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Abstract

Background

In China, the combination of homoharringtonine, cytarabine, and G-CSF (HAG) has been
extensively applied for treatment of acute myeloid leukemia (AML) and myelodysplastic
syndrome (MDS).

Methods

We performed a meta-analysis of 2,314 patients (AML, n = 1754; MDS, n = 560) to deter-
mine the overall safety and efficacy of this regimen.

Results

The complete response (CR) rate of AML patients (53%) was significantly higher than that
of MDS/transformed-AML patients (45%; P = 0.007). The CR rate of patients with newly
diagnosed AML (62%) was significantly higher than in patients with relapsed/refractory
AML (50%; P=0.001). There were no significant difference in CR rates between elderly
AML patients (54%) and all AML patients (P=0.721). When compared with non-HAG regi-
mens for AML/MDS induction therapy, the CR rate of patients treated with HAG was signifi-
cantly higher than in treated with intensive chemotherapy (P = 0.000). No significant
differences in CR rates were observed between patients treated with HAG and those
treated with CAG (cytarabine, aclarubicin, G-CSF) regimens (P = 0.073). HAG regimen
was well tolerated, with early death (ED) in 2%, grade IV myelosurrpression in 52% and
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infection in 50%. Reports of ED and rates of myelosuppression were reduced as compared
with intensive chemotherapy (P = 0.000 and P = 0.000, respectively).

Conclusion

The HAG regimen is an effective and safe regimen for the treatment of AML and MDS, and
appears to be more effective and better tolerated than intensive chemotherapy. Future ran-
domized controlled trials and further meta-analyses are strongly needed to confirm its effi-
cacy and safety, especially in comparison with intensive chemotherapy.

Introduction

Standard induction therapy usually includes an anthracycline such as daunorubicin (Dau),
idarubicin (Ida), or the anthracenedione mitoxantrone and cytarabine (Ara-C), which has
resulted in improved treatment outcomes and prognosis for younger adults (<60 years) with
acute myeloid leukemia (AML) [1]; however, in individuals with high-risk AML, including
elderly, relapsed, refractory, and secondary AML, outcomes from intensive chemotherapy
remain suboptimal. Biological characteristics contributing to these unsatisfactory outcomes
include poor performance status (PS), poor tolerance for therapy, the emergence of drug resis-
tant malignant clones, an immunocompromised state and multiple organ dysfunction. In
1995, Yamada and colleagues first proposed a novel low-dose chemotherapy for the treatment
of AML consisting of low-dose cytarabine and aclarubicin combined with granulocyte colony-
stimulating factor (G-CSF) priming, referred to as CAG [2]. The CAG regimen has been widely
used in China and Japan for the past two decades and proven efficacious in the treatment of
refractory and relapsed AML as well as high-risk myelodysplastic syndrome (MDS) [3]. How-
ever, the cardiac toxicity associated with aclarubicin limits to a certain extent the application of
the CAG regimen, especially in elderly patients with cardiac disease.

A new chemotherapy regimen with less cardiac toxicity was developed for the treatment of
AML consisting of low-dose homoharringtonine (HHT) and cytarabine as well as G-CSF prim-
ing, abbreviated as HAG. HHT is a plant alkaloid first isolated from Cephalotaxus in China
and has been used successfully in the treatment of acute and chronic myeloid leukemia since
the 1970s [4,5]. HHT is a protein synthesis inhibitor that causes leukemic cells to arrest at the
G1/G2 phase of the cell cycle [6,7] and can induce dose-dependent apoptosis in many acute
myeloid cell lines and primary myeloid leukemia cells [6,8-9]. Cytarabine acts at the S-phase of
the cell cycle to induce apoptosis. HHT and cytarabine act in a synergistic manner to induce
apoptosis of leukemic cells. G-CSF leads to an enrichment of S-phase leukemic blasts [10],
thereby improving the efficacy of cytarabine, which is active in the S-phase.

A significant number of clinical trials have been performed using the HAG regimen in
China. The majority of these studies are published in Chinese, limiting the availability of these
articles to the global scientific community. To provide an overview of these results, we per-
formed a literature search and meta-analysis of 2,314 patients from fifty-six studies to assess
the overall efficacy and safety of HAG regimen in AML and MDS patients.

Design and Methods
Data Sources

Databases including PubMed, EMBASE, China National Knowledge Infrastructure, Wanfang
Data, and the American Society of Hematology (ASH) meeting abstracts were searched for
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articles published in English or Chinese between January 2005 and December 2014. Eligible
studies were relevant clinical trials of AML or MDS patients treated with HAG. Key words
used in the search were “homoharringtonine’, “cytarabine”, “G-CSF’, “HAG”“CHG”, “myelo-
dysplastic syndrome”, “MDS”, “acute myeloid leukemia” and “AML’. This meta-analysis was
performed in accordance with the Preferred Reporting Items for Meta-Analyses (PRISMA)
statement checklist (S1 Checklist).

Study Selection, Meta-analysis Inclusion Criteria, and Data Extraction

The publications selected for inclusion were carefully screened. Preclinical studies, case reports
and reviews were excluded. All publications identified based on our inclusion criteria were
screened by two reviewers (Mixue Xie, Qi Jiang). In the event of disagreement between the two
reviewers, we obtained and independently inspected the full text article. In total, 56 studies
were chosen for the final analysis.

Inclusion criteria for studies in the meta-analysis were: (1) a minimum of 20 patients with
MDS or AML; (2) treatment with the HAG regimen, and without additional chemotherapy,
immunotherapy, epigenetic therapy or hematopoietic stem cell transplantation; (3)reported in
English or Chinese; (4)reporting of complete response (CR) rate, partial response (PR) rate,
overall response (OR) rate, ED rate, or other toxicity data. The extracted data included publica-
tion date, regimen used, age, gender, number of patients with CR and OR data, number of
patients with data on major adverse events including ED, myelosuppression, infection and
haemorrhage.

Statistical Analysis

The CR rates of patients treated with HAG regimen were directly extracted from individual
studies. For subgroup analysis of patients with newly diagnosed AML, refractory/relapsed
AML, elderly AML patients (>60 years) or advanced MDS patients, numbers of patients with
CRs were extracted from individual studies and CR rates were recalculated from the derived
data. For studies with a control group, the odds ratio (OR) was used for CR rates and adverse
events rates. We assessed heterogeneity in the results of the trials using the % test of heteroge-
neity and the I* measure of inconsistency. We considered that heterogeneity was present when
the P value of the Cochran Q test was <0.05 and the I? statistic was >50%. The random effect
model was used for meta-analysis if there was significant heterogeneity and the fixed effect
model was used when heterogeneity was not significant. A statistical test with a P value less
than 0.05 was considered significant. All statistical analyses were performed using the Meta-
Analysis program of STATA software (version 12.0 for Windows; Stata Corp LP, College Sta-
tion, USA).

Results
Study Selection

The search strategy identified 175 records that were screened for inclusion. 48 studies were
excluded on ground of duplicated or overlapping reporting. Based on title and abstract review,
a total of 45 studies were determined to be inapplicable to HAG regimen trials, and were
excluded. Additionally, we excluded 26 studies based on an insufficient number of study partic-
ipants or case reporting. In total, 56 trials involving 2,314 patients performed between 2006
and 2014 fulfilled the inclusion criteria (Fig 1).
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Fig 1. Quorum flow chart of study inclusion. lllustration of the number of articles identified in the literature

search and reasons for exclusion.

doi:10.1371/journal.pone.0164238.9001

Study Characteristics

Characteristics of the 56 trials are listed in Tables 1-

3. Of the 56 publications included in the

meta-analysis, 41 trials with 1,601 patients focused on AML and 11 trials with 536 patients
focused on MDS/transformed AML (MDS/t-AML). The remaining four studies [11-14]
enrolled both AML and MDS/t-AML patients and were separated into AML and MDS/t-AML
groups for meta-analysis. In three of these four trials [12-14], the number of MDS patients was
less than 20 and the MDS patients from these studies were excluded from meta-analysis. The
HAG regimen was compared to intensive chemotherapy in 16 controlled trials with 736
patients and to the CAG regimen in 10 controlled trials with 490 patients. The number of
patients ranged from 20 to 97. The median age of the patients ranged from 39 to 72 years of
age, with 40% to 83% male subjects amongst the studies reporting gender. Three studies [15-
17] did not indicate the age range. The HAG regimen consisted of low-dose HHT 1-2 mg/m?,
IV, QD on days 1-14, low-dose Ara-C 10 mg/m?, SQ Q12 hr on days 1-14 and G-CSF 200 pg/
m?, SQ QD on days 1-14 in most studies. A total of 1,754 AML patients were included in 45
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Table 1. Clinical information of trials using HAG regimen in this study.

