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Key Points

• Relapse-free survival without
treatment change can form
the basis of the primary end
point in studies of chronic
graft-versus-host disease.

• Steroid doses at the time of
assessment should be taken
into account in treatment
studies of chronic graft-
versus-host disease.

This study attempted to characterize causes of treatment failure, identify associated

prognostic factors, and develop shorter-term end points for trials testing investigational

products or regimens for second-line systemic treatment of chronic graft-versus-host

disease (GVHD). The study cohort (312 patients) received second-line systemic treatment of

chronicGVHD. The primary end point was failure-free survival (FFS) defined by the absence

of third-line treatment, nonrelapse mortality, and recurrent malignancy during second-line

treatment. Treatment change was the major cause of treatment failure. FFS was 56% at 6

months after second-line treatment. Lower steroid doses at 6 months correlated with

subsequent withdrawal of immunosuppressive treatment. Multivariate analysis showed

that high-risk disease at transplantation, lower gastrointestinal involvement at second-line

treatment, and severe NIH global score at second-line treatment were associated with

increased risks of treatment failure. These three factorswere used to define risk groups, and

success rates at 6monthswere calculated for each risk group either without or with various

steroid dose limits at 6 months as an additional criterion of success. These success rates

could be used as the basis for a clinically relevant and efficient shorter-term end point in clinical studies that evaluate agents for second-

line systemic treatment of chronic GVHD. (Blood. 2013;121(12):2340-2346)

Introduction

Nearly 50% of patients with chronic graft-versus-host disease
(GVHD) receive second-line systemic treatment within the first
year after initial systemic treatment because of inadequate control
of GVHD,1,2 but no standard second-line treatment has been
established. Many different agents have been used, and despite
high response rates reported in the literature, actual experience
with available agents tends to be unsatisfying.3,4 New therapies
for chronic GVHD are likely to be tested initially for second-line
treatment.5-7 The lack of validated and standardized response
criteria represents a major obstacle in designing clinical trials and
interpreting the results.8-11 In a review of 60 published studies of
second-line treatment of chronic GVHD during the past 20 years,6

only one report clearly described a formal statistical hypothesis
based on a historical success rate.12 The absence of data that could
be used as a reliable and meaningful basis for the null hypothesis
has made it impossible to design robust clinical trials with
prespecified statistical considerations.6

In clinical trials testing investigational products for treatment of
chronic GVHD, causes of failure after second-line treatment can be
categorized into 3 types of events: nonrelapse mortality, recurrent
malignancy, and systemic treatment change (ie, initiation of third-

line systemic treatment).5 We hypothesized that failure-free survival
(FFS), defined as the absence of these failures, is a meaningful clinical
metric that could be used as a shorter-term success end point for
clinical trials. Furthermore, we hypothesized that incorporation of an
upper limit of the steroid dose at the time of assessment could be used
as an additional criterion to enhance the clinical benefit associated with
FFS by indicating that GVHD has been well controlled and by decreas-
ing the risk of steroid-related adverse effects.6,9 We also hypothesized
that lower steroid doses at the time of end point assessment may be
associated with higher rates of subsequent successful withdrawal of all
immunosuppressive treatment after resolution of GVHD.

This study had 4 aims: (1) to characterize causes of treatment failure
after second-line treatment of chronic GVHD in consecutive patients
representing those whowould likely be eligible for future phase II trials,
(2) to elucidate prognostic factors associated with treatment failure,
(3) to compare rates of withdrawal of all immunosuppressive
treatment during second-line treatment according to steroid doses at
6 months, and (4) to provide shorter-term success rates either
without or with an upper limit of the steroid dose at 6 months. We
propose that these success rates could be used to design and evaluate
future phase II studies of second-line treatment of chronic GVHD.
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Patients and methods

