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Abstract
We previously reported that three risk factors (RF): initial remission duration <1 year, active B
symptoms, and extranodal disease predict outcome in relapsed or refractory Hodgkin lymphoma
(HL). Our goal was to improve event-free survival (EFS) for patients with multiple RF and to
determine if response to salvage therapy impacted outcome. We conducted a phase II intent-to-
treat study of tailored salvage treatment: patients with 0 or 1 RF received standard-dose
ifosfamide, carboplatin, and etoposide (ICE); patients with 2 RF received augmented ICE; patients
with 3 RF received high-dose ICE with stem cell support. This was followed by evaluation with
both computed tomography and functional imaging (FI); those with chemosensitive disease
underwent high-dose chemoradiotherapy and autologous stem cell transplantation (ASCT). There
was no treatment-related mortality. Compared to historical controls this therapy eliminated the
difference in EFS between the 3 prognostic groups. Pre-ASCT FI predicted outcome; 4-year EFS
rates was 33% vs. 77% for patients transplanted with positive vs negative FI respectively,
p=0.00004, hazard ratio 4.61. Risk-adapted augmentation of salvage treatment in patients with HL
is feasible and improves EFS in poorer-risk patients. Our data suggest that normalization of FI
pre-ASCT predicts outcome, and should be the goal of salvage treatment.
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INTRODUCTION
Early transplant studies in Hodgkin lymphoma (HL) included many heavily pretreated
patients, which influenced the morbidity and mortality of high-dose chemoradiotherapy
(HDT) programs.(Bierman, et al 1996, Linch, et al 1993, Schmitz, et al 2002) However,
with the use of modern supportive care, transplant-related mortality is <3% in most series.
Unfortunately, this only translates to a minimal improvement in 2- and 5-year progression-
free survival rates following autologous stem cell transplantation (ASCT), and currently
only 40%-50% of patients with chemosensitive relapsed or refractory disease are cured with
this approach.(Moskowitz 2004)

For the past 2 decades, we have incorporated accelerated fractionation radiotherapy (RT)
either as total lymphoid irradiation (TLI) or as an involved field (IF-RT) into our transplant
conditioning regimen. In an initial study conducted from 1986-1993, at Memorial Sloan-
Kettering Cancer Center (MSKCC), chemosensitive disease was not required in order to be
eligible for ASCT, and despite this, the 10-year survival following ASCT was 45%, with no
relapses occurring > 3 years following HDT (Moskowitz et al 2001; Horning et al 1997).
Like others, we found a marked survival advantage for patients with chemosensitive disease,
and required evidence of chemosensitivity in our subsequent protocols (Josting et al 2002).

From 1994-1998 we utilized uniform salvage therapy (ST) with ifosfamide, carboplatin, and
etoposide (ICE), and offered HDT/ASCT only to patients with chemosensitive disease. As
analyzed by intent-to-treat, the 5-year event-free survival (EFS) was 55%. Three pre-ST risk
factors (RF) predicted for a poorer outcome: extranodal sites of disease (ENS) (P <0.001),
initial response duration <1 year (P=0.001), and B symptoms (P<0.001); 5-year EFS rates
were 76%, 35%, and 8% for patients with 0-1, 2, and 3 factors, respectively.(Moskowitz, et
al 2001) Other investigators have confirmed that these 3 RF have an important prognostic
value in the setting of relapsed/refractory HL.(Horning, et al 1997, Josting, et al 2002,
Reece, et al 1994)

We utilized a prognostic index based on these 3 RF to develop a risk-adapted, intent-to-treat
clinical trial for patients with relapsed or primary refractory HL. This report describes the
long-term results of our attempt to determine if further intensification of therapy can
improve outcome, particularly for these poorer-risk patients.

PATIENTS AND METHODS
Eligibility Criteria

After obtaining informed consent, 105 consecutive transplant-eligible patients with relapsed
or primary refractory HL were enrolled on a prospective MSKCC Institutional Review
Board approved protocol, #98-071, between September 1998 and September 2003. All
patients were evaluable for outcome.

