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BACKGROUND
The effectiveness of platelet transfusions to prevent bleeding in patients with hema-
tologic cancers remains unclear. This trial assessed whether a policy of not giving 
prophylactic platelet transfusions was as effective and safe as a policy of providing 
prophylaxis.
METHODS
We conducted this randomized, open-label, noninferiority trial at 14 centers in the 
United Kingdom and Australia. Patients were randomly assigned to receive, or not to 
receive, prophylactic platelet transfusions when morning platelet counts were less 
than 10!109 per liter. Eligible patients were persons 16 years of age or older who 
were receiving chemotherapy or undergoing stem-cell transplantation and who had 
or were expected to have thrombocytopenia. The primary end point was bleeding of 
World Health Organization (WHO) grade 2, 3, or 4 up to 30 days after randomization.
RESULTS
A total of 600 patients (301 in the no-prophylaxis group and 299 in the prophylaxis 
group) underwent randomization between 2006 and 2011. Bleeding of WHO grade 
2, 3, or 4 occurred in 151 of 300 patients (50%) in the no-prophylaxis group, as 
compared with 128 of 298 (43%) in the prophylaxis group (adjusted difference in 
proportions, 8.4 percentage points; 90% confidence interval, 1.7 to 15.2; P = 0.06 
for noninferiority). Patients in the no-prophylaxis group had more days with bleeding 
and a shorter time to the first bleeding episode than did patients in the prophylaxis 
group. Platelet use was markedly reduced in the no-prophylaxis group. A prespecified 
subgroup analysis identified similar rates of bleeding in the two study groups among 
patients undergoing autologous stem-cell transplantation.
CONCLUSIONS
The results of our study support the need for the continued use of prophylaxis with 
platelet transfusion and show the benefit of such prophylaxis for reducing bleeding, 
as compared with no prophylaxis. A significant number of patients had bleeding 
despite prophylaxis. (Funded by the National Health Service Blood and Transplant 
Research and Development Committee and the Australian Red Cross Blood Service; 
TOPPS Controlled-Trials.com number, ISRCTN08758735.)
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造血器腫瘍患者に対する血小板輸血	  
　　　	  
　　　	

血小板輸血はそのほとんどが予防的輸血として行われている	  
しかし、トリガー値に関してはガイドライン上1−２万ではあるが	  
患者にbenefitをもたらす最適値については未だunclear	  
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最近、「血小板輸血は治療的投与のみとする」という方針が	  
一部の患者では有効である	  
　　　　　　　　　　　　　　　　　　　　という可能性が報告されている	

では、本当に予防的輸血は必要なのだろうか、という疑問	



予防的血小板輸血VS治療的血小板輸血	

大規模RCTが２つ行われた	

・ドイツ　　　　　　　　　　次ページ参照	  
・オーストラリア・英国　今回の論文	

では、本当に予防的輸血は必要なのだろうか、という疑問	
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method 

• ドイツで行われた多施設（8施設）合同非盲検
無作為化試験 

• 期間：2005年2月1日～2010年3月31日 
• 施設基準：輸血が24時間施行でき血小板輸
血が4時間以内に施行できるCenter 
 AML患者は190例で、治療的血小板輸血群が

94例、予防的血小板輸血群は96例。 
auto PBSCT後の患者は201例で、治療的血小板
輸血群が103例、予防的血小板輸血群は98例。 
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Summary
Background Routine prophylactic platelet transfusion is the standard of care for patients with severe thrombocytopenia. 
We assessed the eff ect of a new strategy of therapeutic platelet transfusion on the number of transfusions and safety 
in patients with hypoproliferative thrombocytopenia.

Methods We did a multicentre, open-label, randomised parallel-group trial at eight haematology centres in Germany. 
Patients aged 16–80 years, who were undergoing intensive chemotherapy for acute myeloid leukaemia or autologous 
haemopoietic stem-cell transplantation for haematological cancers, were randomly assigned via a computer-generated 
randomisation sequence to receive either platelet transfusion when bleeding occurred (therapeutic strategy) or when 
morning platelet counts were 10×10⁹ per L or lower (prophylactic strategy). Investigators undertaking interventions 
were not masked to group assignment. The primary endpoint was the number of platelet transfusions. Analysis was 
by intention to treat. This trial is registered, NCT00521664.

Findings 197 patients were assigned the prophylactic strategy and 199 the therapeutic strategy. Of 391 patients 
analysed, the therapeutic strategy reduced the mean number of platelet transfusions by 33·5% (95% CI 22·2–43·1; 
p<0·0001) in all patients (2·44 [2·22–2·67] in prophylactic group vs 1·63 [1·42–1·83] in therapeutic group), 31·6% 
(18·6–42·6; p<0·0001) in those with acute myeloid leukaemia (2·68 [2·35–3·01] vs 1·83 [1·58–2·10]), and 34·2% 
(6·6–53·7; p=0·0193) in those who had had autologous transplantation (1·80 [1·45–2·15] vs 1·18 [0·82–1·55]. We 
noted no increased risk of major haemorrhage in patients who had undergone autologous transplantation. In those 
with acute myeloid leukaemia, risk of non-fatal grade 4 (mostly CNS) bleeding was increased. We recorded 15 cases 
of non-fatal haemorrhage: four retinal in each transfusion group, and one vaginal and six cerebral in the therapeutic 
group. 12 patients died in the study: two from fatal cerebral haemorrhages in the therapeutic group, and ten (fi ve in 
each treatment group) unrelated to major bleeding.

Interpretation The therapeutic strategy could become a new standard of care after autologous stem-cell transplantation; 
however, prophylactic platelet transfusion should remain the standard for patients with acute myeloid leukaemia. The 
new strategy should be used by some haematology centres only if the staff  are well educated and experienced in the 
new approach and can react in a timely way to fi rst signs of CNS bleeding.