Patients and data collection

Between January 2001 and February 2011, 425 consecutive relapse-free patients
at the Fred Hutchinson Cancer Research Center/Seattle Cancer Care Alliance
received second-line systemic treatment of chronic GVHD because of either
progression or lack of improvement. To mimic the characteristics of patients
likely to be enrolled in future phase II trials of second-line treatment of chronic
GVHD, 312 of these 425 patients who met all of the following criteria were
selected for inclusion in the study cohort: (1) patients who had already received
systemic steroid treatment of chronic GVHD at a prednisone-equivalent dose of
at least 0.5 mg/kg per day before second-line treatment, (2) patients who were
under systemic immunosuppressive treatment when second-line treat-
ment was started, and (3) patients who received second-line treatment
because of progressive GVHD manifestations after at least 1 week of initial
treatment or because of lack of improvement after at least 2 weeks of initial
treatment. Patients were enrolled regardless of the indication for transplantation,
the conditioning regimen, graft source, donor relationship, or HLA-matching
between the donor and recipient. The following patients were excluded: (1)
patients who did not receive prednisone-equivalent steroid dose >0.5 mg/kg
per day before second-line treatment (n5 64), (2) patients who were not taking
any systemic treatment at the start of second-line treatment (n5 35), (3) patients
with progressive GVHD who started second-line treatment after less than 7
days of initial treatment (n5 2) or after a very rapid taper of initial prednisone
treatment (n 5 2), and (4) patients with lack of improvement who started
second-line treatment after less than 14 days of initial treatment (n 5 10).

Involved sites, types of treatment, dates, and the reasons for change of treat-
ment (progression or lack of improvement) after the initial systemic treatment of
chronic GVHD were recorded prospectively.1 The platelet count, serum total
bilirubin, steroid doses, and the National Institutes of Health (NIH) global score
of chronic GVHD immediately before second-line treatment were collected from
medical records. Steroid doses at 6 months were also recorded as part of the
assessment after second-line treatment. All patients gave written consent al-
lowing the use of medical records for research in accordance with the Declaration
of Helsinki, and the Institutional Review Board approved the study.

Definitions

Chronic GVHDwas defined by the NIH consensus criteria.13 Lung involvement
was defined according to the NIH criteria for bronchiolitis obliterans.14 Liver
involvementwas defined as anNIH liver score>1, inwhich serum transaminase,
alkaline phosphatase, and bilirubin concentrations were all taken into account.
Second-line treatment was defined as any additional systemic treatment not used
for initial treatment of chronic GVHD. An increase in steroid dose was not
considered as second-line treatment, since temporarily increased steroid doses
and resumption of steroid treatment are often necessary during the initial
treatment of chronicGVHD.15 This definition of treatment change corresponds to
the anticipated situation of future patients who would be candidates for a clinical
trial testing an investigational product for treatment of steroid-resistant or steroid-
refractory chronic GVHD. Similarly, third-line treatment was defined as any
additional systemic treatment not used for second-line treatment of chronic
GVHD; an increase in steroid dose was not considered as third-line treatment.

FFS was defined as the absence of third-line treatment, nonrelapse
mortality, and recurrent malignancy during second-line treatment. Recurrent
malignancy was defined as hematologic relapse or any unplanned intervention
to prevent progression of malignancy in patients with molecular, cytogenetic,
flow cytometric, or any other kind of evidence of malignant disease after
transplantation. An accelerated taper of immunosuppressive treatment because
of evidence of recurrent disease was considered as an unplanned intervention
and was categorized as recurrent malignancy. Withdrawal of all systemic
immunosuppressive treatment was defined as described previously.15

Treatment of chronic GVHD

At our center, initial systemic treatment of chronic GVHD is generally the
addition of prednisone to any other immunosuppressive agents the patient is

already taking.16,17 Prednisone was most often administered initially at
a dose of 1 mg/kg once daily for 2 weeks, and the dose was tapered during
the subsequent 4 weeks to 1 mg/kg every other day as allowed by
improvement in GVHD manifestations. After resolution of reversible
manifestations of chronic GVHD, systemic treatment was gradually
withdrawn. Decisions to initiate second-line or subsequent treatment were
made at the discretion of the attending physician.

