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Abstract
Purpose: To compare the outcomes of tyrosine kinase inhibitors in combination with reduced-dose
chemotherapy with those of standard induction chemotherapy and to compare the outcomes between
TKIs with chemotherapy regimen and transplantation in adults with Philadelphia chromosome-positive
acute lymphoblastic leukemia

Methods: We retrospectively reviewed all patients treated with tyrosine kinase inhibitors in combination
with chemotherapy. These patients were divided into the TKIs with reduced-dose chemotherapy group (62
patients) and the TKIs with standard chemotherapy group (143 patients). In further treatment, patients
were divided into the transplant group (55 patients) and the non-transplant group (143 patients).

Results: The complete remission rate (88.7% vs 83.9%, P=0.372) and early mortality rate (3.2% vs 3.5%,
P=0.922) were similar between the TKIs with reduced-dose chemotherapy group and the TKIs with
standard chemotherapy group. The proportions of lung infection (P=0.047) and bloodstream infection
(P=0.024) and the proportion of patients with >21 days of hospitalization (P<0.001), on >4 types of
antibiotics (P=0.003), and on restrictive tigecycline and/or polymyxin (P=0.031) were higher in the
standard chemotherapy group than in the TKIs with reduced-dose chemotherapy group. For cost analysis,
the total costs and antimicrobial costs were higher in the standard chemotherapy group than in the TKIs
with reduced-dose chemotherapy group. The 3-year overall survival rates and 3-year disease-free survival
rates were signi�cantly better in the transplant group than in the non-transplant group.

Conclusion: An induction regimen combining TKIs with reduced-dose chemotherapy and transplantation
in �rst CR remains a good option for patients with Ph+ALL.

Introduction
Philadelphia (Ph+) chromosome-positive acute lymphoblastic leukemia (Ph + ALL) is a subtype of ALL
with a poor prognosis, and its incidence increases with age, accounting for 3–5% of childhood ALL, 20–
30% of adult ALL, and even greater than 50% of elderly ALL (> 50 years) (Ottmann, 2013). Before the
advent of tyrosine kinase inhibitors (TKIs), the standard ALL chemotherapy regimens for Ph + ALL
resulted in a complete remission (CR) rate of at least 10% lower than Ph − ALL, which has a median
survival time of approximately 8 months. The use of TKIs has increased the remission rate to over 90%
for patients with Ph + ALL and has reduced the incidence of adverse events in older patients, allowing
more opportunities for allogeneic hematopoietic stem cell transplantation (allo-HSCT) and signi�cantly
prolonging remission and survival in patients who were not able to undergo transplantation (Fielding &
Zakout, 2013). Allo-HSCT is considered to be the only treatment option to achieve long-term survival after
CR; however, its 5-year overall survival (OS) rate is only approximately 50% (Hatta et al., 2018; Liu, Yang, &
Feng, 2015). The survival of patients with Ph + ALL has improved greatly, with the 5-year OS rate
increasing to 40–70% and the e�cacy of non-transplant treatment gradually approaching that of allo-
HSCT with the use of TKIs (Salami et al., 2013). Although the clinical e�cacy of TKIs combined with
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chemotherapy has been con�rmed, not all patients can tolerate chemotherapy, and high-dose
chemotherapy often results in severe myelosuppression or complications such as infection and bleeding,
leading to early death. Moreover, for patients who cannot tolerate standard chemotherapy, TKIs with low-
dose chemotherapy have shown good results. In the GRAAPH-2005 clinical trial conducted by Chalandon
et al. (Y Chalandon et al., 2015), 268 patients were randomized into two groups to receive imatinib
combined with low-dose chemotherapy (vincristine + dexamethasone, VP regimen) and imatinib
combined with hyper-CVAD chemotherapy during the induction phase, respectively. Subsequently, after
achieving �rst CR (CR1), they underwent allo-HSCT or auto-HSCT, with CR rates of 98% and 91% (P = 
0.006), complete molecular response (CMR) rates of 29% and 23% after two courses of therapy, and 5-
year OS rates of 48% and 43%, respectively, with 60% of patients in both groups undergoing allo-HSCT at
CR1. The study showed that the CR rate was not lower or even higher with TKIs combined with low-dose
chemotherapy regimens, probably due to the reduced early mortality with low-dose chemotherapy (Abou
Dalle, Jabbour, Short, & Ravandi, 2019). Researchers in the European Working Group on Adult ALL
(EWALL) have conducted clinical trials for older patients as well. In 56 patients (median age, 65 years)
who were treated with nilotinib combined with low-dose chemotherapy during the induction phase, the
outcome was observed, with a CR rate of 87% and a 2-year OS rate of 73% based on no allo-HSCT (Shen
& Zhu, 2020). This indicates that TKIs combined with low-dose chemotherapy are clinically feasible for
elderly patients unable to tolerate standard chemotherapy and transplantation. To explore more
appropriate induction chemotherapy regimens for patients with adult Ph + ALL, our study retrospectively
analyzed the clinical data of 205 patients newly diagnosed with adult Ph + ALL in our hospital between
January 2010 and December 2020. This study compared the e�cacy and pharmacoeconomics of low-
dose chemotherapy combined with TKIs and standard chemotherapy combined with TKIs during the
induction chemotherapy period and analyzed the factors affecting their prognosis to determine rational
treatment strategies and provide new ideas for prognostic strati�cation and individualized treatment of
with Ph + ALL patients.