Each patient's eligibility was reviewed at a multidisciplinary lymphoma staging conference.
Disease was staged according to the Cotswold Modification of the Ann Arbor system,(Lister
and Crowther 1990) and included a functional imaging (FI) assessment (gallium [67
patients] or 18- fluorodeoxy glucose [FDG] positron emission tomography [PET] scans [38
patients]). FDG-PET scans obtained at MSKCC or outside institutions were reviewed by
MSKCC nuclear medicine physicians and presented at the weekly lymphoma staging
conference. All pre-ASCT scans that were considered positive were presented alongside
baseline scans to verify residual abnormal uptake at sites of previously identified disease.
Baseline and interim FDG-PET scans were interpreted visually with correlation to a
concurrent or simultaneous computed tomography (CT) scan of the chest, abdomen, and
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pelvis (when done as integrated PET/CT). Standard uptake values (SUV) were routinely
recorded for MSKCC scans, and if they were provided on outside studies. A negative pre-
ASCT scan was defined as absence of uptake at any site of positive disease identified in the
baseline study, and lack of new functional imaging avid disease. A positive scan for the
FDG-PET cohort was defined as any FDG uptake greater than local background activity,
with a corresponding abnormality on CT scan.

All patients had a repeat biopsy confirming relapsed or refractory HL before enrolling in this
study. We defined primary refractory disease as a patient that progresses during initial
therapy or within one month of initial therapy. Both subsets were required to have a repeat
biopsy confirming active HL.

We stratified our patients into 3 risk groups (arms A, B, and C) based on the previously
described pre-ST RF, and the treatment for each cohort is described in Figure 1.

Restaging Evaluation
Patients had a repeat CT and gallium or FDG-PET scan after completion of ST. In order to
be eligible to undergo HDT/ASCT, patients needed to have a complete, partial or minimal
response, defined as follows:

Complete response (CR): No evidence of HL determined clinically, radiologically or
pathologically.

Partial Response (PR): 50% or greater decrease in sum of the products of the diameters of
each measurable lesion, along with the documented presence of residual disease as
determined by CT scan, FI scan, repeat biopsy or a combination thereof.

Minimal Response (MR) : < 50% decrease in size of measurable lesions along with
documented presence of residual disease as determined by CT scan, FI scan, repeat biopsy
or a combination thereof.

A pre-ASCT FDG-PET positive scan was defined as any FDG uptake greater than local
background activity; i.e. mediastinal or para-aortic blood pool. Post-ST imaging information
was also used to tailor the IF-RT volume for the conditioning regimen.

Statistical Considerations
Endpoints were overall survival (OS) and EFS. An event was defined as progression of
disease, secondary malignancy, or death from any cause. If progression or other cause of
treatment failure, including toxicity or secondary malignancy, occurred prior to a patient's
death, the earlier date was used for calculation of EFS. OS and EFS curves were generated
by the Kaplan-Meier method. Four-year estimates for OS and EFS and the corresponding
95% confidence intervals (CI) are reported for all patients and by risk group. The log-rank
test was used to compare OS and EFS by risk group. The stratified log-rank test was used to
compare OS and EFS by chemosensitive disease, adjusting for risk group. Associations were
considered significant if P was < 0.05. All P values were 2-sided. All analyses were
conducted using SAS version 9.1 (SAS Institute, Carey, NC).

RESULTS
Patient Demographics

One hundred and five patients were enrolled in this study: 19 patients (18%) had no RF, 28
(27%) had 1 RF, 43 patients (41%) had 2 RF, and 15 patients (14%) had 3 RF. Patient
demographics are listed in Table I. The median age was 31 (range 17-65) years. Forty-eight
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patients (45%) had primary refractory disease. Of the 57 patients with relapsed disease, 26
(46%) had an initial remission duration of <1 year. Thirty patients (29%) had active B
symptoms, and 55 patients (52%) had extranodal disease.