Study | Type of Patients | Median | Cytarabine | Homoharringtonine Efficacy Early Toxicity
Disease (No.) age dosage dosage CR PR | OR diath Myelo- Infection | Haemorrhage
(range) %) (%) | (%) (%) | suppression | (%) (%)
(%)
Liu[35] | AML (ND) 31 63 (57— | 10mg/m2/ 1mg/m2/dx14d 58 | 23 | 81 | 3.28 NR 32.26 32.26
72) 12hx14d
Wei | AML (R/R) 20 39 (10— | 10mg/m2/ 1-2mg/dx14d 70 | 10 | 80 NR 60.00 45.00 NR
[36] 62) 12hx14d
Li[37] AML 21 66 (60— | 7.5mg/m2/ 1mg/m2/dx14d 48 | 19 | 67 | 0.00 NR 57.14 NR
(Elderly) 72) 12hx14d
Liao | AML (R/R) 20 46 (18— | 10mg/m2/ 2mg/d=7-10d 40 | 30 | 70 NR NR 30.00 NR
[38] 78) 12hx14d
Chen | AML (ND & 31 69 (60— | 10mg/m2/ 1mg/m2/dx14d 74 | 10 | 84 | 0.00 51.61 41.94 NR
[39] Elderly) 85) 12hx14d
Liu[40] AML 25 68 (62— | 10mg/m2/ 1-2mg/dx14d 32 | 40 | 72 | 8.00 NR 60.00 NR
(Elderly) 80) 12hx14d
Zhou | AML (ND) 25 67 (40— | 10mg/m2/ 1mg/m2/dx14d 56 | 16 | 72 | 4.00 NR 28.00 NR
[41] 83) 12hx14d
Zhang | AML (R/R) 46 46 (18— | 7.5mg/m2/ 1.5mg/m2/dx14d 39 | 11 | 50 | 21.74 17.39 28.26 NR
[31] 75) 12h x14d
Ye[42] AML 31 68 (60— | 10mg/m2/ 1mg/dx14d 74 | 10 | 84 | 0.00 NR 41.94 48.39
(Elderly) 79) 12hx14d
Chen | AML (R/R) 79 49 (32— | 10mg/m2/ 1mg/m2/dx14d 43 | 18 | 61 | 0.00 49.00 52.00 NR
[11] 82) 12hx14d
Zhang | AML (ND & 23 71 (60— | 10mg/m2/ 1mg/dx10-15d 52 | 22 | 74 | 8.70 NR NR NR
[43] Elderly) 82) 12hx10-15d
Xu[12] | AML (ND 18+13 | 52 (15— | 15-25mg/ 1mg/m2/dx14d 48 | NR | NR | 0.00 NR 45.00 37.50
+R/R) 81) m2/12hx14d
Ma[15] | AML (R/R) 68 NR 10mg/m2/ 1mg/m2/dx14d 44 1 19 | 63 | 0.00 60.29 38.24 0.00
12hx14d
Yang AML 28 NR (21— | 25-50mg/ 1mg/dx14d 54 | 25 | 79 NR NR NR NR
[44] 88) dx14d
Sun AML 18 NR (63— | 10mg/m2/ 1-2mg/dx14d 78 | 11 | 89 | 556 NR NR NR
[45] (Elderly) 83) 12hx14d
Tong AML 25 NR (60— | 10mg/m2/ 1mg/m2/dx14d 32 | 20 | 52 | 4.00 NR 72.00 NR
[46] (Elderly) 78) 12hx14d
Li[47] | AML (R/R) 20 39 (22— | 10mg/m2/ 1mg/m2/dx14d 70 | 15 | 85 NR 65.00 NR NR
65) 12hx14d
Yi[48] AML 24 NR (54— | 10mg/m2/ 1-2mg/dx14d 42 | 50 | 92 | 5.00 NR 100.00 40.00
79) 12hx14d
Yang AML 20 68 (60— | 10mg/m2/ 1mg/dx14d 45 | 30 | 75 NR NR NR NR
[49] (Elderly) 73) 12hx14d
Zhan AML 14 70 (60— | 10mg/m2/ 1mg/m2/dx14d 50 | 14 | 64 | 0.00 NR NR NR
[50] (Elderly) 81) 12hx14d
Xie[51] | AML (ND & 20 69 (61— | 10mg/m2/ 1mg/m2/dx14d 55 | 10 | 65 | 10.00 65.00 70.00 55.00
Elderly) 80) 12hx14d
Huang AML 20 63 (55— | 10mg/m2/ 1mg/m2/dx14d 70 | 15 | 85 | 0.00 80.00 30.00 0.00
[52] 83) 12hx14d
Guan AML 29 64 (60— | 10-15mg/ 1-2mg/dx8d 41 | 17 | 59 | 345 51.72 41.38 51.72
[53] (Elderly) 81) m2/12hx14d
Cheng | AML (ND & 28 67 (60— | 10mg/m2/ 1mg/m2/dx14d 68 | 14 | 82 | 0.00 28.57 35.71 35.71
[54] Elderly) 88) 12hx14d
Guo | AML (R/R) 39 NR 10mg/m2/ 1mg/m2/dx14d 62 8 | 69 | 0.00 69.23 66.67 NR
[16] 12hx14d

(Continued)
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Table 1. (Continued)

Study | Type of Patients | Median | Cytarabine | Homoharringtonine Efficacy Early Toxicity
Disease (No.) age dosage dosage CR PR OR  death Myelo- Infection | Haemorrhage
0,
(range) %) (%) | (%) | (%) | suppression | (%) (%)
(%)
Ji[55] AML 37 45 (15— | 10mg/m2/ 1mg/m2/dx14d 46 | 16 | 62 NR 45.95 43.24 0.00
71) 12hx14d
Sun AML 14 NR (62— | 10mg/m2/ 1mg/m2/dx14d 64 | 14 | 79 | 714 NR NR NR
[56] (Elderly) 75) 12hx14d
Zheng | AML (ND) 19 NR (30— 25mg/ 1mg/dx14d 68 | NR | NR | 10.53 NR NR NR
[57] 74) 12hx14d
Wu | AML (R/R) 21 46 (19— | 10mg/m2/ 1mg/m2/dx14d 24 | 38 | 62 NR 9.52 33.33 NR
[58] 72) 12hx14d
Han | AML (ND) 28 NR (36— | 10mg/m2/ 1mg/m2/dx14d 71 | 11 | 82 | 357 NR 78.57 53.57
[59] 68) 12hx14d
Wang AML 21 66 (60— | 10mg/m2/ 1mg/m2/dx14d 48 | 19 | 67 | 0.00 73.33 63.33 0.78
[13] (Elderly) 81) 12hx14d
Sun AML 22 50 (35— | 15mg/m2/ 1mg/dx14d 27 | 9 36 3.57 NR 42.86 21.43
[14] 70) 12hx14d
Gu[60] | AML (R/R) 67 50 (15— | 7.5mg/m2/ 1.5mg/m2/dx8d 52 | 12 | 64 | 10.45 NR 86.57 NR
77) 12hx14d
Zhou AML 20 67 (60— | 10mg/m2/ 1mg/m2/dx14d 50 | 25 | 75 | 5.00 NR NR NR
[61] (Elderly) 81) 12hx14d
Zhang AML 36 71(60— | 10mg/m2/ 1mg/m2/dx14d 72 | 6 | 78 | 0.00 NR 33.33 NR
[62] (Elderly) 80) 12hx14d
Li[63] | AML (R/R) 20 42 (22— | 10mg/m2/ 1.5mg/m2/dx14d 65 | 15 | 80 | 0.00 60.00 40.00 0.00
62) 12hx14d
Guo AML 16 NR (46— | 10-20mg/ 1-2mg/dx14d 50 | 44 | 94 | 0.00 NR NR NR
[64] 78) | m2/12hx14d
Li[65] | AML (ND & 21 68 (61— | 10mg/m2/ 1mg/m2/dx14d 43 | 19 | 62 | 9.52 85.71 76.19 100.00
Elderly) 79) 12hx14d
Zhang AML 38 67 10mg/m2/ 1mg/dx14d 66 | 16 | 82 | 0.00 NR 13.16 NR
[17] 12hx14d
Zhang | AML (ND) 23 40 (35— | 10mg/m2/ 2mg/dx14d 65| 9 | 74 | 870 NR 82.61 69.57
[66] 84) dx14d
Zhang | AML (ND & 25 68 (>60) | 10mg/m2/ 2mg/m2/dx10-14d | 52 | 16 | 68 | 12.00 68.00 76.00 NR
[67] Elderly) 12hx14d
Chen | AML (ND & 56 72 (60— | 10mg/m2/ 1.5mg/m2/dx14d 61 | 14 | 75 | 7.14 NR 82.14 NR
[30] Elderly) 80) 12hx14d
Su[68] AML 38 NR (60— | 10mg/m2/ 1mg/m2/dx14d 37 | 37 | 74 NR NR 21.05 NR
(Elderly) 78) 12hx14d
Jia[69] | AML (R/R) 20 41 (18- | 10-15mg/ 1mg/m2/dx14d 60 | 25 | 85 | NR NR 45.00 NR
58) m2/12hx14d
Long AML 20 70 (66— | 10-12mg/ 1mg/m2/dx14d 40 | 20 | 60 NR 15.00 25.00 20.00
[70] (Elderly) 77) m2/12hx14d
Shu | MDS/t-AML 28 52 (40— | 10mg/m2/ 1-2mg/dx14d 54 | 21 | 75 | 0.00 60.71 46.43 NR
[71] 65) 12hx14d
Yuan | MDS/t-AML 21 57 (31— | 10mg/m2/ 1mg/m2/dx14d 29 | 29 | 57 | 0.00 NR NR NR
[72] | (advanced) 79) 12hx14d
Chen | MDS/t-AML 21 56 (46— | 10mg/m2/ 1mg/m2/dx14d NR | NR | 52
[11] 70) 12hx14d
Wu | MDSA-AML 32 68 (17— | 25mg/dx14d 1mg/dx14d 47 | 25 | 72 | 0.00 37.50 NR NR
[73] 88)
Su[74] | MDS/t-AML 30 68 (17— | 25mg/dx14d 1mg/dx14d 47 | 23 | 70 0.00 40.00 NR NR
88)

