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From 1989 to 1996, 533 eligible patients
with stage IlIB/IV Hodgkin lymphoma (HL)
were randomly assigned to receive 6
cycles of hybrid MOPP/ABV (mechloreth-
amine, vincristine, procarbazine, pred-
nisone/Adriamycin [doxorubicin], bleomy-
cin, vinblastine; n = 266) or ABVPP
(doxorubicin, bleomycin, vinblastine,
procarbazine, prednisone; n = 267). Pa-
tients in complete remission (CR) or
partial response of at least 75% after 6
cycles received 2 cycles of consolida-
tion chemotherapy (CT) (n = 208) or sub-

total nodal irradiation (RT) (n = 210). A
better survival probability was observed
after ABVPP alone: the 10-year overall
survival (OS) estimates were 90% for AB-
VPP x8, 78% for MOPP/ABV x8, 82% for
MOPP/ABV with RT, and 77% for AB-
VPP x6 with RT (P = .03); and the 10-year
disease-free survival (DFS) estimates
were 70%, 76%, 79%, and 76%, respec-
tively (P=.09). The 10-year DFS esti-
mates for patients treated with consolida-
tion CT or RT were 73% and 78% (P = .07),
and OS estimates were 84% and 79%,

respectively (P = .29). These results
showed that RT was not superior to con-
solidation CT after a doxorubicin-induced
CR in patients with advanced HL. An
analysis of competing risks identified age
more than 45 years as a significant risk
factor for death, relapse, and second can-
cers. Prospective evaluation of late ad-
verse events may improve the manage-
ment of patients with HL. (Blood. 2006;
107:4636-4642)
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Introduction

Chemotherapy alone with a doxorubicin-containing regimen is
considered the treatment of choice for advanced-stage Hodgkin
lymphoma (HL). The regimen comprising doxorubicin, bleomycin,
vinblastine, and dacarbazine (ABVD) continues to be the standard
regimen. ABVD alternating with MOPP (mechlorethamine, vincris-
tine, procarbazine, and prednisone), or a hybrid regimen, MOPP/
ABV(MOPP/Adriamycin [doxorubicin], bleomycin, vinblastine),
are used less frequently because of the potential late effects of
alkylating agents.! The introduction of BEACOPP, a front-line
intensified regimen containing bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone, has
led to better tumor control and overall survival (OS).> Ongoing
trials should indicate whether this strategy is capable of replacing
the ABVD regimen. Randomized trials of chemotherapy versus
combined modality therapy have questioned the benefit of adjuvant
radiotherapy (RT).>7 A recent large trial showed that RT can be
avoided in patients with stage III/IV HL who achieve a complete
remission (CR) after 6 or 8 cycles of conventional chemotherapy
(CT) but may be beneficial to patients achieving a partial response
(PR) after initial chemotherapy.®

Since the late 1980s, late complications, especially second
cancers and cardiovascular disease, responsible for excess mortal-

ity in patients cured of their disease, have been investigated
extensively.”13 However, compared to modern strategies for early-
stage disease, there has been a delay in applying the risk-benefit
approach for advanced stages. Since 1998, a 7-factor prognostic
score for advanced HL has been developed and has been found to
be inversely correlated with freedom from progression (FFP) and
OS.1* Based on this prognostic score, treatment has been tailored to
an individual’s risk in ongoing trials. The risks of late toxicities
must be weighed against the risk of treatment failure, but also
against the results of salvage therapy and its potential toxicity. An
analysis of late adverse events in patients treated in prospective
trials with CT alone or CT combined with RT may help define the
risks caused by each treatment modality.

In 1989, the Groupe d’Etudes des Lymphomes de 1’Adulte
(GELA) initiated the H89 trial to compare 2 additional cycles of
chemotherapy to subtotal nodal RT as consolidation therapy for
patients with stage IIIB/IV HL in complete remission (CR) or
having achieved a good PR after 6 cycles of CT."> The feasibility
and results of salvage therapy, including intensified chemotherapy
and high-dose chemotherapy (HDCT) followed by autologous
stem-cell transplantation (ASCT) in patients who failed to respond
completely or relapsed after initial treatment, have been reported
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previously.'® With a median follow-up of 10 years, the long-term
results of the H89 trial, with special emphasis on late toxicities and
the causes of death, are reported here.

Patients, materials, and methods
The H89 trial

Details regarding the design of the trial have been reported previously.'
Patients aged 15 to 65 years with untreated stage IIIB/IV Hodgkin
lymphoma were eligible. The study protocol was approved by the Saint-
Louis Hospital (Paris) Ethics Committee, and all patients gave their
informed consent. The standardized staging evaluation has been described
previously.'> The histologic slides of 93% of the patients were reevaluated
by a panel of hematopathologists; the diagnosis of the treating institution
was used for the remaining patients.

