressive systemic mastocytosis and mast cell leuke-
mia (www.ClinicalTrials.gov, identifier NCT00233454) has been
initiated recently.

In conclusion, we show that KIT mutations, especially those
occurring within sequences of exon 17 encoding the A-loop, rep-
resent the first molecular prognostic marker in AML with inv(16)
and t(8;21). On the basis of our results and those of others,20,21,24

we propose that screening for KIT mutations be performed in all
CBF AML patients with inv(16) and t(8;21) for risk stratification
and, potentially, therapeutic purposes. Because particular TK in-
hibitors are active against specific KIT mutations, it is essential to
determine the exact type of KIT mutation to decide which TK
inhibitor might be active in a given patient with a KIT mutation.
We believe that our results and the literature data20,21,24,49-58 pro-
vide a rationale for designing a future clinical trial that will inves-
tigate the use of TK inhibitors as part of therapy administered to
CBF AML patients with KIT mutations.
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Fig 2. Predicted overall survival of patients with inv(16) according to the mutational
status of KIT (ie, wild-type KIT [wtKIT] v any type of KIT mutation [mutKIT]), adjusted
for sex. The 2- and 5-year survival estimates for the wtKIT group are 81% (95% CI,
70% to 94%) and 74% (95% CI, 62% to 90%) versus 44% (95% CI, 24% to 79%)
and 32% (95% CI, 14% to 73%) for the mutKIT group, respectively.

Fig 3. Cumulative incidence of relapse of patients with t(8;21) according
to mutational status of KIT (ie, wild-type KIT [wtKIT] v any type of KIT mutation
[mutKIT]).

Table 5. Multivariable Analysis for CIR for Patients With t(8;21), According
to KIT Status

Endpoint Model
Hazard
Ratio! 95% CI P

CIR mutKIT v
wtKIT †

5.2 1.7 to 15.7 .004

NOTE. Overall survival not listed because it was not significantly associated
with the mutational status of KIT.
Abbreviations: CIR, cumulative incidence of relapse; mutKIT, patients with a

KIT mutation; wtKIT, patients without KIT mutations.
!Statistically significant hazard ratio ! 1 indicates a higher risk of an event for

the first category listed for the dichotomous variable.
†Adjusted for percentage of peripheral blood blasts.
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AMLの予後分類	

予後因子となる遺伝子変異	


上村智彦,	
  宮本敏浩.	
  血液フロンティア	
  2015	
  in	
  press	
  

予後不良	
 予後良好	


FLT3-ITD変異	
 CEBPA変異	

FLT3は、血液細胞の増殖と分化、造血幹細胞の自己複製に関与し、
アポトーシスを制御する受容体型チロシンキナーゼで、13q12に座
位する。骨髄内皮細胞より産生されるリガンドが結合すると活性化

され、増殖が促進される。FLT3は正常造血幹細胞の生存に寄与し、
分化とともに発現レベルが低下するが26)、AML細胞では大部分に

発現している。FLT3遺伝子変異として、傍膜貫通領域が重複して繰
り返されるFLT3-ITD変異とキナーゼ領域が変異または欠失する
FLT3-KDMの2種類の遺伝子変異があり、これらの変異変異により

増殖シグナルが恒常的に活性化されることがAML発症の一因と考
えられる。CN-AMLの約30%にFLT3-ITD変異が、約10%にFLT3-

KDM 変異が認められる27,28)。ドイツのAML 96 studyでは化学療法
を施行されたAML予後中間群555例を、FLT3-ITD変異陽性 175例
（31.3%）とFLT3-ITD変異陰性 380例に分けて後方向視的に比較解

析した結果、FLT3-ITD変異陽性は再発率が有意に高く（21% vs. 
46%; P=0.001）、全生存率が有意に劣っていた（94% vs. 49%; 
P<0.001）29)。FLT3変異、特にFLT3-ITD変異は白血病細胞増加に

関連するとされ、AMLにおける予後不良因子と考えられている30,31)。	


CEBPAは顆粒球造血に重要な役割を担っており38)、　CEBPA変異
はAML全体の9%、CN-AMLの13%に認められると報告されている34)。
ドイツとオーストリアの多施設前向きコホート研究で、NPM1とともに

CEBPA変異陽性が、良好な完全寛解率に有意に関連することが示
された38)。またCEBPA変異陽性CN-AMLは、NPM1変異陽性かつ

FLT3-ITD陰性CN-AMLとともに、それ以外のCN-AMLより全生存率
も有意に良好であった34)。CEBPA変異は、両対立遺伝子に変異を
有するdouble CEBPA変異と単一対立遺伝子のみに変異を有する

single CEBPA変異があるが、多変量解析でdouble CEBPA変異陽
性AMLのみが予後良好因子であるとされる38)。	


c-KIT変異	
 NPM1変異	

c-KIT変異は，AMLの2%に認められ，特にt(8;21)AMLやtrisomy 7を
有するAMLでは比較的高頻度に認められる。t(8;21)AMLにおいて、
c-KIT変異は、生存期間（304日 vs. 1836日; P=0.006）と無イベント

生存期（244日 vs. 744日; P=0.003）を有意に短縮すると報告されて
いる39)。またinv(16)AMLにおいても、無イベント生存率や無再発生

存率への関連性については否定的な報告もあるものの40)、c-KIT変
異陽性群は陰性群に比較して有意に再発率が高いとされる41) 。	


NPM1は5q35に位置するAMLや悪性リンパ腫の責任遺伝子で、
NPM1変異はAML全体の25〜35%、CN-AMLの45〜60%に認められ
る4)。FLT3-ITD変異陽性AMLの約50%にNPM1変異が認められ、

FLT3-ITD変異と強い相関関係を示す33)。NPM1変異陽性AMLは、
高い寛解導入率や化学療法高感受性を示し、FLT3-ITD変異陰性

であれば予後良好である34-37)。	
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予後分分類	
 染色体	
 遺伝子異常	


予後良好群	


CBF白血病	
 正常核型	


・t（8;21）	
 　	
 NPM1遺伝子変異(+)および FLT3-ITD遺伝子変異(-)	


・inv（16） or t (16;16）	
 　	
 両対立遺伝子のCEBPA遺伝子変異	


t(15;17)	
 　	


予後中間群	


正常核型	
 CBF白血病	


+8	
 　	
 c-kit遺伝子変異(+)	


t（9;11）（p22;q23）	
 　	
 　	


その他の染色体異常	
 　	
 　	


予後不良群	


-5/del(5q)	
 正常核型	


-7/del(7q)	
 　	
 FLT3-ITD遺伝子変異(+)	


t（9;11）以外の11q23	
 　	


inv(3), t(3;3)	
 　	


t(6;9)	
 　	


t(9;22)	
 　	


一染色体欠失染色体異常	
 　	


複雑核型 (≧3 abnormalities)	
 　	


FLT3-­‐ITDとc-­‐kitは	
  
九州大学で解析?	
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AMLに対する寛解導入療法	
  
DNR/AraC	
  vs.	
  IDR/AraC	


IDR+Ara-­‐C	

IDR 	
  12mg/m2	
  d.1-­‐3	
  
Ara-­‐C 	
  100mg/m2	
  	
  	
  d.1-­‐7	


DNR（150程度）+Ara-­‐C	

DNR 	
  45mg/m2 	
  d.1-­‐3	
  
Ara-­‐C 	
  100mg/m2	
  	
  	
  d.1-­‐7	


DNR（270）+Ara-­‐C	

DNR 	
  90mg/m2 	
  d.1-­‐3	
  
Ara-­‐C 	
  100mg/m2	
  	
  	
  d.1-­‐7	


ECOG	
  1900	
  
（若年）（NEJM	
  2009）	


MSKCC： Memorial	
  Sloan-­‐Keaering	
  Cancer	
  Center（US）	
  
Albert	
  Einstein	
  Cancer	
  Center （US）	
  
HOVON： Dutch-­‐Belgian	
  CooperaBve	
  Trial	
  Group	
  for	
  Hemato-­‐Oncology	
  
AMLSG： German	
  AML	
  Study	
  Group	
  

Albert	
  EinsteinCCのIDRは13mg/m2,	
  d.1-­‐3	
  
MSKCCのAra-­‐Cは200mg/m2,	
  d-­‐1-­‐5	
  MSKCCのDNRは50mg/m2,	
  d/1-­‐3	
  

MSKCCのAra-­‐Cは200mg/m2,	
  d-­‐1-­‐5	
  
HOVONのAra-­‐Cは200mg/m2,	
  d.1-­‐7	
  

HOVONのAra-­‐Cは200mg/m2,	
  d.1-­‐7	
  

HOVON-­‐AMLSG	
  
（高齢）（NEJM	
  2009）	


＜＜

＜＜

＝

日本ではDNR	
  1	
  mg/kgまでが保険適応	
  

DNR	
  50mg/m2	
  	
  d.1-­‐5	
  

DNR,	
  ダウノルビシン	
  
IDR,	
  イダルビシン	
  
AraC,	
  シタラビン	




寛解導入療法	
  High-­‐dose	
  DNR	

Phase	
  III,	
  n	
  =	
  657,	
  age	
  17	
  –	
  60	
  yrs	
  
DNR	
  45	
  mg/sqm	
  x	
  3d	
  +	
  AraC	
  100	
  mg/sqm	
  x	
  7d	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  vs.	
  DNR	
  90	
  mg/sqm	
  x	
  3d	
  +	
  AraC	
  100mg/sqm	
  x	
  7d	
  	
  

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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categorical variables, the hazard ratio for death 
in the high-dose group was 0.72 (95% CI, 0.58 to 
0.89; P = 0.002). The median overall survival was 
15.7 months in the standard-dose group and 23.7 
months in the high-dose group (P = 0.003 by the 
log-rank test) (Fig. 2A).

Effect of Age
The patient’s age at the time of induction therapy 
influenced the response rate. Of the 657 patients, 
55% were under the age of 50 years. In the stan-
dard-dose group, patients under the age of 50 
years had a complete-remission rate of 59.4% and 
a median survival of 19.0 months; in the high-
dose group, patients in this age group had a com-
plete-remission rate of 74.3% and a median sur-
vival of 34.3 months (hazard ratio for death in 
the high-dose group, 0.65; P = 0.004). Patients who 
were 50 years of age or older had no significant 
benefit from the high dose of daunorubicin; me-
dian survival was 12.2 months in the standard-dose 
group and 16.9 months in the high-dose group 
(hazard ratio, 0.83; P = 0.20). However, the inter-
action between treatment assignment and age cat-
egory was not significant (P = 0.25).

Effect of Cytogenetic Profile
Patients were classified according to the risk as-
sociated with their cytogenetic profile, with 13.6% 
of patients deemed to be at favorable risk, 41.1% 
at intermediate risk, 26.6% at indeterminate risk, 
and 18.7% at unfavorable risk. Complete-remis-
sion rates for the favorable-risk, intermediate-risk, 
and unfavorable-risk groups were 81.3%, 58.7%, 
and 51.4%, respectively (P<0.001 for overall com-
parisons). Median survival was longest in the fa-
vorable-risk group but did not differ significantly 
between the treatment groups (hazard ratio for 
death in the high-dose group, 0.61; P = 0.18). At 
the time of the final analysis, median survival 
had not been reached among patients in the fa-
vorable-risk group who were treated with high-
dose daunorubicin. The greatest difference between 
the two treatment groups was seen in the inter-

Figure 2. Kaplan–Meier Estimates of Overall Survival.

Data from the intention-to-treat analysis are shown for 
survival of all patients (Panel A), those with a favorable 
or an intermediate cytogenetic profile (Panel B), and 
those with an unfavorable cytogenetic profile (Panel C).
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寛解導入率(70.6%	
  vs.	
  57.3%;	
  p<0.001)，全
生存率(median,	
  23.7	
  vs.	
  15.7ヶ月;	
  p=0.003)
ともに有意にDNR	
  90	
  mg/m2群が，DNR	
  
45mg/m2群に比べ，良好であった．	




Phase	
  III,	
  n	
  =	
  657,	
  age	
  17	
  –	
  60	
  yrs	
  
DNR	
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  AraC	
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categorical variables, the hazard ratio for death 
in the high-dose group was 0.72 (95% CI, 0.58 to 
0.89; P = 0.002). The median overall survival was 
15.7 months in the standard-dose group and 23.7 
months in the high-dose group (P = 0.003 by the 
log-rank test) (Fig. 2A).