(Continued)
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Table 1. (Continued)

Study | Type of Patients | Median | Cytarabine | Homoharringtonine Efficacy Early Toxicity
Disease (No.) age dosage dosage CR PR OR  death Myelo- Infection | Haemorrhage
0,
(range) %) (%) | (%) | (%) | suppression | (%) (%)
(%)
Li[75] | MDS/A-AML 23 60 (16— 10-20mg/ 0.5-1mg/m2/dx10- 48 | 26 | 74 0.00 NR 47.83 8.70
78) m2/dx14d 14d
Sun | MDS/t-AML 16 NR (46— | 10-20mg/ 1-2mg/dx14d 44 | 38 | 81 | 0.00 NR NR NR
[76] | (advanced) 78) m2/12h
x14d
Wu | MDS/t-AML 33 71 (60— | 25mg/dx14d 1mg/dx14d 58 | 9 67 0.00 NR NR NR
[32] | (advanced) 88)
Liu[77] | MDS/t-AML 97 54 (18- 20mg/ 2mg/d=8d 15 | 48 | 63 | 9.28 NR 41.24 NR
(advanced) 84) 12hx14d
Li[78] | MDS/t-AML 16 55 (33— | 10mg/m2/ 2mg/dx14d 56 | 31 | 88 | 0.00 NR NR NR
78) 12hx14d
Zhang | MDS/t-AML 20 45 (32— | 10mg/m2/ 2mg/dx14d 65 | 15 | 80 NR NR NR NR
[79] 65) 12hx14d
Deng | MDS/t-AML 40 57 (47— | 10mg/m2/ 1mg/m2/dx14d 40 | 33 | 73 NR NR NR NR
[80] | (advanced) 82) dx14d

Abbreviations: CR = complete response; PR = partial response; OR = overall response; ND = newly diagnosed; R/R = relapsed/refractory;
advanced = intermediate-2 or high risk; NR = not reported.

doi:10.1371/journal.pone.0164238.t1001

studies. Among the 1,754 AML patients, 318 patients were newly diagnosed with AML, 433
were relapsed/refractory (R/R) AML patients and 536 were elderly (>60 years) AML patients.
Among the 536 elderly patients, 238 patients were newly diagnosed with AML. According to
International Prognostic Scoring System (IPSS) scores, 207 patients in five trials were consid-
ered to have intermediate-2 or high risk MDS. For response data, all trials applied International
Working Group (IWG) 2000 response criteria or custom criteria which were similar to IWG
2000. For adverse events data, 25 trials applied World Health Organization grade criteria and
the remaining 24 trials did not indicate the adverse events grade.

Results of Meta-analysis

Efficacyof the HAG regimen in all AML and MDS/transformed AML patients. The
efficacy end points were CR and OR rates. The response outcomes of the HAG regimen in
AML patients and MDS/t-AML patients are listed in Table 1. The heterogeneity test of CR
event rates of all AML and MDS/t-AML patients from the 56 studies revealed a Cochran Q test
P value of 0.000 and I* of 74.1%, indicating high heterogeneity. Therefore, the CR event rates
were calculated using the random-effects model (Fig 2). The overall CR rate for the 1,654
patients was 52% (95% CI, 47%-56%). Data available from 45 trials with 1,298 AML patients
showed that the CR rate was 53% (95% CI, 49%-58%). In the 356 MDS/t-AML patients from
11 trials, the CR rate was 45% (95% CI, 33%-57%). The higher CR rate in AML patients com-
pared to MDS/t-AML patients was statistically significant (P = 0.007). There were 54 trials
available for pooled estimate of OR event rates. The heterogeneity test of OR event rates
revealed a Cochran Q test P value of 0.000 and I? of 52.4%, indicating high heterogeneity. To
determine the OR rate with high heterogeneity, we used a random-effects model (Fig 3). The
OR rate for the 1,625 patients was 73% (95% CI, 70%-76%). For the 1,248 AML patients from
43 trials, the OR rate was 73% (95% CI, 70%-77%). Data available from 12 trials with 377
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Table 2. Clinical information of trials using intensive chemotherapy in this study.

Study Patients Type of Disease Median age Regimen Dosage
(NO.) (range) Cytarabine (range of
dose)
100-200mg/m2/dx7d
Sun(34] 18 AML (Elderly) NR (61-82) HA HHT 1-2mg/dx14d
Sun[46] 12 AML (Elderly) NR (64-72) HA HHT 3-4mg/dx7d
Ye[28] 25 AML (Elderly) 68 (60-77) DA DNR 40mg/dx3d
Guo[56] 16 AML NR (45-76) HA HHT 1-2mg/dx14d
Sun(70] 16 MDS/t-AML NR (45-76) HA HHT 1-2mg/dx14d
(advanced)
Zhang 20 MDS/t-AML 45 (32-75) HA HHT 3-4mg/m2/dx7d
[74]
Zheng 16 AML (ND) NR (30-47) HA/DA HHT 3-4mg/m2/dx7d
[47] DNR 45mg/m2/dx3d
Tong[35] 27 AML (Elderly) NR (60-76) DA DNR 40mg/m2/dx3d
Liu[20] 34 AML (ND) 62 (54-68) HA HHT 4mg/dx7d
Jia[63] 15 AML (R/R) 36 (15-41) DA DNR 45mg/m2/dx4-5d
Yang[33] 21 AML (Elderly) 68 (60-73) DA/HA/ DNR 40mg/m2/dx3d
MA HHT 3-4mg/dx5-7d
MITX 5-10mg/m2/dx3d
Su[68] 33 MDS/t-AML 65 (47-85) HA HHT 2-3mg/dx7d
Wu[48] 21 AML (R/R) 44 (18-70) MAE MITX 10mg/m2/dx3d
VP-16 60mg/m2/dx5d
Deng[75] 45 MDS/t-AML 58 (38-76) HA HHT 1mg/m2/dx14d
(advanced)
Zhou[53] 18 AML (Elderly) 67 (60-81) MA MITX 4-6mg/m2/dx3d
Zhang 22 AML (Elderly) NR (61-82) HA HHT 1mg/m2/dx14d
[54]

CR (%) ED (%)

38.89 | 22.2
58.33 | 16.7
44 16
18.75 | 437
18.75 | 437
50 NR
37.50 | 18.7
33.33 | 11.1
32.35 | 8.82
46.67 | NR
33.33 | 285
3333 | 0
1429 | NR
17.78 | NR
38.89 | 11.1
36.36 | 0

(%)

100
NR
76

100
100

NR

31.2

NR
82.3
NR
NR

NR
66.6

73.3

NR
NR

Myelo-suppression

Abbreviations: CR = Complete response; ED = earlydeath; ND = newly diagnosed; R/R = relapsed/refractory; advanced = intermediate-2 or high risk;
NR = not reported; HA = homoharringtonine (HHT) and cytarabine; DA = daunorubicin (DNR) and cytarabine; MA = mitoxantrone(MITX) and cytarabine;

MAE = mitoxantrone (MITX), cytarabine and etoposide (VP-16).

doi:10.1371/journal.pone.0164238.t002

Table 3. Clinical information of trials using CAG regimen in this study.