Methods

Study design
Based on the World Health Organization (WHO) classi�cation, 205 patients aged 14–73 years with newly
diagnosed Ph + ALL were evaluated. The patients were treated at Fujian Union Hospital of Hematology,
China, between January 2010 and December 2020. Patients with known severe cardiac, pulmonary,
hepatic, or renal dysfunction; non-primary patients; patients who abandoned treatment after diagnosis;
and pregnant patients were excluded from this study. This study was approved by the ethics review board
of the Fujian Medical University Union Hospital. Depending on induction chemotherapy, patients were
divided into the TKIs with reduced-dose chemotherapy group (VP, VIP, VDP) and the TKIs with standard
chemotherapy group (VICLP, VDCLP, VICP, VDCP, hyper-CVAD). In further treatment, patients were divided
into the transplant group and non-transplant group.

Diagnosis
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ALL was diagnosed according to the 2016 WHO criteria (Bene et al., 1998; Bene et al., 1995; Haferlach,
Bacher, Kern, Schnittger, & Haferlach, 2007), using karyotyping, �uorescence in situ hybridization, and
real-time quantitative polymerase chain reaction-based detection of BCR-ABL1 fusion transcripts. CR was
de�ned as absence of primitive cells in peripheral blood, absence of extramedullary leukemia, leukemia
cells < 5% in the bone marrow, and neutrophil count > 1.0×10^9/L and platelet count > 100×10^9/L. Early
death was de�ned as death during the induction treatment. Relapse was de�ned as > 5% of leukemia
cells in peripheral blood or bone marrow in patients who have achieved CR or experienced extramedullary
disease. OS is de�ned as the time from the date of diagnosis to the date of death or �nal follow-up date.
Disease-free survival (DFS) was measured from the date of complete remission to the date of disease
relapse, death, or �nal follow-up date.

Chemotherapy
Chemotherapy regimen was based on the Expert Consensus on the Diagnosis and Treatment of Adult
ALL guidelines in China ("[Chinese guidelines for diagnosis and treatment of acute lymphoblastic
leukemia(2016)]," 2016). Chemotherapy medications used in induction therapy included vincristine or
vincristine, anthracyclines/anthraquinones, and glucocorticoid-based regimens (VDP) combined with
cyclophosphamide (CTX) and L-asparaginase (L-ASP) or pegaspargase comprising VDCLP regimen or
hyper-CVAD regimen, a regimen comprising cyclophosphamide, vincristine, doxorubicin, and
dexamethasone. After establishing the diagnosis of Ph/BCR-ABL-positive ALL, patients received the Ph + 
ALL treatment without L-ASP.