Effect of Age
The patient’s age at the time of induction therapy 
influenced the response rate. Of the 657 patients, 
55% were under the age of 50 years. In the stan-
dard-dose group, patients under the age of 50 
years had a complete-remission rate of 59.4% and 
a median survival of 19.0 months; in the high-
dose group, patients in this age group had a com-
plete-remission rate of 74.3% and a median sur-
vival of 34.3 months (hazard ratio for death in 
the high-dose group, 0.65; P = 0.004). Patients who 
were 50 years of age or older had no significant 
benefit from the high dose of daunorubicin; me-
dian survival was 12.2 months in the standard-dose 
group and 16.9 months in the high-dose group 
(hazard ratio, 0.83; P = 0.20). However, the inter-
action between treatment assignment and age cat-
egory was not significant (P = 0.25).

Effect of Cytogenetic Profile
Patients were classified according to the risk as-
sociated with their cytogenetic profile, with 13.6% 
of patients deemed to be at favorable risk, 41.1% 
at intermediate risk, 26.6% at indeterminate risk, 
and 18.7% at unfavorable risk. Complete-remis-
sion rates for the favorable-risk, intermediate-risk, 
and unfavorable-risk groups were 81.3%, 58.7%, 
and 51.4%, respectively (P<0.001 for overall com-
parisons). Median survival was longest in the fa-
vorable-risk group but did not differ significantly 
between the treatment groups (hazard ratio for 
death in the high-dose group, 0.61; P = 0.18). At 
the time of the final analysis, median survival 
had not been reached among patients in the fa-
vorable-risk group who were treated with high-
dose daunorubicin. The greatest difference between 
the two treatment groups was seen in the inter-

Figure 2. Kaplan–Meier Estimates of Overall Survival.

Data from the intention-to-treat analysis are shown for 
survival of all patients (Panel A), those with a favorable 
or an intermediate cytogenetic profile (Panel B), and 
those with an unfavorable cytogenetic profile (Panel C).
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予後良好群	


予後不良群	


Fernandez	
  HF.	
  New	
  Engl	
  J	
  Med	
  2009	


＜染色体異常分類＞	


DNR	
  90	
  mg/m2による改善効果
は，予後良好群，特にCBF白血
病（2年非再発生存率	
  91%	
  vs.	
  
55%;	
  P=0.0033）および中間群
の染色体異常では有意であっ
たが、予後不良群では有意差
は得られていない．	


寛解導入療法	
  High-­‐dose	
  DNR	




T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 361;13 nejm.org september 24, 20091258
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Figure 3. Kaplan–Meier Estimates of Overall Survival, According to Mutation Status.

Data are shown for the overall survival of patients with the FLT3-ITD mutation (Panel A), those without the FLT3-ITD mutation (Panel 
B), those with the MLL-PTD mutation (Panel C), and those without the MLL-PTD mutation (Panel D). Also shown are survival curves for 
patients who received high-dose daunorubicin (90 mg per square meter of body-surface area per day), according to the presence or ab-
sence of the FLT3-ITD genotype (Panel E). ITD denotes internal tandem duplication, and PTD partial tandem duplication.
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Fernandez	
  HF.	
  New	
  Engl	
  J	
  Med	
  2009	


Phase	
  III,	
  n	
  =	
  657,	
  age	
  17	
  –	
  60	
  yrs	
  
DNR	
  45	
  mg/sqm	
  x	
  3d	
  +	
  AraC	
  100	
  mg/sqm	
  x	
  7d	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  vs.	
  DNR	
  90	
  mg/sqm	
  x	
  3d	
  +	
  AraC	
  100mg/sqm	
  x	
  7d	
  	
  

＜予後不良	
  FLT3-­‐ITD変異＞	


FLT3-­‐ITD変異陽性群では、DNR増量
の効果は認められなかった．	


寛解導入療法	
  High-­‐dose	
  DNR	




寛解後療法	
  
（強化療法）	


原三信病院 血液内科 勉強会	


Version	
  1.0	
  

急性骨髄性白血病	
  
Acute	
  Myeloid	
  Leukemia	
  

（AML）	
  

saito0924
長方形



AMLに対する寛解後療法（地固め療法）	
  
日本血液学会 ガイドライン	


2015/05/03 16:31	
���� �������������

4/18 �
�http://www.jshem.or.jp/gui-hemali/1_1.html#cq7

1,612 patients entered into the MRC AML 10 trial. The Medical Research Council Adult and
Children’s Leukaemia Working Parties. Blood. 1998 ; 92 （7） : 2322-33. （3iiiD）
6） 日本血液学会．日本リンパ網内系学会編．造血器腫瘍取扱い規約　第1版．2010年3月．（ガイドライン）
7） Kuriyama K, et al. Trial to extract prognostic factors prior to the start of induction
chemotherapy for adult AML. Berlin : Springer. 1998 ; pp901-5.
8） Dohner H, et al. Diagnosis and management of acute myeloid leukemia in adults :
recommendations from an international expert panel, on behalf of the European LeukemiaNet.
Blood. 2010 ; 115 （3） : 453-74. （レビュー）

1．若年者AML
　AMLと診断された場合は上記のアルゴリズムに従うことが推奨される。若年AMLに対する標準的寛解導入療
法はアントラサイクリン＋標準量シタラビン（AraC）（CQ2）である。その際のアントラサイクリン系薬剤の
至適な種類と投与量は一つに限定されないが，高用量ダウノルビシン（DNR）またはイダルビシン（IDR）（常
用量）の使用が推奨される（CQ2）。1コース目の寛解導入療法で非寛解症例に対しては同一レジメンが繰り返
されることが多く（CQ5），2コース目の治療でも寛解が得られない場合は，大量あるいは中等量Aracを含む
救援療法が行われる。
　地固め療法は染色体などの予後因子により層別化して行われる。予後良好群に対しては，AraC大量療法
（CQ6, 7）が，予後中間群，不良群に対しては同種造血幹細胞移植が推奨されるが（CQ9），適切なドナーが
不在の場合は，非交差耐性のアントラサイクリン系薬剤を含んだレジメンが実施される（CQ8）。維持療法の
有用性は明らかではない。 

アルゴリズム

日本血液学会 造血器腫瘍診療ガイドライン	
  2013年	
  Web版	
  
hPp://www.jshem.or.jp/gui-­‐hemali/1_1.html#cq7	
  

より引用	




AMLに対する寛解後療法（強化療法）	
  
High-­‐dose	
  AraC	
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Mayer	
  RJ.	
  New	
  Engl	
  J	
  Med	
  1994	


de	
  novo	
  AML	
  (n	
  =	
  1088),	
  DNR	
  45x3d	
  (<	
  60y)	
  or	
  30mgx3d	
  (>60y)	
  +	
  AraC	
  100mgx7	
  →	
  CR1	
  
Phase	
  III,	
  n	
  =	
  596	
  
RCT,	
  Consolida7on	
  therapy	
  x	
  4	
  cycles	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AraC	
  100mg/sqm	
  x5d;	
  	
  AraC	
  400mg/sqm	
  x4d;	
  	
  AraC	
  3g/sqmx2x3d	
  (d1,3,5)	
  

CALGB	
  8525	
無白血病生存率（LFS）	




寛解後療法におけるHigh-­‐dose	
  AraCの意義	


Moore	
  JO.	
  Blood	
  2005	


de	
  novo	
  AML	
  (<	
  60y)	
  (n	
  =	
  474),	
  DNR	
  45x3d	
  +	
  AraC	
  200mgx7	
  →	
  CR1	
  (n	
  =	
  342)	
  
RCT	
  (n	
  =	
  309)	
  
RCT,	
  High-­‐dose	
  AraC	
  3g	
  x2	
  x3d,	
  3	
  cycles	
  vs.	
  AraC	
  3g	
  x2	
  x3d,	
  Etop	
  +	
  CY,	
  diaziquone	
  +	
  Mit	
  

Overall	
  survival	
 Disease	
  free	
  survival	


多剤併用療法は、High-­‐dose	
  AraCと同等	


CALGBの報告以降，欧米ではHigh-­‐dose	
  AraC	
  
	
  (3g/sqm	
  x	
  2,	
  d1,	
  3,	
  5)	
  ，3-­‐4回が標準的な寛解後療法	
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CLASSIFICATION TREATMENT INDUCTIONmm,nn

AMLkk,ll
See Post-
Induction
Therapy (AML-9)

Clinical trial (preferred)
or

Standard-dose cytarabine 100-200 mg/m continuous infusion x

7 days with idarubicin 12 mg/m or daunorubicin 90 mg/m x 3
days (category 1)
or

Standard-dose cytarabine 200 mg/m continuous infusion x 7
days with daunorubicin 60 mg/m x 3 days and cladribine 5
mg/m x 5 days (category 1)
or

idarubicin 12 mg/m
or daunorubicin 60 mg/m x 3 days

2

2 2

2

2

2

2

2

oo,pp

qq

High-dose cytarabine (HiDAC) 2 g/m every 12 hours x 6
days or 3 g/m every 12 h x 4 days with

(1 cycle) (category 2B)

pp,rr

ss tt

2

2

AML-7

See Post-
Induction
Therapy (AML-8)

Age <60 y

Age 60 y!
See Treatment
Induction (AML-11)

kk

ll

mm
nn

ss

tt

Patients with blast counts >50,000/mcL are at higher risk for tumor lysis and organ
dysfunction secondary to leukostasis. Measures to rapidly reduce the WBC count
include apheresis or hydroxyurea. Prompt institution of definitive therapy is essential.
Poor performance status and comorbid medical condition, in addition to age, are factors
that influence ability to tolerate standard induction therapy.

ECOG reported a significant increase in complete response rates and overall survival
using daunorubicin 90 mg/m x 3 days versus 45 mg/m x 3 days in patients <60 years
of age. Fernandez HF, Sun Z, Yao X, et al. Anthracycline dose intensification in acute
myeloid leukemia. N Engl J Med 2009;361:1249-1259. If there is residual disease on
days 12-14, the additional daunorubicin dose is 45 mg/m x 3 days.
For patients with impaired cardiac function, other regimens that combine a non-

anthracycline (such as fludarabine or topotecan) with cytarabine have been published.

Holowiecki J, Grosicki S, Giebel S, et al. Cladribine, but not fludarabine, added to
daunorubicin and cytarabine during induction prolongs survival of patients with acute myeloid
leukemia: a multicenter, randomized phase III study. J Clin Oncol 2012;30:2441-2448.

or patients age 50 who received
the high-dose therapy (category 2B). Kern W and Estey EH. High-dose cytarabine
arabinoside in the treatment of acute myeloid leukemia: review of three randomized trials.
Cancer 2006;107:116-124. There are no data using more than 60 mg of daunorubicin or 12
mg of idarubicin with high-dose cytarabine.
Weick JK, Kopecky KJ, Appelbaum FR, et al. A randomized investigation of high-dose
versus standard-dose cytosine arabinoside with daunorubicin in patients with previously
untreated acute myeloid leukemia: a Southwest Oncology Group study. Blood 1996;88:2841-
2851.
Bishop JF, Matthews JP, Young GA, et al. A randomized study of high-dose cytarabine in
induction in acute myeloid leukemia. Blood 1996;87:1710-1717.

oo

pp

2 2

2

qq

"

See Supportive Care (AML-C 1 of 2
See Monitoring During Therapy (AML-E

).
).

rrThe use of high-dose cytarabine for induction outside the setting of a clinical trial is still
controversial. While the remission rates are the same for standard- and high-dose
cytarabine, two studies have shown more rapid marrow blast clearance after one cycle of
high-dose therapy and a disease-free survival advantage f
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Age <60

POST-REMISSION THERAPY

Better-risk cytogenetics
and/or molecular
abnormalities

Clinical trial
or
HiDAC 3 g/m over 3 h every 12 h on days 1, 3,
5 3-4 cycles (category 1)
or
1 to 2 cycles of HiDAC-based consolidation
followed by autologous HSCT (category 2B)

2

!

fff

ddd,eee

While both options--multiple cycles of dose-intensive consolidation and one cycle of
dose-intensive consolidation followed by autologous HSCT--can produce good
survival for patients with favorable cytogenetics, there are significant differences in
toxicity. Patient age, comorbid conditions, and issues such as fertility and salvage
options should be considered when choosing consolidation.

vv

hhh

Begin alternate donor search (unrelated donor or cord blood) if no appropriate
sibling donor is available and the patient is a candidate for an allogeneic HSCT.