Study Patients (NO.) Type of Disease Median age (range) Cytarabine dosage Aclacinomycin dosage CR (%)
Li[78] 12 MDS 53 (40-76) 10mg/m2/12hx14d 14mg/m2/dx4d 50
Su[68] 52 AML (Elderly) NR 10mg/m2/12hx14d 10-14mg/m2/dx4d 73.08
Li[65] 22 AML (Elderly) 68 (61-79) 10mg/m2/12hx14d 10-14mg/m2/dx4d 54.55
Li[47] 18 AML (R/R) 38 (19-65) 10mg/m2/12hx14d 5-7mg/m2/d=8d 72.22
Chen[39] 34 AML (ND & Elderly) 69.5 (60-85) 10mg/m2/12hx14d 14mg/m2/d=8d 67.65
Wei[36] 20 AML (R/R) 38 (12-66) 10mg/m2/12hx14-28d 20mg/dx4d 75
Yi[48] 24 AML NR (54-79) 10mg/m2/12hx14d 10mg/m2/dx7d 25
Su[74] 33 MDS/t-AML 60 (28-77) 25mg/dx14d 10mg/dx8d 42.42
Long[70] 20 AML (Elderly) 70 (60-81) 25mg/m2/12hx14d 9mg/m2/dx7d 65
Zhan[50] 21 AML (Elderly) 68 (60-77) 10mg/m2/12hx14d 14mg/m2/dx4d 66.67
Abbreviations: CR = Complete response; ND = newly diagnosed; R/R = relapsed/refractory; NR = not reported.
doi:10.1371/journal.pone.0164238.t003
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Fig 2. Complete response rates of AML and MDS patients treated with HAG.
doi:10.1371/journal.pone.0164238.9002

MDS/t-AML patients showed an OR rate of 71% (95% CI, 66%-76%). There was no significant
difference in OR rates between the AML and MDS/t-AML patients (P = 0.467).

Efficacy of the HAG regimen in newly diagnosed versus relapsed/refractory AML
patients. There were a total of 318 newly diagnosed AML patients from 12 studies and 433 R/
R AML patients from 12 studies (Table 1, Fig 4). Another 21 studies did not specify the AML
status of patients and were therefore excluded for this comparison. The heterogeneity test of
CR event rates of these 24 studies revealed a Cochran Q test P value of 0.001 and I? of 52.9%,
indicating high variability. Therefore, the CR event rates were calculated using the random-
effects model. The proportion of patients with CR was significantly higher in newly diagnosed
AML patients (62%, 95% CI, 56%-67%) than in R/R AML patients (50%, 95% CI, 43%-58%;
P=0.001).
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Fig 3. Overall response rates of AML and MDS patients treated with HAG.
doi:10.1371/journal.pone.0164238.9003

Efficacyof the HAG regimen in elderly AML and advanced MDS patients. There were a
total of 536 elderly AML patients (>60 years) from 21 studies and 207 patients with advanced
MDS (intermediate-2 or high risk) from five studies (Table 1). The heterogeneity test of CR
event rates of these studies revealed a Cochran Q test P value of 0.000 and I? of 83%. Due to the
high heterogeneity, the CR event rates were calculated using a random-effects model (Fig 5).
The CR rates were 54% (95% CI, 47%-60%) in elderly AML patients and 38% (95% CI, 18%-
54%) in advanced MDS patients. There was no significant difference in CR rates between
elderly AML patients and all AML patients (P = 0.721), suggesting that the HAG regimen was
also effective in elderly patients.

HAG regimen versus intensive chemotherapy for AML/MDS induction therapy. A
comparison of the HAG regimen and intensive chemotherapy for AML/MDS induction
therapy was performed using historical controls in a total of 16 trials. There were a total of
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Fig 4. Complete response rate of patients with newly diagnosed AML and relapsed/refractory AML
treated with HAG.

doi:10.1371/journal.pone.0164238.9g004

307elderly AML patients (>60 years) from seven studies, 77 R/R AML patients from two stud-
ies and 117 patients with advanced MDS (intermediate-2 or high risk) from two studies. Three
hundred and seventy-seven patients were treated with HAG and 359 patients were induced
with intensive chemotherapy including HA (HHT and cytarabine), DA (daunorubicin and
cytarabine), MA (mitoxantrone and cytarabine) and MAE (mitoxantrone, cytarabine and eto-
poside; regimen details are provided in Table 2). The heterogeneity test of CR event rates from
the 16 studies revealed a Cochran Q test P value of 0.871 and I” of 0%, indicating that there was
no significant variation among the 16 studies. Therefore, the CR event rates were calculated
using the fixed-effects model (Fig 6). The CR rate was 55% (95% CI,46%-63%) in patients
treated with the HAG regimen. Among them, the CR rates were 60% in elderly AML patients,
39% in R/R AML patients and 41% in advanced MDS patients. The CR rate for patients treated
with intensive chemotherapy was only 30% (95% CI, 26%-35%). Among them, the CR rates
were 39% in elderly AML patients, 18% in R/R AML patients and 29% in advanced MDS
patients. Using historical controls, the CR rates of HAG-treated patients were significantly
higher than those of standard induction regimens, with an odds ratio of 2.41 (95% CI, 1.77-
3.28; P = 0.000).

HAG versus CAG for AML/MDS induction therapy. The CAG regimen has been widely
used in China and Japan and has proven effective and safe for the treatment of AML and MDS
patients. Using historical controls, the HAG regimen was compared with CAG for AML/MDS
induction therapy in ten trials. Two hundred and thirty-four patients were treated with the
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Fig 5. Complete response rate of elderly AML and advanced MDS patients treated with HAG.
doi:10.1371/journal.pone.0164238.9005

HAG regimen and 256 patients were induced with the CAG regimen (Table 3). The heteroge-
neity test of CR event rates from the ten studies revealed a Cochran Q test P value of 0.108 and
I? of 37.7%, indicating low heterogeneity amongst the studies. Therefore, the CR event rates
were calculated using the fixed-effects model (Fig 7). No significant difference was observed
between the HAG and CAG-treated groups with an odds ratio of 0.72 (95% CI, 0.50-1.03;
P=0.073; Fig 7).

Early death rate and hematological toxicity of the HAG regimen. Reported toxicities in
the majority of studies included myelosuppression, infection, nausea and vomiting. ED was
reported in 44 studies of 1,391 patients, grade IV myelosuppression data was reported in 21
studies with 350 patients and infection data was reported in 38 studies with 645 patients
(Table 1). The heterogeneity test of ED rates revealed a Cochran Q test P value of 0.422 and I’
of 2.7%, indicating low heterogeneity. Therefore, the ED event rates were calculated using the
fixed-effects model. The pooled estimate of ED rates was 2% (95% CI, 1%-2%; actuarial rate
3.95%, 55/1391, Fig 8). Due to the high heterogeneity, the grade IV myelosuppression and
infection events rates were calculated using the random-effects model. The pooled estimates of
grade IV myelosuppression rate and infection rate were 52% (95% CI, 42%-61%) and 50%
(95% CI, 41%-59%), respectively (Figs 9 and 10). When compared with intensive chemother-
apy, HAG-treated patients had lower ED and myelosuppression event rates with an odds ratio
0f0.18 (95% CI, 0.09-0.37; P = 0.000) and 0.41 (95% CI, 0.25-0.67; P = 0.000), respectively
(Figs 11 and 12).
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Fig 6. HAG regimen versus intensive chemotherapy for AML/MDS induction.
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Fig 7. HAG versus CAG therapy for AML/MDS induction.
doi:10.1371/journal.pone.0164238.9007
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Fig 8. Early death rate in patients treated with the HAG regimen.
doi:10.1371/journal.pone.0164238.9008

Discussion

For the past two decades the CAG regimen has been applied in clinical practice. Based on a
meta-analysis 35 studies including 1,029 AML and MDS patients [3], treatment of AML
patients with CAG achieved a CR rate of up to 57.9%, a rate which was significantly higher
than was observed following treatment with non-CAG regimens. A comparison of CR rates
between newly diagnosed AML patients (56.7%) and R/R AML patients (60.1%) revealed no
significant difference, indicating that the regimen is effective in the treatment of AML, includ-
ing for R/R patients. Unfortunately, repeated administration of anthracyclines is associated
with dose-dependent toxicity in cardiac myocytes and interstitial damage that can result in
early diastolic and later systolic cardiac impairment. Compared with anthracyclines, HHT has
a similar therapeutic effect with milder cardiac toxicity. Moreover, HHT is cheap and can be
easily accepted by the majority of patients in China.

