'.) Check for updates

European Journal of Haematology

European Journal of

Haematology

| oRIGINAL ARTICLE CEIEED

Second- and Third-Line Salvage Chemotherapy Followed
by Allogeneic Stem Cell Transplantation Leads to

High Survival Rates in Primary Refractory AML—A
Population-Based Study

Markus Liew-Littorin’2 2 | Linn Deleskog-Spangberg? | Stefan Deneberg® | Judit Janosi* | Vladimir Lazarevic® @ |
Gustav Nilsson® | Aristea Papageorgiou’ | Anna Robelius® 2 | Lovisa Vennstrom® | Gunnar Juliusson® | Bertil Uggla! |
Martin Hoglund® | S6ren Lehmann3®

!Department of Medicine, Division of Hematology, Orebro University Hospital, Orebro, Sweden | 2School of Medical Sciences, Orebro University, Orebro,
Sweden | 3Karolinska University Hospital, Stockholm, Sweden | *Gévle County Hospital, Givle, Sweden | >Department of Hematology, Oncology and
Radiation Physics, Skane University Hospital, Lund, Sweden | Department of Medical Sciences, Uppsala University, Uppsala, Sweden | “Halmstad
County Hospital, Halmstad, Sweden | ®Sahlgrenska University Hospital, Gothenburg, Sweden

Correspondence: Markus Liew-Littorin (markus.liew-littorin@regionorebrolan.se)
Received: 23 April 2025 | Revised: 8 July 2025 | Accepted: 14 July 2025

Funding: The data collecting part of the study was sponsored by Amgen Inc. Data curation, statistics, and manuscript writing were done without external
funding.

Keywords: acute | leukemia | myeloid | refractory | retrospective study

ABSTRACT

Refractory acute myeloblastic leukemia (AML) is poorly studied. In this study, we characterized primary refractory AML and
investigated treatment and outcome in a population-based setting. Based on all AML patients receiving intensive induction ther-
apy at 12 Swedish hospitals from 2011 to 2018 (N=1221), we identified 306 patients that failed to achieve composite complete
remission (CRc) after first-line therapy. Two-hundred-sixteen (71%) of these patients received salvage treatment with intensive
chemotherapy (ICT), of which 126 (58%) achieved CRc and 85 (39%) underwent allogeneic stem cell transplantation (HSCT).
One- and 3-year overall survival (OS) in patients receiving salvage ICT were 56.8% and 28.9%, respectively. Secondary AML and
adverse ELN risk were associated with worse OS after salvage ICT, while fludarabine-based FAIDA versus amsacrine-based
ACE salvage and HSCT were associated with better OS. Three-year OS after first or second salvage chemotherapy, followed by
HSCT were 55% and 71%, respectively. Refractory patients responding to salvage ICT showed only a nonsignificant trend toward
inferior OS compared to patients in CRc after the first cycle. In conclusion, refractory AML patients eligible for further intensive
therapy have a reasonable chance of obtaining remission and long-term survival when followed by HSCT. The results can serve
as a basis for evaluation of new treatments in refractory AML.

1 | Introduction for patients who fail to achieve complete remission (CR) after
the first line (i.e., one or more cycles of the same regimen) of
Despite recent improvements in the treatment of acute mye- induction chemotherapy [6] and even more so after the second

loblastic leukemia (AML), including the introduction of new line [7]. However, studies of primary refractory AML patients
targeted drugs [1-5], the long-term prognosis for a majority of ~ are scarce [8, 9], and in previous works, data on patients with
AML patients remains poor. In particular, this seems to be true primary refractory and relapsed AML are presented together,
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despite the fact that the two entities represent two different clin-
ical situations and may have biologically different resistance
mechanisms [8, 10, 11]. To our knowledge, this is the largest and
the first population-based cohort that characterizes and reports
the outcome of primary refractory AML.

