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Abstract

BACKGROUND—The outcome of adults with acute lymphocytic leukemia (ALL) who undergo
second salvage therapy has been characterized poorly. This is important with regard to
investigational approaches aimed at helping this subset of patients. The objectives of the current
study were to predict outcomes and determine the prognostic factors associated with second
salvage therapy in patients with ALL.

METHODS—In this study, 288 patients were analyzed who received second salvage therapy for
ALL at the authors’ institution.

RESULTS—Ouverall, 53 patients (18%) achieved a complete response (CR). The median
remission duration was 7 months and the median survival was 3 months. In multivariate analysis,
prognostic factors that were associated independently with achieving CR were duration of first CR
and platelet count. Patients with a first CR <36 months and platelet counts <50 x 10%/L had an
expected CR rate of 7%. In multivariate analysis, prognostic factors that were associated
independently with survival were duration of first CR, percentage bone marrow blasts, platelet
count, and albumin level. The expected 12-month survival rates for patients with 0 or 1, 2, 3, or 4
adverse factors were 33%, 14%, 8%, and 0%, respectively. A repeat multivariate analysis using
landmark assessment at 6 weeks selected achievement of CR as adding significantly to the
survival benefit (P = .0001; hazard ratio, 0.51). Only 22 patients (8%) were able to undergo
allogeneic stem cell transplantation as second salvage therapy, and their 1-year survival rate was
18%.

CONCLUSIONS—The outcome of adults with ALL undergoing second salvage therapy is poor.
Novel effective therapies against ALL are needed in this subset of patients.
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Multiagent, dose-intensive chemotherapy with maintenance and central nervous system
prophylaxis has produced cure rates of 70% to 90% in pediatric acute lymphoid leukemia
(ALL).22 Similar regimens for adult ALL resulted in complete response (CR) rates of 80%
to 90% and long-term event-free survival rates of 20% to 40%.3-8 Patients with primary
refractory disease or in first recurrence still have CR rates of 30% to 50% on salvage therapy
and cure rates of 5% to 20%, depending on several factors, including patient age, duration of
first CR, and site of disease recurrence.®-13 Clofarabine, an adenosine nucleoside analogue,
has been approved by the US Food and Drug Administration (FDA) for the treatment of
pediatric ALL in recurrence, with emphasis on second salvage.141° It is believed that the
outcome of adults with ALL who develop disease recurrence after first salvage is extremely
poor, but there is scant literature defining their precise outcome. Because ALL in second
salvage is an important orphan disease condition in need of new, effective therapeutic
interventions, it is important to define the outcome of such patients who are treated with
what would be considered “standard care’ and to define the factors that influence such
outcome. This was the objective of the current analysis.

MATERIALS AND METHODS

Adults with a diagnosis of ALL who were receiving second salvage therapy after disease
recurrence on M. D. Anderson Cancer Center frontline regimens or after referral for
recurrent ALL were analyzed. These included patients who were treated after 1980 and
received any second salvage therapy regardless of whether they achieved a CR during
induction therapy. Patients were treated on protocols that were available during different
periods. Criteria for response were standard. A CR was defined as a bone marrow blast
count <5% in a cellular bone marrow with normalization of peripheral counts, including a
granulocyte count <109/L and a platelet count =100 x 10%/L. Criteria for a partial response
(PR) were the same as for a CR except for a decrease in bone marrow blasts by 50% but
remaining in a range of 6% to 25%. A CR with incomplete platelet recovery referred to
achievement of CR but with platelets remaining below 100 x 10%/L. Early mortality referred
to death within 15 days of the start of therapy; and induction death referred to death during
the first course of therapy. All other patients were considered to have resistant disease.
Survival was measured from the start of second salvage therapy. Response duration was
measured from the date of response until evidence of ALL recurrence. Multivariate analyses
to define prognostic factors for achieving CR and for survival were conducted by using
established methods.16:17