Studies on HHT have demonstrated efficacy in both in vitro and in vivo models, with treat-
ment inhibiting the formation of leukemic clones by 50%. Mechanistically, HHT induces apo-
ptosis of leukemia cells through incorporation into the DNA of the cells and inhibition of
DNA synthesis [18]. HHT prevents binding of the aminoacyl-tRNAs and RNA substrate to the
60S ribosomal subunit, precluding peptide bond formation and inhibiting the elongation phase
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Su (2009) — 0.40(0.22,0.58) 4.70
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]
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Fig 9. Grade IV myelosuppression rate in patients treated with the HAG regimen.
doi:10.1371/journal.pone.0164238.9009

of translation [19]. HHT-induced apoptosis in leukemia cells is also associated with down-reg-
ulation of telomerase [20] and decreased expression of the inhibitors of apoptosis (IAP) gene
tamily member survivin [21].

The low-dose regimen of HAG effectively reduces the number of myeloblasts, improves
pancytopenia, and induces remission notonly in high-risk MDS patients but also in R/R AML,
especially for elderly patients. Studies have shown that HHT and cytarabine with the concur-
rent administration of G-CSF has a potentially synergistic effect in leukemic blasts. In vivo
G-CSF leads to an enrichment of S-phase leukemic blasts, thereby improving the efficacy of S
phase-active chemotherapeutic agents such as cytarabine [10] and significantly reducing the
half-killing concentration of cytarabine [22]. G-CSF also enhances the anti-leukemia effect of
HHT in leukemic cells by mobilizing resting GO phase cells into G1 phase. It is shown that
CXCR4, a receptor for CXC chemokine receptor 12 (CXCL12), is a central player in migration
and homing to tissue niches of leukemia cell that support cell survival, growth and drug resis-
tance[23]; and has proved to be an adverse prognostic indicator of AML[24]. G-CSF can
increase the expression of transcriptional repressor growth factorindependence-1 (Gfi-1),
which binds to DNA sequences upstream of the CXCR4 gene and inhibits CXCR4 expression
in myeloid cells [25].G-CSF also decreases CXCL12 expression by inhibiting activity of osteo-
blast in the bone marrow [26]. In addition, G-CSF enhances the therapeutic effects of cytara-
bine and HHT on leukemic cells by promoting the release of granulocyticlineage cells from the
bone marrow to the peripheral blood.

This is the first meta-analysis of studies examining the effectiveness of AML and MDS treat-
ment with the HAG regimen. In this meta-analysis, 2,314 patients with AML and MDS were
included. The overall CR rate of the HAG regimen was as high as 53% in AML patients and
45% in MDS/t-AML patients. No significant differences in CR rates were observed between all
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Fig 10. Infection rate in patients treated with the HAG regimen.
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AML patients and elderly AML patients, suggesting that the HAG regimen is also effective in
elderly patients. A potential explanation for this result could be that the application of low-
dose chemotherapy extends the duration of drug action, increases the cumulative drug dosage
and is better tolerated by elderly patients in poor physical condition due to its relatively mild
toxicity. The CR rate observed in HAG-treated patients (62%) with newly diagnosed AML is
close to that observed with a standard “3+7” regimen (daunorubicin 45 mg/m” and cytarabine
100 mg-200 mg/m?*57%-65%) [27-29], suggesting that that HAG may be as effective as the “3
+7” regimen. In R/R AML patients, the CR rate was considerably lower than in newly diag-
nosed AML patients, but still as high as 50%, indicating that the HAG regimen can overcome
drug resistance of R/R AML to a certain extent. Unfortunately, due to the high heterogeneity of
data in the included studies we could not obtain pooled CR rates of AML patients with differ-
ent karyotypes or predictive gene mutations such as NPM1, FLT3-ITD and CEBPA. Only six
studies reported survival data for patients treated with the HAG regimen. Among them, one
study conducted by Chen and colleagues [30] reported the median OS of newly diagnosed
AML patients was 12.0+1.7 months with HAG treatment and OS was significantly correlated
with age, initial karyotype, PS and gene mutations (NPM1, FLT-ITD and DNMT3A) at diag-
nosis. With R/R AML patients, the median OS was reported as 12.4 months [31]. The median
OS of MDS/t-AML patients was reported as 15.0 months when treated with the HAG regimen
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Fig 11. Early death rates in patients treated with the HAG regimen vs. intensive chemotherapy.

doi:10.1371/journal.pone.0164238.9011

and patients with normal serum lactate dehydrogenase (LDH) appeared to have longer median
OS when compared to patients with high LDH levels [32]. In comparison of the HAG regimen
and intensive chemotherapy for AML/MDS induction therapy in our study,more than 50% of
included patients were advanced MDS patients, R/R AML patients and elderly patients with
AML. It may explain why the CR rateof intensive chemotherapy in our study (30%) is lower
than reported CR rate for intensive chemotherapy in adults (50-80%).Our results suggested

Events,

Study Events, intensive %
ID OR (95% Cl) HAG chemotherapy =~ Weight
:
Ye (2008) —T 0.57 (0.18, 1.86) 20/31 19/25 15.05
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i
|
T : T
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Fig 12. Rates of myelosuppression in patients treated with the HAG regimen vs. intensive
chemotherapy.

doi:10.1371/journal.pone.0164238.9012
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that this low-dose regimen of HAG remained superior to the intensive regimens based on CR
rate, especially for advanced MDS patients, R/R AML patients and elderly patients with AML,
which was consistent with finding reported by Wei et al. [3] that CAG had an advantage over
AA(aclarubicin and Ara-C) regimen in terms of CR rates.These studies, however, were not ran-
domized, and comparisons were performed with historical controls. Prospective randomized
studies should be performed to compare the HAG regimen with standard anthracycline plus
cytarabine. Our study also showed that the HAG regimen was as effective as the CAG regimen
in the treatment of AML and MDS patients. Due to its lower price and milder cardiac toxicity,
the HAG regimen appears more favourable than the CAG regimen.

Cardiovascular failure has been reported in 25% of patients treated with HHT at a dose of
5-6 mg/m” QD using a short infusion schedule [33]. Decreasing the dose to 1.5 mg/m*> QD,
continuously infused for 14 days resulted in minimal toxicity and was well tolerated by patients
[34]. The studies included in our meta-analysis were conducted with a dose of HHT of 1-2
mg/m?” daily. An overall induction mortality of 15% was reported in 326 newly diagnosed AML
patients from the Cancer and Leukemia Group B 8321 study treated with the “3+7” regimen
[29]. Analysis from the Swedish Acute Leukemia Registry of all unselected 2,767 AML cases
established an overall ED (defined as 30 days from diagnosis) rate of 19%, while the intensive
chemotherapy group had an ED rate of 10% [27]. Our study showed that the pooled ED rate of
patients treated with the HAG regimen was only 2% (95% CI, 1%-2%; actuarial rate 3.95%, 55/
1391) and the most frequently observed adverse effect was mild to moderate myelosuppression.
When compared with intensive induction, we found that HAG has fewer ED and myelosup-
pression event rates. Taken together, the results of induction therapy efficacy and associated
toxicities suggest that the HAG regimen was effective and well tolerated.

This study has several limitations. One of the limitations is that most included studies were
single center, retrospective trials and the comparisons in those studies were made with historical
controls. The majority of the studies were small (only 16 of the 56 studies had 50 or more sub-
jects), which might influence the reliability of results. Another limitation is that our study is
based on 56 trials which were all conducted in China. It is not clear whether similar outcomes
would be observed in other Asian or Western countries. In addition, the studies were conducted
between 2005 and 2014. More recently identified prognostic markers, including FLT3-ITD,
CEBPA and NPM1, were not routinely examined in the studies we included in our analysis.
Although all the studies used similar HAG regimens, the dosage of cytarabine varied from 7.5 to
25 mg/m°/12h. This is likely a factor leading to the high heterogeneity of the observed response
rates. HAG was compared with standard induction regimens from historical controls in 16 stud-
ies. The intensive regimens also varied including HA, DA, MA and MAE. Finally, due to the
lack of a sufficient amount of data, a meta-analysis could not be performed for survival data.