Statistical analysis

Cumulative incidence estimates of recurrent malignancy, nonrelapse mortal-
ity, and treatment change as causes of failure during second-line treatment
were derived, treating each event as a competing risk for the other two.18

Successful withdrawal of all immunosuppressive treatment during second-line
treatment after resolution or improvement of all reversible manifestations
of GVHD was treated as a competing risk for all 3 types of failure. Rates of
FFS were estimated by subtracting rates of total failures from 100%. Cox
regression models were used to identify risk factors for failure. Factors having
a likelihood ratio P value<.05 for association with failure in univariate testing
were included in amultivariate Cox regressionmodel. A backward elimination
procedure was used to exclude risk factors until the P value of the likelihood
ratio test for all remaining risk factors was <.05. Success rates incorporating
steroid doses at 6months were calculated bymultiplying FFS rates at 6 months
and the proportion of patients taking the specified steroid doses at 6 months
among those with FFS at 6 months. We selected graded prednisone-equivalent
steroid doses of 0.3, 0.2, and 0.1 mg/kg per day as upper limits for these
analyses. A dose of 0.3 mg/kg per day at 6 months approximates the 75th
percentile dose (0.33 mg/kg per day). A dose of 0.2 mg/kg per day
approximates the median at 6 months (0.22 mg/kg per day) and can be well
tolerated for long periods of time in many patients, since prednisone doses
below 0.5 mg/kg every other day are well tolerated in our experience.16,19,20 A
dose of 0.10 mg/kg per day approximates the 25th percentile dose (0.09 mg/kg
per day), and this dose also represents a desirable therapeutic goal to minimize
steroid-induced complications in patients with rheumatologic diseases21 or
chronic GVHD.22,23 The analysis was carried out in August 2012.

Results

Patient and GVHD characteristics

Patient characteristics are summarized in Table 1. The median age of
patients was 48 years (range, 1-73 years). Two hundred ten patients
(67%) were prepared with high-intensity conditioning regimens, and
265 (85%) received mobilized blood cell grafts. The median time
from transplantation to initial systemic treatment of chronic GVHD
was 5.4 months (range, 2.2-29 months).

GVHD characteristics are summarized in Table 2. The median time
from initial systemic treatment to second-line treatment was 6.3months
(range, 0.2-61 months). The sites most frequently involved at the onset
of second-line treatment were the skin (72%) and mouth (71%). The
NIH organ severity scores in each site are shown in supplementary
Figure S1. Ninety-one patients (29%) had involvement of 4 or more
sites, 128 (42%) had severe NIH global score, 54 (18%) had
thrombocytopenia, 23 (7%) had hyperbilirubinemia, and 52 (17%)
were receiving prednisone doses >1.0 mg/kg per day immediately
before second-line treatment. The most frequently used second-line
systemic treatments were mycophenolate mofetil (n5 95), tacrolimus
(n 5 63), and sirolimus (n 5 57). Thirty patients had second-line
treatment within 1 month after initial treatment because of unequivocal
progression in skin (n 5 7), liver (n 5 6), gastrointestinal tract 1
diarrhea (n5 4), skin1 eyes1mouth (n5 1), skin1 liver1 diarrhea
(n 5 1), or liver 1 diarrhea (n 5 1) or lack of improvement in skin
(n 5 2), liver (n 5 4), skin 1 liver (n 5 1), or diarrhea (n 5 3). All
30 patients had moderate or severe global score and had received
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prednisone at doses >0.5 mg/kg per day immediately before
second-line treatment.

Risk factors associated with treatment failure after

second-line treatment

The FFS rate after second-line treatment was 56% (95% CI, 51%-
62%) at 6 months (Figure 1). Cumulative incidence estimates of
failure at 6 months by cause were 34% for treatment change (onset of
third-line treatment), 7% for nonrelapse mortality during second-line
treatment, and 3% for recurrent malignancy during second-line
treatment. Cumulative incidence estimates of successful withdrawal
of all immunosuppressive agents during second-line treatment were
only 1% at 6 months and gradually reached 15% at 48 months.