Since decades, the combination of cytarabine and an anthracy-
cline, most commonly the 3+ 7 schedule [12], has constituted
the standard induction chemotherapy for patients with newly
diagnosed AML. Over the past two decades, AML patients in
Sweden have been treated using a modified version of the 3+ 7
schedule, according to the national guidelines. This regimen,
named the 345 schedule, consists of intermediate-dose cytar-
abine administered over 5days, combined with the standard
3days of anthracycline [13].

The definition of refractory AML varies between studies and
includes definitions such as failure to achieve CR after two cy-
cles of intensive induction therapy (ICT) [12], failure to achieve
at least a partial remission after the first cycle or no CR after
2cycles [14], no CR after one induction cycle [6] or no CR after
the first line of induction [15]. In this study, refractory disease
was defined as the absence of composite CR (CRc) after the first
line of ICT, regardless of the number of cycles with the same
ICT regimen. Which of these definitions of refractory disease
is the most appropriate or the most clinically useful remains
unresolved.

The primary aim in this study was to determine the response
rate and long-term outcome following salvage treatment for pri-
mary refractory AML. Additionally, we compared the efficacy of
two commonly used salvage regimens: ACE and FAIDA. We also
characterized the patients, including their treatment as well as
their response to treatment, in the later stages of refractoriness.

2 | Methods

2.1 | Patient Cohort, Data Collection
and Treatment

All adults (>18years) with AML diagnosed between 2011 and
2018 at 12 hospitals (5 university hospitals and 7 regional county
hospitals) covering 65%-70% of the Swedish population were
identified from the Swedish AML Registry [16]. All patients who
received ICT but failed to achieve a composite complete remis-
sion (CRc) after the first line were identified through medical
records at the respective hospital. Patients with APL, isolated
myeloid sarcoma, or CNS-leukemia were excluded. Clinical
and laboratory data were collected from medical records, and
death dates were acquired from the Swedish population regis-
try. A control cohort consisting of all intensively treated non-
APL AML patients diagnosed between 2011 and 2018, and who
had achieved a CRc after one cycle of the first-line induction
therapy were extracted from the Swedish AML Registry. Data
were transferred to a central pseudonymized database for anal-
ysis. The study was approved by the Swedish Ethics Review
Authority (d-nr 2020-00621). Intensive induction treatment
according to the national guidelines consisted of daunorubicin
60mg/m?/day day 1-3 and cytarabine 1g/m? twice daily day
1-5. The ACE regimen included amsacrine 150mg/m? once

daily day 1-5, cytarabine 100mg/m? daily day 1-5 as continu-
ous infusion, and etoposide 110mg/m? once daily day 1-5. The
FAIDA regimen included fludarabine 30 mg/m? once daily day
1-5, cytarabine 2 g/m? once daily day 1-5, and idarubicin 10 mg/
m? once daily day 1-3.

2.2 | Definitions

Refractory AML was defined as failure to achieve a complete
remission after the first line of intensive chemotherapy (one or
more cycles of the same regimen). Available data did not per-
mit a reliable distinction between CR, CRi, and CRh [17] in all
cases, which is why composite CR (CRc) was used as the main
response definition. CRc includes CR, CRi, or CRh. MRD anal-
yses were only sporadically performed during the study period,
which is why the results are not included in this study. For sal-
vage treatment, patients were grouped according to treatment
intensity. Intensive chemotherapy (ICT) was defined as at least
one cycle of intensive combination chemotherapy (anthracycline
or amsacrine + cytarabine or high-dose cytarabine alone), non-
intensive treatment (NIT) was defined as at least one cycle with
a hypomethylating agent (HMA) or low-dose cytarabine +ad-
ditional oral agent, and best supportive care (BSC) as no treat-
ment, hydroxyurea, or thioguanine. Overall survival (OS) was
defined as the time from established refractory AML to the date
of death or last follow-up (up until the end of 2020), except in the
comparison of early versus salvage responders, where survival
was calculated from the date of CR1.