FLT3-ITD mutations are also emerging as a poor-risk feature in the setting of
otherwise normal karyotype, and these patients should be considered for clinical
trials where available. There is controversy regarding allogeneic transplant for
FLT3-ITD-only mutations in the absence of other poor prognostic features.

Mayer RJ, Davis RB, Schiffer CA, et al. Intensive postremission chemotherapy
in adults with acute myeloid leukemia. N Engl J Med 1994;331:896-903.

Alternate dosing of cytarabine for postremission therapy has been reported
( ). Lowenberg B, Pabst T, Vellenga E, et al. Cytarabine dose for
acute myeloid leukemia. N Engl J Med 2011;364:1027-1036.

There is no evidence that HiDAC is superior to lower doses of cytarabine in
intermediate-risk patient subgroup.

ccc

ggg

ddd

eee

fff

Patients may require at least one cycle of high-dose cytarabine consolidation while
donor search is in progress to maintain remission. Patients may proceed directly to
transplant following achievement of remission if a donor (sibling or alternative) is
available.

see Discussion

See Surveillance
(AML-14)

Clinical trial
or
Matched sibling or alternative donor HSCT
or
HiDAC 1-3 g/m over 3 h every 12 h on days 1, 3, 5
x 3-4 cycles

ggg 2

Intermediate-risk
cytogenetics and/or
molecular abnormalities

Clinical trial
or
Matched sibling or alternative donor HSCThhh

Treatment-related disease or
poor-risk cytogenetics and/or
molecular abnormalitiesvv,ccc

AML-10

RISK STATUS
( )See AML-A

See Surveillance
(AML-14)

See Surveillance
(AML-14)
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AMLに対する寛解後療法	


自家移植	




血液がんに対する抗癌剤治療の概念	


経過	


化学療法	


化学療法	
 化学療法	
 化学療法	
 化学療法	


再発	


血液学的寛解	


分子遺伝学的寛解	


＜自家移植＞	
  
造血再構築	
  

血
液
厮
台
細
胞
数	


G-­‐CSF	


自家末梢血幹細胞採取	


大量化学療法	


G-­‐CSF,	
  granulocyte-­‐colony-­‐s7mula7ng	
  factor	
略語	


血液がんに対する自家移植の概念	




あらかじめ自分の造血幹細胞を，末梢血から採
取して（自家末梢血幹細胞），凍結保存する．	


抗がん剤の
大量投与	


血液がん細胞	
 正常の血液細胞	


血液がん病
細胞の強い
減少効果	


正常の血
液細胞も
破壊され
てしまう	


造血幹細
胞を解凍
して点滴	


• 大量抗癌剤治療に
よる悪性細胞への強
い治療効果が得られ
る． 

• 大量抗癌剤による，
様々な臓器に対する
副作用が大きい．	


正常の血
液細胞が
回復	


血液がんに対する抗癌剤治療の概念	
血液がんに対する自家移植の概念	




Study Group 
　　著者 発表年	


Study design 
（n）	


再発率（%）	
 無病生存率（%）	
 全生存率（%）	


化療	
 自家	
 同種	
 化療	
 自家	
 同種	
 化療	
 自家	
 同種	


EORTC/GIMEMA/AML8 
　　Zittoun 1995	


化療 vs 自家 vs 同種 
（126 vs 128 vs 168)	


57	
 41	
 24	
 30*	
 48	
 55	
 54	
 50	
 53	


GOELAM 
　　Harousseau 1997	


化療 vs 自家 vs 同種 
（71 vs 75 vs 73)	


55	
 45	
 37	
 43	
 48	
 49	
 54	
 50	
 53	


ECOG/SWOG/CALGB 
　　Zittoun 1997	


化療 vs 自家 vs 同種 
（117 vs 116 vs 113)	


61	
 48	
 29	
 34	
 34	
 43	
 52	
 43	
 46	


MRC AML10 
　　Burnett 1998	


化療 vs 自家 
（191 vs 190)	


58	
 37	
 　	
 40*	
 53	
 　	
 45	
 57	

　	


EORTC/GIMEMA/AML10 
　　Suciu 2003	


自家 vs 同種 
（441 vs 293)	


　	
 52	
 30	
 　	
 42*	
 52	
 　	
 58	
 50	


HOVON/SAKK 
　　Cornelissen 2007	


化療 vs 自家 vs 同種 
ドナー有無 

（126 vs 128 vs 175)	


59 
ドナー無は化療と自
家をまとめて解析	


32	

37* 

ドナー無は化療と自
家をまとめて解析	


48	

46 

ドナー無は化療と自
家をまとめて解析	


54	


* p<0.05	


化学療法	
  vs.	
  自家移植	
  vs.	
  同種移植	
  in	
  CR1	

AML全体	


⇒	
  染色体異常によるリスク別では？	


CR1;	
  第1寛解期	




AML染色体異常によるリスク別	


Effect of age and donor availability on outcome

Overall, the results with respect to DFS and survival were not
different between the age groups (15-25, 26-35, and 36-45 years).
Figure 5A-C shows the comparison of the donor and no donor
groups in terms of DFS and indicates the 4-year cumulative
incidence of relapse and of death in CR according to the 3
age groups.
As shown in Table 5, in patients aged 35 years or younger, the

DFS for the patients with a sibling donor was longer than for those
without a donor, because of a lower incidence of relapse (HR was
approximately 0.50) and a lower increase in the TRM incidence
(HR was approximately 2.5). In older patients (aged 36-45 years)
the lower incidence of relapse (29.6% versus 48.3%, HR! 0.65)
for the donor group was counterbalanced by a far higher incidence
of death in CR (21.1% versus 5.5%, HR! 3.91). The 4-year
survival rates in the donor versus no donor group, in the 3 age
categories (15-25, 26-35, and 36-45 years) were 64.0% (" 6.7%)
versus 50.8% (" 5.2%), 61.9% (" 5.7%) versus 49.6% (" 4.8%),
and 53.4% (" 4.6%) versus 51.6% (" 4.3%), respectively.
In Table 4, model 2, the donor versus no donor comparison has

been adjusted for the cytogenetics and assessed in each age group;

the estimated hazard ratios were 0.64, 0.68, and 0.92 in the 3 age
groups, respectively. An interaction between age (considered as an
ordered categorical variable) and donor availability was detected,
indicating that the older the patients the smaller the difference in
terms of DFS (P ! .036) and survival (P ! .012) between the no
donor and donor groups.

Discussion

In this study we show for the first time that using analysis by
intention to treat for the patients in the EORTC-LG/GIMEMA
AML-10 trial in CR1 aged younger than 46 years assigned to
allo-SCT has a significantly better outcome than for those who
were planned to undergo an auto-SCT. This finding seems specifi-
cally true for patients with bad or very bad risk cytogenetics. This
conclusion is justified because this AML-10 trial is the first large
study in which prospectively only the 2 transplantation modalities
are offered at an early time point of entering CR.
Already in our previous EORTC-GIMEMAAML-8A trial, the

DFS rate of the no donor group was inferior to that of the donor

Table 5. Comparison of donor versus no donor in 3 cytogenetic groups and the 3 age groups according to different endpoints

Disease-free survival Time to relapse Time to death in CR Survival

Cytogenetic groups
Good 1.21 (0.66, 2.25) 0.83 (0.38, 1.78) 3.03 (0.91, 10.06) 1.41 (0.70, 2.82)
Intermediate 1.16 (0.75, 1.81) 0.84 (0.50, 1.41) 4.06 (1.41, 11.68) 1.14 (0.70, 1.86)
Bad/very bad 0.58 (0.39, 0.87) 0.42 (0.26, 0.68) 2.70 (0.93, 7.80) 0.62 (0.40, 0.96)

Age groups
15-25 y 0.65 (0.41, 1.04) 0.53 (0.32, 0.89) 2.28 (0.64, 8.10) 0.63 (0.37, 1.07)
26-35 y 0.69 (0.46, 1.02) 0.48 (0.30, 0.77) 2.63 (1.08, 6.40) 0.70 (0.45, 1.08)
36-45 y 0.97 (0.70, 1.33) 0.65 (0.44, 0.95) 3.91 (1.83, 8.34) 1.09 (0.78, 1.54)

Numbers are shown as estimated hazard ratio (95% CI).

Figure 4. DFS fromCR according to donor availability
in 4 cytogenetic groups. The cytogenetic groups were
good risk (A), intermediate risk (B), bad/very bad risk (C),
and unknown (D). The estimates of the 4-year DFS rates
(" SE) for the donor group (dotted line) and the no donor
group (solid line) are given. The 4-year cumulative
incidences of relapse and of death in CR are given in
italics. N indicates number of patients; O, observed
number of events (relapse or death in first CR). P was
determined by the log-rank test.
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Effect of age and donor availability on outcome

Overall, the results with respect to DFS and survival were not
different between the age groups (15-25, 26-35, and 36-45 years).
Figure 5A-C shows the comparison of the donor and no donor
groups in terms of DFS and indicates the 4-year cumulative
incidence of relapse and of death in CR according to the 3
age groups.
As shown in Table 5, in patients aged 35 years or younger, the

DFS for the patients with a sibling donor was longer than for those
without a donor, because of a lower incidence of relapse (HR was
approximately 0.50) and a lower increase in the TRM incidence
(HR was approximately 2.5). In older patients (aged 36-45 years)
the lower incidence of relapse (29.6% versus 48.3%, HR! 0.65)
for the donor group was counterbalanced by a far higher incidence
of death in CR (21.1% versus 5.5%, HR! 3.91). The 4-year
survival rates in the donor versus no donor group, in the 3 age
categories (15-25, 26-35, and 36-45 years) were 64.0% (" 6.7%)
versus 50.8% (" 5.2%), 61.9% (" 5.7%) versus 49.6% (" 4.8%),
and 53.4% (" 4.6%) versus 51.6% (" 4.3%), respectively.
In Table 4, model 2, the donor versus no donor comparison has

been adjusted for the cytogenetics and assessed in each age group;

the estimated hazard ratios were 0.64, 0.68, and 0.92 in the 3 age
groups, respectively. An interaction between age (considered as an
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of death in CR (21.1% versus 5.5%, HR! 3.91). The 4-year
survival rates in the donor versus no donor group, in the 3 age
categories (15-25, 26-35, and 36-45 years) were 64.0% (" 6.7%)
versus 50.8% (" 5.2%), 61.9% (" 5.7%) versus 49.6% (" 4.8%),
and 53.4% (" 4.6%) versus 51.6% (" 4.3%), respectively.
In Table 4, model 2, the donor versus no donor comparison has

been adjusted for the cytogenetics and assessed in each age group;

the estimated hazard ratios were 0.64, 0.68, and 0.92 in the 3 age
groups, respectively. An interaction between age (considered as an
ordered categorical variable) and donor availability was detected,
indicating that the older the patients the smaller the difference in
terms of DFS (P ! .036) and survival (P ! .012) between the no
donor and donor groups.

Discussion

In this study we show for the first time that using analysis by
intention to treat for the patients in the EORTC-LG/GIMEMA
AML-10 trial in CR1 aged younger than 46 years assigned to
allo-SCT has a significantly better outcome than for those who
were planned to undergo an auto-SCT. This finding seems specifi-
cally true for patients with bad or very bad risk cytogenetics. This
conclusion is justified because this AML-10 trial is the first large
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(" SE) for the donor group (dotted line) and the no donor
group (solid line) are given. The 4-year cumulative
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italics. N indicates number of patients; O, observed
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determined by the log-rank test.
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grafts. TRM was also evaluated in early and late trial eras. No
improvement of TRM over time could be demonstrated in recipi-
ents who had received their allograft after the median date of
inclusion (date not shown) as compared with the early transplants.