Tyrosine kinase inhibitors (TKIs)
All patients were treated with a combination of TKIs in induction chemotherapy: imatinib (400–600
mg/d), dasatinib (100–140 mg/d), and nilotinib (400–800 mg/d) in 156, 47, and 2 patients, respectively.
These treatment regimens were discontinued when neutrophil counts were < 0.2×10^9/L and resumed
when neutrophil counts were > 0.2×10^9/L during induction, consolidation, and maintenance treatment.

Transplantation
Of the 55 patients who underwent allo-HSCT, 18 had cord blood HSCT, 7 had cord blood combined with
related allo-HSCT, 28 had related allo-HSCT, and 2 had unrelated allo-HSCT. The remaining patients were
unable to undergo HSCT due to insu�cient matching HSCT donors or personal reasons.

Statistical analyses
All statistical analyses were performed using the Statistical Package for the Social Sciences version 26.0
software. Normally and non-normally distributed data are expressed as mean ± standard deviation and
median (range), respectively. The survival curves were estimated using the Kaplan-Meier method, and the
survival curves of each group were compared using the log-rank test. Factors associated with DFS and
OS were investigated using a Cox proportional risk model. Hazard ratios were obtained with the 95%
con�dence interval. P < 0.05 was considered statistically signi�cant for every test.
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Results
Patient characteristics

In this study, 234 patients were newly diagnosed with Ph+ALL, and 29 were excluded because they
received chemotherapy without TKIs. Therefore, 205 patients with Ph+ALL were included from January
2010 to December 2020. Patient characteristics are shown in Table 1.

Response to TKIs with reduced-dose chemotherapy versus TKIs with standard chemotherapy

Complete remission rate and early mortality
In the TKIs with reduced-dose chemotherapy group, in induction chemotherapy, 55 of the 62 (88.7%)
patients achieved CR, whereas 7 of the 62 (11.3%) patients did not achieve CR. Moreover, in the TKIs with
standard chemotherapy group, in induction chemotherapy, 120 of the 143 (83.9%) patients achieved CR,
whereas 23 of the 143 (16.1%) patients did not achieve CR. The CR rate in the two groups had no
statistically signi�cant difference (P=0.372). Furthermore, early deaths were observed in 2 of the 62
(3.2%) patients in the TKIs with reduced-dose chemotherapy group and 5 in the 143 (3.5%) patients in the
TKIs with standard chemotherapy group. The difference between the two groups was not statistically
signi�cant (P=0.922).

Complications
According to the statistical results, the TKIs with reduced-dose chemotherapy group reduced the
incidence of pulmonary infection and bloodstream infection (P=0.047 and 0.024, respectively) (Table 2).

Number of hospital days and inpatient costs in induction
chemotherapy
The mean numbers of hospital days in the TKIs with reduced-dose chemotherapy group and the TKIs
with standard chemotherapy group were 23±7 days and 27±8 days, respectively. According to the data,
52.4% (33/62 patients) of patients in the TKIs with reduced-dose chemotherapy group were hospitalized
for >21 days, whereas 80.4% (115/143 cases) of patients in the TKIs with standard chemotherapy group
were hospitalized for >21 days. The result between the two groups was statistically signi�cant (P<0.001).
The total costs in the TKIs with reduced-dose chemotherapy group and the TKIs with standard
chemotherapy group were (¥) 51,185±3586 and 73,309±3610, respectively, with a statistically signi�cant
difference (P=0.026) (Table 3).