Conclusions

The present meta-analysis demonstrated that the HAG regimen is efficacious for the treatment
of AML and MDS, particularly in elderly AML patients. There are no significant differences
between the CAG regimen and HAG regimen with respect to CR rates. The HAG regimen
appears to be more effective than intensive chemotherapy with higher CR rate and safer with
less ED and myelosuppression rates, especially foradvanced MDS patients, relapsed/refractory
AML patients and elderly patients with AML. Due to the lack of randomized controlled trials
in our review, further prospective randomized studies to explicitly determine the efficacy and
safety of HHT in comparison with intensive chemotherapy are required. Future trials should
also focus on additional issues including the role of hypomethylating agents combined with the
HAG regimen in the treatment of AML and MDS.

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 18/23



@° PLOS | ONE

HAG Regimen in AML and MDS: A Meta-Analysis

Supporting Information

S1 Checklist. PRISMA Checklist.
(DOC)

Author Contributions

Conceptualization: MX QJ WX X. Ye.

Data curation: MX.

Formal analysis: MX QJ LLJZLZ DZ YZ X. Yang MZ]S.

Investigation: MX QJ LLJZLZ YZ X. Yang MZ]JS.

Methodology: MX QJ WX X. Ye.

Project administration: MX X. Ye.

Resources: MX QJ X. Ye.

Supervision: X. Ye.

Validation: MX QJ.

Visualization: MX.

Writing - original draft: MX QJ.

Writing - review & editing: WX X. Ye.

References
1. Freireich EJ. Four decades of therapy for AML. Leukemia 1998; 12 Suppl 1:5S54-56. PMID: 9777898
2. YamadaKk, Furusawa S, Saito K, Waga K, Koike T, Arimura H, et al. Concurrent use of granulocyte col-

10.

11.

ony-stimulating factor with low-dose cytosine arabinoside and aclarubicin for previously treated acute
myelogenous leukemia: a pilot study. Leukemia 1995; 9(1):10-14. PMID: 7531259

Wei G, Ni W, Chiao JW, Cai Z, Huang H, Liu D. A meta-analysis of CAG (cytarabine, aclarubicin, G-
CSF) regimen for the treatment of 1029 patients with acute myeloid leukemia and myelodysplastic syn-
drome. J Hematol Oncol 2011; 4:46. doi: 10.1186/1756-8722-4-46 PMID: 22082134

Powell RG, Weisleder D, Smith CJ, Rohwedder WK. Structures of harringtonine, isoharringtonine, and
homoharringtonine. Tetrahedron Lett 1970(11:):815-818. doi: 10.1016/S0040-4039(01)97839-6
PMID: 5436615

Shen JP, Yang H, Ni WM, Qian WB. Cytotoxicity of homoharringtonine on leukemic stem-like cells in
AML cell line KG-1. Zhejiang Da Xue Xue Bao Yi Xue Ban 2012; 41(5):485-490. PMID: 23086639

Mai WY, Lin MF. Induction of apoptosis by homoharringtonine in G1 phase human chronic myeloid leu-
kemic cells. Chin Med J (Engl) 2005; 118(6):487—-492. PMID: 15788130

Wang J, Lu S, Yang J, Song X, Chen L, Huang C, et al. A homoharringtonine-based induction regimen
for the treatment of elderly patients with acute myeloid leukemia: a single center experience from
China. J Hematol Oncol 2009; 2:32. doi: 10.1186/1756-8722-2-32 PMID: 19642997

Takemura Y, Ohnuma T, Chou TC, Okano T, Holland JF. Biologic and pharmacologic effects of har-
ringtonine on human leukemia-lymphoma cells. Cancer Chemother Pharmacol 1985; 14(3):206—10.
doi: 10.1007/BF00258117 PMID: 3995683

Zhou JY, Chen DL, Shen ZS, Koeffler HP. Effect of homoharringtonine on proliferation and differentia-
tion of human leukemic cells in vitro. Cancer Res 1990; 50(7):2031-2035. PMID: 2317793

Te BP, Lowenberg B, Vlastuin M, Sonneveld P. Enhanced chemosensitivity of clonogenic blasts from
patients with acute myeloid leukemia by G-CSF, IL-3 or GM-CSF stimulation. Leukemia 1993; 7
(8):1191-1198. PMID: 7688839

Chen YX, Ma XR, Zhang WG, Liu J, Cao XM, He AL. Efficiency of GHA priming chemotherapy on
patients with refractory acute myeloid leukemia and myelodysplastic syndrome and its relationship

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 19/283


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0164238.s001
http://www.ncbi.nlm.nih.gov/pubmed/9777898
http://www.ncbi.nlm.nih.gov/pubmed/7531259
http://dx.doi.org/10.1186/1756-8722-4-46
http://www.ncbi.nlm.nih.gov/pubmed/22082134
http://dx.doi.org/10.1016/S0040-4039(01)97839-6
http://www.ncbi.nlm.nih.gov/pubmed/5436615
http://www.ncbi.nlm.nih.gov/pubmed/23086639
http://www.ncbi.nlm.nih.gov/pubmed/15788130
http://dx.doi.org/10.1186/1756-8722-2-32
http://www.ncbi.nlm.nih.gov/pubmed/19642997
http://dx.doi.org/10.1007/BF00258117
http://www.ncbi.nlm.nih.gov/pubmed/3995683
http://www.ncbi.nlm.nih.gov/pubmed/2317793
http://www.ncbi.nlm.nih.gov/pubmed/7688839

@° PLOS | ONE

HAG Regimen in AML and MDS: A Meta-Analysis

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

with expression of costimulatory molecule B7.1. Chin J Exp Hematol 2008(05: ):1002—1005. PMID:
18928583 (Article in Chinese)

Xu J, Xu CG, Liu T, Xiang B, Chang H, He C. HAG regimen in the treatment of acute myeloid leukemia
and myelodysplastic syndrome. JSichuan Univ(Medical Science Edition) 2009(01: ):129-132.(Article
in Chinese)

Wang JL, He AL, Zhang WG, Yang Y, Gu LF, Kong Y.Clinical observation of HAG regimen in remission
inductive treatment for elderly patients with acutemyeloid leukemia and myelodysplastic syndrome.
JLeukemia & Lymphoma 2011; 20(3):151-153.(Article in Chinese)

Sun SF, Y HL,Pan HF. HAG regimen in the treatment of intermediate or high risk myelodysplastic syn-
drome and hypoplastic acute myeloid leukemmia. JGuiyang Med Coll 2011(06: ):640—641+643.(Article
in Chinese)

Ma XR, Chen YX, Liu J, Zhang WG, Cao XM, He AL. Clinical study on CHG preexcitation of chemo-
therapy in the treatment of refractory acute myeloid leukemia. Chin J Modern Med 2009(03: ):22—-24.
(Article in Chinese)

Guo SS. Efficacy of CHG regimen for refractory acute myeloid leukemia. Medinnov Chin 2010(09:
):80—-81.(Article in Chinese)

Zhang P. HAG regimen in the treatment of elderly patients with acute myeloid leukemia and nursing.
Chin J Pharm Econ 2014(06: ):141-142.(Article in Chinese)

YeXJ Lin MF. Homoharringtonine induces apoptosis of endothelium and down-regulates VEGF
expression of K562 cells. J Zhejiang Univ Sci 2004; 5(2): 230—234. PMID: 14674038

Fresno M, Jimenez A, Vazquez D. Inhibition of translation in eukaryotic systems by harringtonine. Eur
J Biochem 1977; 72(2):323-330. doi: 10.1111/j.1432-1033.1977.tb11256.x PMID: 319998

Xie WZ, Lin MF, Huang H, Cai Z. Homoharringtonine-induced apoptosis of human leukemia HL-60
cells is associated with down-regulation of telomerase. Am J Chin Med 2006; 34(2):233-244. doi: 10.
1142/S0192415X06003795 PMID: 16552835

Cai Z, Bao HY, Lin MF. Correlation between survivin mRNA expression and homoharringtonine
induced apoptosis of malignant hematopoietic cells. Chin Med J (Engl) 2005; 118(7):548-554. PMID:
15820085

Bai A, Kojima H, Hori M, Nara N, Komeno T, Hasegawa Y, et al. Priming with G-CSF effectively
enhances low-dose Ara-C-induced in vivo apoptosis in myeloid leukemia cells. Exp Hematol 1999; 27
(2):259-65. doi: 10.1016/S0301-472X(98)00041-1 PMID: 10029165

Sugiyama T, Kohara H, Noda M, Nagasawa T. Maintenance of the hematopoietic stem cell pool by
CXCL12-CXCR4 chemokine signaling in bone marrow stromal cell niches. Immunity 2006; 25(6):977—
88. doi: 10.1016/j.immuni.2006.10.016 PMID: 17174120