Treatment and follow-up

The patients were randomly assigned to one of 2 regimens: hybrid
MOPP/ABV!7 or ABVPP, which consisted of doxorubicin 30 mg/m?
intravenously on day 1, bleomycin 5 mg/m? intravenously on days 1 and 8,
vinblastine 5 mg/m? intravenously on days 1 and 8, procarbazine 100
mg/m? on days 1 through 14, and prednisone 40 mg/m? on days 1 through
14. CT cycles were repeated every 28 days. Patients in CR or PR of at least
75% (= 75% of disease regression) after 6 cycles were randomized to
receive either 2 more cycles of the same CT or RT for consolidation therapy.
RT was delivered to the mantle field plus the para-aortic area and spleen
(subtotal nodal RT) or to the inverted Y field and the spleen (total nodal
irradiation), exclusively in case of iliac or inguinal involvement. Thirty
grays (Gy) were delivered to all volumes, plus 5 Gy to the initially involved
areas and an additional 5 Gy to the site of residual masses after CT, given in
2-Gy fractions, 5 fractions per week. Among the 210 patients randomized to
RT, 152 (72%) received radiation according to the assigned volumes and
doses; the planned volumes of RT were partially delivered in 12 patients
(6%); the radiation doses were not completed in 31 patients (15%); and 15
patients (7%) did not receive RT. The protocol violations and the reasons for
deviations already have been described.!> Patients who did not achieve a
CR or PR of at least 75% after 6 cycles were not randomized for
consolidation therapy. Patients in PR with 50% to 75% regression of their
tumor masses after 4 to 6 cycles and documented active disease (either by
biopsy or gallium-67 scan) and patients who did not respond or who
progressed under treatment received 2 to 3 cycles of salvage therapy with
the MINE regimen: mitoguazone, ifosfamide, vinorelbine (Navelbine; Pierre-
Fabre Medicament, Boulogne, France), and etoposide, followed by BEAM
(BCNU [1,3-bis[2-chloroethyl]-1-nitrosourea], cytosine arabinoside, etoposide,
and melphalan) and autologous stem cell transplant (ASCT).'¢

Response was evaluated after 4 and 6 cycles of CT and at the
completion of treatment, using hematologic and blood biochemistry
studies, erythrocyte sedimentation rate measurement, and a chest radio-
graph. Computed tomography scans (CT scans) that were abnormal at
diagnosis were repeated after 4 cycles of CT, after 6 cycles in the case of a
PR, and at completion of treatment. If a previous bone marrow biopsy had
been abnormal, the bone marrow was reassessed after 4 cycles. Response
criteria were defined according to standard guidelines,'® except at the end of
treatment, where a partial response of at least 75% was considered a CR.

Follow-up procedures included a physical examination and a complete
blood count every 3 months for the first 2 years, then every 6 months for 3
years, and then once yearly thereafter. Computerized tomography scans of
the chest and abdomen were performed every 6 months during the first 2
years, then at the discretion of the treating physician. Second cancers and
late toxicity were recorded on a standardized form. If necessary, additional
information was requested from the trial investigator. Cardiovascular and
respiratory complications, reproductive functions, and thyroid dysfunctions
were informally assessed during the follow-up.

Statistical methods

Follow-up started at the end of HL treatment and ended at the date of death
or the date of the last examination, whichever came first. All analyses were
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performed on an intention-to-treat basis. Patient characteristics and re-
sponse rates were compared using x? tests. Disease-free survival (DFS) was
measured from the date of a documented CR to that of relapse, death from
any cause, or the stopping date. OS was measured from the date of the first
randomization (induction treatment) to either death from any cause or the
stopping date. When the later date was not reached, the date was censored at
the last follow-up evaluation. Survival functions were estimated by the
Kaplan-Meier method and compared by the log-rank test. Late toxicities,
defined as any adverse event arising after 3 months after the end of
treatment, were classified in accordance with the oncology section of the
World Health Organization International Classification of Diseases.!?
Diagnoses used were those provided by the centers where the patient was
followed up. This end point was calculated as a cumulative probability, and
the effects of potential risk factors were examined using the Cox propor-
tional-hazards model.?*?! Interactions between treatment groups also were
included in the model. All statistical tests were 2-sided. Analyses were
performed using SAS 9.1 (SAS Institute, Cary, NC) and Splus 6.2
(MathSoft, Cambridge, MA) software.

Results

From July 1989 to December 1996, a total of 533 patients were
eligible, 266 in the MOPP/ABV group and 267 in the ABVPP
group. Patient characteristics at diagnosis and the distribution of
prognostic factors according to the international prognostic score
are listed in Table 1. These characteristics did not differ between
the 4 treatment arms.

Treatment efficacy

Induction. After 6 cycles of induction CT, response rates did not
differ between the 2 induction regimens: patients treated with
MOPP/ABV achieved a CR or PR 51% and 34% of the time,
respectively, while patients treated with ABVPP achieved a CR or
PR 49% and 39%, respectively.

A total of 115 patients were not randomized to receive
consolidation therapy, for the following reasons: early death
(n = 11), PR to induction CT requiring salvage therapy (n = 59),
treatment-related toxicity (n = 13), underlying diseases (n = 3),
patient refusal (n = 7), and a protocol violation (n = 22).

