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ABSTRACT

Assessing the risk factors according to EORTC (European Organization of Research and Treatment of
Cancer) or HD IPS (Hodgkin’s lymphoma International Prognostic Score) is crucial for choosing the
adequate | line therapy in Hodgkin’s lymphoma patients. However, none of those scales predicts
the efficacy of autologous stem cell transplant (ASCT) in relapsing/refractory (R/R) patients. Pro-
gression-free survival (PFS) after ASCT corelates with the response to salvage regimens. Thirty-nine
Hodgkin’s lymphoma patients transplanted at Jagiellonian University Department of Hematology
with a follow-up exceeding 5 years were analyzed. Despite long time periods since the diagnosis,
initial serum albumin levels seem to correlate with progression after autologous stem cell transplant
and indicate high probability of relapse within 5 months following the procedure with favorable test
characteristics.
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INTRODUCTION

Hodgkin’s lymphoma is a disease with a favorable outcome. Only
minority of the patients, relapsing or refractory (R/R) after the
first line chemoradiotherapy, remain a therapeutic challenge. The
salvage regimens followed - in responding patients — by autolo-
gous stem cell transplant (ASCT) consolidation — are the next step
in curative approach. The more intense the induction regimen,
the fewer patients require salvage therapy, although it is usually
less effective. Novel biological therapies such as brentuximab or
nivolumab are the current standard of care in refractory cases and
those relapsing after ASCT. They prolong overall survival (OS) and
- in selected patients - serve as a bridging to potentially curative
allogeneic stem cell transplantation [1]. In our study we focused
on defining risk factors present at diagnosis, predicting relapse af-
ter ASCT, in attempt to select candidates for potential preemptive
therapy with novel biological agents.

MATERIALS AND METHODS

Study design

A single-center retrospective study based on local patients’
registry. Patients diagnosed with histologically-proven nodular
sclerosis variant of Hodgkin’s lymphoma (HD), clinical stages (CS)
IIBX-1V, after autologous stem cell transplantation performed at
the Jagiellonian University Department of Hematology between
January 1999 and August 2012 were analyzed. Initial risk factor
assessment included clinical staging performed in accordance
to Cotswold’s-modified Ann Arbor classification, data acquired
from patient’s history, physical examination, unilateral iliac bone
marrow biopsy, chest and abdomen computed tomography
(CT) scans and laboratory studies: complete blood count, eryth-
rocyte sedimentation rate (ESR), hemoglobin (Hb), albumin, and
lactate dehydrogenase levels (LDH). Both prognostic indexes:
EORTC (European Organization for Research and Treatment of
Cancer) [2] and HD IPS (International Prognostic Index) [3] were
calculated. These data as well as chemotherapy protocols and
indications for ASCT were analyzed in search for risk factors of
relapse after ASCT.

Treatment protocol

Outside clinical trials, in a real-life setting at the Jagiellonian Uni-
versity Department of Hematology, we used the strategy to ini-
tiate treatment with ABVD (doxorubicin, bleomycin, vinblastine,
dacarbazine) or BEACOPP (etoposide, doxorubicin, cyclophos-
phamide, procarbazine, bleomycin, vincristine, prednisone)
chemotherapy regimen depending on risk factors and patient’s
informed choice. It was followed by early positron emission to-
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mography (PET) response assessment after 2" chemotherapy cy-
cle and obligatory therapy modification (maintaining, escalating
or de-escalating treatment intensity). Patients with complete re-
sponse (CR) as indicated by PET were further treated with ABVD,
regardless of the choice of the initial regimen, while the therapy
of patients with persisting active disease was changed to esca-
lated BEACOPP or salvage regimens (ESHAP or IGEV) followed
by BEAM (carmustine, etoposide, cytarabine, melphalan)-condi-
tioned autologous stem cell transplants. Regimens’ dosing was
based on their original description [4, 5]. Restaging and evalua-
tion of treatment was performed in concordance with original
Cheson's response criteria [6].

End-points

We developed a prognostic model based on patients’ charac-
teristics at diagnosis, validated by the outcome after ASCT. Re-
lapse-free survival (RFS) following ASCT was defined as time
from the transplant procedure to relapse, death or the end of
observation. Event date was based on medical history, clinical
examination or medical imaging studies (CT or PET), which-
ever occurred earlier. Clinical signs of relapse were defined as
new-onset B-type symptoms or findings in physical examination
(e.g. new lymph node enlargement), if they were subsequently
confirmed by imaging studies. OS was defined as time from dia-
gnosis to patient’s death from any cause or end of observation.

Statistical analysis

Relapse-free survival and OS were assessed using Kaplan-Mei-
er's statistics and compared by Cox's F test to compensate for
small sample size. Patient’s demographics, treatment proto-
cols preceding ASCT, indications for ASCT, initial clinical stage,
IPS and EORTC scores for HD as well as particular parameters of
those scales were exercised in search for factors of relapse. Prog-
nostic model developed using logistic regression analysis was
cross-validated on randomly divided sample to calculate its test

characteristics.