Rombouts EJ, Pavic B, Lowenberg B, Ploemacher RE. Relation between CXCR-4 expression, Flt3
mutations, and unfavorable prognosis of adult acute myeloid leukemia. Blood 2004; 104(2):550—7. doi:
10.1182/blood-2004-02-0566 PMID: 15054042

De La Luz SM, Gasperini P, McCormick PJ, Zhu J, Tosato G. Transcription factor Gfi-1 induced by G-
CSF is a negative regulator of CXCR4 in myeloid cells. Blood 2007; 110(7):2276—85. doi: 10.1182/
blood-2007-03-081448 PMID: 17596540

Semerad CL, Christopher MJ, Liu F, Short B, Simmons PJ, Winkler |, et al. G-CSF potently inhibits
osteoblast activity and CXCL12 mRNA expression in the bone marrow. Blood 2005; 106(9):3020-7
doi: 10.1182/blood-2004-01-0272 PMID: 16037394

Juliusson G, Antunovic P, Derolf A, Lehmann S, Mollgard L, Stockelberg D, et al. Age and acute mye-
loid leukemia: real world data on decision to treat and outcomes from the Swedish Acute Leukemia
Registry. Blood 2009; 113(18):4179-4187. doi: 10.1182/blood-2008-07-172007 PMID: 19008455

Naina HV, Patnaik MM, Harris S. Anthracycline dose intensification in acute myeloid leukemia. N Engl
J Med 2009; 361(26):2578; author reply 2578.

Dillman RO, Davis RB, Green MR, Weiss RB, Gottlieb AJ, Caplan S, et al. A comparative study of two
different doses of cytarabine for acute myeloid leukemia: a phase Il trial of Cancer and Leukemia
Group B. Blood 1991; 78(10):2520-2526. PMID: 1824249

Chen C, Xu W, Yang J. Low-dose homoharringtonine and cytarabine in combination with granulocyte
colony-stimulating factor for elderly patients with de novo acute myeloid leukemia. Leuk Lymphoma
2015; 56(1):141-146. doi: 10.3109/10428194.2014.910774 PMID: 24724783

Zhang WG, Wang FX, Chen YX, Cao XM, He AL, Liu J, et al. Combination chemotherapy with low-
dose cytarabine, homoharringtonine, and granulocyte colony-stimulating factor priming in patients with
relapsed or refractory acute myeloid leukemia. Am J Hematol 2008; 83(3):185—188. doi: 10.1002/ajh.
20903 PMID: 17899614

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 20/23


http://www.ncbi.nlm.nih.gov/pubmed/18928583
http://www.ncbi.nlm.nih.gov/pubmed/14674038
http://dx.doi.org/10.1111/j.1432-1033.1977.tb11256.x
http://www.ncbi.nlm.nih.gov/pubmed/319998
http://dx.doi.org/10.1142/S0192415X06003795
http://dx.doi.org/10.1142/S0192415X06003795
http://www.ncbi.nlm.nih.gov/pubmed/16552835
http://www.ncbi.nlm.nih.gov/pubmed/15820085
http://dx.doi.org/10.1016/S0301-472X(98)00041-1
http://www.ncbi.nlm.nih.gov/pubmed/10029165
http://dx.doi.org/10.1016/j.immuni.2006.10.016
http://www.ncbi.nlm.nih.gov/pubmed/17174120
http://dx.doi.org/10.1182/blood-2004-02-0566
http://www.ncbi.nlm.nih.gov/pubmed/15054042
http://dx.doi.org/10.1182/blood-2007-03-081448
http://dx.doi.org/10.1182/blood-2007-03-081448
http://www.ncbi.nlm.nih.gov/pubmed/17596540
http://dx.doi.org/10.1182/blood-2004-01-0272
http://www.ncbi.nlm.nih.gov/pubmed/16037394
http://dx.doi.org/10.1182/blood-2008-07-172007
http://www.ncbi.nlm.nih.gov/pubmed/19008455
http://www.ncbi.nlm.nih.gov/pubmed/1824249
http://dx.doi.org/10.3109/10428194.2014.910774
http://www.ncbi.nlm.nih.gov/pubmed/24724783
http://dx.doi.org/10.1002/ajh.20903
http://dx.doi.org/10.1002/ajh.20903
http://www.ncbi.nlm.nih.gov/pubmed/17899614

@° PLOS | ONE

HAG Regimen in AML and MDS: A Meta-Analysis

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

WulL, Li X, SuJ, He Q, Zhang X, Chang C, et al. Efficacy and safety of CHG regimen (low-dose cytara-
bine, homoharringtonine with G-CSF priming) as induction chemotherapy for elderly patients with
high-risk MDS or AML transformed from MDS. J Cancer Res Clin Oncol 2011; 137(10):1563—1569.
doi: 10.1007/s00432-011-1020-2 PMID: 21845438

Legha SS, Keating M, Picket S, Ajani JA, Ewer M, Bodey GP. Phase | clinical investigation of homohar-
ringtonine. Cancer Treat Rep 1984; 68(9):1085-1091. PMID: 6478448

O’Brien S, Kantarjian H, Keating M, Beran M, Koller C, Robertson LE, et al. Homoharringtonine ther-
apy induces responses in patients with chronic myelogenous leukemia in late chronic phase. Blood
1995; 86(9):3322—-3326. PMID: 7579434

Liu DB, Zhang YJ, Zhu XP, Xu WQ, Sun L, Luo YL. Comparison of the efficiency of HAG and HA regi-
mens in the treatment of elderly patients with acute myeloid leukemia.J Fujian Med Univ 2006(03:
):274-276. (Article in Chinese)

Wei XD, Liu YY, Zhang LN, Wang P, Zhang YL, Zhu XH, et al. Comparison of effiicacies of CHG and
CAG priming regimens in the treatment of relapsed and refractory acute myeloid leukemia. Chin JHe-
matol 2006(01: ):64.(Article in Chinese)

Li DH, Dai YB, Du JY. HAG priming regimen in the treatment of elderly patients with acute myeloid leu-
kemia. JMudanjiang Med Coll 2007(05: ):52.(Article in Chinese)

Liao AJ, Wang HH, Yang W, Liu ZG. Effect of HAG regimen in the treatment of relapsed/refractory
acute myeloid leukemia. Chin J Pract Intern Med 2007(S1: ):59.(Article in Chinese)

Chen YJ, Zhang LQ, Jiang ZP, Zhang ZF, Chen FP. Comparison of HAG and CAG priming regimens
in the treatment of elderly patients with de novo acute myeloid leukemia. Progr in Modern Biomed
2007(10:):1520-1523.(Article in Chinese)

LiuJQ, Chang L, Liu ZM, Yang EQ, Shen JY, Li TY. Effect of CHG priming regimen in the treatment of
elderly patients with acute myeloid leukemia. Shandong Med J 2008(04: ):95-96.(Article in Chinese)
Zhou W, Li QS, Zhou M, Wang SQ, Mou WJ, Chen XW, et al. Induction chemotherapy with low-dose
homoharringtonine cytarabine and granulocyte colony-stimulating factor in elderly or hypoplastic acute
myeloid leukemia. J ClinHematol 2008(06: ):563-565.(Article in Chinese)

Ye CM, Zhou LL. HAG priming regimen in the treatment of elderly patients with acute myeloid leuke-
mia. J North China Coal Med Coll 2008(05: ):636—637.(Article in Chinese)

ZhangL, Su DL, Su AL, Hu MQ, Zhang XQ, Zhang XZ, et al. Effect of individual low-dose HAG regimen
in the treatment of elderly patients with acute myeloid leukemia. J Clin Hematol 2009(05: ):502—-503.
(Article in Chinese)

Yang YL, LiJ, Geng YH, Ji SY. Low dose of homorringtonine and cytarabine combined with G-CSF for
treatment of acute myeloid leukemia and: report of 28 cases. J Bengbu Med Coll 2009(04: ):307-308.
(Article in Chinese)

Sun XH. Clinical study on HAG regimen for the treatment of elderly and hypoplastic acute myeloid leu-
kemia. J ClinHematol 2009(04: ):382—383.(Article in Chinese)

Tong JS, Yuan CJ. Clinical analysis on HAG regimen for the treatment of elderly patients with acute
myeloid leukemia. Chin J Gerontol 2009(03: ):362—363.(Article in Chinese)

Li SY, Pei RZ, Ma JX, Zhang PS, Liu XH, Du XH, et al. Comparison of HAG and CAG regimens for the
treatment of refractory and relapsed acute myeloid leukemia. Zhejiang Med J 2010; 32(2):275-276.
(Article in Chinese)

Yi HY. CHG primng regimen for elderly patients with acute myeloid leukemia and its relationship with
expression of serum VEGF. Chin J Mis Diagn 2009(03: ):538-539.(Article in Chinese)