Salvage treatment after relapse

The smaller difference in OS between the donor and no-donor
group compared with the difference in DFS can be explained by the
effect of salvage treatment. Most of the 457 relapsed patients
received salvage treatment (88%), either chemotherapy (51%) or

an autologous or allogeneic transplant (37%). Forty percent of the
relapsing patients reached a second CR (CR2, n ! 184), but most
of these either relapsed again (93 of 184; 51%) or died in CR2 (46
of 184; 25%). At the time of analysis 69 of the relapsed patients
were still alive of whom 45 were in continued CR2. The actuarial
probability of survival after relapse at 3 years was 16% in the donor
group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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Figure 1. Actuarial rates of disease-free survival of patients
with acute myeloid leukemia in first complete remission
according to donor availability.
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Figure 2. Actuarial disease-free survival of patients with acute myeloid leukemia in first complete remission according to risk category and donor availability.
(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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grafts. TRM was also evaluated in early and late trial eras. No
improvement of TRM over time could be demonstrated in recipi-
ents who had received their allograft after the median date of
inclusion (date not shown) as compared with the early transplants.

Salvage treatment after relapse

The smaller difference in OS between the donor and no-donor
group compared with the difference in DFS can be explained by the
effect of salvage treatment. Most of the 457 relapsed patients
received salvage treatment (88%), either chemotherapy (51%) or

an autologous or allogeneic transplant (37%). Forty percent of the
relapsing patients reached a second CR (CR2, n ! 184), but most
of these either relapsed again (93 of 184; 51%) or died in CR2 (46
of 184; 25%). At the time of analysis 69 of the relapsed patients
were still alive of whom 45 were in continued CR2. The actuarial
probability of survival after relapse at 3 years was 16% in the donor
group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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Figure 2. Actuarial disease-free survival of patients with acute myeloid leukemia in first complete remission according to risk category and donor availability.
(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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grafts. TRM was also evaluated in early and late trial eras. No
improvement of TRM over time could be demonstrated in recipi-
ents who had received their allograft after the median date of
inclusion (date not shown) as compared with the early transplants.

Salvage treatment after relapse

The smaller difference in OS between the donor and no-donor
group compared with the difference in DFS can be explained by the
effect of salvage treatment. Most of the 457 relapsed patients
received salvage treatment (88%), either chemotherapy (51%) or

an autologous or allogeneic transplant (37%). Forty percent of the
relapsing patients reached a second CR (CR2, n ! 184), but most
of these either relapsed again (93 of 184; 51%) or died in CR2 (46
of 184; 25%). At the time of analysis 69 of the relapsed patients
were still alive of whom 45 were in continued CR2. The actuarial
probability of survival after relapse at 3 years was 16% in the donor
group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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Figure 2. Actuarial disease-free survival of patients with acute myeloid leukemia in first complete remission according to risk category and donor availability.
(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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DFS and OS. Curiously, patients with WBC counts that

were more than 10,000/ll at diagnosis had better DFS
(HR = 0.282; 95 % CI 0.103–0.774; p = 0.014) and OS

(HR = 0.273; 95 % CI 0.100–0.746; p = 0.011) compared

to those with WBC counts less than 10,000/ll. The age,

karyotype, and numbers of induction courses to achieve
remission did not affect the outcomes of Auto-PBSCT for

AML in this multivariate analysis.

Fig. 1 a Disease-free survival
(DFS) and b overall survival
(OS) for all 81 patients. The
5-year DFS was 64.0 % (95 %
confidence interval (CI)
52.5–73.4), and the 5-year OS
was 66.4 % (95 % CI
54.9–75.6) after Auto-PBSCT at
a median follow-up time of
103 months (range
3–240 months)

T. Eto et al.
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福岡BMTグループの成績	
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  (n	
  =	
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  followed	
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used for Allo-SCT, but the most effective conditioning

regimen for Auto-SCT remains controversial [19]. The

priming effect of G-CSF to increase the chemosensitivity
of myeloid leukemic cells to cytarabine, an S-phase-spe-

cific anti-leukemic agent, was already reported in vitro [20]

and applied to chemotherapy and Allo-SCT [21, 22].
Moreover, it is possible that G-CSF enhances the chemo-

sensitivity of leukemic stem/progenitor cells by mobilizing

them into circulation from the bone marrow niche [23]. For

these reasons, our pretransplant conditioning adopted

G-CSF priming, and the toxicities of this conditioning
regimen were tolerable.

On the other hand, focus must be directed at preventing

contamination of leukemic stem/progenitor cells into the
graft. A recent report has pointed out the higher incidence

of relapse in patients transplanted with PBSC, especially

Fig. 3 The 5-year DFS was
stratified by age and cytogenetic
risk. a There was a significant
difference in the 5-year DFS
between the younger group of
patients aged 60 years or less
(68.7 %, 95 % CI 56.8–78.0,
n = 74) and the older group
(14.3 %, 95 % CI 0.7–46.5,
n = 7) (log-rank p = 0.0013).
b According to the cytogenetic
risk groups, the 5-year DFS was
80.8 % (95 % CI 51.4–93.4,
n = 16) for the good-risk group,
64.3 % (95 % CI 50.3–75.3,
n = 56) for the intermediate-
group, and 33.3 % (95 % CI
7.8–62.3, n = 9) for the poor-
risk group. The differences
among these three groups were
not statistically significant (log-
rank p = 0.0579)

T. Eto et al.
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Auto-­‐PBSCT	
  

移植前処置:	
  G-­‐CSF併用BEA大量化学療法	
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G-­‐CSF	
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   ↓	
   ↓	
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   ↓	
   ↓	
   ↓	
   ↓	
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3000mg/sqm,	
   div.	
  x	
  2	
  
　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 ↓	
   ↓	
  　	
 　	


　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 ↓	
   ↓	
  　	
 　	


ブスルファン	
 4mg/kg,	
   po.	
   　	
 　	
 　	
 ↓	
   ↓	
   ↓	
   ↓	
  　	
 　	
 　	
 　	
 　	
 　	


エトポシド	
 20mg/kg,	
   div.	
   　	
 　	
 　	
 　	
 　	
 　	
 　	
 ↓	
   ↓	
  　	
 　	
 　	
 　	


福岡BMTグループにおける移植前処置（自家移植）	


G-­‐CSF-­‐combined	
  AraC	




SDF1	

CXCR4	
 VCAM1	


VLA4	


成熟好中球	


蛋白分解酵素の放出	


G-­‐CSF投与により，G-­‐CSF受容体を発現する静止期のAML幹
細胞を刺激して細胞周期に導入し，細胞周期特異的な抗癌

剤（シタラビン）に対する感受性を高める．	
  
	
  

1.	
  	
  

G-­‐CSF投与により，成熟好中球が分泌した	
  
エステラーゼ，セリンプロテアーゼなどの	
  
蛋白分解酵素が接着分子を切断することで，	
  
白血病幹細胞をnicheから解離させ，	
  
未分化性や薬剤抵抗性が喪失，	
  
抗癌剤感受性を高める．	


2.	
  	
  

支持細胞	


白血病幹細胞	


G-­‐CSF併用移植前処置の意義	


いかにしてAMLの抗癌剤感受性を高めるか	




化学療法におけるG-­‐CSF併用効果	


Löwenberg	
  B.	
  New	
  Engl	
  J	
  Med	
  2003	


 

n engl j med 

 

349;8

 

www.nejm.org august 

 

21

 

, 

 

2003

 

The

 

 new england journal 

 

of

 

 medicine

 

744

revention of relapse remains a

 

challenge in the treatment of acute myeloid
leukemia (AML).

 

1

 

 The high rate of recur-
rence is due to the reemergence of leukemia from
small numbers of residual cells that have escaped
the cytotoxic effect of chemotherapy.

Hematopoietic growth factors stimulate AML
cells in culture, activating metabolic processes and
the cell cycle. In vitro, the simultaneous exposure of
leukemic cells to chemotherapy and growth factors
such as granulocyte–macrophage colony-stimulat-
ing factor (GM-CSF), granulocyte colony-stimulat-
ing factor (G-CSF), and interleukin-3, referred to as
growth-factor priming, increases the susceptibility
of the cells to killing by chemotherapy, especially by
the cell-cycle–specific agent cytarabine.

 

2-11

 

 These
observations suggest a novel therapeutic strategy
for AML, but the value of such an approach has not
been assessed clinically.

In previous trials of AML, G-CSF and GM-CSF
have been widely used after chemotherapy to accel-
erate myeloid regeneration,

 

12-14

 

 but there is infor-
mation only from uncontrolled studies

 

15-17

 

 and
small, randomized studies

 

18-21

 

 about their use in
growth-factor priming. We conducted a random-
ized trial to determine whether G-CSF given only
during the first two induction cycles with cytara-
bine plus idarubicin and cytarabine plus amsacrin
improves disease-free survival in adults with newly
diagnosed AML by increasing the rate of complete
response, reducing the relapse rate, or both. G-CSF
was not given during the aplastic phase after chemo-
therapy. To avoid interference of the second chemo-
therapeutic agent with the cell-cycle–dependent

synergy between cytarabine and G-CSF, idarubicin
(first cycle) and amsacrin (second cycle) were given
at the end of the cycles.

 

patients

 

Previously untreated patients with a confirmed diag-
nosis of AML who were 18 to 60 years of age were
eligible for the study. All subtypes of AML were in-
cluded, except acute promyelocytic leukemia and
blast crisis of chronic myeloid leukemia. Patients
with another active cancer were not eligible, nor
were patients with severe heart, lung, or neurologic
disease. All patients were screened for eligibility be-
fore undergoing randomization.

The study was approved by the ethics committees
of the participating institutions and was conducted
in accordance with the Declaration of Helsinki. All
participants gave their informed consent.

 

risk classification

 

At diagnosis, samples of bone marrow and blood
were examined for cytogenetic abnormalities with
the use of standard banding techniques and classi-
fied according to the International System for Hu-
man Cytogenetic Nomenclature.

 

22

 

 On the basis of
the chromosomal analysis, patients were classified
into three distinct prognostic categories: favor-
able risk, unfavorable risk, and standard risk.

 

23-25

 

Favorable risk was defined by the presence of
t(8;21)(q22;22), inv16(p13q22), or t(16;16)(p13q22)
and a white-cell count of less than 20¬10

 

3

 

 per cubic
millimeter at diagnosis.

 

25

 

 Unfavorable risk was de-
fined by the presence of complex cytogenetic ab-
normalities (defined as at least four unrelated cy-
togenetic clones), monosomies, or deletions of
chromosome 5 or 7 (5q–, 7q–, –5, or –7), abnormal-
ities of the long arm of chromosome 3(q21;q26),
t(6;9)(p23;q34), or abnormalities involving the long
arm of chromosome 11(11q23). Leukemias that had
occurred after chemotherapy or radiotherapy for a
nonhematologic condition and leukemias that had
occurred more than six months after a hematologic
condition (secondary leukemias) were included in
the unfavorable prognostic category. Patients who
did not meet the criteria for favorable or unfavorable
risk were classified as being at standard risk.

 

study design and chemotherapy

 

Patients were enrolled and randomly assigned to re-
ceive G-CSF or no G-CSF during remission-induc-

p
methods

 

Figure 1. Treatment Regimens.

 

Patients were randomly assigned to receive two cycles of induction chemo-
therapy alone or with the addition of granulocyte colony-stimulating factor 
(G-CSF) beginning one day before the start of chemotherapy (day 0) through 
the last day of chemotherapy.
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Idarubicin, 12 mg/m2, days 6, 7, 8
Cytarabine, 200 mg/m2, days 1–7

Amsacrin, 120 mg/m2, days 4–6
Cytarabine, 1000 mg/m2 every 12 hr,

days 1–6

Idarubicin, 12 mg/m2, days 6, 7, 8
Cytarabine, 200 mg/m2, days 1–7
G-CSF, 150 µg/m2, days 0–8

Amsacrin, 120 mg/m2, days 4–6
Cytarabine, 1000 mg/m2 every 12 hr,

days 1–6
G-CSF, 150 µg/m2, days 0–6
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survival did not reach statistical significance. The
significant difference in disease-free survival prob-
ably resulted from G-CSF–mediated activation of
subpopulations of leukemic cells that were initially
insensitive to cytosine arabinoside. Elimination of
the primed cells may have reduced the frequency of
relapse.