In univariate analysis (Table 3), factors associated with increased
risks of treatment failure included high-risk disease at transplantation;
high-intensity conditioning with total-body irradiation compared with
high-intensity conditioning without total-body irradiation; lower
gastrointestinal involvement at second-line treatment; .3 involved
sites with chronic GVHD as compared with<2 involved sites; severe
NIH global score of chronic GVHD compared with mild or moderate
NIH global score; and thrombocytopenia, hyperbilirubinemia, and
prednisone doses >1 mg/kg per day compared with no prednisone

immediately before second-line treatment. In multivariate analysis,
3 factors remained statistically significant: (1) high-risk disease at
transplantation, (2) lower gastrointestinal involvement at second-line
treatment, and (3) severe NIH global score at second-line treatment
(Table 3). Thrombocytopenia was dropped early from the model
because it correlated with lower gastrointestinal involvement and
prednisone dose.

Treatment failure rates according to risk groups

Treatment failure rates were analyzed for three risk groups cate-
gorized according to the total number of risk factors identified in the

Table 1. Patient characteristics (N 5 312)

Characteristic No. (%)

Median patient age at second-line treatment, range , y 48 (1-73)

Patient gender

Male 175 (56)

Female 137 (44)

Donor-patient gender combination

Female to male 89 (29)

Other 223 (71)

Diagnosis

Myeloid malignancy 208 (67)

Lymphoid malignancy 85 (27)

Other/nonmalignant 19 (6)

Disease risk at transplantation*

Low 131 (42)

High 181 (58)

Conditioning regimen

High intensity without TBI 135 (43)

High intensity with TBI 75 (24)

Reduced intensity 102 (33)

Graft source

Bone marrow 35 (11)

Mobilized blood cells 265 (85)

Umbilical cord blood 12 (4)

Donor and HLA type

HLA-matched related 130 (42)

HLA-matched unrelated 118 (38)

HLA antigen or allele-mismatched related 9 (3)

HLA antigen or allele-mismatched unrelated 55 (18)

Median time from transplantation to initial

systemic treatment, months (range)

5.4 (2.2-29)

Initial systemic treatment

Prednisone 1 CNI 201 (64)

Prednisone 1 CNI 1 mycophenolate mofetil 50 (16)

Prednisone alone 37 (12)

Prednisone 1 others 24 (8)

TBI, total body irradiation; HLA, human leukocyte antigen; CNI, calcineurin inhibitor.

*The low-risk category included chronic myeloid leukemia in chronic phase,

acute leukemia in first remission, myelodysplastic syndrome without excess blasts,

and nonmalignant diseases. The high-risk category included all other diseases and

stages.

Table 2. GVHD characteristics at second-line treatment (N 5 312)

Characteristic No. (%)

Median time from initial treatment to second-line

treatment, range, mo

6.3 (0.2-61)

Reason for second-line treatment

Progression 230 (74)

Lack of improvement 82 (26)

Sites involved

Skin 226 (72)

Eyes 120 (38)

Mouth 221 (71)

Liver 91 (29)

Gastrointestinal tract

Upper only 46 (15)

Any lower 47 (15)

Lung 35 (11)

Joint or fascia 73 (23)

Genital tract 31 (10)

Serosa 4 (1)

No. of sites involved

1 or 2 127 (41)

3 94 (30)

4 or more 91 (29)

NIH global score

Mild 26 (8)

Moderate 154 (50)

Severe 128 (42)

Not available 4

Platelet count

,100 000/mL 54 (18)

$100 000/mL 250 (82)

Not available 8

Serum total bilirubin

.2 mg/dL 23 (7)

#2 mg/dL 286 (93)

Not available 3

Prednisone-equivalent steroid dose immediately

before second-line treatment

None 46 (15)

,0.5 mg/kg per day 140 (45)

0.5-1.0 mg/kg per day 72 (23)

