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Introduction

The true efficacy of a given treatment is only evident after prolonged follow-up.
To determine it, analyses of long-term prospective rather than retrospective data
are needed.

Two randomized studies established the advantage of autologous stem-cell
transplantation (ASCT) over standard-dose salvage treatment for patients with
relapsed Hodgkin lymphoma (HL) sensitive to chemotherapy.1,2 However, long-

We assessed the long-term results of autologous stem-cell trans-
plantation for patients with first-relapsed or refractory Hodgkin
lymphoma included in the prospective Lymphoma Study

Association/Société Française de Greffe de Moelle H96 trial. This large multicen-
ter phase II trial evaluated a risk-adapted strategy with single or tandem
autologous stem-cell transplantation for 245 Hodgkin lymphoma patients.
Poor-risk patients (n=150) had primary refractory Hodgkin lymphoma
(n=77) or ≥2 risk factors at first relapse (n=73) and were eligible for tandem
autologous stem-cell transplantation. Intermediate-risk patients (n=95) had
one risk factor at first relapse and were eligible for single autologous stem-
cell transplantation. With a median follow-up of 10.3 years, 10-year free-
dom from second failure and overall survival rates were, respectively: 64%
(95% CI, 54% to 74%) and 70% (95% CI, 61% to 80%) for the intermedi-
ate-risk group, and 41% (95% CI, 33% to 49%) and 47% (95% CI, 39% to
55%) for the poor-risk group. Considering only patients who did not relapse
after completing autologous stem-cell transplantation, the 15-year cumula-
tive incidences of second primary malignancies were 24% for the 70 inter-
mediate-risk patients and 2% for the 75 poor-risk ones. With long-term fol-
low-up, the risk-adapted strategy remains appropriate. Tandem autologous
stem-cell transplantation can still be considered an option for poor-risk
patients, but integration of positron-emission tomography findings and new
drugs may help to refine the need for a second autologous stem-cell trans-
plant and possibly improve outcomes of patients with first-relapsed or
refractory Hodgkin lymphoma.
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term prospective data on the efficacy and late effects of
ASCT are lacking. Moreover, the long-term benefit of
ASCT for patients with primary refractory HL has not
been studied prospectively.

In 2008, our group published a prospective analysis, the
H96 trial, whose primary end-point was to evaluate free-
dom from second failure (FF2F) for poor- and intermedi-
ate-risk HL groups.3 The results of this trial showed the
interest of a risk-adapted strategy with single or tandem
ASCT. The aim of the present study was to assess
prospectively the long-term results and late effects of
ASCT for first-relapsed or refractory HL in H96 trial
patients. 

Methods

Information on the methods has already been published in
detail3 and is briefly summarized below. The study protocol was
approved by the Ethics Committee of Saint-Louis Hospital (Paris,
France).

Patients
Eligibility criteria were as follows: biopsy-proven HL (World

Health Organization, classic type); either primary refractory or
first-relapsed HL; age less than 60 years (age ≤50 years for patients
scheduled to receive tandem ASCT). Written informed consent
was required before enrollment.

Stratification and treatment 
In the H96 trial, the intensity of high-dose therapy (single or tan-

dem ASCT) was adapted to risk assessed at the onset of salvage
treatment, based on the primary refractory status or the number of
risk factors at first relapse, which included relapse less than 12
months after the end of first-line treatment, stage III or IV at
relapse, and/or relapse in a previously irradiated site (>30 Gy) after
combined-modality therapy. Patients were stratified as follows:
the poor-risk group included patients with primary refractory HL
or two or more risk factors at relapse; and the intermediate-risk
group comprised patients with only one risk factor at relapse.