Risk stratification was conducted according to the ELN 2017 ge-
netic risk classification [17]. During the study period, the ELN
2010 [18] classification was predominantly used in clinical prac-
tice; however, during data collection, all patients were reclassi-
fied according to the ELN 2017 classification. Due to incomplete
molecular data, it was not possible to reliably classify the pa-
tients according to the ELN 2022 classification [12].

2.3 | Statistics

Data were collected using a case report form (CRF) in Microsoft
Excel (version 16.0). Statistical analyses were conducted using
the R software (version 4.3.1). Descriptive statistics were used
to describe the cohort and subgroups. t-test and Chi-square test
were used to determine p-values. Survival analyses were con-
ducted using the Kaplan-Meier method. Multivariate Cox re-
gression was used to compare treatment options, with HSCT
included as a time-dependent covariate. Two-tailed p-values
with a significance level of 0.05 were used throughout the
analyses.

3 | Results

3.1 | Characterization of Study Cohort

During the study period from 2011 to 2018, 2001 patients were
diagnosed with non-APL AML at the included 12 centers, as

identified by the Swedish AML Registry. Of these, 1221 (61%) re-
ceived intensive induction therapy. Three hundred six (25%) of the
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intensively treated patients were refractory to the first line of ther-
apy, consisting of either one or two cycles of the same ICT regimen;
these patients constitute the main study cohort (Figure 1). As this
was a population-based retrospective study, the time point of re-
mission assessment was not standardized. However, the median
time from the start of induction to established refractory disease
was 25days. Patients who died during the induction phase, that
is, before the first bone marrow evaluation (4%), were not included
as refractory. Two hundred ninety-eight (97%) of the primary re-
fractory patients had received induction therapy according to na-
tional guidelines with 3 days of daunorubicin at a dose of 60 mg/m?
once daily and 5days of cytarabine at a dose of 1g/m? twice daily.
Five patients (1.6%) received idarubicin and cytarabine according
to a clinical trial protocol, and three patients (1.0%) received ACE
treatment due to previous anthracycline treatment of a previous
malignancy. Thirty-six (12%) received two cycles of daunorubi-
cin and cytarabine before being considered refractory, while the
remaining received only one cycle. Baseline characteristics of the
306 primary refractory patients in the study cohort are shown in
Table 1. The median age was 65years, and 56 (18%) of the patients
had a secondary AML (AML with antecedent myeloid disorder or

therapy-related AML). One hundred fifty-three patients (50%) had
adverse-risk AML, according to ELN 2017, while 121 (40%) and 15
(5%) had intermediate and favorable risk, respectively.

3.2 | First Salvage Therapy—Intensive Versus
Nonintensive

Of the 306 patients who were refractory to the first line of in-
duction therapy, 216 (71%) received ICT salvage, 47 (15%) NIT
salvage (37 HMA only, 3 HMA + venetoclax, and 7 low-dose
cytarabine) and 43 (14%) BSC. Patients receiving ICT were
younger (p=<0.001), and had less often secondary AML
(p=0.02) compared to those receiving NIT. There were no sig-
nificant differences in performance status or genetic risk pro-
file between ICT and NIT patients (Table 1). CRc rates after
salvage therapy were 58% in the ICT group compared to 17%
in the NIT group. OS in the three treatment groups is shown
in Figure 2A, displaying significant differences in OS between
ICT, NIT, and BSC (p<0.001 for ICT vs. NIT and p<0.001
for NIT vs. BSC). One-year OS was 57%, 29%, and 2% for the
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FIGURE1 | Flowchart of screened patients and outcomes of the main study cohort. BSC: best supportive care; CRc: composite complete remis-

sion; Early death: death before response evaluation; HSCT: allogeneic stem cell transplantation; ICT: intensive chemotherapy; NIT: nonintensive

therapy; RD: refractory disease. *HSCT percentages based on patients receiving treatment.
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TABLE1 | Baseline characteristics and outcomes of the main cohort and subgroups of treatment choice.