$1.0 mg/kg per day 52 (17)

Not available 2

Second-line treatment

Mycophenolate mofetil 95 (30)

Tacrolimus 63 (20)

Sirolimus 57 (18)

Extracorporeal photopheresis 23 (7)

Cyclosporine 17 (5)

Methotrexate 10 (3)

Other single agents 24 (8)

Multiple agents 23 (7)
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multivariate model (Figure 2). This analysis excluded 4 patients who
did not have information for NIH global severity score and 4 patients
who had FFS at 6 months with information missing for steroid doses
at 6 months. The low-risk group included 66 patients (22%) with no
risk factor, the intermediate-risk group included 139 patients (46%)
with 1 risk factor, and the high-risk group included 99 patients (33%)
with 2 or 3 risk factors. As expected, failure rates were clearly
stratified according to the three risk groups (P , .0001).

Cumulative incidence of successful withdrawal of

immunosuppressive treatment according to steroid

doses at 6 months

Steroid dose information at 6 months after second-line treatment was
available in 170 of 174 patients who had FFS at 6 months. Among
these patients, the median prednisone dose was 0.22 mg/kg per day
(range, 0-2 mg/kg per day). Cumulative incidence estimates of suc-
cessful withdrawal of all immunosuppressive agents during second-
line treatment were compared according to various steroid dose limits
at 6 months (Figure 3). The cumulative incidence of successful
withdrawal was higher among patients taking prednisone-equivalent
steroid doses <0.3, <0.2, or <0.1 mg/kg per day than among those
taking higher doses (P 5 .03, .005, and .002, respectively).
Cumulative incidence estimates of successful withdrawal at 48months
after second-line treatment were 29% for those with doses<0.3 mg/kg
per day, 35% for those with doses <0.2 mg/kg per day, and 38% for
those with doses <0.1 mg/kg per day.

Shorter-term success rates at 6 months according

to risk groups

Table 4 summarizes FFS rates at 6 months according to risk
groups, since FFS is the metric of interest for future clinical trials.
Among all patients, the FFS rate was 0.56 at 6 months. The FFS
rate was 0.67 in the low-risk group, 0.59 in the intermediate-risk
group, and 0.44 in the high-risk group. When 6-month dose limits
of prednisone <0.3, <0.2, and <0.1 mg/kg per day were each
incorporated as an additional criterion among all patients, success
rates decreased progressively to 0.40, 0.25, and 0.14, respectively.
Patterns were similar in each of the individual risk groups.

Discussion

This study offers several advances for future studies evaluating
treatment of chronic GVHD. First, we show that FFS can serve as
a meaningful end point for clinical trials. Second, we found that
treatment change represented the predominant category of treatment
failure, indicating that more efficient phase II trial design would be
possible if treatment change were included as one type of failure in an
FFS end point. Third, we identified 3 risk factors associated with

Table 3. Risk factors associated with treatment failure*

Factor

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Time from transplantation to

initial systemic treatment

(per year)

0.73 (0.50-1.05) .09

Time from initial treatment to

second-line treatment (per

year)

0.88 (0.75-1.02) .09

Patient age at second-line

treatment (per decade)

0.97 (0.90-1.04) .40

Female donor to male

recipient

0.87 (0.66-1.16) .36

Disease risk at transplantation

Low 1.00 (reference) 1.00 (reference)

High 1.47 (1.12-1.93) .005 1.49 (1.13-1.96) .004

Conditioning regimen

High intensity without TBI 1.00 (reference)

High intensity with TBI 1.61 (1.17-2.23) .004

Reduced intensity 1.28 (0.94-1.74) .11

Graft source

Bone marrow 1.00 (reference)

Mobilized blood cells 0.83 (0.55-1.24) .36

Umbilical cord blood 1.36 (0.67-2.75) .39

Donor and HLA type

HLA-matched related 1.00 (reference)

