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Objective: To analyse the clinical features and survival of patients with refractory/relapsed acute myeloid
leukemia (AML) in our center, thus, to find out whether there is a trend of improvement in the survival of
these patients in the past years and to search for prognostic factors which are associated with patients’
survival.

Method: A total of 45 patients with refractory/relapsed AML were retrospectively reviewed. Clinical data,
including gender, age, FAB classification of AML, performance status (PS), cytogenetic and molecular
abnormities, complete remission (CR) duration, choices of treatment (whether to undergo hematopoietic
stem cell transplantation) before and after relapse. The Kaplan-Meier method and the Log-rank test were
conducted to determine the influence of those above factors on the patients” survival.

Results: The mean survival time of the 45 patients with refractory/relapsed AML was (36.25+8.40) months
and the median follow up was (9+2.58) months. The one-year and two-years overall survival (OS) rate was
(40.6+7.5) % and (23.7+7.0) %, respectively. Univariate analysis results demonstrated that age (p<0.05)
and undergoing hematopoietic stem cell transplantation (HSCT) after relapse (p<0.01) were significantly
related to OS in these patients.

Conclusion: Age and whether to undergo HSCT after relapse are the key factors for the survival of patients
with refractory/relapsed AML in our center. HSCT is still an effective salvage therapy for patients with
refractory/relapsed AML. Our findings highlight the divergent outcomes of these patients and provide
evidence to support the importance of timely HSCT after relapse, which is beneficial for clinicians to make
clinical decisions in the future.

© 2020 Bao-An Chen. Hosting by Science Repository.

Introduction

that lead to the failure of AML treatment. In the past few decades, the
five-year overall survival (OS) rate of patients with refractory relapsed
AML has been remained 10%. Allogenic-hematopoietic stem cell

Acute myeloid leukemia (AML) is a heterogeneous disease derived from
the malignant clone of the hematopoietic stem cell. With the
advancement of treatment methods, such as the clinical application of
hematopoietic stem cell transplantation and molecular targeted drugs,
appropriate progress has been made in the outcomes of AML patients;
around 20% of these patients could be cured [1, 2]. However, around
20% of AML patients suffer from primary induction failure, about 50%-
80% of patients relapse after achieving complete remission (CR) and
approximately 50% of newly diagnosed AML patients die from the
disease every year [2-7]. Refractory and relapsed were the main factors

transplantation (allo-HSCT) is the only curable treatment method at
present, with the estimated three to five-years OS rate at 15-20% [8, 9].
Management of refractory/relapsed AML has always been one of the
great challenges for hematologists in the past few decades.

From the findings presented above, it is apparent that the overall long-
term survival rate of patients with refractory/relapsed AML is extremely
poor, despite the explorations of the treatment method. In this study, we
retrospectively analysed the patients admitted to our hospital from 2007
to 2015 with refractory/relapsed AML (except acute promyelocytic
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leukemia). Survival analysis of these patients was performed to
investigate whether there is a trend of improvement in the survival in our
center in the past years and to search for prognostic factors that are
associated with patients’ survival.

Materials and Methods
I Research Objects

We performed a retrospective research of refractory/relapsed AML
patients between January 2007 and December 2015 in Southeast
University-affiliated Zhongda Hospital. A total of 147 patients
diagnosed with AML were admitted to our center. By reviewing the
cases, cases that met the diagnostic criteria of refractory/relapsed AML
made by the Chinese Medical Association were included [10]. Relapsed
AML referred to bone marrow blasts > 0.050 after complete remission
(except for some reasons such as bone marrow reconstitution after
consolidation chemotherapy) or infiltration of extramedullary disease.
Refractory AML should meet at least one of the following criteria: a)
failure to attain CR after 2 cycles of induction chemotherapy; b) relapse
within 6 months after the first CR; c) relapse-free survival time > 6
months after the first CR and failure to attain CR by using the initial
induction chemotherapy; d) two or more times of recurrent; €)
persistence of extramedullary disease. Meanwhile, cases with severe
underlying disease were excluded. 45 patients were eventually included
in this study. Medical records of these patients are available. We got the
information about the included patients through the medical records and
telephone interviews.