Consolidation. Four hundred and eighteen patients were ran-
domized, 208 to receive consolidation CT and 210 to receive RT.
After consolidation therapy, 394 of the 418 randomized patients
(94%) achieved a CR, 2 patients achieved a PR, 19 patients had
early disease progression, and 3 patients died during consolidation
RT. The CR rate by treatment arm (induction CT plus consolidation
therapy) is shown in Table 1. The CR/complete remission uncertain
(CRu) rates in patients with an international prognostic score of 0
to 2 and 3 or higher were 90% and 75%, respectively (P < .001).

Among the 394 patients who achieved a CR, the predicted
probability of survival without disease was 74% after 10 years
(95% confidence interval [CI], 69%-78%). The 10-year DFS
estimates for patients treated with MOPP/ABV or ABVPP were
77% (95% CI, 71%-84%) and 70% (95% CI, 64%-77%), respec-
tively (P = .02). No difference was detected between consolidation
therapies with 10-year DFS estimates of 73% (95% CI, 66%-79%)
and 78% (95% CI, 71%-84%), respectively (P = .07), for patients
treated with consolidation CT or RT. The 10-year DFS estimates
for the 4 treatment arms are shown in Table 1, and DFS curves are
shown in Figure 1. No difference was observed between the 4
treatment arms (P = .09). The 10-year DFS estimates for patients
with an international prognostic score of 0 to 2 and 3 or higher were
82% (95% CI, 76%-88%) and 67% (95% CI, 61%-74%), respec-
tively (P < .001).
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Table 1. Patient characteristics and estimated outcomes
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. Patients randomized for consolidation
Patients not

Eligible randomized for MOPP/ABV ABVPP MOPP/ABV ABVPP x6
patients consolidation X8 X8 + RT + RT
Patients’ characteristics

No. patients 533 115 92 116 114 96

Men, % 66 57 73 68 68 67

Age, median, y 32 36 32 32 32 32

Age at least 45, % 23 40 21 16 17 22

Stage IIIB, % 40 25 52 41 39 46

Stage 4, % 60 75 48 59 61 54

Extranodal sites at least 2, % 27 62 21 22 25 23

Bone marrow involvement, % 20 33 12 16 20 18

ECOG performance status at least 2, % 12 22 8 10 11 11

Hemoglobin level less than 10.5 g/L, % 29 48 24 34 21 22

Albumin level less than 40 g/L, % 23 78 20 30 22 22

WBC at least 15 G/L, % 25 31 21 25 19 27

Lymphocyte count less than 0.6 G/L or less than 8% of WBC 13 23 8 16 12 8

IPS0to2, % 39 23 41 40 48 40

IPS 3 or higher, % 61 77 59 60 42 60
Additional treatment for refractory and relapsing disease, no. patients

MINE, ASCT 64 33 6 13 6 6

Other CT, ASCT 26 7 3 8 3 5

CT without ASCT 46 20 6 9 4 7

CT and tandem ASCT 11 5 2 1 — 3

HDCT allogeneic BMT 3 1 — 1 — 1

RT alone 3 1 — 1 — 1
Outcomes, % (95% confidence interval)

CR rate — — 91 99 95 91
10-year DFS*t 74 (69-78) 59 (39-79) 76 (67-86) 70 (61-78) 79 (69-88) 76 (67-85)
10-year event-free survivalt 61 (57-66) 24 (16-32) 71 (62-81) 67 (60-77) 77 (68-86) 69 (59-78)
10-year OS§ 75 (71-79) 50 (41-60) 78 (68-85) 90 (85-96) 82 (74-90) 77 (68-85)

ECOG indicates Eastern Cooperative Oncology Group; IPS, International Prognostic Score; MINE, salvage therapy with mitoguazone, ifosfamide, navelbine, and
etoposide; ASCT, autologous stem cell transplantation; HDCT, high-dose chemotherapy; BMT, bone marrow transplantation; CT, chemotherapy; and RT, radiotherapy.

*Three hundred ninety-four patients in CR were analyzed.
1P = .09 for the comparison of the 4 treatment arms.
1P = .23 for the comparison of the 4 treatment arms.
§P = .03 for the comparison of the 4 treatment arms.

Survival. The median follow-up of surviving patients was 115
months (range, 7-172 months), with a predicted probability of
survival of 75% at 10 years (95% CI, 71%-79%). The 10-year
overall survival estimates for patients treated with MOPP/ABV or
ABVPP were 72% (95% CI, 67%-78%) and 78% (95% CI,
73%-83%), respectively (P = .17). The 10-year overall survival

0 P=.09 HR = 0.809
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Figure 1. Estimated disease-free survival according to treatment arms. Broken
line indicates MOPP/ABV X8 (patients at risk, n = 84; relapses or deaths, n = 20;
10-year estimate, 76%); solid black line, ABVPP X 8 (patients at risk, n = 115;
relapses or deaths, n = 34; 10-year estimate, 70%); light gray line, MOPP/ABV X6
with RT (patients at risk, n = 108; relapses or deaths, n = 18; 10-year estimate,
79%); and dark gray line, ABVPPX6 with RT (patients at risk, n = 87; relapses or
deaths, n = 22; 10-year estimate, 76%).