Total ICT second line NIT second line BSC

Characteristic n=306 n=216 n=47 n=43
Age, years, median (range) 65 (19-84) 61 (19-81) 69 (41-82) 73 (32-84)
Sex, male, n (%) 174 (57) 120 (56) 28 (60) 26 (60)
Bone marrow blasts after first line, mean 32.2 41.4 21.7 379
percentage
ECOG >2 at start of second line, % — 28.2 38.3 —
Secondary AML2, n (%) 56 (18) 29 (13) 13 (28) 14 (33)
ELN 2017 risk group®, n (%)

Favorable 15(5) 13 (6) 1(2) 1(2)

Intermediate 121 (42) 92 (44) 18 (41) 11 (29)

Adverse 153 (53) 102 (49) 25 (57) 26 (68)
CRec after salvage treatment, n (%) 126 (58) 8(17)
1-year survival from refractory disease, % (95% CI) 45.0 (40-51) 56.8 (51-64) 28.9 (18-46) 2.33(0-16)
3-year survival from refractory disease, % (95% CI) 22.7 (18-28) 31.4 (26-38) 0 0
Early death (within 45days from treatment start), 20 (9) 7 (15)
n (%)
HSCT after second line, n (%) 89 (41) 3(6) 0
HSCT after third line or later, n 22 0 0

Abbreviations: BSC: best supportive care; CRc: composite complete remission; ECOG: Eastern Cooperative Oncology Group; ELN: European Leukemia Net; HSCT:
allogeneic stem cell transplantation; ICT: intensive chemotherapy; NIT: nonintensive therapy.

aSecondary AML includes therapy-related AML and AML after myelodysplastic syndrome and myeloproliferative neoplasms.

bPercentages are based on classifiable patients. In total, 17/306 patients were not able to be classified due to missing genetic data.

groups receiving ICT, NIT, and BSC, respectively, whereas 3-
year OS was 31%, 0%, and 0%. The rate of HSCT was 41% in the
ICT group and 6% in the NIT group after first salvage therapy,
with an additional 10% in the ICT group receiving a transplant
after additional lines of therapy. Median time to transplant
after first salvage was 133 days, which was used as a land-
mark in the landmark analysis shown in Figure 2B. Patients
who received intensive salvage therapy and were transplanted
had a 3-year survival of 57%, while patients who received ICT
without transplantation did very poorly, showing no long-
term survival and an OS similar to NIT patients. Multivariate
Cox regressions were performed for ICT and NIT combined
and ICT patients alone (Figure 3). Salvage treatment modality
(ICT vs. NIT) did not influence OS in the multivariable anal-
ysis, whereas adverse genetic risk according to ELN 2017 and
secondary AML were associated with significantly worse OS
and HSCT with better OS. In addition, FAIDA salvage ther-
apy was associated with a significantly better OS compared to
ACE, whereas ECOG >2 was a significant negative factor for
OS in the analysis with both ICT and NIT patients.

3.3 | Intensive Salvage Therapy—FAIDA
Versus ACE

Of the 216 patients who received ICT as salvage, 141 (65%) re-
ceived ACE, 65 (30%) FAIDA, and 10 (5%) another ICT regimen.

Patients who received FAIDA were younger than those in the
ACE group, but the two groups had a similar distribution of
ELN 2017 genetic risk groups, rate of secondary AML, per-
formance status, and proportion of bone marrow blasts prior
to the start of salvage therapy (Table S1). The FAIDA group
had a higher rate of CRc (70.7% vs. 52.4%, p=0.02) and a bet-
ter 3-year survival (43.2% vs. 27.5%, p=0.01) compared to the
ACE group. Survival in the two treatment groups is shown
in Figure 2C. In a multivariate analysis, patients receiving
FAIDA had a significantly better outcome compared to those
treated with ACE, with an HR of 0.58 (0.38-0.88, p=0.01)
(multivariate analysis included secondary AML, HSCT (as
time-dependent covariate), age, performance status, and ge-
netic risk) (Figure 3).