HLA-matched unrelated 1.11 (0.83-1.49) .49

HLA-mismatched 1.31 (0.93-1.84) .12

Initial systemic treatment

Prednisone 1 CNI 1.00 (reference)

Prednisone 1 CNI 1

mycophenolate mofetil

1.28 (0.90-1.81) .17

Prednisone alone 0.83 (0.54-1.28) .39

Prednisone 1 others 1.49 (0.93-2.39) .09

Reason for second-line

treatment

Progression 1.00 (reference)

Lack of improvement 0.95 (0.71-1.27) .73

Presence of involvement at

second-line treatment

Skin 1.22 (0.91-1.65) .19

Eyes 1.03 (0.79-1.34) .86

Mouth 1.19 (0.89-1.60) .25

Liver 1.27 (0.96-1.68) .09

Gastrointestinal tract

No involvement 1.00 (reference) 1.00 (reference)

Upper only 1.14 (0.79-1.64) .48 1.15 (0.80-1.66) .45

Any lower 1.62 (1.13-2.31) .008 1.85 (1.29-2.65) .0009

Lung 0.71 (0.46-1.09) .12

Joint or fascia 1.07 (0.79-1.44) .66

Genital tract 1.10 (0.71-1.69) .67

No. of sites involved at

second-line treatment

1 or 2 1.00 (reference)

3 0.98 (0.72-1.35) .91

.3 1.36 (1.00-1.86) .05

NIH global score at second-line

treatment

Mild/moderate 1.00 (reference) 1.00 (reference)

Severe 1.44 (1.11-1.87) .006 1.49 (1.15-1.95) .003

Thrombocytopenia at

second-line treatment

1.42 (1.02-1.98) .04

Hyperbilirubinemia at

second-line treatment

1.72 (1.10-2.70) .02

Prednisone-equivalent steroid

dose immediately before

second-line treatment

Table 3. (continued)

Factor

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

None 1.00 (reference)

,0.5 mg/kg per day 0.86 (0.58-1.29) .47

0.5-1.0 mg/kg per day 0.92 (0.59-1.43) .70

$1.0 mg/kg per day 1.61 (1.03-2.53) .04

CNI, calcineurin inhibitor; TBI, total-body irradiation.

*Treatment failure was defined by the onset of third-line systemic treatment,

nonrelapse mortality, or recurrent malignancy during second-line treatment.
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failure and used them to stratify risk groups. Fourth, we found
that lower steroid doses at 6 months were associated with higher
rates of subsequent successful withdrawal of all immunosup-
pressive treatment during second-line treatment. Fifth, we report
success rates accounting for both risk stratification at baseline
and steroid dose limits at 6 months to make the end point more
meaningful and to enhance the clinical benefit associated with
the end point.

Our results showed that 34% of patients had second-line treatment
failure at 6 months because of the initiation of third-line treatment,
which represented the predominant cause of treatment failure; 7% had
treatment failure because of nonrelapse mortality; and 3% had
treatment failure because of recurrent malignancy. Thus, only 56%

had FFS at 6 months. Treatment failure was predicted by 3 clinical
factors: high-risk disease at transplantation, lower gastrointestinal
involvement at second-line treatment, and severe NIH global score at
second-line treatment. Patients without any risk factors had a 67%
FFS rate at 6 months, whereas those with 2 or more risk factors had an
FFS rate of 44% at 6 months. High-risk disease at transplantation
appeared to be associated with all 3 components of failure (data not
shown). Gastrointestinal involvement and severe NIH global score
have been associated with increased risk of mortality in previous
studies.24-26

Describing the 3 causes of treatment failure helps to interpret the
results of clinical studies. For example, careful interpretation would
be required if the results showed an increased risk of nonrelapse
mortality or recurrent malignancy despite a reduced risk of treatment
change. For this purpose, results shown in Figure 1 provide a useful
point of comparison for future studies.