The ability of colony-stimulating factors to acti-
vate AML cells has been directly demonstrated in
vivo: injection of G-CSF or GM-CSF 18 to 72 hours
before the beginning of chemotherapy drives AML
cells into the cell cycle.

 

26,27

 

 This effect is consistent
with the notion that G-CSF receptors, because of
their high binding affinity, require minimal levels
of ligands for activation.

 

28

 

From our data, we cannot determine whether
the sensitization effect was mediated by increasing
the efficacy of cytarabine, idarubicin and amsacrin,
or the combined chemotherapeutic agents we used.
In any case, the efficacy of a chemotherapy regimen
that included cytarabine at doses of 200 mg per
square meter as well as 1000 mg per square meter
was enhanced by the addition of G-CSF priming.
Studies of the dose effect of cytarabine have shown
that doses of 3 g per square meter

 

29,30

 

 were more
effective than doses of 200 or 400 mg per square
meter in preventing relapse but did not result in an
increased rate of remission. Similarly, in this study,
only the duration of remission, not the number of
remissions, changed as the result of G-CSF sensiti-
zation.

We used a dose of 1 g of cytarabine per square
meter in cycle 2. The comparative effect of a dose of
1 g per square meter and a dose of 3 g per square
meter has not been established in AML therapy. It
would be of interest to know whether G-CSF prim-
ing would have a similarly positive effect on the
probability of relapse in regimens containing a
dose of 3 g of cytarabine per square meter.

The fact that our results do not suggest a benefit
of G-CSF priming in patients with favorable-risk
AML might relate to the small numbers of cases, or
it might indicate that the dose of 1 g of cytarabine
per square meter was optimal in terms of its ability
to kill neoplastic cells in this subgroup. After the
two induction cycles with or without G-CSF, approx-
imately one third of patients received a third cycle of
chemotherapy and another third went on to high-
dose chemotherapy followed by stem-cell trans-
plantation. It is unlikely that the postinduction treat-
ment influenced the outcome of G-CSF treatment.
The two groups were evenly matched in terms of as-

signment to postinduction therapy. Besides, Cox re-
gression analysis with autologous and allogeneic
transplantation during a first remission as time-
dependent covariates yielded results similar to those
of the unadjusted analysis.

The fact that more deaths occurred during induc-
tion among patients who received G-CSF may ex-
plain the slightly reduced rate of complete remission
in this group. These deaths had several causes and
were thus not due to a common problem. Howev-
er, because of a reduction in the incidence of later
deaths, the overall death rate among patients in the
G-CSF group was lower than that among those
treated with chemotherapy alone.

 

Figure 2. Cumulative Rate of Overall Survival (Panel A) and Disease-free 
Survival (Panel B), According to the Assigned Treatment.

 

P values were calculated with use of the log-rank test. G-CSF denotes granulo-
cyte colony-stimulating factor.
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Previous studies of G-CSF and GM-CSF in AML
have been almost entirely confined to the ability of
these growth factors to accelerate hematopoietic re-
covery and reduce morbidity and mortality due to in-
fection after chemotherapy. The efficacy of these
agents in modulating chemotherapy has, howev-
er, been evaluated in controlled

 

18-21

 

 and uncon-
trolled

 

15-17

 

 studies involving limited numbers of pa-
tients. In two relatively large, randomized studies,
GM-CSF was administered concomitantly with and
after chemotherapy.

 

31,32

 

 These studies involved old-
er patients, most of whom had AML with an unfa-
vorable prognosis. One of these studies reported a
higher rate of disease-free survival among the pa-
tients who received GM-CSF than among those who
did not receive GM-CSF,

 

32

 

 but it was not possible to
distinguish the effect of priming from the effect of
enhanced hematopoietic recovery. By contrast, our
study selectively focused on the effect of growth-

factor priming in AML and was conducted in young
and middle-aged adults with previously untreated
leukemia.

We found that G-CSF improved overall and dis-
ease-free survival in the group with standard-risk
AML. There were too few patients in the group with
a favorable prognosis to allow a meaningful analy-
sis. There was no indication that G-CSF priming im-
proved the outcome among patients with chemo-
therapy-refractory, unfavorable-risk AML. This lack
of benefit explains why overall survival was not sig-
nificantly better in the G-CSF group as a whole.

Additional studies of G-CSF priming in specific
subgroups of patients and regimens of combination
therapy seem warranted. The results of our study
provide proof of the principle that chemotherapy
and sensitization of leukemia cells by hematopoietic
growth factors is a plausible strategy for reducing
the risk of relapse in patients with AML.

 

Figure 3. Cumulative Rates of Overall Survival (Panels A and C) and Disease-free Survival (Panels B and D) among Patients with Standard-
Risk Acute Myeloid Leukemia (AML) and Unfavorable-Risk AML.

 

P values were calculated with use of the log-rank test. G-CSF denote granulocyte colony-stimulating factor.
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GM-CSF was administered concomitantly with and
after chemotherapy.

 

31,32

 

 These studies involved old-
er patients, most of whom had AML with an unfa-
vorable prognosis. One of these studies reported a
higher rate of disease-free survival among the pa-
tients who received GM-CSF than among those who
did not receive GM-CSF,

 

32

 

 but it was not possible to
distinguish the effect of priming from the effect of
enhanced hematopoietic recovery. By contrast, our
study selectively focused on the effect of growth-

factor priming in AML and was conducted in young
and middle-aged adults with previously untreated
leukemia.

We found that G-CSF improved overall and dis-
ease-free survival in the group with standard-risk
AML. There were too few patients in the group with
a favorable prognosis to allow a meaningful analy-
sis. There was no indication that G-CSF priming im-
proved the outcome among patients with chemo-
therapy-refractory, unfavorable-risk AML. This lack
of benefit explains why overall survival was not sig-
nificantly better in the G-CSF group as a whole.

Additional studies of G-CSF priming in specific
subgroups of patients and regimens of combination
therapy seem warranted. The results of our study
provide proof of the principle that chemotherapy
and sensitization of leukemia cells by hematopoietic
growth factors is a plausible strategy for reducing
the risk of relapse in patients with AML.

 

Figure 3. Cumulative Rates of Overall Survival (Panels A and C) and Disease-free Survival (Panels B and D) among Patients with Standard-
Risk Acute Myeloid Leukemia (AML) and Unfavorable-Risk AML.

 

P values were calculated with use of the log-rank test. G-CSF denote granulocyte colony-stimulating factor.
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G-­‐CSFによるprimingはstandard	
  risk	
  AMLには有用?	


AML	
  (n	
  =	
  630),	
  non-­‐M3,	
  retrospec7ve	
  analysis	
  
RCT,	
  chemotherapy	
  +	
  G-­‐CSF	
  vs.	
  chemotherapy	
  	
  
Aser	
  2nd	
  cycle	
  of	
  chemotherapy,	
  chemotherapy	
  /	
  auto-­‐SCT	
  /	
  allo-­‐SCT	
  

AMLに対する化学療法にG-­‐CSF併用の有無でランダム比較	


化学療法におけるG-­‐CSF併用効果	




FLT-­‐3-­‐ITD	
  (+)	
  AMLに対するHigh-­‐dose	
  DNR	
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Figure 3. Kaplan–Meier Estimates of Overall Survival, According to Mutation Status.

Data are shown for the overall survival of patients with the FLT3-ITD mutation (Panel A), those without the FLT3-ITD mutation (Panel 
B), those with the MLL-PTD mutation (Panel C), and those without the MLL-PTD mutation (Panel D). Also shown are survival curves for 
patients who received high-dose daunorubicin (90 mg per square meter of body-surface area per day), according to the presence or ab-
sence of the FLT3-ITD genotype (Panel E). ITD denotes internal tandem duplication, and PTD partial tandem duplication.
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High-­‐dose	
  DNRは，FLT-­‐3-­‐ITD(+)の	
  
予後不良を克服できない	
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FLT3遺伝子異常の有無による	
  
自家移植（auto-­‐PBSCT）の治療成績	


Auto-­‐PBSCTはFLT3遺伝子異常を克服できる可能性	


福岡BMTグループの成績	




Bornhäuser	
  M.Blood.	
  2007:	
  2264	


FLT3-­‐ITD変異の有無による	
  
自家	
  or	
  同種移植の治療成績	
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CLASSIFICATION TREATMENT INDUCTIONmm,nn

AMLkk,ll
See Post-
Induction
Therapy (AML-9)

Clinical trial (preferred)
or

Standard-dose cytarabine 100-200 mg/m continuous infusion x

7 days with idarubicin 12 mg/m or daunorubicin 90 mg/m x 3
days (category 1)
or

Standard-dose cytarabine 200 mg/m continuous infusion x 7
days with daunorubicin 60 mg/m x 3 days and cladribine 5
mg/m x 5 days (category 1)
or

idarubicin 12 mg/m
or daunorubicin 60 mg/m x 3 days

2

2 2

2

2

2

2

2

oo,pp

qq

High-dose cytarabine (HiDAC) 2 g/m every 12 hours x 6
days or 3 g/m every 12 h x 4 days with

(1 cycle) (category 2B)

pp,rr

ss tt

2

2

AML-7

See Post-
Induction
Therapy (AML-8)

Age <60 y

Age 60 y!
See Treatment
Induction (AML-11)

kk

ll

mm
nn

ss

tt

Patients with blast counts >50,000/mcL are at higher risk for tumor lysis and organ
dysfunction secondary to leukostasis. Measures to rapidly reduce the WBC count
include apheresis or hydroxyurea. Prompt institution of definitive therapy is essential.
Poor performance status and comorbid medical condition, in addition to age, are factors
that influence ability to tolerate standard induction therapy.

ECOG reported a significant increase in complete response rates and overall survival
using daunorubicin 90 mg/m x 3 days versus 45 mg/m x 3 days in patients <60 years
of age. Fernandez HF, Sun Z, Yao X, et al. Anthracycline dose intensification in acute
myeloid leukemia. N Engl J Med 2009;361:1249-1259. If there is residual disease on
days 12-14, the additional daunorubicin dose is 45 mg/m x 3 days.
For patients with impaired cardiac function, other regimens that combine a non-

anthracycline (such as fludarabine or topotecan) with cytarabine have been published.

Holowiecki J, Grosicki S, Giebel S, et al. Cladribine, but not fludarabine, added to
daunorubicin and cytarabine during induction prolongs survival of patients with acute myeloid
leukemia: a multicenter, randomized phase III study. J Clin Oncol 2012;30:2441-2448.

or patients age 50 who received
the high-dose therapy (category 2B). Kern W and Estey EH. High-dose cytarabine
arabinoside in the treatment of acute myeloid leukemia: review of three randomized trials.
Cancer 2006;107:116-124. There are no data using more than 60 mg of daunorubicin or 12
mg of idarubicin with high-dose cytarabine.
Weick JK, Kopecky KJ, Appelbaum FR, et al. A randomized investigation of high-dose
versus standard-dose cytosine arabinoside with daunorubicin in patients with previously
untreated acute myeloid leukemia: a Southwest Oncology Group study. Blood 1996;88:2841-
2851.
Bishop JF, Matthews JP, Young GA, et al. A randomized study of high-dose cytarabine in
induction in acute myeloid leukemia. Blood 1996;87:1710-1717.

oo

pp

2 2

2

qq

"

See Supportive Care (AML-C 1 of 2
See Monitoring During Therapy (AML-E

).
).

rrThe use of high-dose cytarabine for induction outside the setting of a clinical trial is still
controversial. While the remission rates are the same for standard- and high-dose
cytarabine, two studies have shown more rapid marrow blast clearance after one cycle of
high-dose therapy and a disease-free survival advantage f
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Age <60

POST-REMISSION THERAPY

Better-risk cytogenetics
and/or molecular
abnormalities

Clinical trial
or
HiDAC 3 g/m over 3 h every 12 h on days 1, 3,
5 3-4 cycles (category 1)
or
1 to 2 cycles of HiDAC-based consolidation
followed by autologous HSCT (category 2B)

2

!

fff

ddd,eee

While both options--multiple cycles of dose-intensive consolidation and one cycle of
dose-intensive consolidation followed by autologous HSCT--can produce good
survival for patients with favorable cytogenetics, there are significant differences in
toxicity. Patient age, comorbid conditions, and issues such as fertility and salvage
options should be considered when choosing consolidation.

vv

hhh

Begin alternate donor search (unrelated donor or cord blood) if no appropriate
sibling donor is available and the patient is a candidate for an allogeneic HSCT.