3.4 | Outcome of Early Responders Versus
Responders to Salvage Therapy

To compare characteristics and outcomes of primary re-
fractory patients that achieved CRc after salvage therapy to
those of early responders, 848 newly diagnosed AML patients
treated with intensive induction chemotherapy between 2011
and 2018 and achieving CRc after one cycle of first-line ther-
apy (early responders) were extracted from the Swedish AML
registry. Patients who achieved CRc after the first cycle were
older than those who achieved CRc after the first salvage
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FIGURE 2 | Overall survival according to treatment choice in first
salvage. Panel (A) shows survival in intensively treated (ICT), nonin-
tensively treated (NIT) and patients with best supportive care (BSC), (B)
ICT and NIT patients with and without hematopoietic stem cell trans-
plantation (HSCT) from landmark 133 days from refractory disease, and
(C) ICT patient treated with either ACE or FAIDA regimens.

therapy (salvage responders) (p=0.002) (Table 2), likely due
to the selection of patients who received salvage therapy. Early
responders had a more favorable ELN 2017 risk profile with

more frequent favorable-risk and less frequent high-risk dis-
ease (p<0.001), while patients in CRc after the second line
of therapy were transplanted at a significantly higher rate
(p <0.001).

Characteristics and outcomes of early responders compared
to salvage responders are shown in Table 2 and Figure 4A-D.
One and three-year survival post-CRc was significantly bet-
ter in early versus salvage responders with 73.8 versus 66.5
and 52.0 versus 40.0%, respectively (p=0.02, Figure 4A).
However, this difference disappeared when ELN favorable-
risk patients were excluded (Figure 4B). When analyzing
transplanted and nontransplanted patients separately, there
was a significant difference in favor of early responders in both
patient groups (p =0.006, Figure 4C and p <0.001, Figure 4D,
respectively).

In a multivariate analysis, adjusting for risk groups, age, and
HSCT rate (time-dependent covariate), comparing early re-
sponders to salvage responders, there was a trend, while not
statistically significant, in survival favoring the early respond-
ers (HR 1.29, 95% CI [0.99-1.68], p=0.06), which contrasts
with the general clinical perception of a clear difference in
outcome between a patient that responds to the first cycle of
intensive treatment compared to those that need a second line
to achieve CRe.

3.5 | Second Salvage Therapy

Out of the 216 patients receiving intensive salvage therapy,
126 (58%) achieved CRc, 8 (4%) died before evaluation, and
82 (38%) had refractory disease (RD2) as defined by lack of at
least CRc after salvage therapy (Figure 1). Thirty-one (38%)
of the patients who were refractory to the first ICT salvage
therapy received a third line of ICT, in most cases either
ACE or FAIDA, depending on what regimen the patient re-
ceived as first salvage (third line: 5 ACE, 21 FAIDA, and 5
mitoxantrone-based regimens). Twenty-six (32%) of the RD2
patients received NIT (2 with venetoclax), and the remaining
21 (26%) patients received BSC. Patients receiving ICT were
younger compared to those receiving NIT (52 vs. 66.5years,
p<0.02), but they had comparable performance status and
the same risk group distribution (Table S2). Notably, the CRc
rate after the second salvage therapy was 42% for ICT patients
compared to 15% for NIT patients. Among patients receiving
ACE, 2 out of 5 achieved CRc; in the FAIDA group, 11 out
of 21 achieved CRc; while none of the 5 patients treated with
mitoxantrone-based regimens achieved CRc.