estimates for patients treated with consolidation CT or RT were
84% (95% CI, 78%-89%) and 79% (95% CI, 72%-84%), respec-
tively (P = .29). The 10-year predicted probabilities of survival
were 78% for MOPP/ABV X 8, 90% for ABVPPX 8, 82% for
MOPP/ABV + RT, and 77% for ABVPPX6 + RT (Table 1). The 4
treatment arms differed significantly, with a better survival probabil-
ity after ABVPP alone (P = .03). Overall survival curves are
shown in Figure 2. No statistical difference was observed in the
10-year predicted probability of OS and EFS after CT or RT
consolidation when patients in CR or PR of at least 75% were
restaged after 6 cycles and compared (data not shown). The 10-year
predicted survival probability rates for patients with an interna-
tional prognostic score of 0 to 2 and 3 or higher were 90% (95% CI,
85%-94%) and 67% (95% CI, 61%-72%), respectively (P < .001).

One hundred and twenty-nine patients have died. The causes
of death by treatment group are given in Table 2. The major
causes of death were progression of HL (46.5%), second cancers
(18.5%), and treatment-related complications (17%). Other
known causes of death during therapy were as follows: infection
(n = 4); respiratory insufficiency after pneumopathy with hyper-
sensitivity (n = 1); suicide (n = 1); urologic fistula (n = 1);
cerebral hemorrhage (n = 1); and a solid tumor diagnosed
during initial treatment (n = 2). Among 24 second cancer-related
deaths, 16 occurred after MOPP/ABYV and 8 after the ABVPP regimen.
There were 12 intercurrent deaths after MOPP/ABYV and 11 after the
ABVPP regimen.
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Figure 2. Estimated overall survival according to treatment arms. Broken line
indicates MOPP/ABV X8 (patients at risk, n = 92; deaths, n = 21; 10-year estimate,
78%); solid black line, ABVPP X8 (patients at risk, n = 116; deaths, n = 11; 10-year
estimate, 90%); light gray line, MOPP/ABV X6 with RT (patients at risk, n = 114;
deaths, n = 18; 10-year estimate, 82%); and dark gray line, ABVPPx6 with RT
(patients at risk, n = 96; deaths, n = 23; 10-year estimate, 77%).

Late toxicities

Second cancers. Thirty-eight second cancers (emerging at least 3
months after the end of treatment) were observed. Ten (5 myelodys-
plastic syndrome [MDS]/acute myelogenous leukemia [AML], 2
non-Hodgkin lymphoma [NHL], and 3 solid tumors) occurred after
additional treatment for a PR, progression, or a relapse, including
HDCT with ASCT in 9 patients and CT in one patient. The other 28
patients who developed a second cancer had received the planned
treatment. The rate of second cancers observed was not statistically
different between patients who had received the planned treatment
(9%) and those who had received salvage treatment (8%) (P = .743).
Twenty-three solid tumors occurred (lung, 9; colorectal, 2;
small bowel, 1; pancreas, 2; liver, 1; esophagus, 1; head and neck,
3; breast, 1; skin, 2; and unknown origin, 1). The median time from
the diagnosis of HL to solid tumors was 6 years (range, 0.5-13
years). Among the 9 lung cancers, 4 were adenocarcinoma and 2
were squamous cell carcinoma, and the histology was unavailable
for 3 patients. Among the 3 cancers localized in the liver or
pancreas, 2 were neuroendocrine tumors. Between the 2 skin
tumors, one was a melanoma. Eight patients with solid tumors had
received RT as consolidation therapy, and 4 tumors occurred in the
irradiated field (3 lung, 1 pancreas). The 3-year OS rate from the
diagnosis of the second cancer was 35% (95% Cl, 13%-57%).
Fifteen hematological malignancies (AML, 5; myelodysplastic
syndrome [MDS], 5; NHL, 5) were observed. Of the 10 patients

Table 2. Causes of death
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with AML or MDS, 5 patients (2 AML, 3 MDS) were in a
continuous CR of HL, and 5 patients had received salvage
treatment with HDCT and ASCT after initial failure (2 patients: 1
MDS and 1 AML) or a relapse (3 patients: 1 MDS, 2 AML). The
median time from HL to MDS/AML was 4.5 years (range, 2.5-6.3
years). The 3-year OS from the diagnosis MDS/AML was 33%
(95%CI, 3%-64%). Of the 10 patients with AML or MDS, 5 died of
the second malignancy, one died of cardiac failure after initial
salvage therapy with HDCT and ASCT plus RT to the mediasti-
num, and 4 were alive, 3 of them without disease 43, 80, and 104
months after the second malignancy. Of the 5 patients with NHL, 4
died of NHL progression (3 aggressive and 1 follicular lymphoma)
occurring 12 to 88 months after the end of HL treatment, and 1
patient is alive after marginal zone lymphoma, which occurred 126
months after treatment completion.

Nonmalignant late toxicities (occurring at least 3 months after
the end of treatment) were reported in 102 patients and are listed in
Table 3. Of these late toxicities, 71 were observed after the planned
treatment, and 31 occurred after additional treatment, including
HDCT with a hematopoietic stem cell transplant (ASCT, 21
patients; tandem ASCT, 3 patients; allogeneic SCT, 1 patient) given
to patients who failed to achieve a CR after initial treatment (14
patients) or to those who relapsed (17 patients). The observed rate
of nonmalignant late toxicities was similar between recipients of
the planned treatment (20%) and those of salvage treatment (21%)
(P = .863). Nonmalignant late toxicities resulted in 6 deaths and
were the fourth cause of death, after HL, second cancers, and
treatment-related death.