Even for patients with FFS, the prolonged high-dose steroid
exposure causes many adverse effects.27 Therefore, it is important to
consider steroid doses when the efficacy of second-line treatment is
defined. The ability to control steroid-refractory chronic GVHD with
reasonable doses of steroid is another important goal of second-line
treatment. Our results showed that success end points incorporating
a steroid dose limit at 6 months were associated with increased rates
of subsequent withdrawal of all immunosuppressive treatment during
second-line treatment, a long-term treatment goal that is usually not
addressed in phase II trials. The choice of a dose limit to be used in
defining success in future studies could depend on several factors,
including patient characteristics, steroid doses administered at the
onset of second-line treatment, and any expected steroid-sparing
effects of the second-line agent. As in earlier studies,15,17,25,28,29 we
used withdrawal of all systemic immunosuppressive treatment
without subsequent resumption for our analysis. As an alternative
approach, current immunosuppressive treatment-free survival could
also be analyzed to address the same question.30

The eligibility criteria for this study were carefully designed to
represent the types of patients likely to be included in future clinical
trials of second-line treatment of chronic GVHD, and all patients who
met these criteria were included in the analysis. The minimum

Figure 1. Failure-free survival after second-line

treatment of chronic GVHD. The dark gray area

represents treatment failure due to recurrent malig-

nancy. The light gray area represents treatment failure

due to nonrelapse mortality (NRM), and the black area

represents treatment failure due to onset of third-line

systemic treatment. The white area represents FFS.

The dashed line represents cumulative incidence of

successful withdrawal of all systemic immunosuppres-

sive treatment (IST) during second-line treatment.

Figure 2. Cumulative incidence of treatment failure according to risk groups.

The low-risk group included patientswith no risk factor, the intermediate-risk group included

those with 1 risk factor, and the high-risk group included those with 2 or 3 risk factors. Risk

factors included high-risk disease at transplantation, lower gastrointestinal involvement at

second-line treatment, and severe NIH global score at second-line treatment.
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required duration of initial treatment before starting second-line
treatment is somewhat shorter in our retrospective study than in
previous prospective studies (2 weeks to 3 months).31-34 Our detailed
review of each patient demonstrated a well-justified rationale for
second-line treatment, even within 1 month after initial treatment in
some patients. For this reason, we propose that similar patients could
be considered as candidates for future clinical trials. Therefore, the
results in Table 4 could be used in the design and interpretation of
future phase II trials of second-line systemic treatment of chronic
GVHD. As an example, if a presumed study cohort contains 70%
intermediate-risk patients and 30% high-risk patients, the probability
of 6-month FFS with prednisone doses <0.2 mg/kg per day is

expected to be 0.23 [estimated as (0.703 0.28)1 (0.303 0.11)]. If
the expected success rate with the new treatment were 0.40 for this
end point, enrollment of 46 patients would offer 81% statistical
power with a 0.05 one-sided type I error, and a successful outcome in
at least 16 patients would encourage further studies.

The use of FFS as a primary end point in clinical trials has some
limitations, even if steroid dose limits are included as a component in
the end point definition. First, results with this end point require careful
interpretation in nonblinded trials, since treatment changes and the
steroid taper schedule are controlled by providers. Nonetheless,
treatment change implies that the second-line treatment did not provide
the desired benefit and has always been considered as failure in
evaluating the efficacy of a study intervention. To some extent, the
objectivity of this end point could be improved by including a
standardized guideline for tapering steroid doses and a standardized
definition of progressive disease requiring treatment change in the
protocol, although strict control of clinical management is difficult to
enforce in practice, since both response and steroid toxicity may affect
the speed of steroid taper. Second, this end point does not provide
a direct measure of improved chronic GVHD activity or decreased
symptom burden, although the use of a low steroid dose limit certainly
serves as an indirect indication that GVHD is under good control in
most cases. In the future, the FFS end point could further incorporate
validated and standardized measures of response, reduced symptom
burden, or improved quality of life as more comprehensive and direct
indicators of clinical benefit.8,10,11 Third, FFS at 6 months by itself does
not address longer-term outcomes such as disability or withdrawal of
immunosuppressive treatment. Although such end points are more
appropriate for pivotal phase III studies, our results suggest that
incorporation of an upper limit of the steroid dose in the shorter-term
success end point of phase II trials could increase the probability that
subsequent phase III studies would demonstrate differences in suc-
cessful withdrawal of all immunosuppressive treatment as a longer-
term end point.