Funding Deutsche Krebshilfe eV (German Cancer Aid).

Introduction
In patients with hypoproliferative thrombocytopenia, 
prophylactic platelet transfusions at a morning platelet 
trigger of 10×10⁹ per L or lower are regarded as the 
standard.1,2 However, whether such transfusions are 
necessary in patients who are clinically stable with no 
bleeding, or whether a therapeutic transfusion strategy 
could be suffi  cient and safe, has long been debated.2–5 
30 years ago, a few small studies6–8 showed favourable 
results for the therapeutic strategy, but these results 
cannot be applied to clinical practice now because the 
chemotherapy dose-intensity, and supportive care 
have changed greatly. Furthermore, quality of the 
studies was too low and the number of patients treated 
too small for any conclusion for routine care to be 
reached.

In a retrospective review9 of almost 3000 adult pa tients 
with thrombocytopenia between 1998 and 1997, 
Friedmann and colleagues showed no relation between 
fi rst morning platelet count or lowest platelet count of 
the day and risk of haemorrhage. Investigators of other 
studies5,10 noted similar results. In two single-centre pilot 
studies,11,12 we showed that a new strategy of therapeutic 
platelet transfusion was feasible, with no increase in risk 
of major bleeding and substantially reduced numbers of 
platelet transfusions compared with historical controls. 
Therefore, we assessed the eff ect of this new strategy 
compared with routine prophylactic platelet transfusion 
on the number of transfusions and safety in patients 
with hypoproliferative thrombocytopenia to investigate 
prospectively whether these results could be reproduced 
in a multicentre randomised study.
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platelet count at slightly greater than 10×10⁹ per L and 
one at a platelet count below the cut off . Both bleeds 
started with headache. The patient with a platelet count 
of less than 10×10⁹ per L had an invasive pulmonary 
fungal infection. She did not receive the prophylactic 
platelet transfusion recommended by the protocol. 
After sudden onset of headache, CT showed a mass 
bleed. The patient died 2 h later despite being given 
platelet transfusions. Autopsy was refused; therefore, 
we cannot exclude a cerebral fungal lesion as a reason 
for the mass bleed. The patient with the platelet count 
above 10×10⁹ per L developed headache 1 day before the 
fatal event, but CT was done only when complaints 
increased. The patient’s state deteriorated quickly 
during CT, which showed supratentorial and 
infratentorial cerebral bleeds with compression of the 
fourth ventricle. Immediate platelet transfusions in-
creased the platelet count to 122×10⁹ per L, but despite 
emergency operation, the patient died 2 days later. No 
specifi c reason for the bleeding event apart from 
thrombocytopenia could be identifi ed by operation or 
autopsy. The data monitoring board recommended an 
alert letter be sent to ensure that all investigators 
adhered precisely to the protocol and gave a platelet 
transfusion to all patients with sudden new headache 
and a morning platelet count of less than 20×10⁹ per L. 
We recorded ten further deaths (fi ve in each transfusion 
group) unrelated to major bleeding. Overall survival of 

All patients (n=391) Acute myeloid leukaemia (n=190) Autologous transplantation (n=201)

Prophylactic 
group 
(n=194)*

Therapeutic 
group 
(n=197)†

Reduction (%) Prophylactic 
group 
(n=96)‡

Therapeutic 
group 
(n=94)§

Reduction (%) Prophylactic 
group 
(n=98)¶

Therapeutic 
group 
(n=103)||

Reduction (%)

Primary endpoint

Platelet transfusions per 
patient

2·44 
(2·22–2·67)

1·63 
(1·42–1·83)

·· 2·68 
(2·35–3·01)

1·83 
(1·58–2·10)

·· 1·80 
(1·45–2·15)

1·18 
(0·82–1·55)

··

Therapeutic vs prophylactic 
(95% CI; p value)

·· ·· 33·5% (22·2–43·1; 
p<0·0001)

·· ·· 31·6% (18·6–42·6; 
p<0·0001

·· ·· 34·2% (6·6–53·7; 
p=0·0193)

Secondary endpoints

Bleeding**

Grade 2 or higher 65 (19%; 
14–23)

127 (42%; 
36–48)

<0·0001 57 (24%; 
18–30)

98 (51%; 
43–59)

<0·0001 8 (8%; 3–14) 29 (28%; 
19–37)

0·0005

Grade 3 3 (1%; 0–2) 7 (2%; 0–4) 0·21 3 (1%; 0–4) 6 (3%; 1–7) 0·32 0 (0%; 0–5) 1 (1%; 0–6) 1

Grade 4 4 (1%; 0–2) 14 (5%; 2–7) 0·0159 4 (2%; 0–3) 13 (7%; 3–11) 0·0095 None None ··

Red blood cell transfusions per 
patient

2·85 
(2·58–3·12)

3·14 
(2·81–3·46)

0·18 3·66 
(3·29–4·04)

3·90 
(3·45–4·35)

0·41 1·61 
(1·24–1·99)

2·15 
(1·72–2·58)

0·06

Days with thrombocytopenia 
(<20!10"/L)

9·48 (5·81) 10·17 (6·51) 0·38 12·68 (5·13) 12·68 (6·55) 0·98 6·36 (4·62) 7·88 (6·00) 0·0327

Days in hospital 17 (16–19) 18 (17–18) 0·69 19 (18–20) 20 (19–21) 0·16 14 (13–14) 14 (14–15) 0·15

Side-e# ects of transfusions 25 (13%; 
8·9–18·4)

27 (14%; 
9·6–19·3)

0·88 22 (23%; 
15·6–32·4)

21 (22%; 
15·1–31·9)

1 3 (3%; 
1·0–9·1)

6 (6%; 
2·5–12·5)

0·50

Overall survival from study 
entry (months, 95% CI)††

16·1 
(10·4–21·8)

11·9 
(5·73–18·1)

0·84 8·68 
(6·47–10·9)

5·88 
(3·05–8·70)

0·66 34·0 
(15·9–52·0)

35·9 
(14·4–57·4)

0·59

Data are mean (95% CI), n (%; 95% CI), or mean (SD), unless otherwise indicated. *343 treatment cycles. †301 treatment cycles. ‡245 treatment cycles. §198 treatment cycles. ¶98 treatment cycles. 
||103 treatment cycles. **Per treatment cycle, by WHO criteria. ††75% quartile, by log-rank test.