Survival Analysis for All Patients
The median follow-up of surviving patients was 7 years, with the last event occurring 44
months after study enrollment. The 4-year EFS and OS, as analyzed by intent-to-treat, was
56% (95% CI, 0.48-0.67) and 72% (95% CI, 0.64-0.81), respectively; outcomes for each
risk group are depicted in Table II.

Eleven patients failed ST; 2 were transplanted despite having chemorefractory disease to
ICE as both patients subsequently had disease sensitive to MOPP (mechlorethamine,
vincristine, prednisone, procarbazine) chemotherapy. Although both are alive and event-
free, they are failures of this intent-to-treat approach because they did not have
chemosensitive disease to ICE. The remaining 9 patients all died from HL, median survival
of these patients was only 6 months. Treatment-related mortality was 0%, and all deaths
were secondary to progressive HL.

On our previous protocol, all HL patients received 2 cycles of standard-dose ICE followed
by HDT/ASCT, and a marked survival difference emerged between the 3 risk groups.
(Moskowitz, et al 2001) The risk-adapted approach used in this study eliminated the
difference in EFS between the 3 prognostic groups, primarily by improving the outcome for
the less favorable patients (Fig 2). As in our previous study, EFS or OS was equivalent for
patients with 0 or 1 RF (Table II). However, the intensified approach eliminated the
difference in outcome for patients with 2 versus 3 RF. Although the number of patients with
3 RF was relatively small, augmentation of therapy improved their EFS. Of the 15 patients
with 3 RF, two had rapid disease progression after the high dose ICE transplant and died
prior to additional therapy. Four patients were mobilization failures and could only receive
one transplant (3 autologous stem cell transplants and one allotransplant). Seven patients
underwent a tandem ASCT and two patients received an ASCT followed by a non-
myeloablative allotransplant. Overall, our risk-adapted approach employing augmented
salvage chemotherapy separated patients into 2 distinct subgroups: a good risk (0-1 RF) and
a poor risk (2-3 RF) group (p=0.07).

Survival Analysis for Patients with Chemosensitive Disease
Ninety-four patients (90%) had chemosensitive disease and underwent HDT/ASCT. The 4-
year EFS and OS for these patients was 63%, (95% CI, 0.53 - 0.73) and 79%, (95% CI, 0.71
- 0.87), respectively. We saw no difference in EFS and OS for these patients when
comparing the 3 different prognostic treatment groups (Fig 3A). For the transplanted
patients, there was also no difference in outcome when comparing the good-risk and poor-
risk cohorts (p=0.27).

In this study, the response to salvage ICE before ASCT predicted EFS and OS (Table II).
Response by gallium or FEG-PET scan were combined in our analysis of FI, because we
observed no difference in outcome with respect to the type of FI employed (p=0.9) (Fig 3B).
Patients with negative FI pre-ASCT after risk-adapted ICE-based therapy had a statistically
significant improvement in both EFS and OS as compared to those with chemosensitive
disease (on CT imaging) but persistent abnormalities on FI. In fact, patients with 0, 1, 2, or 3
risk factors all had the same outcome after ASCT provided their pre-ASCT FI test was
negative. Not unexpectedly, the patients transplanted with chemosensitive but abnormal FI
scans had an unfavorable outcome (Hazard Ratio 4.61), with each of the RF cohorts having
similar rates of EFS and OS (Figs 3C, 3D).
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Toxicity
The 100-day, post-ASCT treatment-related mortality was 0%. Two patients were transferred
to the intensive care unit for septic shock during their transplant admission; both recovered
and were subsequently event-free. The only significant non-hematologic toxicity was
reversible pneumonitis, which was seen in 10% of transplanted patients, probably due to the
radiotherapy and/or carmustine; all responded to a course of corticosteroids. Concerning
potential long-term toxicity, there were two patients with coronary artery disease requiring
coronary artery bypass grafting. There have been no cases of solid tumors, myelodysplasia
or acute leukemia; all surviving patients have blood counts in the normal range.