Among the cardiovascular complications, coronary insuffi-
ciency occurred in 3 patients, with 2 myocardial infarctions
resulting in 1 death. Abnormal left ventricular function was
observed in 3 patients, and another patient had cardiac failure.
Venous thrombosis was observed in 5 patients, ischemic arteriopa-
thy in 1 patient, and 2 patients had lymphoedema of the legs.
Among infectious complications were 7 cases of herpes zoster, 2 of
viral meningitis, 1 of herpetic encephalopathy, 2 of pneumopathies,
and 1 of acute respiratory distress syndrome, resulting in 2 deaths.
Among the pulmonary complications, 3 patients developed respira-
tory insufficiency, 2 had functional impairment, 2 had radiation
pneumonitis, and 1 patient died of pneumopathy secondary to drug
hypersensitivity. The other most frequently reported late toxicities
were thyroid dysfunctions (19 of 26 patients receiving RT), male
sterility (13 patients), and early menopause (12 patients), with a
possible role of iliac RT in 2 cases and salvage therapy with ASCT

Patients not

Patients randomized for consolidation

randomized for MOPP/ABV ABVPP MOPP/ABV ABVPP
All patients consolidation x8 X8 X6 + RT X6 + RT
Patients at risk, no. 533 115 92 116 114 96
Total deaths, no. 129 56 21 11 18 23
Deaths related to HL, no.
Failure to achieve CR 44 30 4 — 4 6
After relapse 16 2 4 2 6
Deaths related to initial treatment, no. 15 3 — — 3]
Deaths related to salvage therapy, no. 7 2 1 2 1 1
Deaths related to second cancer, no.
Solid tumor 15 4 4 — 4 3
Non-Hodgkin lymphoma 4 — 1 1 2 —
Acute leukemia - MDS 5 3 1 1 — —
Deaths related to cardiovascular causes, no. 1 — 1 — — —
Deaths due to other known cause, no. 10 1 2 1 3 3
Cause of death unspecified, no. 12 5 2 2 2 1
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Table 3. Second cancers and late nonmalignant toxicities
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Patients randomized for consolidation, no.

No. events Patients not randomized MOPP/ABV ABVPP MOPP/ABV + ABVPP x6 Related deaths,

observed for consolidation, no. X8 X8 RT + RT no.

Second cancers 38 10 8 6 8 6 24
Solid tumors 23 7 5 2 5 4 15
Lung 9 3 2 0 1 3 8
Gastrointestinal tract 4 2 1 0 1 0 2
Liver, pancreas 3 1 0 0 2 0 2
Head and neck 3 1 1 1 0 0 2
Breast 1 0 0 0 0 1 0
Other 1 0 1 0 0 0 0
Cutaneous 2 0 0 1 1 0 1
AML - MDS 10 3 2 2 1 2 5
NHL 5] 0 1 2 2 0 4
Nonmalignant toxicities 102 17 16 20 29 20 6
Infectious 13 1 2 3 5 2 2
Cardiovascular 15 3 3 5 2 2 1
Respiratory 8 1 4 0 2 1 1
Hypothyroidism 21 3 1 2 9 6 0
Hyperthyreosis 5] 0 0 1 4 0 0
Female gonadal dysfunction 12 3 0 5 3 1 0
Male sterility 13 2 1 3 4 3 0
Prolonged cytopenia 3 1 1 0 0 1 0
Peripheral neuropathy 1 0 0 0 0 1 0
Psychologic 2 1 1 0 0 0 1
Femoral osteonecrosis 5] 1 1 1 0 2 0
Miscellaneous 4 1 2 0 0 1 1

in 4 cases. Femoral osteonecrosis occurred in 5 patients (2 of 5
received RT).

Competing risk analysis

After initial treatment, patients may experience several competing
events such as a relapse or progression of HL, death, a second
cancer, or nonmalignant late toxicities summarized by treatment
group in Table 4. Figure 3 shows the cumulative incidence of
competing risks. The 102 reported nonmalignant late toxicities
resulted in a 24% * 5% cumulative incidence probability at 10
years (including respiratory, 1.5% of events; cardiac, 3%; infec-
tious, 2.75%), and the 38 second cancers resulted in a 9% = 3%
cumulative incidence probability at 10 years.

To account for competing risks between death, relapse, and late
toxicities, the regression analysis included age at HL diagnosis,
sex, induction CT, consolidation therapy, and ASCT at relapse as
explanatory covariates. The only prognostic factors for death were
the ABVPP plus RT (RR = 8.9, P = .006) and age over 45 years
(RR = 5.1, P < .001). Age also was significantly associated with
relapse (RR = 2.8, P < .001). Male sex (RR = 3.6, P = .04), age
over 45 years (RR = 4.8, P < .001), and salvage treatment includ-
ing HDCT and ASCT (RR = 3.1, P = .01) were risk factors for a
second cancer, whereas only female sex was associated with
nonmalignant late toxicities (RR = 1.5, P = .01).