In the poor-risk group, salvage treatment was followed by tan-
dem ASCT. Salvage treatment consisted of two cycles of ifos-
famide, etoposide, and doxorubicin (IVA75) or mitoguazone, ifos-
famide, vinorelbine, and etoposide (MINE). The first conditioning
regimen consisted of cyclophosphamide, carmustine, etoposide,
and mitoxantrone (CBVM) or carmustine, etoposide, cytarabine,
and melphalan (BEAM). A second conditioning regimen was
reserved for patients with no evidence of disease progression at
that time. For previously unirradiated patients, it consisted of
total-body irradiation (12 Gy in 6 × 2 Gy twice-daily fractions),
cytarabine, and melphalan (TAM). For patients who had received
prior dose-limiting radiation, the second conditioning regimen
was BAM (the same as TAM except that busulfan replaced total
body irradiation). After the second ASCT, radiotherapy was
optional.

In the intermediate-risk group, salvage treatment was followed
by single ASCT. Salvage treatment consisted of three IVA50 or
MINE cycles and the conditioning regimen was BEAM. After
ASCT, radiotherapy was optional. 

Follow-up
Computed-tomography scans were performed 3 months after

the last ASCT, every 6 months until 3 years after the ASCT and
yearly thereafter. Response to treatment – complete response
(CR), unconfirmed CR (CRu), partial response (PR), stable disease

(SD) or progressive disease (PD) – was defined according to the
1999 international response criteria.4 Left ventricular ejection frac-
tion was assessed at baseline, after salvage treatment and was re -
commended yearly thereafter.

Statistical analysis
Analyses were performed on an intent-to-treat basis (inclusion

of every patient who received at least one cycle of salvage treat-
ment) and per-protocol (restricted to the patients who completed
ASCT). The primary end-point was FF2F, measured from the date
of inclusion until progression, relapse or death from any cause, or
the date of last contact for those who were failure-free. Overall
survival (OS) was measured from the date of inclusion until death
from any cause, or the date of last contact for those who were
alive. FF2F and OS were estimated with 95% confidence intervals
(95% CI). Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test, with P≤0.05 defin-
ing statistical significance. Cumulative incidences were compared
using the Gray test.

Results

Between 1995 and 2002, 245 patients were enrolled.
Their characteristics at diagnosis and at the time of treat-
ment failure/relapse were reported previously.3 Briefly, the
median age at inclusion was 32 (range, 11-60) years. The
poor-risk group included 150 patients (77 with primary
refractory HL and 73 with unfavorable relapse) and the
intermediate-risk group comprised 95 patients. The medi-
an follow-up is now 10.3 years (10.4 years for the poor-
risk group and 10.1 years for the intermediate-risk group).

Outcomes according to risk group
Outcomes based on intent-to-treat analysis. For the poor-risk

group, the 10-year FF2F and OS were 41% (95% CI, 33%
to 49%) and 47% (95% CI, 39% to 55%), respectively
(Figure 1). Within this group, no significant difference was
observed, respectively, between primary refractory HL
and unfavorable relapse for the 10-year FF2F (34% and
49%; P=0.09) and OS (43% and 51%; P=0.26) (Figure 1).
For the intermediate-risk group, the 10-year FF2F and OS
were 64% (95% CI, 54% to 74%) and 70% (95% CI, 61%
to 80%), respectively (Figure 1).

Outcomes of patients completing ASCT. In the poor-risk
group, for patients completing tandem ASCT (n=105), the
10-year FF2F and OS were 50% (95% CI, 41% to 60%)
and 56% (95% CI, 46% to 66%), respectively (Figure 2).
Within this group, no significant difference was observed,
respectively, between primary refractory HL and unfavor-
able relapse for the 10-year FF2F (48% and 52%; P=0.76)
and OS (58% and 54%; P=0.91) (Figure 2). In the interme-
diate-risk group, for patients completing ASCT (n=92), the
10-year FF2F and OS were 65% (95% CI, 55% to 75%)
and 72% (95% CI, 62% to 81%), respectively (Figure 2).

Outcomes according to the response to salvage 
treatment

The response to salvage treatment was assessable for
243 patients (76 with primary refractory HL, 73 with unfa-
vorable relapse and 94 with intermediate risk). 

