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Abstract

Hodgkin lymphoma is a highly curative lymphoid malignancy, but some patients relapse or experi-
ence adverse events from treatment. Therefore, prognostic markers are needed to allow a more pa-
tient-tailored approach to treatment. The positive-predictive value of interim positron emission
tomography for progression-free survival was reported as 81%, and the negative-predictive value
was reported as 97%. Interim positron emission tomography might identify high-risk patients who
would benefit from more intensive treatment regimens as well as identify low-risk patients in whom
even the standard treatment regimen might be a form of overtreatment. Indeed, major clinical study
groups have conducted risk-adapted treatment protocols based on interim positron emission tom-
ography. The Japan Clinical Oncology Group is also planning a Phase Ii trial of this concept for
advanced Hodgkin lymphoma. These trials are now ongoing, but the data of them are expected
soon. Molecular-targeted therapy is another important approach to improve outcomes for these pa-
tients. Brentuximab vedotin is an antibody-drug conjugate that targets CD30 on Hodgkin cells and
has excellent efficacy when used as monotherapy. The combination of brentuximab vedotin and
standard chemotherapies are being investigated in randomized Phase lll trials. These approaches
might lead to a paradigm shift in the treatment of Hodgkin lymphoma.

Key words: Hodgkin lymphoma, interim positron emission tomography, brentuximab vedotin

Introduction impact on outcomes and quality of life, Based on these observations,
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Hodgkin lymphoma (HL) accounts for ~8-10% of all malignant
Iymphomas in Japan. Histopathologically, HL is classified into nodu-
lar lymphocyte-predominant HL (NLPHL) and classical HL (CHL).
CHL is further classified into nodular sclerosis CHL, lymphocyte-rich
CHL, mixed-cellularity CHL and lymphocyte-depleted CHL. NLPHL
has more indolent clinical course than CHL, and the application of the
treatment strategy of CHL for NLPH is controversial. Moreover,
NLPHL is a very rare disease in Japan. In this article, unless stated
otherwise, HL refers to CHL. Standard therapy has been established
for limited- and advanced-stage HL. Over 70% of patients with HL
are cured by the state-of-art chemotherapy and radiation therapy.
Nevertheless, the outcomes for patients with relapsed and refractory
HL remain poor, and the late effects of treatment can have an adverse

patient-tailored treatment is needed to improve outcomes.
Identification of the patients with poor prognosis who would be
made the improvement of managements of HL has been explored.
Positron emission tomography (PET) using 2-{18]fluoro-2-deoxy-
glucose has excellent ability to detect lymphoma lesions, and this im-
aging modality is generally used for initial staging and evaluating the
response of the treatment. Furthermore, the results of early treatment
monitoring with PET correlate with long-term outcomes. Several clin-

ical trials of interim PET response-adapted therapy suggest that the “

identification of patient who is at high risk of poor outcomes can
allow early switch from conventional chemotherapy to a more aggres-
sive regimen in an attempt to salvage the outcome. Recent advances in
molecular-targeted therapy might also be of benefit in optimizing
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2 Interim PET and new drugs in HL

outcomes. The present article reviews the current standard treatment
for HL, the significance of interim PET in the treatment of HIL and the
utility of new molecular-targeted drugs.

Current treatment of limited-stage HL

The Ann Arbor staging system has been adapted to HL and classifies
into four stages (I, I, Il and IV} according to the extent of lesions (1).
Patients with clinical Stage I or II disease are referred to as having
limited-stage disease, while those with Stage IIl or IV disease are
referred to as having advanced-stage disease. The standard treatment
for limited-stage HL is combined-modality treatment (CMT), which is
composed of abbreviated courses of chemotherapy and involved field
radiation therapy (IFRT). The standard regimen consists of four
courses of ABVD (doxorubicin, bleomycin, vinblastine and dacarba-
zine) followed by 30 Gy of IFRT for lymphoid regions of its original
lymphoma lesions. This strategy results in over 90% durable
progression-free survival (PFS) (2) and can be applied for all limited-
stage HL irrespective of the prognostic marker.

Favorable and unfavorable disease of limited-stage HL
Prognostic factors have been identified that can predict the relapse-free
and overall survival for limited-stage HL. For example, bulky medias-
tinal mass, numbers of involved nodal sites, extranodal involvement,
age, sex, erythrocyte sediment rate and B symptoms were shown to
have prognostic significance. Patients with none or only a few these ad-
verse prognostic factors were classified as having favorable disease and
those with more of these adverse prognostic factors were classified as
having unfavorable disease. The criteria of defining favorable or un-
favorable disease in each study group were summarized in Table 1
(3~5). Recent treatment strategies for limited-stage HL is stratified
according to these risk group classifications.

Less toxic regimens for favorable disease

The German Hodgkin Study Group (GHSG) conducted a Phase IiI
four-group-comparison clinical trial in patients with limited-stage
HL who had good prognosis; these patients were randomized to
two courses or four courses of the ABVD regimen and then rando-
mized to 20 or 30 Gy of IFRT. The §-year overall survival and the
time-to-treatment failure (TTF) were nearly comparable among the
four groups (6). However, the incidences of acute toxicity and acute

toxic death were higher in the ABVD regimen four-course groups,
and there were more incidences of acute roxicity in the group that re-
ceived 30 Gy of IFRT than in the 20 Gy group. In consideration of
these toxicities, it was reported that two courses of the ABVD regimen
followed by 20 Gy of IFRT may be the new standard treatment regi-
men for patients with limited-stage HL who have good prognosis.