FLT3-ITD mutations are also emerging as a poor-risk feature in the setting of
otherwise normal karyotype, and these patients should be considered for clinical
trials where available. There is controversy regarding allogeneic transplant for
FLT3-ITD-only mutations in the absence of other poor prognostic features.

Mayer RJ, Davis RB, Schiffer CA, et al. Intensive postremission chemotherapy
in adults with acute myeloid leukemia. N Engl J Med 1994;331:896-903.

Alternate dosing of cytarabine for postremission therapy has been reported
( ). Lowenberg B, Pabst T, Vellenga E, et al. Cytarabine dose for
acute myeloid leukemia. N Engl J Med 2011;364:1027-1036.

There is no evidence that HiDAC is superior to lower doses of cytarabine in
intermediate-risk patient subgroup.

ccc

ggg

ddd

eee

fff

Patients may require at least one cycle of high-dose cytarabine consolidation while
donor search is in progress to maintain remission. Patients may proceed directly to
transplant following achievement of remission if a donor (sibling or alternative) is
available.

see Discussion

See Surveillance
(AML-14)

Clinical trial
or
Matched sibling or alternative donor HSCT
or
HiDAC 1-3 g/m over 3 h every 12 h on days 1, 3, 5
x 3-4 cycles

ggg 2

Intermediate-risk
cytogenetics and/or
molecular abnormalities

Clinical trial
or
Matched sibling or alternative donor HSCThhh

Treatment-related disease or
poor-risk cytogenetics and/or
molecular abnormalitiesvv,ccc

AML-10

RISK STATUS
( )See AML-A

See Surveillance
(AML-14)

See Surveillance
(AML-14)
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AMLの予後分類	

遺伝子変異による予後分類	


NCCN	
  guideline,	
  AML	
  2015	
  version	
  1	
  

予後分分類	
 染色体	
 遺伝子異常	


予後良好群	


CBF白血病	
 正常核型	


・t（8;21）	
 　	
 NPM1遺伝子変異(+)および FLT3-ITD遺伝子変異(-)	


・inv（16） or t (16;16）	
 　	
 両対立遺伝子のCEBPA遺伝子変異	


t(15;17)	
 　	


予後中間群	


正常核型	
 CBF白血病	


+8	
 　	
 c-kit遺伝子変異(+)	


t（9;11）（p22;q23）	
 　	
 　	


その他の染色体異常	
 　	
 　	


予後不良群	


-5/del(5q)	
 正常核型	


-7/del(7q)	
 　	
 FLT3-ITD遺伝子変異(+)	


t（9;11）以外の11q23	
 　	


inv(3), t(3;3)	
 　	


t(6;9)	
 　	


t(9;22)	
 　	


一染色体欠失染色体異常	
 　	


複雑核型 (≧3 abnormalities)	
 　	


FLT3-­‐ITDとc-­‐kitは	
  
九州大学で解析?	
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CLASSIFICATION TREATMENT INDUCTIONmm,nn
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See Post-
Induction
Therapy (AML-9)

Clinical trial (preferred)
or

Standard-dose cytarabine 100-200 mg/m continuous infusion x

7 days with idarubicin 12 mg/m or daunorubicin 90 mg/m x 3
days (category 1)
or

Standard-dose cytarabine 200 mg/m continuous infusion x 7
days with daunorubicin 60 mg/m x 3 days and cladribine 5
mg/m x 5 days (category 1)
or

idarubicin 12 mg/m
or daunorubicin 60 mg/m x 3 days
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High-dose cytarabine (HiDAC) 2 g/m every 12 hours x 6
days or 3 g/m every 12 h x 4 days with

(1 cycle) (category 2B)
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See Post-
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See Treatment
Induction (AML-11)
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Patients with blast counts >50,000/mcL are at higher risk for tumor lysis and organ
dysfunction secondary to leukostasis. Measures to rapidly reduce the WBC count
include apheresis or hydroxyurea. Prompt institution of definitive therapy is essential.
Poor performance status and comorbid medical condition, in addition to age, are factors
that influence ability to tolerate standard induction therapy.

ECOG reported a significant increase in complete response rates and overall survival
using daunorubicin 90 mg/m x 3 days versus 45 mg/m x 3 days in patients <60 years
of age. Fernandez HF, Sun Z, Yao X, et al. Anthracycline dose intensification in acute
myeloid leukemia. N Engl J Med 2009;361:1249-1259. If there is residual disease on
days 12-14, the additional daunorubicin dose is 45 mg/m x 3 days.
For patients with impaired cardiac function, other regimens that combine a non-

anthracycline (such as fludarabine or topotecan) with cytarabine have been published.

Holowiecki J, Grosicki S, Giebel S, et al. Cladribine, but not fludarabine, added to
daunorubicin and cytarabine during induction prolongs survival of patients with acute myeloid
leukemia: a multicenter, randomized phase III study. J Clin Oncol 2012;30:2441-2448.

or patients age 50 who received
the high-dose therapy (category 2B). Kern W and Estey EH. High-dose cytarabine
arabinoside in the treatment of acute myeloid leukemia: review of three randomized trials.
Cancer 2006;107:116-124. There are no data using more than 60 mg of daunorubicin or 12
mg of idarubicin with high-dose cytarabine.
Weick JK, Kopecky KJ, Appelbaum FR, et al. A randomized investigation of high-dose
versus standard-dose cytosine arabinoside with daunorubicin in patients with previously
untreated acute myeloid leukemia: a Southwest Oncology Group study. Blood 1996;88:2841-
2851.
Bishop JF, Matthews JP, Young GA, et al. A randomized study of high-dose cytarabine in
induction in acute myeloid leukemia. Blood 1996;87:1710-1717.
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See Supportive Care (AML-C 1 of 2
See Monitoring During Therapy (AML-E

).
).

rrThe use of high-dose cytarabine for induction outside the setting of a clinical trial is still
controversial. While the remission rates are the same for standard- and high-dose
cytarabine, two studies have shown more rapid marrow blast clearance after one cycle of
high-dose therapy and a disease-free survival advantage f
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Age <60

POST-REMISSION THERAPY

Better-risk cytogenetics
and/or molecular
abnormalities

Clinical trial
or
HiDAC 3 g/m over 3 h every 12 h on days 1, 3,
5 3-4 cycles (category 1)
or
1 to 2 cycles of HiDAC-based consolidation
followed by autologous HSCT (category 2B)
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!

fff
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While both options--multiple cycles of dose-intensive consolidation and one cycle of
dose-intensive consolidation followed by autologous HSCT--can produce good
survival for patients with favorable cytogenetics, there are significant differences in
toxicity. Patient age, comorbid conditions, and issues such as fertility and salvage
options should be considered when choosing consolidation.

vv

hhh

Begin alternate donor search (unrelated donor or cord blood) if no appropriate
sibling donor is available and the patient is a candidate for an allogeneic HSCT.

FLT3-ITD mutations are also emerging as a poor-risk feature in the setting of
otherwise normal karyotype, and these patients should be considered for clinical
trials where available. There is controversy regarding allogeneic transplant for
FLT3-ITD-only mutations in the absence of other poor prognostic features.

Mayer RJ, Davis RB, Schiffer CA, et al. Intensive postremission chemotherapy
in adults with acute myeloid leukemia. N Engl J Med 1994;331:896-903.

Alternate dosing of cytarabine for postremission therapy has been reported
( ). Lowenberg B, Pabst T, Vellenga E, et al. Cytarabine dose for
acute myeloid leukemia. N Engl J Med 2011;364:1027-1036.

There is no evidence that HiDAC is superior to lower doses of cytarabine in
intermediate-risk patient subgroup.
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Patients may require at least one cycle of high-dose cytarabine consolidation while
donor search is in progress to maintain remission. Patients may proceed directly to
transplant following achievement of remission if a donor (sibling or alternative) is
available.

see Discussion

See Surveillance
(AML-14)

Clinical trial
or
Matched sibling or alternative donor HSCT
or
HiDAC 1-3 g/m over 3 h every 12 h on days 1, 3, 5
x 3-4 cycles

ggg 2

Intermediate-risk
cytogenetics and/or
molecular abnormalities

Clinical trial
or
Matched sibling or alternative donor HSCThhh

Treatment-related disease or
poor-risk cytogenetics and/or
molecular abnormalitiesvv,ccc

AML-10

RISK STATUS
( )See AML-A

See Surveillance
(AML-14)

See Surveillance
(AML-14)
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AMLに対する寛解後療法	


自家移植	

同種移植	


同種移植	




同種造血	
  
幹細胞移植	


原三信病院 血液内科 勉強会	


Version	
  1.0	
  

急性骨髄性白血病	
  
Acute	
  Myeloid	
  Leukemia	
  

（AML）	
  

saito0924
長方形



造血器悪性腫瘍に対する治療	


１.　通常の抗癌剤治療	


２.　超大量抗癌剤治療	


自家移植；骨髄, 末梢血 
（自分→自分）	


同種移植：骨髄, 末梢血, 臍帯血 
（他人→自分）	


再発	
 合併症	


超大量抗癌剤治療 + 免疫療法	


注：ミニ移植は「超大量化学療法」ではありません	


同種移植：骨髄, 末梢血, 臍帯血 
（他人→自分）	


治療の強度	

	
通常の抗癌剤治療＜自家移植＜同種移植	


治療の強度	

	
通常の抗癌剤治療＜自家移植＜同種移植	




免疫担当細胞 

＝リンパ球など	


ウイルスなど	


人間の
細胞	


攻撃	


攻撃	


非自己 = 自分ではなないもの	
 • 非自己を識別	


• 非自己を攻撃・排除	


• 主にリンパ球が担当	


• リンパ球は造血幹細胞
からできる	


• 同種造血幹細胞移植後
のリンパ球はドナー由来
のものになる	


◆HLAやマイナー抗原などの蛋白質	


免疫とは何か？	

同種造血幹細胞移植を理解するために	
  



同種造血幹細胞移植とは	


抗がん剤
投与	


血液がん細
胞の減少	


正常の血
液細胞も
減少	
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Effect of age and donor availability on outcome

Overall, the results with respect to DFS and survival were not
different between the age groups (15-25, 26-35, and 36-45 years).
Figure 5A-C shows the comparison of the donor and no donor
groups in terms of DFS and indicates the 4-year cumulative
incidence of relapse and of death in CR according to the 3
age groups.
As shown in Table 5, in patients aged 35 years or younger, the

DFS for the patients with a sibling donor was longer than for those
without a donor, because of a lower incidence of relapse (HR was
approximately 0.50) and a lower increase in the TRM incidence
(HR was approximately 2.5). In older patients (aged 36-45 years)
the lower incidence of relapse (29.6% versus 48.3%, HR! 0.65)
for the donor group was counterbalanced by a far higher incidence
of death in CR (21.1% versus 5.5%, HR! 3.91). The 4-year
survival rates in the donor versus no donor group, in the 3 age
categories (15-25, 26-35, and 36-45 years) were 64.0% (" 6.7%)
versus 50.8% (" 5.2%), 61.9% (" 5.7%) versus 49.6% (" 4.8%),
and 53.4% (" 4.6%) versus 51.6% (" 4.3%), respectively.
In Table 4, model 2, the donor versus no donor comparison has

been adjusted for the cytogenetics and assessed in each age group;

the estimated hazard ratios were 0.64, 0.68, and 0.92 in the 3 age
groups, respectively. An interaction between age (considered as an
ordered categorical variable) and donor availability was detected,
indicating that the older the patients the smaller the difference in
terms of DFS (P ! .036) and survival (P ! .012) between the no
donor and donor groups.