Antibiotic use in induction chemotherapy
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In the present study, the type and intensity of antibiotics used to control infections during the patients’
hospitalization were recorded. The results showed that 22.6% (14/62 patients) and 44.8% (64/143
patients) of patients in the TKIs with reduced-dose chemotherapy group and the TKIs with standard
chemotherapy group received >4 antibiotics to control infection, respectively, a statistically signi�cant
difference (P=0.003). Regarding antibiotic intensity, 61.3% (38/62 patients) and 74.8% (107/143 patients)
of patients in the TKIs with reduced-dose chemotherapy group and the TKIs with standard chemotherapy
group used carbapenems, respectively, with no statistically signi�cant difference (P=0.057). The rates of
use of the restricted class of anti-positive drugs (tigecycline, vancomycin, and linezolid) were 50.0%
(31/62 patients) and 61.5% (88/143 patients) in the TKIs with reduced-dose chemotherapy group and the
TKIs with standard chemotherapy group, respectively, with no statistically signi�cant difference
(P=0.247). The rates of use of restricted tigecycline and/or polymyxin were 1.6% (1/62 patients) and
10.5% (15/143 patients) in the TKIs with reduced-dose chemotherapy group and the TKIs with standard
chemotherapy group, respectively, with a statistically signi�cant difference (P=0.031). The rates of
antifungal use were 54.8% (34/62 patients) and 62.9% (90/143 patients) in the TKIs with reduced-dose
chemotherapy group and the TKIs with standard chemotherapy group, respectively, with no statistically
signi�cant difference (P=0.309) (Table 4).

Survival outcomes in the transplant group versus the non-transplant group

The median OS rates in the transplant group and the non-transplant group were 31 (range, 4–106) and 19
(range, 1–102) months, respectively, and the 3-year OS rates in the two groups were 53.7% and 37.5%,
respectively (P=0.022), a statistically signi�cant difference. The median DFS rates were 26 (range, 1–
105) and 12 (range, 1–83) months in the transplant and non-transplant groups, respectively, and the 3-
year DFS rates were 49.7% and 33.4% in the transplant and non-transplant groups, respectively (P=0.007),
a statistically signi�cant difference (Figure 1).

Prognostic factors

A multivariate analysis of the prognostic factors of DFS and OS of the enrolled patients with Ph+ALL
using Cox regression (Table 5) showed that age, white blood cell (WBC) count, and CR in induction
chemotherapy had a signi�cant effect on OS and DFS.

Discussion
Ph + ALL is the most common group of cytogenetic abnormalities in adult ALL and is a subtype with a
poor prognosis. In the pre-TKI era, conventional chemotherapy regimens were used to treat adults with Ph 
+ ALL with a long-term survival rate of only 10% (Leoni & Biondi, 2015), characterized by low CR, short
duration of remission, low long-term survival rates, and high relapse rates. Using TKIs, the treatment
pattern, e�cacy, and prognosis of patients with adult Ph + ALL have changed dramatically, with CR rates
of over 90% and OS rates of 40–60%, signi�cantly improving the disease outcome and prognosis
(Fielding & Zakout, 2013).
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In this study, univariate and multivariate analyses of disease data at presentation in the 205 patients with
Ph + ALL showed that WBC count, age, and CR in induction chemotherapy were independent prognostic
factors affecting OS and DFS, a result consistent with that reported by Fielding et al. (Fielding et al.,
2009) in 2009, suggesting higher WBC count and older age were associated with worse prognosis.