Our results were derived from retrospective data at a single center
and might differ from those at other centers because of variation
in dosing and tapering schedules of immunosuppressive treatment.
Additional studies are warranted to determine whether our results are
representative of those from other centers, and prospective studies are
needed to determine whether findings from retrospective studies hold
true. Overall survival, relapse-free survival, and nonrelapse mortality
have been recommended as long-term end points in clinical trials for
treatment of chronic GVHD,5 but failure events would occur much

Figure 3. Successful withdrawal of systemic IST according to steroid doses at

6 months after second-line treatment. (A) #0.3 mg/kg per day vs .0.3 mg/kg per

day, (B) #0.2 mg/kg per day vs .0.2 mg/kg per day, and (C) #0.1 mg/kg per day vs

.0.1 mg/kg per day. PDN, prednisone-equivalent steroid doses.

Table 4. Shorter-term success rates at 6 months, according to risk
groups at second-line treatment

Risk group* N (%)

Success rates at 6 mo

FFS

FFS 1 PDN
£0.3 mg/kg
per day

FFS 1 PDN
£0.2 mg/kg
per day

FFS 1 PDN
£0.1 mg/kg
per day

All patients 304 (100) 0.56 0.40 0.25 0.14

Low 66 (22) 0.67 0.55 0.35 0.20

Intermediate 139 (46) 0.59 0.40 0.28 0.14

High 99 (33) 0.44 0.24 0.11 0.07

This analysis excluded 4 patients who did not have information for NIH global

severity score and 4 patients who had FFS at 6 mo with information missing for

steroid dose at 6 mo.

PDN, prednisone-equivalent steroid dose.

*The low-risk group included patients with no risk factors, the intermediate-risk

group included those with 1 risk factor, and the high-risk group included those with 2

or 3 risk factors. Risk factors included high-risk disease at transplantation, lower

gastrointestinal involvement at second-line treatment, and severe NIH global score

at second-line treatment.
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earlier and more frequently if systemic treatment change were included
as a component of the end point. FFS could be used as the basis for
a clinically meaningful, efficient, and immediately applicable
primary end point in the design and interpretation of phase II trials
of second-line systemic treatment of chronic GVHD.
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30. Socié G, Schmoor C, Bethge WA, et al; ATG-
Fresenius Trial Group. Chronic graft-versus-host
disease: long-term results from a randomized trial
on graft-versus-host disease prophylaxis with or
without anti-T-cell globulin ATG-Fresenius. Blood.
2011;117(23):6375-6382.

31. Couriel DR, Saliba R, Escalón MP, et al. Sirolimus in
combination with tacrolimus and corticosteroids for
the treatment of resistant chronic graft-versus-host
disease. Br J Haematol. 2005;130(3):409-417.

32. Cutler C, Miklos D, Kim HT, et al. Rituximab for
steroid-refractory chronic graft-versus-host
disease. Blood. 2006;108(2):756-762.

33. Jacobsohn DA, Chen AR, Zahurak M, et al.
Phase II study of pentostatin in patients with
corticosteroid-refractory chronic graft-versus-host
disease. J Clin Oncol. 2007;25(27):4255-4261.

34. Chen GL, Arai S, Flowers ME, et al. A phase 1
study of imatinib for corticosteroid-dependent/

refractory chronic graft-versus-host disease:
response does not correlate with anti-PDGFRA
antibodies. Blood. 2011;118(15):4070-4078.

2346 INAMOTO et al BLOOD, 21 MARCH 2013 x VOLUME 121, NUMBER 12

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/121/12/2340/1364908/2340.pdf by guest on 21 M

ay 2024

mailto:yinamoto@fhcrc.org