Table !: Primary and secondary endpoints by treatment and transfusion group
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Figure ": Time to onset of bleeding of grade 2 or higher in all patients

Secondary Endpoints 
• Grade2の出血は治療的輸血群で優位に多かった。 
• Grade4の出血は、AML群に関しては治療的輸血群で
多かった。しかしPBSCT群では両群で認めなかった。 

• 他の②血小板が20000以下となる日数、③輸血の副
作用、④入院日数、⑤生存率で有意差はなかった。
優位差がついたのは①の出血のみであった。 

出血率について	

Grade2以上の出血は治療的輸血群で有意に多い	



ドイツのstudyの結論	

１.Auto	  PBSCTの患者では予防的血小板輸血が今後の標準的治療と	  
なる可能性がある	  
	  
２.AML患者では予防的血小板輸血が必要だろう	

では、今回のRCTの結果を確認しましょう	



P 血液疾患患者に  
　 
I　予防的血小板輸血を行わないことは 
　　　 
C 行うことに比べて 
　 
O 出血頻度は非劣性であるか 
　　 
T　RCT parallel group　open label  　 
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BACKGROUND
The effectiveness of platelet transfusions to prevent bleeding in patients with hema-
tologic cancers remains unclear. This trial assessed whether a policy of not giving 
prophylactic platelet transfusions was as effective and safe as a policy of providing 
prophylaxis.
METHODS
We conducted this randomized, open-label, noninferiority trial at 14 centers in the 
United Kingdom and Australia. Patients were randomly assigned to receive, or not to 
receive, prophylactic platelet transfusions when morning platelet counts were less 
than 10!109 per liter. Eligible patients were persons 16 years of age or older who 
were receiving chemotherapy or undergoing stem-cell transplantation and who had 
or were expected to have thrombocytopenia. The primary end point was bleeding of 
World Health Organization (WHO) grade 2, 3, or 4 up to 30 days after randomization.
RESULTS
A total of 600 patients (301 in the no-prophylaxis group and 299 in the prophylaxis 
group) underwent randomization between 2006 and 2011. Bleeding of WHO grade 
2, 3, or 4 occurred in 151 of 300 patients (50%) in the no-prophylaxis group, as 
compared with 128 of 298 (43%) in the prophylaxis group (adjusted difference in 
proportions, 8.4 percentage points; 90% confidence interval, 1.7 to 15.2; P = 0.06 
for noninferiority). Patients in the no-prophylaxis group had more days with bleeding 
and a shorter time to the first bleeding episode than did patients in the prophylaxis 
group. Platelet use was markedly reduced in the no-prophylaxis group. A prespecified 
subgroup analysis identified similar rates of bleeding in the two study groups among 
patients undergoing autologous stem-cell transplantation.
CONCLUSIONS
The results of our study support the need for the continued use of prophylaxis with 
platelet transfusion and show the benefit of such prophylaxis for reducing bleeding, 
as compared with no prophylaxis. A significant number of patients had bleeding 
despite prophylaxis. (Funded by the National Health Service Blood and Transplant 
Research and Development Committee and the Australian Red Cross Blood Service; 
TOPPS Controlled-Trials.com number, ISRCTN08758735.)
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Methods	



                        Eligibility criteria 
 
・UK　Australia　の計14の血液センター 
・2006年8月-2011年8月 
・１６歳以上の造血器腫瘍患者 
・血小板数＜50000の期間が5日以上あったか、これからあると予想さ　
れる 
・化学療法施行中、これから施行する 
・幹細胞移植を施行中、これから施行する 
 
                       Exclusion criteria 
 
・以前にWHO grade3以上の出血の既往 
・今回の入院中にWHOgrade２の出血 
・遺伝性の血液凝固障害 
・治療量の抗凝固薬を使用 
・APLの診断、HLA抗体の存在 
 
 
	



 
Grade 1 (petechial):minor bleeding 
 　　紫斑　点状出血　皮下出血　などの軽微な皮膚出血 
　　一過性の粘膜出血 
 
Grade 2 (mild blood loss):moderate bleeding 
　　皮下血腫 
　　持続的な粘膜出血（口腔　鼻腔　性器　血痰　血尿　吐下血） 
　　侵襲部位出血 
 
Grade 3 (gross blood loss):severe bleeding 
     Grade2で赤血球輸血を要するもの 
 
Grade 4 (deliberating blood loss):deliberate bleeding 
    中枢神経　肺などの臓器出血 
　　視力障害を来す網膜出血などの重篤な機能障害を伴う出血 
	

WHO 出血スコア	

◆特集：血栓止血の臨床―研修医のために―◆

はじめに

　血小板輸血の目的は，血小板の量的，質的低下
に基づいた出血の予防（予防的投与）や治療（治
療的投与）である．輸血に用いる血小板製剤は不
安定な献血により賄われ，厳密な保存条件と短い
有効期限から，必ずしも入手が容易ではない．また，
コストも高く，輸血に伴う急性副作用も頻度が高い．
臨床医に強く求められるのは，不必要な投与を慎
み，安全かつ適正な輸血を施行することである．

血小板製剤の種類と保存法

　血小板製剤（血小板濃厚液）は，全血（1単位，
2 単位）と成分（5 単位，10 単位，15 単位，20
単位）採血由来のものがある．クエン酸加血漿に
浮遊した血小板の含量は 1単位あたり 0.2 × 1011