DISCUSSION
As with aggressive non-Hodgkin lymphoma, it has been established that patients with
chemosensitive relapsed and primary refractory HL have a much better outcome than HL
transplanted patients with disease refractory to ST.(Colwill, et al 1995, Ferme, et al 2002,
Proctor, et al 2003, Yuen, et al 1997) Yet, some patients with chemorefractory but
radiosensitive disease may be cured using a HDT/ASCT approach. These data suggest that
the quality of the response to ST may be more important than originally suspected.(Diehl, et
al 1983, Hoppe 1998, Leigh, et al 1993)

Pre-ST prognostic factors are critical in determining whether a patient is likely to respond to
treatment.(Moskowitz 2004, Sweetenham, et al 1999, Sweetenham, et al 1997) In order to
improve the response and OS in poorer-risk groups, we developed this risk-adapted study,
tailoring ST to a patient's pre-treatment prognostic factors. We showed that augmenting ST
in patients with unfavorable disease improved EFS in patients with relapsed or refractory
HL, and that patients receiving augmented ST could be divided into a favourable cohort (0-1
RF) and an unfavourable cohort (2-3 RF).

For the past 2 decades, response to ST was determined by CT imaging, and transplant
eligibility was based upon CT-defined response.(Lister, et al 1989) However, FI provides an
opportunity to redefine the criteria.(Kasamon, et al 2004, Spaepen, et al 2003, Svoboda, et
al 2006) HL patients nearly always have residual masses after chemotherapy, and FDG-PET
as well as gallium scanning (Hagemeister, et al 1994) is more sensitive and specific than CT
in determining residual disease versus fibrosis. Today, imaging with both CT and FDG-PET
is required to establish remission status for aggressive lymphoma and for HL. Specifically, a
complete remission requires normalization of the FDG-PET.(Cheson, et al 2007, Juweid, et
al 2007) Notably, FDGPET negativity may occur in the setting of an incomplete CT-defined
response.

In a retrospective analysis of 211 HL patients treated with ASCT, the pre-transplant FI
(FDG-PET or gallium scan) correlated with outcome.(Jabbour, et al 2007) FI was positive in
only 6 of 110 (5%) CR/complete response unconfirmed (CRu) patients, and in 48 of 86
(56%) PR patients. The 3-year progression-free survival (PFS) was 69% for patients with
negative FI versus only 23% for patients with positive FI (P <.0001). Three groups of
patients emerged with a 3-year PFS of 76%, 51%, and 27%, respectively, for CR, less than
CR with FI negative, and less than CR with positive FI (P <.0001).

In this prospective clinical trial, the quality of response to the patient's pre-assigned ICE-
based treatment predicted for outcome following HDT/ASCT. All patients were required to
have pre- and post-ST CT scans, as well as FI (initially gallium scans, but since July 2001,
FDG-PET). The patients in this trial could undergo HDT/ASCT as long as they achieved at
least a minor response on CT or FI after ST. In a Cox regression model, the only factor that
predicted for an unfavourable outcome in the transplanted patients was a pre-transplant
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positive FI scan; the Hazard Ratio for EFS was 4.61. To improve the rates of response to
2nd-line chemotherapy and thus transplant eligibility, we modified the dose of ICE-ST based
upon our previously reported 3-factor model (Moskowitz et al 2001). Although patients with
favourable disease (0-1 RF) were more likely to respond to ST with normalization of FI, if
pre-ASCT FI was still abnormal, the EFS was poor and no different from those with
unfavorable disease (2-3 RF) and a persistently positive FI scan. Conversely, augmented ST
normalized pre-ASCT FI in patients with unfavorable disease, leading to the same outcome
as the favorable patients who normalized their pre-ASCT FI. Both of these results were
unanticipated but biologically plausible, given increasing evidence in diffuse large B-cell
lymphoma and multiple myeloma that the quality of the response to ST predicts outcome
after ASCT.(Alegre, et al 1998, Kaufman and Lonial 2004, Kewalramani, et al 2004)