For the poor-risk group, the 10-year FF2F according to
each response category was 65% (95% CI, 49% to 80%)
for CR/CRu (n=39), 47% (95% CI, 34% to 60%) for PR
(n=55), unassessable (follow-up <10 years) for SD (n=24),



and 23% (95% CI, 8% to 37%) for PD (n=31) (Online
Supplementary Figure S1). Significant differences in FF2F
were found between the CR/CRu and PR groups
(P=0.03), PR and SD groups (P=0.002), and PR and PD
groups (P=0.001). The 10-year OS was 68% (95% CI,
51% to 84%) for patients with CR/CRu, 58% (95% CI,
45% to 71%) for those with PR, 16% (95% CI, 0 to 31%)
for patients with SD, and 26% (95% CI, 10% to 41%)
for those with PD (Online Supplementary Figure S1).
Concerning OS, no significant differences were observed
between the CR/CRu and PR groups (P=0.1), whereas
there were statistically significant differences between
the CR/CRu and SD groups (P<0.001); the CR/CRu and
PD groups (P<0.001); the PR and SD groups (P<0.001);
and the PR and PD groups (P<0.001). 

For the intermediate-risk group, the 10-year FF2F was
67% (95% CI, 55% to 79%) for patients with CR/CRu
(n=65) and 64% (95% CI, 44% to 83%) for those with
PR (n=26), with no significant difference between the
two (P=0.95) (Figure 3). No patients had SD and three
had PD. The 10-year OS was 72% (95% CI, 61% to
84%) for patients with CR/CRu and 66% (95% CI, 47%

to 85%) for those with PR (P=0.97) (Online Supplementary
Figure S1). 

Relapse/progression after study inclusion
One-hundred patients relapsed/progressed after study

inclusion (75 poor-risk and 25 intermediate-risk patients).   
For the poor-risk group, the 5- and 10-year cumulative

incidences of relapse/progression were 48% and 53%,
respectively (Figure 3). Within this group, the 5- and 10-
year cumulative incidences of relapse/progression were
53% and 59% for the 43 primary refractory patients, and
43% and 47% for the 32 patients with unfavorable
relapse, respectively (P=0.12) (Figure 3). Among the 43
poor-risk patients who relapsed after completing tandem
ASCT, the median interval from second ASCT to relapse
was 0.7 (0.2–8) years.

For the intermediate-risk group, the 5- and 10-year
cumulative incidences of relapse were 25% and 27%,
respectively (Figure 3). Among the 23 patients who
relapsed after ASCT, the median ASCT-to-relapse interval
was 1.5 (0.4–6.5) years.

After post-inclusion relapse/progression, 23 patients
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Figure 1. Outcomes based on intent-to-treat analysis. (A) Freedom from second failure (FF2F) and (B) overall survival (OS) of patients with first-relapsed or primary
refractory Hodgkin lymphoma according to risk group. (C) FF2F and (D) OS of patients with primary refractory or unfavorable relapse (≥2 of the following risk factors
at first relapse: relapse <12 months, stage III or IV at relapse, and/or relapse within previously irradiated sites). Median follow-up: 10.3 years.
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underwent allogeneic stem cell transplantation (alloSCT),
20 of them after a reduced-intensity conditioning (RIC-
allo) regimen. Overall, from that relapse, the 10-year OS
was 30% for the 23 patients or considering only the 20
RIC-allo patients (Figure 3). For the 77 relapsing/progres -
sing patients who did not undergo alloSCT, the 10-year
OS was only 5% (19% for the 20 intermediate-risk and
2% for the 57 poor-risk patients (Figure 3).

To assess the effect of RIC-allo in this setting better, we
conducted a matched analysis using three relevant risk fac-
tors: age at relapse after ASCT (≥50 years),5 early relapse
after ASCT (<6 months),5 and treatment arm (poor versus
intermediate).

The 20 RIC-allo patients had undergone at least one pre-
vious ASCT, they were all younger than 50 years at
relapse and four (all in the poor-risk group) had early
relapse after ASCT. They were matched to 20 control
patients who relapsed after ASCT, but did not undergo
alloSCT. From the post-ASCT relapse, the median OS was
31.7 months for RIC-allo patients versus 38.9 months for
matched controls, and the 10-year OS was 30% for RIC-
allo patients versus 20% for matched controls; the survival
curves did not differ significantly (P=0.55) (Figure 3).