Discussion

In this study we show for the first time that using analysis by
intention to treat for the patients in the EORTC-LG/GIMEMA
AML-10 trial in CR1 aged younger than 46 years assigned to
allo-SCT has a significantly better outcome than for those who
were planned to undergo an auto-SCT. This finding seems specifi-
cally true for patients with bad or very bad risk cytogenetics. This
conclusion is justified because this AML-10 trial is the first large
study in which prospectively only the 2 transplantation modalities
are offered at an early time point of entering CR.
Already in our previous EORTC-GIMEMAAML-8A trial, the

DFS rate of the no donor group was inferior to that of the donor

Table 5. Comparison of donor versus no donor in 3 cytogenetic groups and the 3 age groups according to different endpoints

Disease-free survival Time to relapse Time to death in CR Survival

Cytogenetic groups
Good 1.21 (0.66, 2.25) 0.83 (0.38, 1.78) 3.03 (0.91, 10.06) 1.41 (0.70, 2.82)
Intermediate 1.16 (0.75, 1.81) 0.84 (0.50, 1.41) 4.06 (1.41, 11.68) 1.14 (0.70, 1.86)
Bad/very bad 0.58 (0.39, 0.87) 0.42 (0.26, 0.68) 2.70 (0.93, 7.80) 0.62 (0.40, 0.96)

Age groups
15-25 y 0.65 (0.41, 1.04) 0.53 (0.32, 0.89) 2.28 (0.64, 8.10) 0.63 (0.37, 1.07)
26-35 y 0.69 (0.46, 1.02) 0.48 (0.30, 0.77) 2.63 (1.08, 6.40) 0.70 (0.45, 1.08)
36-45 y 0.97 (0.70, 1.33) 0.65 (0.44, 0.95) 3.91 (1.83, 8.34) 1.09 (0.78, 1.54)

Numbers are shown as estimated hazard ratio (95% CI).

Figure 4. DFS fromCR according to donor availability
in 4 cytogenetic groups. The cytogenetic groups were
good risk (A), intermediate risk (B), bad/very bad risk (C),
and unknown (D). The estimates of the 4-year DFS rates
(" SE) for the donor group (dotted line) and the no donor
group (solid line) are given. The 4-year cumulative
incidences of relapse and of death in CR are given in
italics. N indicates number of patients; O, observed
number of events (relapse or death in first CR). P was
determined by the log-rank test.
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grafts. TRM was also evaluated in early and late trial eras. No
improvement of TRM over time could be demonstrated in recipi-
ents who had received their allograft after the median date of
inclusion (date not shown) as compared with the early transplants.

Salvage treatment after relapse

The smaller difference in OS between the donor and no-donor
group compared with the difference in DFS can be explained by the
effect of salvage treatment. Most of the 457 relapsed patients
received salvage treatment (88%), either chemotherapy (51%) or

an autologous or allogeneic transplant (37%). Forty percent of the
relapsing patients reached a second CR (CR2, n ! 184), but most
of these either relapsed again (93 of 184; 51%) or died in CR2 (46
of 184; 25%). At the time of analysis 69 of the relapsed patients
were still alive of whom 45 were in continued CR2. The actuarial
probability of survival after relapse at 3 years was 16% in the donor
group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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Figure 1. Actuarial rates of disease-free survival of patients
with acute myeloid leukemia in first complete remission
according to donor availability.
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Figure 2. Actuarial disease-free survival of patients with acute myeloid leukemia in first complete remission according to risk category and donor availability.
(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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were still alive of whom 45 were in continued CR2. The actuarial
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group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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Figure 2. Actuarial disease-free survival of patients with acute myeloid leukemia in first complete remission according to risk category and donor availability.
(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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improvement of TRM over time could be demonstrated in recipi-
ents who had received their allograft after the median date of
inclusion (date not shown) as compared with the early transplants.

Salvage treatment after relapse
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effect of salvage treatment. Most of the 457 relapsed patients
received salvage treatment (88%), either chemotherapy (51%) or
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relapsing patients reached a second CR (CR2, n ! 184), but most
of these either relapsed again (93 of 184; 51%) or died in CR2 (46
of 184; 25%). At the time of analysis 69 of the relapsed patients
were still alive of whom 45 were in continued CR2. The actuarial
probability of survival after relapse at 3 years was 16% in the donor
group and 15% in the no-donor group. Because in the donor group
relatively more patients died in CR1 and fewer relapsed as
compared with the no-donor group, the net contribution of salvage
treatment to OS was larger in the no-donor group.
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(A) Good risk (P ! .43), (B) intermediate risk (P ! .01), (C) poor risk (P ! .006).
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Swiss Group for Clinical Cancer Research showed 
that an age of less than 40 years (the median age 
of the study population) was associated with a 
survival advantage for patients who received a 
transplant from a matched related donor.44 We 
found that receipt of an allogeneic transplant 
from a matched related donor improved relapse-
free survival, but this benefit was mitigated, with 

respect to overall survival, by the favorable re-
sults of receipt of a transplant from an HLA-
matched unrelated donor after relapse in the no-
donor group.

The type of AML did not influence any of the 
end points we analyzed, and among patients who 
had the favorable genotype of mutant NPM1 with-
out FLT3-ITD or the favorable mutant CEBPA geno-
type, the outcome for patients in whom AML 
developed after a myelodysplastic syndrome or 
after chemotherapy, radiation therapy, or both 
and the outcome of those with primary AML 
were similarly favorable.

We could assess any association of genotypes 
with the result of postremission therapy,38 since 
the four trials we analyzed included assignment 
to a treatment group according to whether an 
HLA-matched donor was available. Notably, only 
patients with none of the favorable genotypes 
— that is, the patients with the FLT3-ITD muta-
tion or the genotype consisting of wild-type NPM1 
and CEBPA without FLT3-ITD — benefited from 
an allogeneic transplant performed during the 
first complete remission (Fig. 3). In contrast, 
within the subgroup of patients with the favor-
able genotype of mutant NPM1 without FLT3-ITD, 
the probability of relapse-free survival did not 
differ according to whether a related donor was 
available. Similarly, no benefit of an allogeneic 
transplant has been shown in patients with core-
binding-factor leukemias.39-41 In our analysis of 
cytogenetically normal AML, however, the num-
ber of patients with the mutant CEBPA genotype 
was too small to draw conclusions regarding the 
value of related-donor transplantation during 
the first complete remission. In a recent study, 
Gale et al.45 found no beneficial effect of alloge-
neic transplantation in patients with FLT3-ITD. In 
contrast, we focused on subgroups of patients 
with cytogenetically normal AML who had unfa-
vorable genotypes, not only the FLT3-ITD geno-
type but also the triple-negative genotype con-
sisting of wild-type NPM1 and CEBPA without 
FLT3-ITD. In the cohort reported on by Gale et al., 
the rate of allogeneic transplantation during the 
first period of complete remission was only 63% 
(173 of 273 patients), and treatment-related mor-
tality was as high as 30%, whereas in our cohort, 
these values were 82% and 21%, respectively.

Our data provide a basis for refining the risk 
classification of AML. Cytogenetically normal 
AML involving the genotype of mutant NPM1 
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Swiss Group for Clinical Cancer Research showed 
that an age of less than 40 years (the median age 
of the study population) was associated with a 
survival advantage for patients who received a 
transplant from a matched related donor.44 We 
found that receipt of an allogeneic transplant 
from a matched related donor improved relapse-
free survival, but this benefit was mitigated, with 

respect to overall survival, by the favorable re-
sults of receipt of a transplant from an HLA-
matched unrelated donor after relapse in the no-
donor group.

The type of AML did not influence any of the 
end points we analyzed, and among patients who 
had the favorable genotype of mutant NPM1 with-
out FLT3-ITD or the favorable mutant CEBPA geno-
type, the outcome for patients in whom AML 
developed after a myelodysplastic syndrome or 
after chemotherapy, radiation therapy, or both 
and the outcome of those with primary AML 
were similarly favorable.
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with the result of postremission therapy,38 since 
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to a treatment group according to whether an 
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and CEBPA without FLT3-ITD — benefited from 
an allogeneic transplant performed during the 
first complete remission (Fig. 3). In contrast, 
within the subgroup of patients with the favor-
able genotype of mutant NPM1 without FLT3-ITD, 
the probability of relapse-free survival did not 
differ according to whether a related donor was 
available. Similarly, no benefit of an allogeneic 
transplant has been shown in patients with core-
binding-factor leukemias.39-41 In our analysis of 
cytogenetically normal AML, however, the num-
ber of patients with the mutant CEBPA genotype 
was too small to draw conclusions regarding the 
value of related-donor transplantation during 
the first complete remission. In a recent study, 
Gale et al.45 found no beneficial effect of alloge-
neic transplantation in patients with FLT3-ITD. In 
contrast, we focused on subgroups of patients 
with cytogenetically normal AML who had unfa-
vorable genotypes, not only the FLT3-ITD geno-
type but also the triple-negative genotype con-
sisting of wild-type NPM1 and CEBPA without 
FLT3-ITD. In the cohort reported on by Gale et al., 
the rate of allogeneic transplantation during the 
first period of complete remission was only 63% 
(173 of 273 patients), and treatment-related mor-
tality was as high as 30%, whereas in our cohort, 
these values were 82% and 21%, respectively.

Our data provide a basis for refining the risk 
classification of AML. Cytogenetically normal 
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and for patients with other genotypes, excluding the mutant CEBPA genotype 
(Panel B). Tick marks represent patients whose data were censored at the 
last time they were known to be alive and in complete remission.
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AMLの予後分類（NCCN）からみた	

同種移植の適応	


NCCN	
  guideline,	
  AML	
  2015	
  version	
  1	
  

予後分分類	
 染色体	
 遺伝子異常	


予後良好群	


CBF白血病	
 正常核型	


・t（8;21）	
 　	
 NPM1遺伝子変異(+)および FLT3-ITD遺伝子変異(-)	


・inv（16） or t (16;16）	
 　	
 両対立遺伝子のCEBPA遺伝子変異	


t(15;17)	
 　	


予後中間群	


正常核型	
 CBF白血病	


+8	
 　	
 c-kit遺伝子変異(+)	


t（9;11）（p22;q23）	
 　	
 　	


その他の染色体異常	
 　	
 　	


予後不良群	


-5/del(5q)	
 正常核型	


-7/del(7q)	
 　	
 FLT3-ITD遺伝子変異(+)	


t（9;11）以外の11q23	
 　	


inv(3), t(3;3)	
 　	


t(6;9)	
 　	


t(9;22)	
 　	


一染色体欠失染色体異常	
 　	


複雑核型 (≧3 abnormalities)	
 　	


FLT3-­‐ITDとc-­‐kitは	
  
九州大学で解析?	


基本的に同種移植適応	




治療抵抗性・難治性AML	


BenneP	
  JM.	
  Cancer	
  1997;	
  	
  Tallman	
  MS.	
  Blood	
  2005;	
  	
  Ohtake	
  Blood	
  2011	


初回寛解導入療法でCR1達成	
  
	
   	
   	
   	
   	
   	
   	
  75〜80%	
  

再発	
  
　　35〜50%	


寛解導入不能	
  
　　15〜20%	


治療抵抗・難治	
  
　　50〜70%	


初発AML	


長期非再発生存率	
  
	
   	
   	
   	
   	
   	
   	
  30〜40%	




diagnosis and disease status are shown in Figure 2A-B, respectively.
For patients with AML patients, the 2-year survival rate was 57%
(95% CI, 53%-61%) and 46% (95% CI, 40%-52%) in the IV-BU
and TBI-based regimens, respectively (P 5 .003). Two-year sur-
vival duration was not different for patients with MDS or CML
based on conditioning. For patients with early disease, the 2-year
survival rate was 64% (95% CI, 59%-69%) and 51% (95% CI, 42%-
59%) for IV-BU and TBI-based regimens, respectively (P 5 .006).
Survival duration was not different for patients with intermediate or
advanced disease based on conditioning regimen. In multivariate
analysis, IV-BU–based conditioning was associated with a de-
creased risk for death (HR, 0.82; 95% CI, 0.68-0.98; P 5 .03)
compared with TBI-based conditioning. In addition to conditioning,
other factors associated with an increased risk for death included
older age, race other than Caucasian, and a HCT comorbidity index
score .3 (Table 2).