Il Observation Indexes

Including the patient's gender, age, classification of AML, performance
status (PS), cytogenetic and molecular abnormities, CR duration, choices
of treatment before and after relapse.

111 Definition of Outcomes

CR: Bone marrow blasts <5%, blasts without Auer bodies, peripheral
blood neutrophils >1.5x10%L, platelets>100x10%L, peripheral blood
without leukemia cells, no extramedullary leukemia. CR with
incomplete peripheral blood count recovery (CRi): In addition to the
platelet was not recovered, the rest met the above CR standard. CR

duration: the time from when the CR was first obtained to when the
patient relapsed. Overall survival (OS) was defined as from the day when
the patient was determined to be refractory/relapsed AML to the death
or follow-up deadline, and the cases of lost follow-up as of the day of
lost follow-up, lost cases were regarded as censored data for the analysis
of survival rate. Treatment-related mortality (TRM) was defined as death
within 28 days after therapy, or after diagnosis, if the exact date of
therapy was unknown.

IV Statistical Analysis

We built the database covering the information of all the cases included.
Statistical analysis was performed by SPSS 22.0 statistical software
(SPSS Inc., Chicago, IL, USA). Clinical characteristics of the patients
with refractory/relapsed AML were analysed by descriptive statistical
methods. Survival analyses were made by using the Kaplan-Meier
method and the log-rank test was taken. P<0.05 was considered
statistically significant.

Results
| Clinical Characteristics of the Patients

Among the 45 patients included in this study, 24 (53.3%) were males. 17
(37.8%) patients were over 60 years old. The median age was 47 years
old (range: 10-87 years old). Among the patients we included, 3 of them
were diagnosed with secondary leukemia while others were with primary
leukemia, 1 with MO, 1 with M1, 26 with M2, 1 with M4, 11 with M5, 1
with M6 and 1 with M7 according to the French-American-British
(FAB) classification. 27 patients underwent cytogenetic evaluation
according to National Comprehensive Cancer Network (NCCN)
guidelines, 5 were in the favorable-risk group, 11 in the intermediate-
risk group and 11 in the poor-risk group. The karyotypes of the rest 18
patients were not available. Five patients relapsed after transplantation,
among which 2 underwent autologous hematopoietic stem cell
transplantation (ASCT), 1 underwent allogeneic (allo)-HSCT and 2
performed micro-transplantation respectively. 14 of the patients we
included treated with transplantation after relapse, 4 were ASCT, 3 were
haploidentical hematopoietic stem cell transplantation, 5 were allo-
HSCT, 1 was umbilical cord blood transplantation and 1 was micro-
transplantation (Table 1).

Table 1: Prognostic factors in patients with refractory/relapsed acute myeloid leukemia (n=45).

Parameter n Median survival time (Months) 2 year-OS(%o) Chi-square P value
Age 9.178 0.012
<60 years 28 13+4.43 36.4+0.96

>60 years 17 3+0.68 0

Gender 0.219 0.718
Male 24 8.00£3.262 18.9+1.08

Female 21 9+4.577 23.8+9.3

Performance status 2.891 0.189
0-1 25 6+3.37 38.5+10.4

2-3 20 9+2.91 7.146.5

Type of AML 3.375 0.403
Primary 42 10+2.92 49+7.9

Secondary 3 3+1.63 0
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Cytogenetic abnormality

Favorable 4 9+1.10
Intermediate 11 10+3.60
Poor 11 7+3.56
Missing 19 6+8.49
CR duration

<6 months 19 4+1.36
6-12 months 9 -
>12months 17 13+3.54
HSCT before relapse

Yes 5 7+2.18
No 40 16+8.22
HSCT after relapse

Yes 15 -

no 30 4+1.39

0.597 0.478
27.8+10.6

3.241 0.198
18.9+9.4
10.8+9.6

0.225 0.635
4.34
47+8

15.236 <0.0001
6.6+5.7
55.1+13.9

Il Survival Status

14 patients survived and 31 died or were lost to follow up among the
included patients. The median follow-up time was 9 months (range: 1-
129 months). The mean survival time was (36.25+8.40) months and the
median survival time was (9+2.58) months through the application of
Kaplan-Meier method. The 1-years OS rate was (40.6+7.5) % while the
2-years OS rate was (23.7+7.0) % (Figure 1).
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Figure 1: Overall survival curve of patients with refractory/relapsed
AML.