個以上で，標準的な製剤である 10 単位製剤には，
2.0 ≦～＜ 3.0 × 1011 個の血小板が含まれ，その
容量は約 200ml，混入赤血球は極めて微量で，白
血球数も 1× 106 個以下である．また，それぞれ

＊慶応義塾大学輸血・細胞療法部〔〒 160-8582 新宿区信濃町 35〕
Department of Transfusion Medicine & Cell Therapy, School of Medicine, Keio University
〔35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan〕
Tel： 03-3353-1211 （ext. 62123）　Fax： 03-3353-9706 　e-mail： mhanda@sc.itc.keio.ac.jp

血液製剤の適応と使用法

血小板製剤
Platelet concentrates

半田　誠 *
Makoto HANDA*

Key words： platelet transfusion, transfusion trigger, platelet refractoriness

①血小板輸血の目的は，血小板の量的，質的低下に基づいた出血の予防（予防的投与）
や治療（治療的投与）である．
②輸血に用いる血小板濃厚液は，厳密な保存条件で，使用期限はわずかに4日間である．
③輸血の適応は，1）血小板数のみではなく，2）出血症状（出血スコア）や 3）成因
や合併症，侵襲的処置の有無等の出血リスクを勘案して，総合的に判断する．
④白血病等の造血器疾患や化学療法に伴う造血障害での予防的投与（内科的予防投与）
の血小板基準値（トリガー値）は 1～2万/μl である．
⑤外科手術時の過剰出血の予防（外科的予防投与）や活動性の出血の治療（治療的投
与）では，血小板数 5万/μl 以上を目標に輸血する．
⑥標準は 10 単位製剤で，輸血で 3～5万/μl 血小板数の増加が期待され，基準値を
維持するには造血停止状態では週 2～3回の輸血が必要である．
⑦輸血翌日の血小板数を測定して，効果判定を習慣づけ，輸血不応があった場合は，
その原因を検討して，対応する．

❖Points ❖

血栓止血誌 20（5）：495～497, 2009



Intervention	

PaAents	  
PLT<10000になったらランダムに割付	  

	

Prophylaxis group	 No Prophylaxis group	

PLT<10000となった日に血小板輸血	

Treatment policyはrandomization後３０日間適用	

出血	  	  （WHO	  grade	  2以上)	  
侵襲的手技の前	  	  
臨床医の判断で(WHO	  grade3以上）　　の時血小板輸血	

これらの患者は血小板輸血された時点でトライアルは終了	  
評価は続行	

赤血球輸血の適応はHb＜9.0g/dl	



使用する輸血製剤	

血小板	  
　　　　　　　すべてleukoreduced(LR)	  
　　　　　 約８０％は成分採血から作製	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  一般的にはABO/Rh適合血	

	  
	



RandomizaAon	

独立、集中化したコンピューターによるランダム化	  
　　　　　　　　（２００９年までは電話による）	  
１：１に割付	  
	  
初めの10人は　simple	  randomizaAon	  
　　　　 以後は　minimizaAon	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  因子	  	  	  	  study	  center	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  diagnosis	  　　	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  treatment	  plan　　	  
	  
	  



Data collection	

RandomizaAon後３０日間続行	  
入院中はdaily	  bleeding-‐assessment	  を毎日施行	  
外来患者では自分で出血を記録してもらい、次回外来時に持参	  
	  
出血を評価するスタッフは評価に関して繰り返しトレーニングを受講	  
ガイドノートを配布され、現場での監視も受けた（ダブルチェック含む）	  
	  
最終的にすべての出血イベントの記録をに割付を知らない２人の	  
評価者が評価	  
	  
出血グレードはコンピュータで割り当て	  
	  



Outcomes	

Primary outcome	

Randomizationから30日後までに出血イベント（WHOgrade2以上）
を起こした患者のパーセンテージ	

Secondary outcome	

・出血イベントを起こした日数 
・初めての出血イベントまでの期間 
・血小板輸血　赤血球輸血の回数 
・血小板数＜２万の日数 
・血小板減少からの回復（輸血なしで５万以上が３日間持続）までの 
　期間 
・入院期間　　　　　　　　　　　　（出血イベントはWHOgrade2以上） 
・有害事象	



Statistical analysis	

サンプルサイズ	

先行研究より予防群での出血イベント発生率を約20％と推定	  
Power	  90%	  	  片側有意水準5%	  非劣性マージン10％	  
　　　　　　　　　　　　　　　　　↓	  
　　　　　　　　　　　　各群280人と計算	  
　　　　　　　　　　　　　　　　　↓	  
　　　　　　　　　　　各群300人、total	  600人	  
	  
	  
	

100例をrandomizationした時点の中間解析での予防群の 
出血イベント発生率に基づいてサンプルサイズを再計算すると事前
に決定	

↓	
中間解析で全体の出血イベント発生率が48％	  
非劣性マージンを15％で再計算→各群300人で問題なし	  
	



Statistical analysis	

Primary analysis	

ITT解析	

Secondary analysis 	

Per protocol解析 
プロトコールで推奨されない輸血をされた患者は除外	



Results	
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phylaxis strategy in relation to the frequency of 
bleeding events of WHO grade 2, 3, or 4. A post 
hoc superiority analysis showed that no prophy-
laxis was inferior to prophylaxis (P = 0.04). Sensi-
tivity analyses indicated that these results were 
robust (see the Supplementary Appendix). Per-
protocol results are shown in the Supplementary 
Appendix.