RESULTS

A total of 39 patients treated at our center met the inclusion cri-
teria (tab. 1). The majority had ASCT due to primary resistance
to chemotherapy (n = 17; 44%), followed by those with relapse
(n=12;31%) and consolidation of initial treatment after complete
response (n = 10; 25%). As much as 87% (34 of 39) of transplant
recipients remained in remission, with median observation time
of 60 months. Five patients (13%) relapsed, with median time to
relapse of 4.5 months. All of the relapsing patients had ASCT due
to primary resistance.
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TABLE 1.
Sample characteristics.

No. of patients (% total) 39 (100%) 34 (87%) 5(13%) -
Sex (% male) 49% 50% 40% 0.68
Age (years, median) 25.0 24.8 25.0 0.63"
Clinical stage (mode) CSIv CSIIBX,CS IV CSIv 0.20"
EORTC (pts, mode) 3.0 3 2;3 0.12"
HD IPS (pts, mode) 2.0 2 2;3 0.67"

* Pearson’s chi-square test.

** Mann-Whitney U test.

Of the analyzed risk factors (tab. 2, 3), only low serum albumin
concentration at diagnosis was found to distinguish those with
unfavorable outcome. Serum albumin level was thus included in
logistic regression analysis to estimate cutoff value for increased
risk. In our sample, the probability of relapse was given by the
following equation:

el 15,73-3,27[serum albumin]

l1+e

relapse —

115,73-3,27[serum albumin]

TABLE 2.

The cutoff value of albumin level increasing probability of re-
lapse beyond 50% estimated using the given formula is 35.4 g/I,
the lower reference limit of serum albumin concentration (fig. 1).
The cutoff value significantly distinguished between PFS among
ASCT recipients (fig. 2, 3). Model's positive predictive value (PPV)
is estimated at 0.39-1.0 (95% Cl [confidence interval]), and nega-
tive predictive value (NPV) at 0.83-0.99 (95% Cl), with sensitivity
at 0.29-0.98 and specificity at 0.87-1.0.

Predictors of relapse following ASCT (multiple logistic regression analysis).

N L\ T

1tline chemotherapy BEACOPP 0.45 0.5-53 0.52
ABVD 1* - -
2" |ine chemotherapy BEACOPP 0.47 0.4-2.8 0.41
ABVD 1* - -
Clinical stage \% 0.47 0.01-6.4 0.61
I} 0.77 0.04-15.1 0.93
11 BX 1* - -
Age (unit change) 1.03 0.9-1.1 0.54
Sex Female
Male 1* - -
EORTC (unit change) 0.75 0.2-3.1 0.69
HD IPS (unit change) 04 0.1-2.7 0.33

* Reference value.

TABLE 3.

Individual parameters at diagnosis and odds of relapse following ASCT (multiple logistic regression analysis).

Albumin level (g/1) 415 43 35.0 <0.01

ESR (mm/h) 50 49 63.0 0.42

LDH (/1) 440 442 407 0.89

Platelet count (*10%/1) 420 431 317 0.35

Lymphocyte count (*10%/1) 0.16 0.18 0.16 0.69

White blood cell count (*10%/1) 13 12.5 13.0 0.68

Hb (g/dl) 1.9 12.0 11.0 0.12

Mediastinal mass maximal diameter (cm) 6.5 6.5 7.8 0.92
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FIGURE 1.

P. Kozlik, M. Dtugosz-Danecka, R. Pacholczak, A. Bryk, A. Krawczyk, W. Jurczak

Borderline serum albumin level as estimated using logistic regression analysis. Rhombus size expresses number of patients.

FIGURE 2.
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DISCUSSION

The more intensive the first line regimen in HD, the less effective
the salvage in R/R patients. Although only few patients relapse
or are refractory to escalated BEACOPP, they are rarely chem-
osensitive to salvage chemotherapy, further consolidated by
ASCT. Similarly, the more the chemotherapy lines, and the worse
the response to salvage, the worse prognosis [7]. Achieving
a PET confirmed CR is laterally doubles post-transplant PFS [8].

Our data suggest that a low albumin level at diagnosis identifies
patients who frequently relapse after ASCT. Other risk factors
present at diagnosis do not have distinct prognostic value at the
time of transplant [9]. Hypoalbuminemia in Hodgkin’s lympho-
ma may be linked to elevated IL-10 levels [10] which was already
suggested as an independent prognostic factor with an unfa-
vorable outcome [11]. The biological explanation of these find-
ings remains uncertain. If our conclusions are confirmed in the
larger cohort of patients, low albumin levels at diagnosis may
be an important prognostic factor, selecting the candidates for
targeted therapy.

How does our observation fit to HD therapy landscape? There
are variety of therapeutic options for R/R HD patients. Previous
PLRG (Polish Lymphoma Research Group) analysis from 2002
[12], performed before the introduction of targeted therapy,
recommended ASCT even in high risk patients, with a minor re-
sponse to salvage regimens. Although none of the chemo-only
regimens was ever compared to the others in a randomized llI
phase study, classical cisplatin-based chemotherapy combina-
tions (ICE, ESHAP, DHAP) are being gradually replaced by poten-
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