111 Analysis of the Prognostic Factors That May Affect Survival

Survival analyses were made by the method of Kaplan-Meier. Among
the patients who were less than 60 years old, the mean survival time was
(52.28+11.52) months, the median survival time was (13.00+4.43)
months and the 2-years OS rate was (36.4+9.6) %. However, the mean
survival time of patients over 60 years old was (6.65+1.79) months, the
median survival time was (3.00+6.76) months and the 2-years OS rate of
0%. Among the 14 patients who underwent transplantation, the mean
survival time was (77.36+15.90) months and the 2-years OS rate was
(55.1+13.9) %, while the mean survival time of the 31 patients who did
not perform transplantation was (8.83+2.31) months, the median
survival time was (4.00£1.39) months and the 2-years OS rate was
(30.618.6) %. We took the Log-rank test for these two factors, p-value
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was less than 0.05, so we considered the difference was statistically
significant (Table 1, Figures 2 & 3). In addition to the above factors, we
also analysed the gender, performance status, types of leukemia,
cytogenetic abnormalities, CR duration and whether relapsed after
transplantation, but none of them were significant (Figure 4).
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Figure 2: Kaplan-Meier survival curve based on age.
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Figure 3: Kaplan-Meier survival curve based on treatment choice after
relapse.
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Figure 4: Kaplan-Meier survival curve based on other factors. A) Kaplan-Meier survival curve based on gender. B) Kaplan-Meier survival curve based on
performance status. C) Kaplan-Meier survival curve based on type of AML. D) Kaplan-Meier survival curve based on cytogenetic abnormality. E) Kaplan-
Meier survival curve based on CR duration. F) Kaplan-Meier survival curve based on treatment before relapse.
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Discussion

In the past several decades, although important but modest progress has
been made in the treatment of AML with the remarkable advancement
of molecular pathogenesis, the mortality of AML is still around 50%
every year in the US [11, 12]. Poor prognosis is mostly related to the
multidrug resistance of the leukemia cell in patients with
refractory/relapsed AML. When AML patients are diagnosed with
refractory/relapsed AML, the estimated long-term survival rate is only
about 10% [13, 14]. There is no consensus on the treatment of
refractory/relapsed AML up to date; thus, the management of these
patients is still a huge challenge for hematologists. Our study
retrospectively reviewed the refractory/relapsed AML patients (except
acute promyelocytic leukemia) in the past years, aiming at a better
understanding of the prognostic factors of these patients.

Previous large, multicenter cohort coordinated by ECOG-ACRIN
Cancer Research Group (ECOG-ACRIN) examined 3012 patients with
AML during 1984-2008 revealing very-poor long-term survival for
relapsed AML patients. The median OS was 0.5 years and the 5-year OS
was 10(+1) %. Their study demonstrated that no improvement had been
made on the prognosis of refractory/relapsed AML patients during the
past few decades [15]. Our research analysed 45 patients with
refractory/relapsed AML retrospectively in our center in the past few
years, the median survival time was (9+2.58) months and the 2-years OS
rate was (23.74£7.0) %. Although we only conducted a single-center,
small sample research but these results were quite similar to ECOG-
ACRIN, not much progress has been witnessed in the survival of these
patients in the past years. Actually, Dewolf and Tallman summarized
lately that the 5-year OS for adult relapsed AML patients (except acute
promyelocytic leukemia) remained 10% in either traditional studies with
long term follow up or in more contemporary studies included molecular
genetics and targeted treatment [11, 15-19].

Table 2: Prognostic scoring systems for patients with refractory/
relapsed AML: GOELAMS score [20].