While the CRc rate was significantly higher in the ICT group
(p=0.02), 1-year survival of patients of ICT versus NIT did
not differ (52% vs. 50%, respectively, p=0.81). However, the
ICT group had a significantly better 3-year survival rate of
35% compared to 4% in the NIT group (p =0.003), despite the
fact that the transplantation rate was not different between
ICT and NIT patients (45% vs. 35%, p=0.5). This may be ex-
plained by the fact that, among transplanted patients, ICT
patients had a better survival compared to NIT patients (HR
3.73 p=0.02), with 3-year survival of transplanted patients
as high as 71% (Figure S1). Similar to patients after the first
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ICT and NIT patients

Variables HR
NIT vs ICT 1.38
Age 260 years vs <60 years 1.15
Secondary AML 2.01
ELN2017 Adverse vs Intermediate 1.83

ELN2017 Favourable vs Intermediate 0.73

Male sex 1.21
ECOG 22 1.35
HSCT 0.33
B

ICT patients

Variables HR
FAIDA vs ACE 0.58
Age 260 years vs <60 years 1.17
Secondary AML 217
ELN2017 Adverse vs Intermediate 1.78

ELN2017 Favourable vs Intermediate 0.63

Male sex 1.17
ECOG 22 1.28
HSCT 0.32
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FIGURE3 | Forest plots for intensively treated (ICT) and nonintensively treated (NIT) patients together (above) and for ICT patients alone (below)

showing HR values with 95% CI for variables impacting on overall survival after salvage therapy. ACE: amsacrine, cytarabine, etoposide; ECOG:

Eastern Cooperative Oncology Group; ELN: European Leukemia Net; FAIDA: fludarabine, idarubicin, cytarabine; HSCT: allogeneic stem cell trans-
plantation. *With age included as a continuous variable the HR per year was 1.00 (0.99-1.01) for ICT and 1.00 (0.99-1.02) for ICT + NIT.

salvage therapy, those who proceed to a second-line salvage
do as poorly with ICT as with NIT if not followed by trans-
plantation. This suggests that, although representing a highly
selected patient group, a third line of intensive therapy may
result in a significant remission rate and long-term survival in
patients who proceed to a transplant.

4 | Discussion

In this study, we present, to our knowledge, the first real-world
cohort of AML patients receiving salvage therapy for primary
refractory AML as well as one of the largest cohorts of refractory
AML reported to date. Refractory disease was defined as failure
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TABLE 2 | Baseline characteristics and survival data on early responders (CRc after first cycle), salvage responders (CRc after first salvage

therapy), and patients refractory to two lines of therapy.

Early responders Salvage responders RD second line

Characteristic n=3848 n=126 n=82
Age, years, median (range) 64 (18-84) 59.5 (19-81) 62 (20-79)
Sex, male n (%) 455 (54) 66 (52) 49 (60)
Bone marrow blasts after first line, mean percentage NA 37.8 47.2
ECOG >2 at start of second line, % NA 25.2 28.0
Secondary AML, n (%)* NA? 11 (9) 16 (20)
ELN 2017 Risk group at diagnosis, n (%)°

Favorable 203 (29) 10 (8) 3(4)

Intermediate 324 (47) 55(45) 33(42)

Adverse 162 (24) 56 (46) 43 (54)
CRcl achieved after third line or later, % 18
1-year survival from first CRc, % (95% CI) 73.8 (71-77) 66.5 (59-75) 37.8 (29-50)¢
3-year survival from first CRe, % (95% CI) 52.0 (49-55) 40 (32-50) 16.3 (10-27)°
HR, multivariate (95% CI) — 1.29 (0.99-1.68) 3.04(2.32-3.97)
HSCT in CR1, n (%) 259 (31) 85(67) 25(30)

Abbreviations: CRc: composite complete remission; ECOG: Eastern Cooperative Oncology Group; ELN: European Leukemia Net; HSCT: allogeneic stem cell

transplantation.
2Secondary AML rate was not reliably reported in this cohort.

bPercentages are based on classifiable patients. The number of patients that could not be classified due to missing genetic data was 159 of 848 in early responders, 5 of
126 in salvage responders, and 3 of 82 patients in patients with RD to second line treatment.