PFS

Two-year probabilities of PFS were 48% (95% CI, 45%-51%) and
42% (95% CI, 37-47) for IV-BU and TBI-based regimens, re-
spectively (P 5 .063) (Figure 1B).

In multivariate analysis of treatment failure, IV-BU was equiv-
alent to the TBI-based regimen (Table 2).

Engraftment

The cumulative incidence of neutrophil recovery at day 28 were 96%
(95% CI, 95%-97%) and 93% (95% CI, 90%-95%) for IV-BU and
TBI-based regimens, respectively (P 5 .01). Corresponding cumu-
lative incidences for platelet recovery at day 28 were 76% (95% CI,
74%-79%) and 73% (95% CI, 69%-77%), respectively (P 5 .147).

Toxicities and TRM

The 100-day cumulative incidences for VOD/SOS were 5% (95% CI,
4%-6%) and 1% (95% CI, 0%-3%; P, .001); for IPN, 4% (95% CI,
2%-5%) and 6% (95% CI, 4%-8%; P 5 .055); and for renal failure
requiring dialysis, 6% (95% CI, 4%-7%) and 7% (95% CI, 5%-10%;
P 5 .243) for IV-BU and TBI-based regimens, respectively.

Corresponding 2-year cumulative incidences of TRM were 18%
(95% CI, 16%-21%) and 19% (95% CI, 15%-23%; P 5 .75), re-
spectively (Figure 1C).

In multivariate analysis for TRM, IV-BU was similar to TBI-
based regimens (Table 2).

GVHD

The 100-day cumulative incidences of grades 2 to 4 acute GVHD
were 46% (95% CI, 43%-49%) and 51% (95% CI, 46%-55%;
P 5 .128), and grades 3 to 4 acute GVHD were 18% (95% CI,
16%-21%) and 23% (95% CI, 19%-27%; P 5 .052) for IV-BU and
TBI-based regimens, respectively. Corresponding 1-year cumulative
incidences of cGVHD were 44% (95% CI, 41%-47%) and 42% (95%
CI, 37%-46%; P5 .397), respectively. Multivariate analysis shows no
treatment effect on grade 3 to 4 acute GVHD (0.81; 95%CI, 0.63-1.05;
P5 .11) and no treatment effect on cGVHD (HR, 1.07; 95%CI, 0.90-
1.29; P5 .44). Additional variables associated with GVHD outcomes
are shown in supplemental Tables 1 and 2.

Disease relapse/progression

The 2-year cumulative incidences of disease relapse/progression were
34% (95%CI, 31%-37%) and 39% (95%CI, 34%-44%;P5 .084) for
IV-BU and TBI-based regimens, respectively (Figure 1D).

Figure 1. Outcomes of allogeneic HCT with IV-BU or TBI conditioning regimens. (A) Survival by conditioning regimens. (B) Progression free survival by conditioning
regimens. (C) Cumulative incidence of TRM by conditioning regimens. (D) Cumulative incidence of disease relapse by conditioning regimens.
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  vs.	
  TBI-­‐based	
  	
  MAC	


Bredeson	
  C.	
  Blood	
  2013	
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  Interna7onal	
  Blood	
  and	
  Marrow	
  Transplant	
  Research	
  (CIBMTR)	


OS	
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経口	
  or	
  静注	
  Bu/CY	
  vs.	
  TBI/CY	


Copelan	
  E.	
  Blood	
  2013:3863-­‐70	
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  Marrow	
  Transplant	
  Research	
  (CIBMTR)	


AML	
  in	
  CR	
  (n	
  =	
  1230)	


	
  静注BuはTBIに比べ，全生存率，再発率，無白血病生存率，非再発死亡率を	
  
有意に改善したが，経口Buではこうした改善は得られず．	


　	

経口BuCy vs Cy/TBI  

RR (95% CI)  
静注BuCy vs Cy/TBI  

RR (95% CI)  

Oral BuCy vs IV 
BuCy  

RR (95% CI)  
Overall P value  

急性GVHD III-IV 0.72 (0.53-0.98)  0.72 (0.51-1.02)  1.00 (0.67-1.49)  0.048 

慢性GVHD 1.01 (0.73-1.39)  1.13 (0.87-1.47)  0.89 (0.58-1.37)  0.65 

非再発死亡率	
 0.72 (0.52-1.01)  0.58 (0.39-0.86)  1.24 (0.79-1.95)  0.011 

再発 (1年以内) 0.81 (0.59-1.11)  1.06 (0.76-1.49)  0.76 (0.52-1.12)  0.31 

再発 (1年以降)§ 1.22 (0.78-1.90)  0.24 (0.084-0.66)  5.19 (1.85-14.57)  0.0074 

無白血病生存率	
 0.87 (0.72-1.06)  0.70 (0.55-0.88)  1.25 (0.96-1.62)  0.0096 

全生存率	
 0.78 (0.60-1.01)  0.68 (0.52-0.88)  1.15 (0.85-1.56)  0.0084 



静注Buを用いた至適前処置の開発	


TBI(12)/CY(120)	
  <	
  ivBu(12.8)/CY(120)	


TBI(2Gy)	
  Strob,	
  et	
  al.	
  Blood	
  1997	
  /	
  Int	
  J	
  Radiat	
  Oncol	
  Biol	
  Phys	
  1993	
  	
  	


allo-­‐SCTの意義は	
  
GVL効果にある	


Flu/TBI(2)	


Flu/ivBu(6.4)	
  (±TBI	
  2Gy)	

	


Flu/Mel	
  (±TBI	
  2Gy)	


主に生着安定	


前
処
置
叏
強
度	




versus host disease, NRM, and disease relapse or progression was calculated
using cumulative incidence estimates, taking into account the appropriate
competing risk structure(s). (Cause specific) effect estimates for risk factors
were obtained using Cox regression models. The main variables analyzed
included donor age, donor status, recipient age group (50 to 60 v ! 60 years),
FAB disease classification at presentation, disease status at transplantation,
type of conditioning regimen, time period of transplantation (1998 to 2001 v
2001-present), time from diagnosis to transplantation (" 6 month, 6 to 12
months, and ! 12 months), lines of prior intensive chemotherapy, cytogenet-
ics, donor-recipient cytomegalovirus status, graft type (bone marrow v periph-
eral blood stem cells). There was sufficient data on cytogenetics in 378 patients
(31%). As such, International Prognostic Scoring System (IPSS) was not
included as a variable in this study.

For multivariate analyses, the main covariates were first entered together
into the model; with covariates found not to be significant at the .10 level
removed from the Cox model in a stepwise backward way. Type of condition-
ing regimen was held in the model at each step irrespective of its significance
since it was the main parameter of interest. Potential interactions between the
covariate type of conditioning regimen and the other remaining covariates

were tested, adding cross-product terms to the model in a forward stepwise
way. Significance tests for all outcomes are based on the usual Cox models
which estimate cause-specific hazards and test hazard ratios (HRs) using a
likelihood ratio test. However, when we produced survival curves (cumulative
incidence estimates) these were based on uni- or bivariate competing risk
estimates without underlying model assumptions, but with unbiased curve
estimates. When groups were compared according to continuous covariates,
the Mann-Whitney U test or Kruskal-Wallis one-way analysis of variance on
ranks test were used for differences in medians. According to the group sizes, a
!2 analysis or Fisher’s exact test was used to compare categoric covariates. SPSS
version 11 (SPSS, Chicago, IL) was used for all statistical analyses.

RESULTS

OS
The 4-year estimate OS of the whole cohort was 31% (Fig 1). At

the time of data censure, there were 642 deaths in total. The main
identifiable causes of death were relapse in 235 (37%), secondary
malignancy in three (0.5%), transplant-related causes 359 (56%),
and other causes 45 (7%). The 4-year OS estimate of the 50 to 60
years and older than 60 years cohort was 34% and 27%, respectively,
corresponding to a HR of 0.87 (P # .23). In addition, 4-year estimate
OS for patients receiving RIC or SMC was 32% versus 30% (HR, 0.97;
P # .73; Fig 2).

Nonrelapse Mortality
The 4-year estimate NRM was 36% for all patients. However,

patients undergoing RIC had a significantly lower 4-year NRM when
compared with those receiving SMC (32% v 44%; HR, 0.84; P # .05).
While patients older than 60 years had a higher NRM, this was not
significantly different from the 50 to 60 age group (4-year estimate:
36% v 39%; HR, 1.11; P # .39). When compared with the use of an
HLA-matched sibling donor, an HLA-matched or HLA-mismatched
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years, reduced intensity conditioning (RIC),
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50-­‐60歳	
 61歳以上	


長期生存率	


非再発死亡の減少の効果を-­‐-­‐-­‐-­‐-­‐	
  

再発死亡増加が打ち消している	


再発死亡	


非再発死亡	


（再発以外による死亡）	


高齢者に対して	

非再発死亡（合併症死亡）を増加させず	


移植前治療の抗白血病効果を	
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G-CSF 	
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 ↓	
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AraC	
 100mg/sqm	
 cont. div	
 　	
 ↓	
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 2g/sqm	
 2hr div	
 　	
 　	
 　	
 　	
 　	
 ↓↓	
 ↓↓	
 　	
 　	


Fludarabine	
 30mg/sqm	
 　	
 　	
 ↓	
 ↓	
 ↓	
 ↓	
 ↓	
 ↓	
 　	
 　	


iv Busulfan	
 3.2mg/kg	
 　	
 　	
 ↓	
 ↓	
 ↓	
 ↓	
 　	
 　	
 　	
 　	


TBI 0 -4 Gy	
 　	
 　	
 ←　　　　　　　　  この期間いずれの日に　　　　　 　　　 →	


移植	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 　	
 ⇩	
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  risk	
  MDS	
  	


主要評価項目:	
  1年時点での無イベント生存割合 	
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  (±TBI	
  2Gy)	


主に生着安定	


前
処
置
叏
強
度	


Flu/ivBu(12.8)	
  
	
  	
  	
  (±TBI	
  2Gy)	


Flu/ivBu(12.8)/Mel	
  	
  Flu/ivBu(12.8)/G-­‐AraC	
  	
  
(±TBI	
  2Gy)	


TBI(2Gy)	
  Strob,	
  et	
  al.	
  Blood	
  1997	
  /	
  Int	
  J	
  Radiat	
  Oncol	
  Biol	
  Phys	
  1993	
  	
  	


抗腫瘍効果↑	


抗腫瘍効果↑↑	


静注Buを用いた至適前処置の開発	




Flu/MEL/Bu	
  for	
  UCBT	


Yamamoto	
  H.	
  ASH	
  2013.	
  #P-­‐2024	
  
Yamamoto	
  H.	
  Bone	
  Marrow	
  Transplant	
  2014:607-­‐9	
  	


虎の門病院	


Flu 	
   	
   	
  25-­‐30mg/sqm	
  
ivBu	
   	
   	
  3.2mg 	
  /kg	
  
MEL	
   	
   	
  40mg 	
  /sqm	


-­‐7 	
  -­‐6 	
  -­‐5 	
  -­‐4 	
  -­‐3 	
  -­‐2 	
  -­‐1 	
  0	
  
⇩ 	
  ⇩ 	
  ⇩ 	
  ⇩ 	
  ⇩ 	
  ⇩	

⇩ 	
  ⇩ 	
  ⇩ 	
  ⇩	
  

	
   	
   	
   	
  ⇩ 	
  ⇩ 	
  	

Tac	
  +	
  MMF	


TBI（全身放射線照射）を用いない臍帯血移植 前処置	


⇒	
  生着率	
  90.2%	