Death
In all, 110 patients died [30 in the intermediate-risk

group and 80 in the poor-risk group (35 unfavorable
relapses and 45 primary refractory HL)]. Overall, HL was
the main cause of death (n=83; 75% of causes of death).
However, HL was the cause of 50% (n=15) of deaths in
the intermediate-risk group whereas it represented 85%
(n=68) of deaths in the poor-risk group. Other deaths
resulted from infections (n=5), acute leukemia (n=5), post-
alloSCT complications (n=5), solid tumors (n=3), non-
Hodgkin lymphomas (n=2), cardiac toxicity (n=2), or other
(n=5). The distribution of causes of death according to risk
group is shown in Online Supplementary Figure S2. 

Late effects
Second primary malignancies (SPM). Sixteen SPM occurred

(Table 1). Overall, from inclusion, the 10- and 15-year
cumulative incidences of SPM were 8% and 15%, respec-
tively (Figure 4). According to whether the patients were
intermediate- or poor-risk, the 10-year cumulative inci-
dences of SPM were 15% and 1.5%, respectively (Online
Supplementary Figure S3). Considering only patients who
did not relapse after completing ASCT, the 10- and 15-

Figure 2. Outcomes of patients completing autologous stem-cell transplantation.  (A) Freedom from second failure (FF2F) and (B) overall survival (OS) of patients
with first-relapsed or primary refractory Hodgkin lymphoma according to risk group. (C) FF2F and (D) OS of patients with primary refractory or unfavorable relapse.
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year cumulative incidences of SPM were 9% and 13%,
respectively (Figure 4), with 10- and 15-year cumulative
incidences of 16% and 24%, respectively, for the 70 inter-
mediate-risk patients and 2% and 2% for the 75 poor-risk
patients (Online Supplementary Figure S3). All acute
leukemias were fatal, while some patients with non-
Hodgkin lymphomas or solid tumors achieved long-term
survival.

Cardiovascular events. These were defined as heart failure
requiring treatment, coronary artery disease requiring
treatment or death resulting from a cardiac or vascular
cause. Thirteen cardiovascular events occurred. Overall,
from inclusion, the 10-year cumulative incidence of car-
diovascular events was 6.5% (Figure 4) (10% for the inter-
mediate-risk group and 3% for the poor-risk group; Online
Supplementary Figure S3). Considering only those patients
not relapsing after completing ASCT, the 10-year cumula-
tive incidence of cardiovascular events was 6% (Figure 4)
(7% for the intermediate-risk group and 5% for the poor-
risk group; Online Supplementary Figure S3).

Discussion

The long 10.3-year median follow-up of H96-trial
patients gave us a unique opportunity to analyze long-
term outcomes of a large series of adults with first-
relapsed/refractory HL. 

The 10-year OS was 70% for the intermediate-risk
group and 47% for the poor-risk group. Several studies
have shown that single ASCT can provide a cure in rough-
ly 50% of unselected patients.6,7 Thus, the outcome of
intermediate-risk patients treated with single ASCT in our
trial was better than the outcome of these unselected
patients treated with single ASCT. Moreover, the outcome
of poor-risk patients treated with tandem ASCT in our
trial was similar to the outcome of these unselected
patients treated with single ASCT. The results of the
SWOG 0410 phase II trial of tandem ASCT in 82 refracto-
ry/relapsed HL patients were recently reported: the 2-year
progression-free survival (PFS) was 63%, reaching the pre-
dicted end-point of at least a 15% improvement based on
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Figure 3. Cumulative incidences of relapse/progression and overall survival probabilities. Cumulative incidence of relapse/progression after study inclusion (A)
according to risk group and (B) for patients with primary refractory or unfavorable relapse. (C) From post-inclusion relapse/progression, overall survival (OS) of
patients who underwent allogeneic stem-cell transplantation (alloSCT) or not. (D). From post-autologous stem-cell transplantation relapse, OS after matched analysis
between patients who underwent alloSCT using a reduced-intensity conditioning regimen (RIC-allo) and patients who did not undergo alloSCT.
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the historical 2-year PFS of 45% in the previous SWOG
9011 study.8,9 