One of the reasons for the poor prognosis of patients with Ph + ALL is the low rate of induction remission.
In the era of TKIs, TKIs combined with chemotherapy has become the �rst-line induction chemotherapy
regimen for patients newly diagnosed with Ph + ALL, improving the CR rate and OS and DFS rates while
reducing treatment-related mortality (Fielding, 2010; Fielding et al., 2014). Additionally, this has led to the
consideration of chemotherapy regimens and whether high-intensity chemotherapy is still needed for
induction remission with potent targeted agents, especially in elderly patients, where complications such
as severe myelosuppression or infection caused by high-intensity chemotherapy often cause interruption
of chemotherapy or early death in some patients. Hence, several international clinical studies of TKIs with
reduced-dose chemotherapy have been conducted. The EWALL studied the clinical e�cacy of dasatinib
combined with low-dose chemotherapy, enrolling 71 elderly patients with a median age of 69 (55–83)
years and with CR rate, CMR rate, and MMR rates of 96%, 24%, and 65%, respectively. Moreover, only 10%
of patients underwent allo-HSCT, with 5-year RFS and OS rates of 28% and 36%, respectively (Rousselot
et al., 2016). In the European study by Foà et al., dasatinib (70 mg twice daily) was used combined with
prednisone (10–60 mg/m2) for 84 days. In this trial, 53 patients were enrolled, with a median age of 54
(24–76) years and CR, MMR, CMR, and OR rates of 93%, 52%, 15%, and 69% at 20 months, respectively
(Foà et al., 2011). Similar results were obtained in another clinical trial with a CR rate of 96% and a 3-year
OS rate of 59.1% in 49 patients (Chiaretti et al., 2016). In addition to dasatinib, the clinical e�cacy of
ponatinib with glucocorticoids has been studied. In the GIMEMA LAL 1811 clinical trial, 42 patients
(median age, 68 years) had CR, CMR, and 1-year OS rates of 95%, 46%, and nearly 87%, respectively, after
using ponatinib with glucocorticoids (Martinelli et al., 2017). The above study showed that reducing the
intensity of chemotherapy did not reduce the remission rate or survival time of patients. Rather, the
reduced intensity of chemotherapy allowed patients to achieve high CR while signi�cantly reducing the
toxic side effects of chemotherapy and reducing the associated mortality. In this study, patients were
divided into the TKIs with reduced-dose chemotherapy group (62 patients) and the TKIs with standard
chemotherapy group (143 patients) based on the induction chemotherapy, with CR rates (88.7% vs 83.9%,
P = 0.372) and early mortality (3.2% vs 3.5%, P = 0.922) in both groups not statistically signi�cant. Thus, it
was observed that the induction chemotherapy of TKIs combined with low-dose chemotherapy had a
high CR and an early mortality rate of < 5%. However, the present study was a retrospective analysis, and
the induction regimen was not standardized. Therefore, strategies on how to optimize post-remission
outcomes for patients who cannot tolerate strong chemotherapy need to be determined in the future.

Ph + ALL is a hematological malignancy and a chronic disease that requires repeated hospitalization,
resulting in high hospitalization costs and seriously threatening individuals’ quality of life. A cost
statistics shows that the mean total costs of childhood ALL were between $115,858 and $163,350 per
patient. The important drivers of overall costs were hospital admissions (57%) and medication (11–17%)
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(van Litsenburg, Uyl-de Groot, Raat, Kaspers, & Gemke, 2011). The �nancial burden of high costs is one of
the most signi�cant factors affecting patient compliance and has a direct impact on patients’ willingness
to be treated. Therefore, paying attention to the possible strategies on how to control hospitalization cost
is considered bene�cial. A number of international studies have estimated the hospitalization costs of
patients with leukemia (DiNo�a et al., 2018; Kaul et al., 2016; Tong et al., 2013). The results show that the
number of days of hospitalization directly affects their hospitalization costs and treatment outcomes,
with a positive correlation between the two. A retrospective analysis of the direct economic losses of 362
patients with acute leukemia by national researchers ( , , , , & , 2015) has shown that the
average total hospitalization cost was 34394 yuan for patients in the infected group and 14049 yuan for
patients in the non-infected group, and the average hospitalization days was longer in the infected group
(P < 0.05). It was concluded that the occurrence of hospital infection increased the economic burden of
patients. In this study, we investigated the number of hospital days, hospital costs, type of infection, and
antibiotic use in 205 patients with Ph + ALL at our hospital. It was observed that in the low-intensity
chemotherapy group, due to the reduced intensity of chemotherapy, the degree of suppression of the
bone marrow by chemotherapy drugs is reduced and that the duration of bone marrow suppression after
chemotherapy is shortened, thus reducing the severity of hospital infections in patients, as evidenced by
the reduction of serious infections and the use of fewer types and lower intensity of antibiotics, thus
shortening the number of hospital days and controlling the cost of antibiotic drugs and total costs.
Currently, there is a paucity of the literature on the comprehensive cost analysis of acute leukemia
treatment. Most of the available literature examine the cost-effectiveness of treatment methods; however,
few of it analyze the impact of �nancial burden on patient survival.