SECONDARY END POINTS
Bleeding
Data on bleeding episodes are presented in Table 
2. The number of days with bleeding episodes of 
WHO grade 2, 3, or 4 during follow-up was higher 

in the no-prophylaxis group than in the prophy-
laxis group (rate ratio, 1.52; 95% CI, 1.14 to 2.03; 
P = 0.004). The time to the first bleeding episode 
was significantly shorter in the no-prophylaxis 
group than in the prophylaxis group (P = 0.02) 
(Fig. 2). Although the proportion of patients with 
bleeding episodes of WHO grade 3 or 4 was 
higher in the no-prophylaxis group (2% [6 of 300 
patients, including 1 with intracranial bleeding]) 
than in the prophylaxis group (<1% [1 of 298]), 
this difference was not significant.

There were no deaths due to bleeding. Only two 
of the seven patients who had bleeding of WHO 
grade 3 or 4 had a platelet count of less than 

600 Underwent randomization

1075 Patients were assessed for eligibility

475 Were excluded
108 Were not eligible
256 Declined to participate

65 Were not approached owing to medical advice
46 Had other unknown reasons

301 Were assigned to no prophylaxis 299 Were assigned to prophylaxis

1 Was lost to follow-up
and was excluded

1 Was lost to follow-up
and was excluded

24 Discontinued intervention
9 Withdrew consent
6 Were withdrawn owing to clinical

decision
5 Had major bleeding
4 Died

7 Did not receive assigned intervention 
owing to randomization error

4 Discontinued intervention
1 Was withdrawn owing to clinical

decision
1 Had major bleeding
2 Died

2 Did not receive assigned intervention 
owing to randomization error

300 Were included in the analysis 298 Were included in the analysis

Figure 1. Study Enrollment and Randomization.

Of 1075 patients screened, 301 patients were randomly assigned to no prophylaxis and 299 to prophylaxis; 1 patient 
in each study group withdrew immediately after randomization. A total of 546 patients were enrolled in the United 
Kingdom and 54 in Australia.
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Baseline characteristics	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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10!109 per liter at the onset of the bleeding epi-
sode (overall median platelet count, 16!109 per liter 
[range, 3!109 to 42!109 per liter]). Both these pa-
tients were in the no-prophylaxis group and were 
receiving induction chemotherapy for acute mye-
loid leukemia (data not shown).

Platelet Counts
The average number of days with a platelet count 
of less than 20!109 per liter or less than 10!109 

per liter was greater among patients in the no-
prophylaxis group than among those in the pro-
phylaxis group (P<0.001) (Table 3). There was no 
significant difference in the time to recovery from 
thrombocytopenia between the two groups (Table 
3, and Fig. S1 in the Supplementary Appendix).

Platelet Transfusions
The proportion of patients who received platelet 
transfusions was lower in the no-prophylaxis 
group than in the prophylaxis group (59% [176 of 
300 patients] vs. 89% [266 of 298]), P<0.001) 
(Table 3). The mean (±SD) number of platelet 
transfusions per patient was also lower in the 
no-prophylaxis group (1.7±2.6 vs. 3.0±3.2) (Table 
3). The total number of platelet units transfused 
was 580 in the no-prophylaxis group and 964 in 
the prophylaxis group.

Other Outcomes
No significant difference between the study groups 
was noted in the number of days spent in the 
hospital or in the number of patients receiving a 
red-cell transfusion. A small but significant in-
crease in the number of red-cell units transfused 
per patient was seen in the no-prophylaxis group 
(Table 3).

Subgroup Analysis
A predefined subgroup analysis showed a signifi-
cant interaction between patients who underwent 
autologous stem-cell transplantation and other 
patients (P = 0.04) (Table 2). Within the subgroup 
of patients who underwent autologous stem-cell 
transplantation, a bleeding event of WHO grade 
2, 3, or 4 occurred in 47% of the patients in the 
no-prophylaxis group (99 of 210 patients), as com-
pared with 45% of those in the prophylaxis group 
(95 of 210; difference in proportions, 2.3 percent-
age points; 90% CI, "5.7 to 10.3).

Serious Adverse Events
The proportion of patients with serious adverse 
events (including sepsis and respiratory deterio-
ration) did not differ significantly between the 
study groups (6% of patients in the no-prophy-
laxis group [18 of 300 patients] and 7% of those 
in the prophylaxis group [20 of 298]; odds ratio 
with no prophylaxis, 0.85; 95% CI, 0.43 to 1.66; 
P = 0.63). There was one transfusion-related seri-
ous adverse event (urticaria and angioedema), 
which occurred in the prophylaxis group.

Discussion

A general finding across all trials of prophylactic 
platelet transfusions, including the two largest 
studies that compared different thresholds for 
prophylaxis7 or doses,15 has been a lack of sig-

Table 1. Baseline Characteristics of the Study Patients, According to Study 
Group.*

Characteristic
No Prophylaxis

(N = 301)
Prophylaxis

(N = 299)

Age — yr 55.7±10.4 55.3±11.2

Female sex — no. (%) 103 (34) 108 (36)

Diagnosis — no. (%)

Acute myeloid leukemia 55 (18) 55 (18)

Acute lymphoid leukemia 5 (2) 1 (<1)

Chronic myeloid leukemia 1 (<1) 2 (1)

Lymphoma 102 (34) 104 (35)

Myeloma 125 (42) 124 (41)

Other 13 (4) 13 (4)

Treatment plan — no. (%)

Chemotherapy

Induction 35 (12) 37 (12)

Consolidation 15 (5) 11 (4)

Stem-cell transplantation

Autologous 211 (70) 210 (70)

Allogeneic and myeloablative 3 (1) 4 (1)

Allogeneic and reduced-intensity  
conditioning

37 (12) 37 (12)

Relapse — no. (%) 92 (31) 110 (37)

Previous stem-cell transplantation  
— no. (%)

20 (7) 26 (9)

Documented prior fungal infection — no. (%) 5 (2) 8 (3)

Any coexisting disorder or organ failure  
— no. (%)

25 (8) 19 (6)

Platelet count — !10!9/liter 43.6±25.6 43.5±31.3

* Plus–minus values are means ±SD. There were no significant between-group 
differences.
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群間で有意な差なし	