Late effects, especially SPM and cardiovascular events,
are well-known after first-line treatment of HL.10-16 In con-
trast, only a few retrospective studies have addressed
long-term effects after ASCT for relapsed or refractory
HL.17,18 Thus, long-term prospective data are lacking for
first-relapsed or refractory HL treated with ASCT.
Concerning the cumulative incidence of SPM, data from
retrospective studies are difficult to interpret because of
differences in median follow-up, selection of patients (all
transplanted patients or only patients who survived ≥2
years after ASCT), period of inclusion, number of treat-
ment lines before ASCT, heterogeneity of treatments, con-
ditioning regimens and source of stem-cells.7,17-19 Given
this, the cumulative incidences of SPM in retrospective
studies ranged from 5.8% to 14.7% at 10 years, and from
8% to 15.3% at 15 years. In the present study, considering
patients who did not relapse after completing single ASCT
(intermediate-risk group), the 10- and 15-year cumulative
incidences of SPM were 16% and 24%, respectively,
which are higher than in retrospective studies. These
results suggest that special attention to SPM should be re -
commended. The relatively low cumulative incidence of
SPM in the poor-risk patients who did not relapse after
completing ASCT is somewhat surprising. Data concern-
ing SPM were collected in the same way in both risk
groups without bias. We have no clear explanation for this
low incidence, but we cannot rule out an effect due to
chance.

Our study has some limitations. Since the start of this
trial in 1995, changes have taken place in the standard
treatment of patients with HL. Fluorodeoxyglucose
positron-emission tomography (PET) scanning was not
routinely done for disease assessment, and it is possible
that PET scanning done before ASCT could have more

accurately classified patients’ responses to salvage treat-
ment. In the retrospective study by Devillier et al., for
responders to salvage treatment according to the Cheson
2007 criteria, the PET response at the time of ASCT influ-
enced outcome and identified patients requiring single or
tandem ASCT.20 Additionally, because the H96 trial was
not a randomized study comparing single versus tandem
ASCT, tandem ASCT can only be considered an option for
poor-risk patients. Various treatment strategies to improve
outcomes after ASCT have been investigated, including
PET-adapted approaches,21,22 dose-intensity of salvage
treatment,23 radiation therapy after ASCT,24 tandem auto–
alloSCT,25 or consolidation with brentuximab vedotin
(BV).26 Recently, the AETHERA randomized trial showed
that early consolidation with BV versus placebo after
ASCT improved 2-year PFS in patients with HL with risk
factors for relapse or progression after transplantation
(63% versus 51%, respectively; hazard ratio 0,57;
P=0.0013).26 Interim analysis of OS showed no significant
difference between treatment groups, and, because the
crossover of patients in the placebo group to the BV group
confounds this survival analysis, whether early BV consol-
idation can provide a greater survival benefit than BV
treatment after progression cannot yet be answered. A
direct comparison between AETHERA and H96 is difficult
given the differences in median follow-up (2.5 years for
AETHERA versus 10.3 years for H96) and inclusion criteria:
in AETHERA, patients were included after ASCT and had
at least one of the following risk factors: primary refracto-
ry HL, relapsed HL with an initial remission duration of
less than 12 months, or relapse after 12 or more months
with extranodal involvement. In H96, patients were
included at the time of relapse/progression, before salvage
treatment, and were stratified into two risk groups.
Furthermore, in AETHERA, patients had to have had CR,
PR, or SD after salvage treatment, whereas in H96, all

Table 1. Characteristics of the 16 second primary malignancies.
Patient SPM Risk group N. of Post-ASCT ASCT-to-SPM Age at SPM Last SPM: cause of