Patients with Ph + ALL are mostly older, have high WBC count, are at risk of central nervous system
involvement, and are more likely to relapse with chemotherapy alone (Faiz, Iqbal, & Qureshi, 2015).
Therefore, allo-HSCT is recommended for patients with Ph + ALL who have achieved CR when possible.
Although the advent of TKIs has changed the management of patients with Ph + ALL, chemotherapy
combined with TKIs has been widely used to treat patients with Ph + ALL, improving the CR and long-term
survival time and reducing the risk of relapse (Malagola, Papayannidis, & Baccarani, 2016), bringing into
question the status of allo-HSCT in the treatment of Ph + ALL. However, several national and international
studies still demonstrate the survival bene�t of allo-HSCT compared to combination chemotherapy in
both the pre- and post-TKIs eras. The clinical signi�cance of allo-HSCT was con�rmed by the
international randomized study GRAAPH-2005, which showed that among patients treated with imatinib
in combination with chemotherapy (median age, 47 years), allogeneic transplantation in �rst remission
prolongs RFS and OS (Y. Chalandon et al., 2015). Moreover, RFS and OS were shown to bene�t allogeneic
transplantation patients compared to those receiving vincristine and prednisone combined with dasatinib
in a multicenter study in the USA (F. et al., 2016). In an analysis of 145 patients (median age, 37; range,
14–65 years) with Ph + ALL at the Peking University People’s Hospital treated with imatinib in
combination with chemotherapy during the induction phase, 57.9% (77) of patients underwent allo-HSCT
after remission, and the 4-year cumulative relapse, DFS, and OS rates in the transplant groups were
29.4%, 60.9%, and 69.2%, respectively, a signi�cant advantage over the non-transplant group, especially in
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those with persistent MRD level (Wang et al., 2018). Our study compared the survival of transplanted and
non-transplanted patients during treatment and showed that OS and DFS were signi�cantly better in the
transplant group than those in the non-transplant group, further suggesting that allo-HSCT can
signi�cantly improve long-term survival and prognosis in adults with Ph + ALL.

This study had a few limitations. According to MD Anderson et al. (Y Chalandon et al., 2015; Ravandi et
al., 2013; Ravandi et al., 2015), more potent TKIs, for example, nilotinib and ponatinib, used as frontline
therapy in combination with chemotherapy to reduce minimal residual disease signi�cantly prolong
patient survival. However, considering the small sample size in our study, the roles of second- and third-
generation TKIs in combination chemotherapy were not analyzed in this study. Moreover, in this study, the
median age of patients in the transplant group was younger than that in the non-transplant group, and
the non-transplant group included more patients with advanced disease, such as those with poor
systemic status or refractory relapses, who were often lost to transplantation, which may have masked
the e�cacy of some TKIs combined with chemotherapy regimens.

In summary, WBC count, age, and CR in induction chemotherapy are independent prognostic factors
affecting OS and DFS in patients with Ph + ALL. Furthermore, this study suggests that TKIs combined
with reduced-dose chemotherapy is a practical option for patients with Ph + ALL because it reduces
chemotherapy-related adverse effects, lowers hospital costs, reduces patients’ �nancial burden, and
improves patient compliance without reducing CR rate and long-term survival. Moreover, the study
showed that SCT in CR1 remains a good option for patients with Ph + ALL. These �ndings need to be
further validated by multicenter, prospective clinical studies with larger sample sizes. Additionally, the
treatment of Ph + ALL continues to face serious problems of disease relapse and drug resistance, and
further studies of novel biologic agents and antileukemic regimens such as immunotherapy will improve
the outcome and prognosis of patients with Ph + ALL.
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Tables
Table 1. Patient characteristics
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Group Standard
chemotherapy
group

Reduced-dose
chemotherapy
group

P Transplant
group

Non-
transplant
group

P

N=143 N=62   N=55 N=143  

Gender [cases (%)]     0.176     0.307

    Male 77 53.8 27 43.5   31 56.4 69 48.3  

    Female 66 46.2 35 56.5   24 43.6 74 51.7  

Age(years) mean
(range)