Discussion

Our results, with a median follow-up of 10 years, show that survival
probability rates are similar to those reported in the previous analysis
and confirm that RT does not have an advantage over CT as consolida-
tion therapy for patients with stage IIIB/IV HL after 6 cycles of an
induction doxorubicin-containing regimen. The comparison between 2
induction regimens showed that ABVPP was inferior to MOPP/ABYV in
terms of DFS. In addition, the 4 treatment arms differed significantly in

terms of OS, as previously reported. The analysis of the causes of deaths
shows that after treatment with MOPP/ABYV alone or in combination
with RT, the number of second cancer-related deaths observed was
greater than that observed after the ABVPP regimen. Moreover, the
survival advantage conferred by the ABVPP regimen was not confirmed
after consolidation with RT. For patients treated with 6 cycles of ABVPP
and RT, the number of deaths observed after failure or a relapse was
higher than that observed in the other treatment arms, and the multivari-
ate analysis showed that ABVPP plus RT consolidation was an
independent prognostic factor for death (RR, 8.9; P = .006). However,
the H89 trial was initiated more than 15 years ago, and we admit that
neither the ABVPP regimen nor hybrid MOPP/ABYV are currently in
widespread use. Compared with ABVD, the relative dose intensity of
doxorubicin in the ABVPP regimen is 40% lower, and it contains
procarbazine. A randomized comparison of ABVD and hybrid MOPP/
ABYV showed a greater incidence of acute toxicity and an increased risk
of second malignancies after the hybrid regimen.?

Compared with the commonly used ABVD regimen, our results
at 10 years are similar to those reported with ABVD alone or
combined with consolidative RT.?* However, a longer follow-up is
needed to confirm the benefit compared with the results obtained
after ABVD at 15 years of follow-up.?* Taken together, our results
are consistent with the conclusions of recent studies that have
addressed the use of adjuvant RT.? The study by the German
Hodgkin Lymphoma Study Group® showed that there is no
difference between adding further chemotherapy or radiotherapy as
consolidation treatment after CR with standard chemotherapy. In
the Southwest Oncology Group’s randomized trial of involved-
field RT versus no further treatment, no overall benefit from RT was
observed in patients with bulky, nodular sclerosis histology.
However, the relapse-free survival rate was significantly higher
after radiotherapy.’ The study from the Tata Mountain Hospital?¢
showed a survival advantage and better event-free survival follow-
ing consolidation RT in patients achieving a CR after induction
with 6 cycles of ABVD chemotherapy over surveillance. Other
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Figure 3. Cumulative incidence of competing risks after treatment in 533
patients with advanced-stage Hodgkin lymphoma.

studies did not demonstrate a benefit of consolidative RT after
CR.3?7:28 More recently, a meta-analysis focused on second cancer
risk questioned the role of consolidation therapy for patients who
achieved a CR after initial CT.?® A large trial highlighted the fact
that RT may be beneficial to patients achieving a PR after
chemotherapy.® However, our data do not demonstrate a benefit of
consolidation RT over consolidation CT for patients who achieved
a PR of at least 75% after 6 cycles of CT.

Like the strategy developed for early-stage HL, treatments of
patients with advanced-stage HL are currently being based on risk
factors and on better knowledge of treatment-related morbidity and
mortality. The aim of the H89 randomized study that included patients
with stage IIIB/IV HL was to contribute to a better understanding of late
adverse events. This was an ideal setting where long-term treatment
effects could be isolated, as the randomization of induction and
consolidation between CT alone or CT combined with radiotherapy
allowed an equal distribution of all the known (eg, age, sex) and
unknown confounding variables (eg, genetics, social factors). The
homogeneity of the long-term follow-up required by the H89 protocol
provided a largely representative population. Furthermore, the H89
prospectively integrated intensive salvage therapy with HDCT for
patients who failed to respond completely to initial treatment and for
those who relapsed with adverse prognostic factors, which give to the
present analysis good generalization properties with a wide range of
disease courses and no selection biases.!® To estimate the risk of late
toxicity, we used the cumulative incidence probability, which takes into
account the presence of competing risks between death and late
toxicities and differs from the Kaplan-Meier estimate in that patients
must both survive and be diagnosed with a late toxicity. It is of interest to
emphasize that a proportion of our patients who achieved a CR after 6
cycles may have been overtreated, if we consider the results of the recent
European trial.® In our study population, the cumulative incidence of late
toxicities would not necessarily have been the same had treatment been
stopped after 6 cycles in patients who achieved a CR. However, in
contrast to registry data, our results must be interpreted in the light of
weaknesses inherent in the small sample size and a shorter follow-up
than that usually given for registry data.