ASCT HL relapse interval (years) onset (years) follow- up death

1 DLBCL Intermediate 1 No 8.8 45 Alive ---
2 DLBCL Intermediate 1 No 3.1 61 Died Yes
3 BL Intermediate 1 No 10.5 67 Died Yes
4 PTCL CD30+ALK– Intermediate 1 No 4.8 39 Alive ---
5 AML Intermediate 1 No 4.5 43 Died Yes
6 AML Intermediate 1 No 7 35 Died Yes
7 AML Intermediate 1 No 4.8 34 Died Yes
8 AML Intermediate 1 Yes 10.9 60 Died Yes
9 ALL Intermediate 1 No 1.3 44 Died Yes
10 Lung cancer Intermediate 1 No 9.9 64 Died Yes
11 Lung cancer Intermediate 1 No 7.1 56 Died Yes
12 Lung cancer Intermediate 1 Yes 6.3 52 Died Yes
13 Lung cancer Poor 1 Yes 10.8 60 Alive ---
14 Breast cancer Intermediate 1 No 4.5 43 Alive ---
15 Kidney cancer Poor 2 No 6.4 46 Alive ---
16 Oligodendroglioma Intermediate 1 No 4.1 46 Alive ---

ALK: anaplastic lymphoma kinase; ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; ASCT: autologous stem-cell transplantation; BL: Burkitt lymphoma; DLBCL: dif-
fuse large B-cell lymphoma; HL: Hodgkin lymphoma; PTCL: peripheral T-cell lymphoma.



patients could undergo the first ASCT whatever their
response, including PD. Because the definition of primary
refractory HL is not equivocal, it is probably more ade-
quate to analyze results of primary refractory patients
between AETHERA and H96. In AETHERA, the 2-year
PFS (from randomization after ASCT) of primary refracto-
ry patients was 60% and 42% in the BV and placebo
arms,27 respectively, whereas in H96, the 2-year PFS (from
ASCT) of primary refractory patients in CR, PR, or SD
after salvage treatment was 67% according to the intent-
to-treat analysis, and 74% for patients completing tandem
ACST (data not shown). In view of the results of AETHERA,
early BV consolidation after ASCT may certainly be pro-
posed to intermediate-risk patients but whether BV con-
solidation after the first ASCT may replace tandem ASCT
in poor-risk patients remains an open question.

Besides BV, many new drugs, including histone deacety-
lase inhibitors (mocetinostat and panobinostat),28,29

everolimus,30 bendamustine,31 and PD-1–blocking antibod-
ies (nivolumab32 and pembrolizumab33), have shown
activi ty in relapsed/refractory HL and could be used either
to increase the rate of CR prior to ASCT, or as consolida-

tion therapy after ASCT.
Finally, the role of alloSCT in the management of

patients who relapse after ASCT remains controversial. In
our matched analysis, the 10-year OS did not differ signif-
icantly between RIC-allo and no alloSCT patients after
post-ASCT relapse. However, the limited number of
patients may have prevented the demonstration of a sig-
nificant benefit of RIC-allo. Considering the 4-year OS
(45% for RIC-allo patients and 35% for matched con-
trols), our results are similar to those reported previous-
ly.5,34

In conclusion, with long-term follow-up, the risk-adap -
ted strategy remains appropriate, but special attention
should be paid to SPM. Integration of PET findings and
new drugs such as BV or PD-1–blocking antibodies may
help to refine this strategy, especially the need for a seco -
nd ASCT in poor-risk patients, and possibly improve out-
comes for patients with first-relapsed or refractory HL.
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Figure 4. Cumulative incidence of second primary malignancies (SPM) and cardiovascular events. Cumulative incidence of SPM (A) for the whole population and
(B) for patients who did not relapse after completing autologous stem-cell transplantation (ASCT). Cumulative incidence of cardiovascular events (heart failure requir-
ing treatment, coronary artery disease requiring treatment or death resulting from a cardiac or vascular cause) (C) for the whole population and (D) for patients who
did not relapse after completing ASCT.
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