¢Survival rates from response assessment after second line.

to achieve CRc after the first line of therapy, which differs from
the ELN definition of failure to achieve CR after two cycles of in-
tensive chemotherapy, regardless of the chemotherapy regimen
used [17]. This relatively broad definition was chosen because it
reflects a setting in which the treating hematologist considers
the patient refractory to first-line therapy and therefore decides
to switch to a salvage regimen.

Approximately, two-thirds of the patients refractory to the first
line of therapy received a second line of intensive salvage ther-
apy, resulting in a CRc rate as high as 58%, as compared to 71%
after first-line therapy. The response rate of 58% observed in our
studyis higher than that reported in most previous studies, where
response rates have ranged from 15% to 78% [6, 8, 15, 19-22].
Notably, the 78% represents an outlier from a recent study using
the FLAVIDA regimen [22], whereas all other studies report re-
sponse rates between 15% and 56%. However, comparisons be-
tween the studies are challenging due to differences in patient
selection, treatment schedules, definitions of CR, and defini-
tions of refractory disease, with many studies requiring at least
2cycles of intensive chemotherapy to be classified as refractory.
Nonetheless, two studies are more relevant for comparison, as
they employed induction therapies with higher doses of cytara-
bine, similar to our Swedish protocol, and defined refractoriness
in a comparable way [6, 15]. First, a study from the United States
reported a CR rate of only 15% in patients receiving intensive
salvage therapy. The CRc rate was 24%; however, this study also
included patients who received nonintensive therapy as well as

those who proceeded directly to HSCT when diagnosed with re-
fractory disease [6]. Second, a more recent study from Germany
[15] reported a CR+ CRi rate of 56% in a cohort that included
both relapsed and refractory disease. However, their definition
of refractory disease also included patients with PR and those
without blast clearance at day 15—patients that would not have
been included in our study cohort. Notably, among the other
studies, only one reported data exclusively on refractory disease
[20], whereas all other studies included both relapsed and re-
fractory patients, often with a predominance of relapsed cases.
In the previous studies, no significant prognostic factors were
found to influence outcomes following salvage therapy [8, 15].
In contrast, our findings suggest that the established main
leukemia-related risk factors for newly diagnosed AML, namely
cytogenetic risk and secondary disease, also have prognostic im-
pact in the refractory setting.

While we observed a relatively high CRc rate among patients
who received intensive salvage treatment, long-term sur-
vival depended on undergoing HSCT after salvage treatment.
Survival was not improved in patients receiving intensive sal-
vage therapy compared to those receiving nonintensive therapy,
unless followed by HSCT. This supports the notion that inten-
sive salvage, which inevitably is associated with more toxicity,
should not be given to refractory patients without aiming for an
allogeneic transplantation. This is especially true given the more
recent development of more efficient nonintensive therapies,
mainly the introduction of venetoclax in combination with a
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FIGURE4 | (A-D)Overall survival for groups of early responders (red line), salvage responders (light blue). (A) Whole cohort, (B) patients with

high or intermediate ELN 2017 genetic risk, (C) patients who underwent allogeneic stem cell transplant, (D) patients who did not receive a stem cell

transplant.

hypomethylating drug, which may even serve as bridge to trans-
plantation. In this study, nonintensive treatment consisted pri-
marily of hypomethylating therapy alone, which is a limitation.
However, although other nonintensive treatment options for re-
fractory AML exist, the survival rates for patients who receive
first- and second-line salvage chemotherapy followed by HSCT
remain high, and this serves as the standard against which new
treatments for refractory AML should be measured.