We have reported a total of 38 second cancers, resulting ina 9 + 3
cumulative incidence probability at 10 years. These results are in line
with those of registries that reported that the main cause of death among
HL patients was lymphoma, but the risk of death from second primary
cancers (colon, lung, breast, and thyroid) is higher, in particular in older
patients, when the long-term follow-up exceeds 10 years.!? We failed to
find a role attributable to RT, but we confirm the report of the Societe
Francaise de Greffe de Moelle by Andre et al® that highlighted an
increased risk of second cancers due to ASCT.
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The 102 nonmalignant late toxicities reported here resulted in a
24 = 5 cumulative incidence probability at 10 years. As in the
paper by Knobel et al,3! most of them were endocrine or general
symptoms, confirming that causes of chronic fatigue are highly
prevalent among HL survivors. We were also able to individualize a
5% cumulative incidence of respiratory and cardiac late toxicities,
which is rather high in this 32-year-old median age population,
although left ventricular function and respiratory functions were
not systematically assessed. We failed to isolate risk factors and
question the absence of an association between respiratory and
cardiac complications and radiochemotherapy. One explanation
could be the lack of follow-up, as the risk of cardiovascular disease
continued to increase up to 30 years after the diagnosis.

After treatment, patients with HL. may experience cure without
any late adverse events, disease progression, late toxicities, or
death. Our study allowed us to identify possible risk factors for
these competing events, such as age over 45 years, which was
significant for death, relapse, and second cancers. In our study, the
cumulative probability of second cancers and the 18.5% of deaths
related to second malignancies emphasize the risk of these fatal
complications. As follow-up has attained almost 10 years, the risk
of developing a solid tumor continues to loom, and new events are

BLOOD, 15 JUNE 2006 - VOLUME 107, NUMBER 12

expected during the second decade of follow-up. In our experience,
long-term nonmalignant complications occurred relatively fre-
quently, but they may have been underestimated. They should be
evaluated prospectively using the benefit-risk approach. Better
knowledge of late adverse events may help improve the manage-
ment of patients, allowing therapy to be tailored to specific risks in
individual patients, minimizing treatment-related complications
and improving information given to each patient, as well as
follow-up recommendations for lifelong medical surveillance.
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Appendix

The clinicians and pathologists who actively participated in this study were
listed in the first publication of the H89 trial.!>

References

Van Leeuwen FE, Chorus AM, van den Belt-Duse-
bout AW, et al. Leukemia risk following Hodgkin's
disease: relation to cumulative dose of alkylating

man WJ, et al. Long-term cause-specific mortality
of patients treated for Hodgkin’s disease. J Clin
Oncol. 2003;21:3431-3439.

22.

Duggan DB, Petroni GR, Johnson JL, et al. Ran-
domized comparison of ABVD and MOPP/ABV
hybrid for the treatment of advanced Hodgkin’s

agents, treatment with teniposide combinations, 12. Behringer K, Josting A, Schiller P, et al. Solid tu- disease: report of an intergroup trial. J Clin Oncol.
number of episodes of chemotherapy, and bone mors in patients treated for Hodgkin’s disease: a 2003;21:607-614.
rrTarrow damage. J Clin Oncol. 1994;12:1063-1073. report from the German Hodgkin Lymphoma 23. Santoro A, Bonadonna G, Valagussa P, et al.

2. DiehlV, Franklin J, Pfreundschuh M, et al. Standard Study Group. Ann Oncol. 2004;15:1079-1085. Long-term results of combined chemotherapy-
and increased-dose BEACOPP chemotherapy com- 43 Ghronowski GM, Wilder RB, Levy LB, etal. Second radiotherapy approach in Hodgkin's disease: su-
pared with COPP-ABVD for advanced Hodgkin's malignancies after chemotherapy and radiotherapy for periority of ABVD plus radiotherapy versus MOPP
disease. N Engl J Med. 2003;348:2386-2395. Hodgkin disease. Am J Clin Oncol. 2004;27:73-80. plus radiotherapy. J Clin Oncol. 1987;5:27-37.

3. :gl:jealﬁi Btifrzagecl:fljr-‘lfc?slfi?f!d?; :;S?:nol?m:; 14. Hasenclever D, nghl V. A prognostic score for 24. Canellos GP, Niedzwiecki D. Long-term follow-up

I Vf N apy o g e o 4 advanced Hodgkin's disease: International Prog- of Hodgkin's disease trial. N Engl J Med. 2002;
results of National Cancer Institute of Canada nostic Factors Project on Advanced Hodgkin's 346:1417-1418
clinical trials group multicenter clinical trial. J Clin Disease. N Engl J Med. 1998;339:1506-1514. ) )
Oncol. 1991;9:1983-1993. . 25. Loeffler M, Brosteanu O, Hasenclever D, et al.
i i 15. Ferme C, Sebban C, Hennequin G, et al. Com- Meta-analysis of chemotherapy versus combined

4. Pavlovsky 8, Santarelli MT, Muriel FS, et al. Ran- parison of chemotherapy to radiotherapy as con- ot tz-.\atment bt H:g oo
domized trial of (?hemotherapy versus chemo- solidation of complete or good partial response JClin Oyncol 1998+16:818-829 9 )
therapy plus radiotherapy for stage Ill-IV A& B after six cycles of chemotherapy in patients with ' : e :