Yang LH. Efficacies of different regimens for elderly patients with acute myeloid leukemia. Chin J Mod-
ern Med 2009(18: ):2866—-2868.(Article in Chinese)

Zhan XR, ShenY, Wang Y, Yin JJ, Wang ZL, Liu L. Clinical observation on priming regimens for elderly
patients with acute myeloid leukemia. Shandong Med J 2009(41: ):78-79.(Article in Chinese)

Xie Y, Tan L, Wu D. Efficacy of HAG regimen for elderly and hypoplastic acute myeloid leukemia:
report of 20 cases. ChinMed Herald 2010(33: ):148—149.(Article in Chinese)

Huang K, Cao J, Gao F. Clinical analysis on HAG regimen for elderly patients with acute myeloid leuke-
mia. Current Physician 2010(31:):105.(Article in Chinese)

Guan JM, Zhao WP, Xu H. Efficacy of HAG regimen for elderly patients with acute myeloid leukemia. J
Chin Pract Diagn Ther 2010(10: ):1015—-1016.(Article in Chinese)

Chen YJ, Zhang LQ, Wan T, Li HL, Liu LP, Lai WH. Efficacy of HAG priming regimen for elderly and
hypoplastic acute myeloid leukemia. Chin J Gerontol 2010(20: ):2913-2915.(Article in Chinese)

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 21/23


http://dx.doi.org/10.1007/s00432-011-1020-2
http://www.ncbi.nlm.nih.gov/pubmed/21845438
http://www.ncbi.nlm.nih.gov/pubmed/6478448
http://www.ncbi.nlm.nih.gov/pubmed/7579434

@° PLOS | ONE

HAG Regimen in AML and MDS: A Meta-Analysis

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

JiYY, Zhang WG, Chen YX, Cao XM, He AL, Liu J, et al. Efficiency of GHA priming therapy on patients
with acute monocytic leukemia and its mechanism. Chin J Exp Hematol 2010(01: ):213-218.(Article in
Chinese)

Sun RY. The clinical observation of HAG regimen in the treatment of elderly patients with acute mye-
loid leukemia. JModern Oncol 2010(10: ):2055-2056.(Article in Chinese)

Zheng SY, Yao YZ. Induction therapy of HAG regimen in de novo hypoplastic acute myeloid leukemia.
J Modern Oncol 2011(05: ):994-996.(Article in Chinese)

Wu CH, Rao HH. Clinical observation on GHA regimen for relapsed acute myeloid leukemia. J Nan-
chang Univ 2010(03: ):104-105+115.(Article in Chinese)

Han QY, Sun M, Wang W, Liu CH, Wu LY. Clinical research of HAG priming induction regimen for the
treatment oflow proliferative acute myeloid leukemia. World J Integrated Tradit West Med 2011(03:
):222—-224.(Article in Chinese)

Gu LF, Zhang WG, Wang FX, Cao XM, Chen YX, He AL, et al. Low dose of homoharringtonine and
cytarabine combined with granulocyte colony-stimulating factor priming on the outcome of relapsed or
refractory acute myeloid leukemia. J Cancer Res Clin Oncol 2011; 137(6):997—1003. doi: 10.1007/
s00432-010-0947-z PMID: 21152934

Zhou J, Chen R, Guo HY, Zhen L, Wang XY. Elderly patients with acute myeloid leukemia clinical
experience. Chin J Trauma Disability Med 2011(04: ):19-20.

Zhang L, He AL, Zhang WG, Wang JL,Wang FX, Yang Y, et al. Efficiency of HAG priming therapy on
older patients with acute myeloid leukemia. JModern Oncol 2011(08: ):1663—1666.(Article in Chinese)

Li HL, Liu LP, Lai WH, Yan ZM, Chen YJ. HAG regimen for refractory and relapsed acute myeloid leu-
kemia. J Gannan Med Univ 2012(01: ):93-94.(Article in Chinese)

Guo ZQ. Efficacy of HAG regimen for high risk myelodysplastic syndrome. Chin J Modern Drug 2013
(12:):82—-84.(Article in Chinese)

Li Q, Chen PY. Comparison of HAG and CAG regimens for elderly patients with acute myeloid leuke-
mia. J Shantou Univ Med Coll 2013(01: ):28-29.(Article in Chinese)

Zhang XH, Ran ZJ, Zhou M, LiJY, Wang J, Xu B, et al. Modified CHG regimen in treatment of newly
diagnosed adult patients with hyperleukocytic acute myeloid leukemia. J Inter Intensive Med 2014(03:
):170-172.(Article in Chinese)

Zhang YH. Clinical observation on HAG regimen for elderly patients with de novo acute myeloid leuke-
mia. Chin JControl Endemic Dis 2014(S2: ):185-186.(Article in Chinese)

Su J. Conparison of HAG and CAG regimens in the treatment of elderly patients with acute myeloid
leukemia. Chin Pharm 2014(15: ):114—116.(Article in Chinese)

JiaT, LiuHJ, Chen Z, Wang Y, Mao JP, Xue LG, et al. Clinical observation of HAG priming regimen in
the inductive treatment of refractory acute myeloid leukemia. Modern J Integrated Tradit Chin West
Med 2014(18:):1997-1998.(Article in Chinese)

Long BB. Evaluation of efficacy and safety of CAG and HAG regimen for newly diagnosed elderly
patients with acute myeloid leukemia. Chin PractMed 2014(33: ):75-76.(Article in Chinese)

Shu HE, Li WG, Ge SB. HAG regimen in the treatment of myelodysplastic syndrome (RAEB): report of
28 cases. ChindMisdiagn 2007(02: ):331-332.(Article in Chinese)

Yuan JH, Pan HF. Efiicacy of HAG regimen for intermediate and high risk myelodysplastic syndrome.
Med J Communicat 2008(06: ):671-672.(Article in Chinese)

WuL, Li X, SuJ, Chang C, He Q, Zhang X, et al. Effect of low-dose cytarabine, homoharringtonine and
granulocyte colony-stimulating factor priming regimen on patients with advanced myelodysplastic syn-
drome or acute myeloid leukemia transformed from myelodysplastic syndrome. Leuk Lymphoma
2009; 50(9):1461-1467. doi: 10.1080/10428190903096719 PMID: 19672772

SuJY, Chang CK, Zhang X, Zhou LY, Song LQ, Xu L, et al. Efficacy of induction chemotherapy for
patients with high risk myelodysplastic syndrome(MDS)orMDS-transformed acute myeloid leukemia
with CHG regimen and its comparison with regimen GAG and HA. Chin JExp Hematol 2009(02: ):459—
463.(Article in Chinese) PMID: 19379588

LiJ, Wang JH, Meng Y. Clinical trial of HG and HAG regimen for myelodysplastic syndromes-refractory
anemia with excess blast. Chin JGen Pract 2010(05: ):556-557.(Article in Chinese)

Sun XH. Efficacy of HAG regimen for high risk myelodysplastic syndrome. Med J Ind Enterp 2010(05:
):13—15.(Article in Chinese)

Liu H, He GS, Wu DP, Sun AN, Shao ZH, Qian SX, et al. Clinical effcacies and safety of HAG regimen
for patients with high-risk myelodysplastic syndromes: a multicentre study. Nati Med JChin 2012; 92
(10):689—691.(Article in Chinese)

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 22/23


http://dx.doi.org/10.1007/s00432-010-0947-z
http://dx.doi.org/10.1007/s00432-010-0947-z
http://www.ncbi.nlm.nih.gov/pubmed/21152934
http://dx.doi.org/10.1080/10428190903096719
http://www.ncbi.nlm.nih.gov/pubmed/19672772
http://www.ncbi.nlm.nih.gov/pubmed/19379588

o o
@ ’ PLOS | ONE HAG Regimen in AML and MDS: A Meta-Analysis

78. LiY,LiYC, WuB, Zhang R, Wang HH, Yao K, et al. Clinical effect of HAG regimen to treat the interme-
diate and high-risk myelodysplasticsyndrome. JModern Oncol 2013(08: ):1840-1842.(Article in
Chinese)

79. Zhang XF. Discussion of efficacy of HAG regimen in the treatment of high-risk myelodysplastic syn-
drome. Cardiol Control Knowledge 2014(08: ):142—143.(Article in Chinese)

80. DenglL, Tian PJ, Zhu WM. Efficacy and safety of HAG regimen in the treatment of high-risk myelodys-
plastic syndrome. Hebei Medd 2014(09: ):1328—1329.(Article in Chinese)

PLOS ONE | DOI:10.1371/journal.pone.0164238 October 5, 2016 23/23