For the patients who did not respond to the first salvage therapy
and received a third line of intensive chemotherapy, the response
rate remained relatively favorable, with a 3-year survival of 37%

increasing to 78% among those who also underwent HSCT. This
group is obviously highly selected for younger patients and those
in good physical condition and with few complications from pre-
vious therapies. Still, the results show that in a carefully selected
group of fit patients, the chance of response and even cure with
further chemotherapy remains, despite being refractory to 1 or
even 2 previous lines of therapy.

In this study, we also compared two salvage regimens: FAIDA
and ACE. FAIDA or variants such as FLAG-IDA have been
commonly used for relapsed/refractory AML. In addition,
fludarabine-based regimens have also demonstrated favorable
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results as induction therapy in newly diagnosed AML, with high
response rates in multiple studies [23, 24]. The ACE regimen has
been widely used in Sweden in the refractory setting since the
1990s. We found a higher response rate as well as better OS in pa-
tients receiving FAIDA as compared to ACE. This was also true
in a multivariable analysis, adjusting for other prognostic factors
such as the use of HSCT. Interestingly, although the response
rate was higher in the FAIDA group, the difference in survival
curves (Figure 2C) becomes apparent only after 9 months. This
may be attributable to the fact that HSCT was the primary factor
contributing to long-term cure. While not statistically signifi-
cant, there was a trend toward a higher transplant rate in the
FAIDA group (48% vs. 35%), which is similar to the difference in
3-year survival (43% vs. 29%). The reason for the higher trans-
plant rate is likely due to the higher CRc and lower age in the
FAIDA group. The results favor the use of fludarabine-based
treatment for the first salvage chemotherapy. However, ACE
treatment may still be an alternative, particularly for patients
who have previously received anthracyclines, in whom cumula-
tive cardiotoxicity is a significant concern.

Furthermore, we compared the responders to salvage therapy
to early responders, who achieved CRc already after the first
cycle of intensive chemotherapy. Interestingly, there was a
relatively small difference in survival outcome between these
groups, and this difference disappeared entirely once ELN
favorable-risk patients were excluded. However, the transplant
rate was significantly higher in the salvage responders, which
partly explains the minimal difference in outcome. The reason
for the high transplant rate in salvage responders compared
to primary responders likely depends on several factors such
as the selection of patients aimed for transplantation, better
performance status, younger age, and worse cytogenetic risk.
A tendency to choose a nontransplant approach in some very
good responders could be another factor. Clearly, the recom-
mendation in the national guidelines during the whole study
period has been to transplant all patients except favorable-risk
patients in first CR. However, the emphasis on transplanta-
tion has become stronger, and the transplantation rates have
increased during the last 15years in Sweden. In a multivari-
able analysis, no significant difference was observed between
the two groups. However, there was a trend toward a favorable
survival among early responders compared to patients who re-
sponded to the second-line therapy. These results suggest that
the key factor for long-term outcome is the achievement of a
CRc and consolidation with HSCT, rather than the number of
therapies required to achieve the first CRc.

The main strength of this study is the unique and large real-
world cohort of solely refractory AML, a disease entity previ-
ously sparsely described in the literature. The major limitations
of the study are that the studied period spanned a period before
the introduction of novel nonintensive therapy options, primar-
ily the combination of hypomethylating agent plus venetoclax
[5] as well as venetoclax in addition to intensive salvage regi-
mens [22] and the lack of more extensive molecular data that
was not available at the time of the study. The treatment land-
scape for refractory AML may also change during the years to
come, hopefully increasing the treatment options and further
improving the outcomes in the refractory setting.

In conclusion, this study demonstrates that AML patients re-
fractory to first-line induction chemotherapy retain a mean-
ingful chance of achieving remission and potential cure after
intensive salvage therapy when followed by an allogeneic stem
cell transplantation. The outcomes observed, only marginally
inferior to those of first-cycle responders, provide a valuable
real-world benchmark for evaluating novel treatment options in
the refractory setting.
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