RESULTS

In all, 288 patients were analyzed. These included 201 patients who had recurrent ALL after
frontline therapy at our institution and 87 patients who were referred with recurrent ALL.
The patient characteristics are shown in Table 1. The median age was 33 years (range, 14-76
years), and 42 patients (15%) were aged <60 years. A CR after frontline induction therapy
was observed in 224 patients (78%), a CR after first salvage therapy was observed in 99
patients (34%), and 37 patients (13%) never achieved a prior CR.
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Overall, 53 patients (18%) achieved a CR with second salvage therapy (Table 2). Response
by treatment regimen is shown in Table 3. Twenty-two patients underwent allogeneic stem
cell transplantation as second salvage for active disease with preparative regimens, including
total body irradiation (TBI) in 11 patients and non-TBI regimens in 11 patients. The donor
was a related matched sibling in 20 patients and a matched unrelated donor in 2 patients.
Overall, 9 patients (41%) achieved a CR (Table 3). Seven patients received salvage therapy
with single-agent clofarabine (n = 5) or with clofarabine combinations (n = 2): No responses
were observed. Response by pretreatment characteristics is shown in Table 4.

Prognostic factors that were associated with CR rates were duration of first remission,
hemoglobin level, percent bone marrow blasts and peripheral blasts, platelet counts, and
albumin levels. In multivariate analysis, the duration of first CR (cutoff, 36 months) and
platelet counts (cutoff, 50 x 109/L) remained independent prognostic factors for response (P
<.01). Response according to the presence of none, 1, or 2 adverse factors is shown in Table
5. Patients with a first CR that lasted for <36 months and a platelet count <50 x 10%/L had
an expected CR rate of only 7%.

The median duration of disease remission was 7 months (range, 1-3 months) (Fig. 1). The
median survival was 3 months (range, 0-230 months) (Fig. 1).

Prognostic factors that were associated significantly with survival were duration of first CR,
hemoglobin levels, white blood cell counts, percent bone marrow and peripheral blood
blasts, platelet counts, and albumin levels. Multivariate analysis identified the following as
independent prognostic factors for survival: duration of first CR (cutoff, 36 months; P =.
001); percent bone marrow blasts (cutoff, 50%; P = .005); platelet count (cutoff, 50 x 109/L;
P =.017), and albumin level (cutoff, 3 g/L; P =.0002). Survival in the presence of 0/1, 2, 3,
or 4 adverse factors is shown in Table 5 and in Figure 2.

Only 22 patients (8%) were able to undergo allogeneic stem cell transplantation for active
disease: 9 patients (41%) achieved a CR, and the 1-year survival rate was 18%, which was
not different from the outcome of other patients (P = .096). Of the 53 patients who achieved
a CR, 7 underwent allogeneic stem cell transplantation in third CR, and all 7 patients
developed recurrent disease after a median of 4.5 months (range, 2-19.5 months).

Effect of Prior Therapy and of Second Salvage Therapy on Prognosis

The previous model included pretreatment patient and disease characteristics. However, it
can be argued that the efficacy of frontline therapy may have a significant impact on second
salvage outcome. In particular, since 1992, we have used the hyperfractionated
cyclophosphamide, vincristine, doxorubicin, and dexamethasone. (hyper-CVAD) regimen as
frontline ALL therapys3; this regimen is more effective and more intensive than previous
frontline regimens. Thus, it is possible that patients who underwent salvage therapy since
then may have had more resistant disease. Similarly, second salvage regimens may have
different efficacy (Table 3) as well as significant interactions with pretreatment
characteristics. To address these 2 issues, we repeated the multivariate analyses and included
2 additional variables: 1) year of therapy (1980-1991 vs 1992-2007); and 2) second salvage
therapy (vincristine, doxorubicin, and dexamethasone;[VAD]/hyper-CVAD, cytarabine
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combinations, and allogeneic stem cell transplantation vs others). Second salvage therapies
were investigated first individually and then were grouped into 2 categories based on the
multivariate analysis results. The multivariate analysis for CR still selected the 2 previous
variables (duration of first CR, P = .0037; thrombocytopenia, P = .0002) but also selected
the “effective regimens’ (VAD/hyper-CVAD, cytarabine combinations, allogeneic stem cell
transplantation) as independently prognostic (P = .000002).