研究日数のうちbleeding assessmentを施行できた日数 

非予防群　　93％(8405/9030日) 
予防群　　　 97％(8733/8970日）　	

Adherence to protocol	

非予防群　　89％(450/504) 
予防群　　　91％(810/894)	

Protocolに従った輸血（血小板、赤血球）の率	

輸血（血小板、赤血球）がすべてプロトコールに基づいていた患者の率	

非予防群　86％（258/300) 
予防群　　 77％(230/298)	
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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非予防群　　50％（151例）	  
予防群　　　	  	  43％（128例）	

非予防群VS予防群　8.4(1.7-‐15.2)	  	  	  	  p=0.06	

非劣性の90％信頼区間	

出血イベントの頻度に関して、非予防群の予防群に対する非劣性は示されなかった	
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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for reducing bleeding, as compared with no pro-
phylaxis. However, even though patients who 
received prophylactic platelet transfusions had 
fewer bleeding events overall, the rate of bleed-
ing events of WHO grade 2, 3, or 4 remained 
high in this group (43%).

Most of the study participants were undergo-
ing autologous stem-cell transplantation. Among 
these patients, the rates of bleeding events of 
WHO grade 2, 3, or 4 were similar in the two 
study groups. These results differ from those in a 
recent trial,5 which showed rates of WHO grade 
2 bleeding episodes that were higher among pa-
tients in the no-prophylaxis group who had under-
gone autologous stem-cell transplantation. Despite 
this finding, the authors suggested that a strategy 
of “therapeutic only” transfusion might become 
the standard of care at selected centers.5 Our trial 
was not powered to specifically address the ques-
tion of whether the strategy of no prophylactic 
platelet transfusions in patients undergoing au-
tologous stem-cell transplantation is effective and 
safe. Such a strategy requires further research.

In our trial, the treatment effect was larger in 
the subgroup of patients with hematologic can-
cers who were treated with chemotherapy or al-

logeneic hematopoietic stem-cell transplantation 
than in those undergoing autologous stem-cell 
transplantation. Prophylactic platelet transfusions 
were associated with a marked reduction in the 
proportion of patients in whom WHO grade 2, 
3, or 4 bleeding events developed. In the study 
by Wandt et al.,5 higher rates of grade 3 or 4 
bleeding events were also reported among pa-
tients with acute myeloid leukemia who received 
no prophylaxis, as compared with those who re-
ceived prophylaxis, although the study protocol 
specified cranial imaging only in cases of pa-
tient-reported headaches in the no-prophylaxis 
group. On the basis of these findings, the use of 
prophylactic platelet transfusions in patients with 
hematologic cancers treated with chemotherapy 
or allogeneic hematopoietic stem-cell transplan-
tation appears to be important.

The strengths of our trial include good protocol 
adherence and little loss to follow-up. There was 
a large decrease in platelet transfusions among 
patients in the no-prophylaxis group, as com-
pared with those in the prophylaxis group, and 
evidence of a clear difference in mean platelet 
counts between the two groups. The computer 
algorithm used to assign WHO bleeding grades 
was validated by means of comparison with man-
ual grading methods (see the Supplementary 
Appendix).14 Rates of recorded bleeding can vary 
considerably among studies,10 and a potential 
limitation of our study was heterogeneity in the 
assessment of bleeding at different participating 
centers. To address this issue, multiple measures 
were taken to standardize the documentation 
and recording of bleeding in our trial, including 
training and monitoring of the assessors (see the 
Supplementary Appendix).

Several issues are pertinent to trials of platelet 
transfusions, specifically those designed as non-
inferiority studies. Defining acceptable limits for 
increased rates of bleeding is challenging because 
little research has been done to understand how 
patients’ and clinicians’ perceptions of bleeding 
may vary. Bleeding events of WHO grade 2 are 
heterogeneous and may be considered to have vary-
ing degrees of clinical significance. However, such 
events (including skin bleeding) account for a large 
proportion of the primary-outcome events in this 
and other trials.19 In our study, an analysis that 
excluded episodes of skin bleeding showed the 
same pattern of results (see the Supplementary 
Appendix).

The results of the primary analysis in the in-
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Figure 2. Time to the Primary Outcome.

The primary outcome was a bleeding episode of grade 2 (moderate; red-cell 
transfusion not needed immediately), grade 3 (severe; requiring red-cell trans-
fusion within 24 hours), or grade 4 (debilitating or life-threatening), according 
to the World Health Organization grading scheme. The time to the first 
bleeding episode was significantly shorter in the no-prophylaxis group than 
in the prophylaxis group.
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初めて出血イベントを起こすまでの日数	  
	  
非予防群で有意に短い	
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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Grade3以上の出血の率は有意差は無いが 
非予防群の１例は頭蓋内出血であった 

Grade2以上の出血を起こした日数は非予防群で有意に多い 
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nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
continued use of prophylaxis with platelet trans-
fusion and show the benefit of such prophylaxis 

Table 2. Primary and Secondary Bleeding Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value

Primary end point

WHO grade 2, 3, or 4 bleeding — no. (%) 151 (50) 128 (43) 8.4 (1.7 to 15.2)†‡ 0.06§

Secondary end points

Highest grade of bleeding — no. (%)

None or 1 149 (50) 170 (57)

2 145 (48) 127 (43)

3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
of cancer — no./total no. (%)

Treatment

Autologous stem-cell transplantation 99/210 (47) 95/210 (45) 2.3 ("5.7 to 10.3)†

Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§

Type of cancer

Acute myeloid leukemia or acute lymphoid leukemia 37/60 (62) 21/56 (38) 24.2 (9.6 to 28.9)†

Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.