In summary, this risk-adapted strategy improved EFS in patients with multiple risk factors
without an increase in morbidity or treatment-related mortality. This approach attempted to
avoid over-treatment of favorable patients, including those with low-risk primary refractory
disease, by maintaining treatment intensity for the good-risk group while selectively
increasing treatment intensity for poor-risk (2-3 RF) patients. Yet, even with the incremental
improvement achieved with this strategy, substantial post-ASCT relapse rate remains.
Currently, we hypothesize the need to treat patients until the pre-ASCT FDG-PET scan is
negative, and are prospectively studying this in an ongoing risk-adapted study.

Further improvement in EFS for poor-risk patients clearly requires a more novel therapeutic
approach than the commonly administered, single high-dose chemotherapy-based ASCT,
which excludes radiotherapy. It is possible that poorer-risk patients require additional non-
cross-resistant treatment to further cytoreduce disease burden prior to HDT. Treatment
possibilities include gemcitabine,(Bartlett, et al 2007) novel antibodies such as anti-CD30,
(Ansell, et al 2007) and a higher tightly targeted radiation dose available with modern
technologies, such as intensity-modulated radiation therapy (IMRT).(Yahalom 2005) We
believe that an international collaboration is required to determine if either tandem
transplants (Czyz, et al 2007, Fung, et al 2007) or the use of a non-myeloablative
allotransplant(Anderlini and Champlin 2006, Peggs, et al 2007) in lieu of an autotransplant
for poor-risk patients can improve outcome.
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Figure 1.
Treatment protocol
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Figure 2.
Event-free survival of intent to treat cohort
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Figure 3.
Event-free survival of chemosensitive patients
3A. Event-free survival of transplanted cohort
3B. Event-free survival: Pre-transplant functional imaging (Gallium vs. PET)
3C. Event-free survival of transplanted patients with negative pre-ASCT functional imaging
3D. Event-free survival of transplanted patients with positive pre-ASCT functional imaging
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Table I

Patient/Disease Characteristics at Time of Study Enrollment

Characteristic Patients (n=105) 0-1 RF (n=47) 2 RF (n=43) 3 RF (n=15)

Median age, years (range) 31 (17-65) 33 (22-65) 31 (17-62) 25 (18-45)

Gender, No. (%)

    Male 53 (50) 25 (53) 20 (47) 8 (53)

    Female 52 (50) 22 (47) 23 (53) 7 (47)

Bulk, cm (No of patients)

    Median (range) 4 (0-20) 3.9 (0-15.7) 4.6 (0-15) 4.4 (1.3-20)

    >5 cm, n (%) 40 (38) 14 (30) 20 (57) 6 (40)

    >10 cm, n (%) 13 (12) 4 (9) 7 (16) 2 (13)

Radiotherapy, n (%)

    Previous RT 50 (48) 22 (47) 20 (47) 8 (53)

    Relapse in RT Field 35 (33) 13 (28) 17 (40) 5 (33)

Previous Response

    Relapse 57 (54) 31 (66) 22 (51) 4 (27)

    Refractory 48 (46) 16 (34) 21 (49) 11 (73)

RF, risk factors; RT, radiotherapy
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Table II

Outcome Based Upon Risk Factor Cohort

Patients 0-1 RF 2 RF 3 RF

Total Patients 105 47 43 15

EventFree patients, n. 31 22 6

Survival patients, n. 37 26 7

CT Minor Response 13 11 8

Response to Salvage Therapy Partial Response 14 12 1

Complete Response 18 14 3

Progression of Disease 2 5 2

FI Positive 11 21 9

Response to Salvage Therapy Negative 36 22 6

RF, risk factors; RT, radiation therapy; CT, computed tomography; FI, functional imaging.
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