Similarly, the multivariate survival analysis selected the same factors (duration of first CR,
P = .006; percent bone marrow blasts, P = .005; platelet counts, P = .002; albumin levels, P
=.00006); and also added second salvage therapy (P = .00004) as independent prognostic
factors. This suggests that, although previously used second salvage therapies had different
efficacy (VAD-hyper-CVAD, cytarabine combinations, and allogeneic stem cell
transplantation, which was more effective), the prognostic models still can be used to
evaluate the effect of newer second salvage regimens compared with average expectations
based on pretreatment characteristics.

Achievement of Complete Response and Prognosis

To assess the benefit of achieving CR, we conducted a repeat multivariate analysis using a
6-week landmark that excluded patients who died within 6 weeks. The multivariate analysis
included 190 patients and selected the following as variables that were associated
independently with survival: duration of first CR (P =.004), percent bone marrow blasts (P
=.001), and albumin levels (P = 0.018). Adding response (CR vs no CR) to the multivariate
analysis revealed that CR added significantly to the survival benefit (P = .0001; hazard ratio,
0.51).

DISCUSSION

In this analysis of 288 patients with adult ALL undergoing therapy in second salvage, the
CR rate was 18%, and the median response duration was 7 months. For patients with a first
CR duration <36 months and a pretreatment platelet count <50 x 10%/L, the CR rate was
only 7%. Survival was poor (median survival, 3 months), and only 14% of patients were
alive at 12 months. A multivariate analysis of prognostic factors associated with survival
selected a short duration of first CR, increased bone marrow blasts, thrombocytopenia, and
hypoalbuminemia as independent, adverse factors. Achievement of CR improved survival
significantly (P < .0001; hazards ratio, 0.51).

The current analysis emphasizes the dire prognosis of patients with ALL once they have
failed frontline and first salvage therapy and the need to explore new therapeutic modalities
that may produce a CR in this setting. In reviewing the adult ALL literature, although
several studies have reported their experience in first salvage,%-13 only rare studies have
detailed the outcome of adult ALL in second salvage. Similarly, only clofarabine has been
approved for pediatric ALL in second salvage. Nelarabine recently was approved by the
FDA for T-cell ALL salvage.1819 The CR rates with nelarabine were 20% to 40%, and the
median response duration was 4 to 6 months.18:19 In Philadelphia chromosome-positive
ALL, the Ber-Abl tyrosine kinase inhibitors (imatinib, dasatinib, and nilotinib) have
produced complete hematologic response rates of 5% to 30% and cytogenetic response rates
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of 5% to 45%.29-22 However, response durations were brief, and the median survival ranged
from 4 months to 9 months.20-22

The multivariate analysis that included second salvage therapies identified ‘more effective’
second salvage regimens (VAD/hyper-CVAD, cytarabine regimens, allogeneic
transplantation) but also highlighted the consistent nature of the pretreatment prognostic
factors and the potential validity of the proposed models for assessing the possible benefit of
future second salvage regimens.

In summary, our experience with second salvage in adult patients with ALL confirms the
poor prognosis of this condition, emphasizes the urgent need to develop novel strategies in
this setting, and establishes baseline expectations against which new approaches can be
compared.
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Remission duration and survival. CR indicates complete response.
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TABLE 1

Characteristics of the Study Group (N=288)

Characteristic

No. of Patients (%)

Agey
Median [range]
>60

33 [14-76]
42 (15)