The New England Journal of Medicine 
Downloaded from nejm.org at THE JIKEI UNIVERSITY SCHOOL OF MEDICINE on June 13, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



Prophylactic Platelet Tr ansfusions in Hematologic Cancers

n engl j med 368;19 nejm.org may 9, 2013 1777

nificant difference between trial groups in hemo-
static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
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old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
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grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
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Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§
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Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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治療法と腫瘍の種類でのsubgroupにおける出血イベント発生率	  
	  

治療法では有意な交互作用あり（p=0.04)	  
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static outcomes (i.e., no increased bleeding with 
a restrictive policy of prophylaxis, regardless of 
whether the comparison was with a lower thresh-
old for platelet count or a lower platelet dose for 
prophylaxis). This has raised questions about the 
benefit of prophylaxis.

In our study, more bleeding events of WHO 
grade 2, 3, or 4 occurred in the no-prophylaxis 
group than in the prophylaxis group, with a sig-
nificant increase in the number of days with bleed-

ing events of WHO grade 2, 3, or 4 and a de-
creased time to the first bleeding event of WHO 
grade 2, 3, or 4. Virtually all these bleeding epi-
sodes were WHO grade 2; only 7 of the 600 pa-
tients in the study had a bleeding event of WHO 
grade 3 or 4. More patients in the no-prophylax-
is group had bleeding events of WHO grade 3 or 
4, but this difference was not significant. The 
results of our study support the need for the 
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3 4 (1) 1 (<1)

4 2 (1) 0

No. of days from randomization to first episode of grade 2, 3, or 4 
bleeding

17.2±12.8 19.5±12.6 1.30 (1.04 to 1.64)¶ 0.02!

Grade 3 or 4 bleeding — no. (%) 6 (2) 1 (<1) 6.05 (0.73 to 279.72)** 0.13!

No. of days with grade 2, 3, or 4 bleeding†† 1.7±2.9 1.2±2.0 1.52 (1.14 to 2.03)‡‡ 0.004!

Bleeding events of grade 2, 3, or 4 according to treatment and type  
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Chemotherapy 52/90 (58) 33/88 (38) 20.0 (7.9 to 32.2)† 0.04§§
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Lymphoma or myeloma 107/226 (47) 100/227 (44) 3.3 ("4.4 to 11.0)†

Chronic myeloid leukemia or other cancer 7/14 (50) 7/15 (47) 3.3 ("27.2 to 33.9)† 0.10§§

* Plus–minus values are means ±SD. In the World Health Organization (WHO) grading system, bleeding episodes are classified as grade 1 
(mild), grade 2 (moderate; red-cell transfusion not needed immediately), grade 3 (severe; requiring red-cell transfusion within 24 hours), 
or grade 4 (debilitating or life-threatening).11 Data on bleeding outcomes were missing for one patient in each of the two study groups.

†  The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 90% confidence interval.
‡ A sensitivity analysis that excluded all episodes of skin bleeding as events of WHO grade 2 or higher showed results similar to those of 

the main analysis (see the Supplementary Appendix).
§ The P value is for noninferiority.
¶ The value is the hazard ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
! The P value is for superiority.
** The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
†† In the primary analysis, skin bleeding was counted for up to 3 days after onset. A sensitivity analysis that excluded episodes of skin bleed-

ing as events of WHO grade 2 or higher if they were not worse than the previous day showed similar results to the main analysis (see the 
Supplementary Appendix).

‡‡ The value is the rate ratio, with a 95% confidence interval.
§§ The P value is for interaction.
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tention-to-treat population were compared with 
the results of per-protocol analyses, as is often 
recommended for noninferiority trials.20,21 The re-
sults of these two analyses differed: the intention-
to-treat analysis showed that the no-prophylaxis 
policy was statistically inferior, whereas the per-
protocol analysis showed that it was non inferior. 
The reason may be related to the proportion of 
patients with bleeding who were excluded from 
the no-prophylaxis group, as compared with the 
prophylaxis group, leading to a potentially biased 
per-protocol analysis in favor of the no-prophy-
laxis group (see the Supplementary Appendix).

One of the challenges of conducting transfu-
sion trials is to select a primary outcome with 
clinical relevance instead of simply using a change 
in the number of transfusions as the primary 
outcome.22 This trial shows that transfusion 
studies with primary clinical outcomes can ad-

dress fundamental issues of effectiveness.12 Our 
results indicate that prophylactic platelet trans-
fusions reduced rates of bleeding events in pa-
tients with hematologic cancers. The proportion of 
patients who had bleeding events of WHO grade 
2, 3, or 4 was reduced by 7% overall in the group 
that received prophylactic platelet transfusions.
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Table 3. Other Secondary Outcomes.*

Outcome
No Prophylaxis  

(N = 301)
Prophylaxis

(N = 299)
No Prophylaxis  
vs. Prophylaxis P Value†

No. of days in hospital‡ 0.97 (0.91–1.04)§ 0.38

Median 12 12

Interquartile range 9–18 9–18

Receipt of platelet transfusions¶

!1 transfusion — no. (%) 176 (59) 266 (89) 0.14 (0.09–0.23)" <0.001

No. of transfusions/patient 1.7±2.6 3.0±3.2 0.62 (0.51–0.74)§ <0.001

No. of platelet units transfused/patient 1.9±3.3 3.2±3.6 0.67 (0.55–0.82)§ <0.001

Time to recovery from thrombocytopenia — days** 1.03 (0.87–1.21)†† 0.76

Median 14 14

Interquartile range 10–18 10–19

No. of days with platelet count <20#109/liter** 6.9±5.1 6.1±5.2 1.18 (1.08–1.30)§ <0.001

No. of days with platelet count <10#109/liter** 3.6±3.5 1.8±2.4 2.15 (1.85–2.51)§ <0.001