Hodgkin’s disease. Ann Oncol. 1992;3:533-537. advanced Hodgkin’s disease: results of the 26. Laskar S, Gupta T, Vima S, et al. Consolidation ra-

5. Fabian CJ, Mansfield CM, Dahlberg S, et al. Low- Groupe d’Etudes des Lymphomes de I'’Adulte diation after complete remission in Hodgkin’s dis-
dose involved field radiation after chemotherapy H89 trial. Blood. 2000;95:2246-2252. ease following six cycles of doxorubicin, bleomycin,
in advanced Hodgkin’s disease: A Southwest On- 16. Ferme C, Mounier N, Divine M, et al. Intensive vinblastine, and dacarbazine chemotherapy: is there
cology Group randomized study. Ann Intern Med. salvage therapy with high-dose chemotherapy for aneed? J Clin Oncol. 2004;22:62-68.
1994;120:903-912. patients with advanced Hodgkin’s disease in re- 27. Weiner MA, Leventhal B, Brecher ML, et al. Ran-

6. Diehl V, Loeffler M, Pfreundschuh M, et al. Fur- lapse or failure after initial chemotherapy: results domized study of intensive MOPP-ABVD with or
ther chemotherapy versus low-dose involved-field of the H89 trial. J Clin Oncol. 2002;20:467-475. without low-dose total-nodal radiation therapy in the
radiotherapy as consolidation of complete remis- 17 Kjimo P, Connors JM. An update on the Vancouver treatment of stages IIB, llIA2, IlIB, and IV Hodgkin's
sion after six cycles of altemating chemotherapy experience in the management of advanced disease in pediatric patients: a Pediatric Oncology
'8 pat:e?gé gléhngivzqzed Hodgkin’s disease. Ann Hodgkin's disease treated with the MOPP/ABV hybrid Group study. J Clin Oncol. 1997;15:2769-2779.

ncol. ;6:901-910. i . :34-
7. Coleman M. Rafla S. Propert KJ. et al. Aug- program. Semin He_matol. 1985_3,?5(suppl 2):34-40. 28. Nachman JB, Sposto R, Herzog P, et al. Randomized
" mented therapy of e;tens?ve Hodgkin's digease' 18. Cheson BD, Horning SJ, Coiffier B, et al. Report comparison of low-dose involved-field radiotherapy
radiation fo known disease of prolonaation of i of an international workshop to standardize re- and no radiotherapy for children with Hodgkin’s dis-
duction chemotherapy did not ‘i)mprm?e survival: j?lhsgcm?”?gfg; n107n;|;?1291k;;§ ymphomas. sase who achlea a complets fesponse o chemo-
: in Oncol. 17 - . i -50:3765-
results of a Cancer and Leukemia Group B Study. 19. World Health Organization. Manual of the interna- therapy. JCin Onool 2002:20:5765-5771.
Int J Radiat Oncol Biol Phys. 1998;41:639-645. . tional statistical Slassificatién of disease, injuries 29. Franklin JG, Paus MD, Pluetschow A. Chemo-
8. Aleman BMP, Raemaekers JM, Tirelli U, et al. In- ‘ therapy, radiotherapy and combined modality for

10.

1.

volved-field radiotherapy for advanced Hodgkin’s
lymphoma. N Engl J Med. 2003;348:2396-2404.
Henry-Amar M. Second cancer after the treat-
ment for Hodgkin’s disease: a report from the In-
ternational Database on Hodgkin’s disease. Ann
Oncol. 1992;3(suppl 4):117-128.

Dores GM, Metayer C, Curtis RE, et al. Second ma-
lignant neoplasms among long-term survivors of
Hodgkin’s disease: a population-based evaluation
over 25 years. J Clin Oncol. 2002;20:3484-3494.

Aleman BM, van den Belt-Dusebout AW, Klok-

20.

21.

and causes of death: based on the recommenda-
tions of the Ninth Revision Conference, 1975,
and adopted by the Twenty-ninth World Health
Assembly. Vol |. Geneva, Switzerland: World
Health Organization; 1977.

Therneau TM, Grambsch PM. Modeling survival
data: extending the Cox model. New York, NY:
Springer-Verlag; 2000.

Gooley TA, Leisenring W, Crowley J, et al. Esti-
mation of failure probabilities in the presence of
competing risks: new representations of old esti-
mators. Stat Med. 1999;18:695-706.

30.

31.

Hodgkin’s disease, with emphasis on second
cancer risk (Cochrane review). In: The Cochrane
Library, Issue 4. Chichester, United Kingdom:
John Wiley and Sons; 2005.

Andre M, Henry-Amar M, Blaise D, et al. Treat-
ment-related deaths and second cancer risk after
autologous stem cell transplant for Hodgkin’s dis-
ease. Blood. 1998;92:1933-1940.

Knobel H, Havard Loge J, Brit Lund M, et al. Late
medical complications and fatigue in Hodgkin’s dis-
ease survivors. J Clin Oncol. 2001;19:3226-3233.

20z aunr G0 uo 3sanb Aq Jpd'9€9¥00902 1 08UZ/9696.21/9E9¥/Z /L0 /pd-81o1E/POO|qARU SUOREDgNdYSE//:d]lY WOl papeojumog