Response to prior therapy, frontline/salvage 1

CR/CR
CR/no CR
No CR/CR
No prior CR

Duration of first CR, mo

Karyotype
Diploid
Philadelphia-positive
Other
Not done
Hemoglobin <10 g/dL
WBC, x 109/L
<5
5-20
>20
Percentage bone marrow blasts
<20
20-50
>50
Percentage peripheral blasts
0
1-10
>10
Platelets, x 10°
<25
25-50
>50
Albumin, g/L
<3.0
23.0

Leukemic cell phenotype

72 (25)
152 (53)
27(9)
37 (13)

64 (22)

141 (49)
65 (23)
18 (6)

79 (27)
45 (16)
155 (54)
10 (3)
155 (54)

133 (46)
89 (31)
64 (22)

28 (10)
51 (19)
188 (70)

91 (32)
37 (13)
154 (55)

82 (29)
58 (20)
146 (51)

55 (21)
209 (79)
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Characteristic No. of Patients (%)
B-cell origin 125 (43)
T-cell origin 25(9)
Unknown/not done 138 (48)

Year of study
1980-1991 133 (46)
1992-2007 155 (54)

CR indicates complete response; WBC, white blood cell count.

Cancer. Author manuscript; available in PMC 2014 October 07.

Page 10



yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

O’Brien et al.

TABLE 2

Response (n=288)

Response No. of Patients (%)
Complete response 53 (18)

Early death <2 wk 27 (9)
Induction death 39 (14)
Resistant disease 169 (59)
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Response by Therapy

TABLE 3

Therapy No. of Patients  No. of CRs (%)
VAD/hyper-CVAD 61 17 (28)
Cytarabine combinations 54 17 (32)
Allogeneic bone marrow transplantation 22 9 (41)
Methotrexate-asparaginase combinations 52 3(6)
Other combinations 29 4 (14)
Single agent 70 3(4)

Page 12

CRs indicates complete responses; VAD, vincristine, doxorubicin, and dexamethasone; hyper-CVAD, hyperfractionated cyclophosphamide,

vincristine, doxorubicin, and dexamethasone.
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TABLE 4
Prognostic Factors for Response and Survival
Characteristic Response, % P 1-Year P
Survival, %
Age,y
<60 18 14
260 19 .60 7 .18
Response to prior therapy,
frontline/salvage 1
CR/CR 25 19
CR/no CR 13 8
No CR/CR 15 .096 15 .001
No prior CR 32 19
Duration of first CR, mo
0 25 19
1-11 12 6
12-35 19 .016 14 <.001
>36 44 44
Karyotype
Diploid 18 10
Philadelphia-positive 20 .67 9 42
Other 17 16
Hemoglobin, g/dL
<10 11 <001 8 <.001
=10 28 20
WBC, x 109/L
<5 20 14
5-20 23 15 19 .002
>20 9 6
Percentage bone marrow blasts
<20 32 29
20-50 31 .013 22 .001
>50 14 12
Percentage peripheral blasts
0 31 20
1-10 19 .008 14 .013
>10 12 12
Platelets, x 10°
<25 7 7
25-50 10 <.001 10 <.001
>50 28 20
Albumin, g/L
<3 11 2
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Characteristic Response, % P 1-Year P
Survival, %
23 21 <001 17 <.001
Immunophenotype
B-cell origin 19 14
T-cell origin 20 91 12 72
Unknown/not done 17 14
Year of study
1980-1991 24 .02 14 .96
1992-2007 14 14
Salvage 2
VAD/hyper-CVAD cytarabine 31 <001 19 .004

combinations, allogeneic
transplantation

Other 7 10

CR indicates complete response; WBC, white blood cell count; VAD, vincristine, doxorubicin, and dexamethasone; hyper-CVAD,
hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone.
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TABLE 5

Response and Survival According to the Number of Adverse Factors Present

No. of Adverse Factors  No. of Patients

No. of CRs (%)

0 10
1 127
2 110

No. of Adverse Factors  No. of Patients

6 (60)
34 (27)
8(7)
1-Year Survival, %

0-1 55
2 89
3 74
4 29

33
14

CR indicates complete response.
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