Receipt of red-cell transfusions¶

!1 transfusion — no. (%) 212 (71) 199 (67) 1.22 (0.84–1.79)" 0.29

No. of transfusions/patient 1.5±1.8 1.5±1.7 1.14 (0.96–1.34)§ 0.13

No. of units transfused/patient 3.0±3.4 2.8±3.1 1.24 (1.04–1.47)§ 0.02

* Plus–minus values are means ±SD.
† P values are for superiority.
‡ Data were missing for two patients in the no-prophylaxis group and one in the prophylaxis group.
§ The value is the rate ratio, with a 95% confidence interval.
¶ Two patients (one in each group) did not have any recorded information on platelet or red-cell transfusions.
" The value is the odds ratio for the comparison of no prophylaxis with prophylaxis, with a 95% confidence interval.
** The median number of days with observed platelet counts was 14 (interquartile range, 11 to 20) for patients in the 

prophylaxis group and 14 (interquartile range, 11 to 19) for those in the no-prophylaxis group. Three patients (one in 
the prophylaxis group and two in the no-prophylaxis group) had no recorded platelet counts during the follow-up period. 
Analysis of platelet counts that were less than 10#109 per liter was post hoc.

†† The value is the percentage-point difference between the two groups (no prophylaxis minus prophylaxis), with a 95% 
confidence interval.
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有意差なし	  
入院日数	  
血小板減少から回復までの日数	

有意差あり	  
血小板輸血された率	  
　　　　（予防群89%＞非予防群59%）	  
患者ごとの赤血球輸血単位数	  
	



重篤な有害事象の発生	

敗血症、呼吸障害を含む有害事象	  
	  
　予防群、非予防群間で差なし	  
　（予防群7％vs非予防群6%	  　オッズ比0.85	  	  95%CI	  0.43-‐1.66)	  

輸血関連の有害事象としては予防群で１例のみ	  
　　　　　　　　　　　　　　　　　　　（蕁麻疹、血管浮腫）	



Discussion	



・今回の結果は血小板の予防的輸血の必要性を支持する	  
	  
・出血イベントの減少という点で予防のbenefitがある	  
	  
・しかし、予防群でも43％の出血イベント発生がある	  
	  
・今回の研究参加者は自家幹細胞移植患者が多いが、これらの	  
　患者では出血イベント発生率は二群間でほぼ同じ	  
　最近のtrialで、自家移植患者でもWHO	  grade2の出血イベントは	  
　非予防群で多いという結果が出ており、今回の結果と異なる	  
　しかしそのtrialでは自家幹細胞移植患者では血小板の治療的投与	  
　のみでよいだろうと結論されている。	  
　今回の研究からはそこまでの断定はできず、さらなるresearchが必要	  
	  
・化学療法や同種幹細胞移植の患者では予防的輸血の効果が大きい	  
　	  
	  
	  
	



・今回のtrialの長所はプロトコールの遵守率、脱落がほぼ０であること	  
であった	  
	  
・WHOの出血グレードの決定に関しても、コンピュータアルゴリズム	  
の使用はmanual	  grading	  methodに比較して有効であった	  
	  
・limitaAonとして、各施設での出血評価が不均一である可能性がある	  
　この点に関しては、書類や出血の記録の標準化、また出血の評価者	  
　がトレーニング、モニターを受ける、といった手法がとられた	  
	  
・血小板数の許容範囲を決定することは難しい	  
　	  
・ITT解析とper	  protocol解析が両方行われたが、両者の結果は異なった	  
　	  
・primary	  outcome	  の設定として輸血の回数ではなく、臨床的に関連の	  
あるアウトカムの選択は難しい	  
	  
・造血器腫瘍患者において予防的血小板輸血は出血を減少させる	  
　	  
	  



Editorialより	



・低増殖性血小板減少の患者で　	  
	  
　予防的血小板数のトリガー値を20000→10000へ下げ、	  
使用する血小板のdoseを半分にしても出血頻度は変わらない　	  
という研究が報告されている	  
	  	  	  	  	  （Rebulla	  et	  al.	  NEJM	  1997;337:1870-‐5)	  
	  	  	  	  	  (Slichter	  SJ	  et	  al.	  NEJM	  2010;362:600-‐13)	  
	  
そこで次に出てくる疑問は	  
　予防的血小板輸血が本当に必要なのか	  
　治療的血小板輸血のみで効果的にsupportできるのか　	  
ということである	  
	  
・本研究では先行研究より出血低リスクの患者を対象としていたが	  
非予防群で出血頻度が増大するという結果になった	  
	  
	  



・血小板輸血を受けた率は予防群＞非予防群だが、	  
患者を出血リスクにさらすことは血小板輸血を減少させるというだけ
では正当化できないであろう　	  
　今回の研究もacademic	  な施設だからできたことである	  
	  
	  
	  
	  
・今回のstudyでは16歳以上が対象であった　	  
	  先行研究では小児では自家移植患者でも有意に出血が多かった	  
	  との報告がある(Josephson	  et	  al.	  Blood	  2012;120:748-‐60)	  
	  
	  血小板輸血に関する出血リスクの評価は小児へは適用しにくい	  
	  
	  
	  
	  
	



私見	



・非予防的投与の非劣性は示されず、今回の結果からは予防的投与	  
を続けることに妥当性があると思われる	  
非予防群で1例であるが頭蓋内出血を起こしていることも無視できない	  
	  
・また、患者を盲検化できないため、非予防群に割り当てられた患者が	  
出血を引き起こす行為を忌避していた可能性もある。本研究の	  
プロトコールを実際の臨床に適用すると出血率がさらに高くなるかも	  
しれない。	  
	  
・しかし、成人の自家幹細胞移植患者では出血率に差がついておらず	  
このカテゴリーの患者では治療的輸血のみでよい可能性もある	  
　今後は、治療法・疾患ごとの予防的輸血の必要性についての研究が	  
のぞまれる	  

・予防的輸血を受けても、40％強が出血率というのは多いのでは	  
ないか	  
　	