Factor Points
CR1 duration
>12monats 0
<12monats (refractory/early relapse) 1
FLT3-1TD status
Negative 0
Positive 1
Cytogenetics
Favorable/intermediate 0
High risk 1

Prognostic groups: good (0 points; OS 58%, event-free survival [EFS]
45% at 2 years); intermediate (1 point; OS 37%, EFS 31% at 2 years);
poor (2-3 points; OS 12%, EFS 12% at 2 years).

Several factors can affect the survival time of refractory/relapsed AML
patients. Chevallier et al. published a prognostic scoring system on
refractory/relapsed AML patients in 2011, based on the first CR
duration, FLT3-ITD mutation and cytogenetic changes [20]. This
scoring system classified the refractory/relapsed AML patients into three
groups, the good, intermediate and poor prognosis group. The 2-years
OS rate of the good prognosis group could reach 58% and the
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intermediate group was 37%, while the poor group dropped sharply to
only 12% (Table 2). Age has always been a factor for AML patients
based on references. The CR rate of AML in elderly patients was about
50% and the median survival time was about 5-6 months [21]. Many
reasons may attribute to poor prognosis in the elderly, such as
comparably poor physical condition, other accompanied disease and
poor tolerance to traditional chemotherapy. Our research discussed the
relationship between age and survival of the patients with
refractory/relapsed AML. The mean survival time, median survival time
and the 2-years OS rate of patients less than 60-years old were all higher
than the group of patients who were over 60 years, the p-value showed
these differences were all significant. It could be demonstrated that age
plays an important role in these patients’ prognosis.

Nowadays, there are no standard treatments for patients with
refractory/relapsed AML. The main therapeutic principles currently
include: a) combined chemotherapy by using new and no cross-
resistance drugs. b) chemotherapy composed of high dose cytarabine. c)
HSCT. d) the use of resistance reversal agents. e) New targeted drug and
biological therapy [10]. Among these, allo-HSCT is the only curative
choice for these patients. Intensive chemotherapy may increase the
incidence of opportunistic infections, especially the fungal infections
and it could also produce cumulative toxicity of the patients. All these
factors would increase TRM and may make the patient lost the chance
of transplantation. Schmid et al. did a survival analysis of
refractory/relapsed AML patients using allo-HSCT [9]. Their group
revealed the overall 2-years event-free survival (EFS) rate was 40%. In
our center, the mean survival time of the patients underwent HSCT after
relapse was (77.36+15.90) months, and the 2-years OS rate was
approximately 55.1%. The survival rate was significantly higher than the
patients who did not undergo transplantation (p<0.01).

The OS rate of patients with refractory/relapsed AML underwent
transplantation is higher than that of reported in the literature, which may
be related to the earlier transplantation time of patients in our center after
relapse, suggesting timely HSCT after a relapse may improve the
survival of these patients. Because of the multidrug resistance in
leukemia cells, only 40-50% of patients would achieve a second CR after
relapse [15, 17]. Zhou et al. in China reported 32 refractory/relapsed
AML patients with the treatment of allo-HSCT [22]. It was demonstrated
that the 2-years disease-free survival rate of the non-remission (NR)
group and CR group were parallel (35.3% and 40% respectively,
p=0.267). Their results suggested that the outcome of patients with
refractory/relapsed AML seems unrelated to the disease status (NR or
CR) before transplantation. Even for patients who have not achieved CR,
it is still feasible to perform allo-HSCT to achieve long-term survival.

In summary, our research demonstrated that age and whether to undergo
HSCT after relapse are two key factors in determining the survival of
patients with refractory/relapsed AML in our center. It appears that the
OS rate of these patients, unfortunately, continued to be frustrating and
did not improve much over the past years. Allo-HSCT is still the only
effective option presently with curative potential for these patients. Our
findings highlight the divergent outcomes of refractory/relapsed AML
patients and provide evidence to support the importance of timely HSCT
after relapse. These results are beneficial to establish a new risk
stratification based on the risk factors for treatment selection. However,
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the management of the patients with refractory/relapsed AML is still a
big challenge for hematologists, and large, multicenter study is urgently
needed to be conducted in the future.
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