39(14-73) 41 14-73 0.467 31 14-59 42 14-73 <0.001

WBC count
×10^9/L

89.93 1.5-
504.64

78.17 1.1-
974.82

0.515 77.86
1.10-

470.84

89.48
1.50-

974.82

0.552

HB (g/L) 91 32-160 90 43-161 0.921 87 32-
160

91 38-
161

0.335

PLT count
×10^9/L

59 1-356 52 3-329 0.525 58 4-248 57 1-356 0.937

Immunophenotype

[cases (%)]

    0.315     0.019

  B lymphatic 106 74.1 50 80.6   35 63.6 114 79.7  

B lymphatic with
myeloid
expression

37 25.9 12 19.4   20 36.4 29 20.3  

Chromosome type

[cases (%)]

    0.208     0.888

  Ph+ only 40 28.0 12 19.4   12 21.8 39 27.3  

  Ph+ plus
additional
changes

30 21.0 21 33.9   14 25.5 35 24.5  

  Normal karyotype 44 30.8 19 30.6   18 32.7 43 30.1  

  Unknown 29 20.2 10 16.1   11 20.0 26 18.2  

BCR-ABL type

[cases (%)]

    0.244     0.675

  P190 59 41.3 24 38.7   21 38.2 58 40.6  

     P210 31 21.7 20 32.3   16 29.1 33 23.1  

 Unknown 53 37.0 18 29.0  18 32.7 52 36.4  
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Table 2. Adverse events in induction chemotherapy

Group Standard chemotherapy
group

Reduced-dose chemotherapy
group

P

N=143 N=62  

Complications

[cases (%)]

     

Pulmonary infection 99 69.2 34 54.8 0.047

Bloodstream infection 42 29.4 9 14.5 0.024

Intestinal and perianal
infection

21(14.7) 12 19.4 0.403

Oral infection 49 34.3 15 24.2 0.276

Other infections 34 23.8 16 25.8 0.756

Super�cial bleeding 40 28.0 11 17.7 0.120

Visceral bleeding 18 12.6 4 6.5 0.192

Liver function impairment 33 23.1 9 14.5 0.163

 

Table 3. Number of hospital days and hospitalization costs of patients with Philadelphia (Ph+)
chromosome-positive acute lymphoblastic leukemia

Group Standard chemotherapy
group

Reduced-dose chemotherapy
group

P

N=143 N=62  

hospital days(mean) 27±8 23±7 <0.001

>21 days of
hospitalization

80.4% (115/143) 52.4% (33/62) <0.001

Total cost (¥) 73309±3610 51185±3586 0.026

Antimicrobial cost (¥) 23215±2053 15019±1872 0.019

Blood products cost (¥) 7193±443 5901±705 0.122

Examination cost (¥) 12971±1254 9969±501 0.143
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    Table 4. Antibiotic use in induction chemotherapy

Group

[cases (%)]

Standard
chemotherapy
group

Reduced-dose
chemotherapy group

P

N=143 N=62  

Use >4 antibiotics 64 44.8 14 22.6 0.003

Carbapenems 107 74.8 38 61.3 0.057

Restricted anti-positive drugs (tigecycline,
vancomycin, linezolid)

42 29.4 9 14.5 0.024

Restricted tigecycline and/or polymyxin 15(10.5) 1 1.6 0.031

Antifungal 90 62.9 34 54.8 0.309

 

Table 5. Multivariate analysis of overall survival and disease-free survival

    OS     DFS  

Variables HR 95%CI P HR 95%CI P

Age 1.027 1.012-1.043 <0.001 1.027 1.010-1.043 0.001

WBC count 1.003 1.001-1.005 0.003 1.004 1.002-1.006 0.001

CR in induction 2.223 1.387-3.563 0.001 2.245 1.310-3.846 0.003

Figures
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Figure 1

Survival outcomes (A) Overall survival; (B) Disease-free survival