Intensive regimen for unfavorable disease

The GHSG performed a Phase Il four-group-comparison clinical trial
(HD11 Trial) in a poor prognosis group; patients were randomized to
four courses of the ABVD regimen or four courses of the BEACOPP
(bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
prednisone and procarbazine) regimen and then randomized to 20
or 30 Gy of IFRT (7). The TTF tended to be shorter with four courses
of the ABVD regimen followed by 20 Gy of IFRT among these four
groups. When 30 Gy of IFRT was administered, the TTF was the
same regardless of the kind of chemotherapy. Incidences of acute tox-
icity were significantly more common in the BEACOPP group, and
four courses of the ABVD regimen followed by 30 Gy of IFRT were
recommended for the poor prognosis group. Following this HD11
Trial, the GHSG conducted the HD14 Trial, again in the poor prog-
nosis group, and compared two regimens: four courses of the ABVD
regimen followed by 30 Gy of IFRT versus two courses of an
escalated-dose BEACOPP regimen, followed by two courses of the
ABVD regimen and 30 Gy of IFRT (8). The TTF was superior in the
latter group, but adverse events (AEs) such as leukopenia and
thrombocytopenia were more frequent also in the latter group. The
benefits of this intensified regimen for unfavorable disease should be
explored by other trials.

Current treatment for advanced-stage HL
ABVD regimen

Chemotherapy is the standard treatment for advanced-stage HL. His-
torically, the MOPP (mechlorethamine, vincristine, procarbazine and
prednisone) regimen (9) has been widely used and is considered a
standard treatment, resulting in an 80% response rate. The ABVD
regimen consists of the non-cross resistant drugs of the MOPP regi-
men. The Cancer and Leukemia Group B (CALGB) performed a
Phase III clinical trial (CALGB 8251 Trial) in advanced HL patients
that compared three therapies: the MOPP regimen, the ABVD regimen

Table 1. Criteria defining favorable or unfavorable limited-stage Hodgkin lymphoma in major study groups

Study group EORTC/GELA GHSG NCIC/ECOG
Favorable CS -1 CS I-1I CS [-1I
wlo risk factor w/o risk factor w/o risk factor
Unfavorable CS I-1I CSI, A CS -1
wirisk factor w/risk factor wirisk factor (CS I-1I with BMA or
(CSIB with BMA or EN: advanced) abdominal region: advanced)
Risk factors A: BMA A:BMA A: age 240
B: age >50 B:EN B: MC or LD histology
C: ESR C:ESR C: ESR
>50 mm, if A >50 mm, if A ) >50mm
>30 mm, if B >30 mm, if B D: four or more sites of disease

D: four or more sites of disease

D: three or more sites of disease

EORTC/GELA, European Organization for Research and Treatment of Cancer/Groupe d’Etude des Lymphomes de I'Adulte; GHSG, German Hodgkin Lymphoma
Study Group; NCIC/ECOG, National Cancer Institute of Canada/Eastern Cooperative Oncology Group; BMA, bulky mediastinal adenopathy; EN, extranodal lesion;
ESR, erythrocyte sedimentation rate; MC, mixed cellularity; LD, lymphocyte depletion.
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or MOPP-ABVD regimen using a crossover design (10). The failure-
free survival was reported to be superior with the ABVD regimen
when compared with the MOPP regimen. No significant difference
was found in regard to survival, but acute toxicity was lower with
the ABVD regimen than with the MOPP regimen, and the ABVD regi-
men has, therefore, become a standard treatment for advanced-stage
HL. ABVD regimen was associated with the lower risk of secondary
myeloid neoplasms or loss of fertility, which were recognized as the
late AEs of alkylating agents, than MOPP regimen {11-14). Subse-
quently, numerous comparative trials were performed with intensified
treatment regimens and the ABVD regimen, but the intensified treat-
ment regimens were not proven to be superior to the ABVD regimen
(15-19). Thus, the position of the ABVD regimen as a standard treat-
ment for advanced-stage HL was confirmed.

BEACOPP regimen

In 2003, the GHSG reported the results of a Phase III trial (HD9
Trial), which compared three therapies for advanced-stage HL: the
standard BEACOPP regimen, an escalated-dose BEACOPP regimen
(escalated doses of etoposide, doxorubicin and cyclophosphamide)
and a COPP (cyclophosphamide, vincristine, procarbazine and pred-
nisone)-ABVD regimen (20). The trial showed that the TTF (5 years)
in the BEACOPP regimen groups (standard and escalated dose) was
significantly superior to that in the COPP~ABVD regimen group.
Also, the overall S-year survival was 91% in the escalated-dose BEA-
COPP regimen group and 83% in the COPP-ABVD regimen group,
and the difference was statistically significant. A higher incidence of
acute and late AEs was seen in the escalated-dose BEACOPP regimen
group. The hematologic and infectious events as acute toxicity were
higher in escalated-dose BEACOPP regimen group than COPP-
ABVD regimen group (20). Long-term follow-up of HD9 trial showed
that the incidence of secondary myeloid malignancies in escalated-
dose BEACOPP regimen group was significantly higher than COPP-
ABVD regimen group at 10 years (3.0 versus 0.4 %), but the frequency
of solid tumor was not different in each group (21).

Later, Italian groups reported results from a comparative trial of the
ABVD regimen and BEACOPP regimens (most groups used a modified
method that administered four courses of an escalated-dose regimen,
followed by four courses of the standard-dose regimen) (18,19). The
BEACOPP regimens were shown to achieve superior primary disease
control, but there was no significant difference in regard to overall sur-
vival. At present, the escalated-dose BEACOPP regimen has not yet be-
come a standard alternative to the ABVD regimen for advanced-stage
HL, and the patients who would be beneficial by applying the escalated-
dose BEACOPP regimen have not been clearly identified. However,
with the aim of optimizing the BEACOPP regimen, the GHSG per-
formed a large-scale clinical trial using the escalated-dose BEACOPP
regimen as the standard. With the objective of investigating the possibil-
ity of alleviating AEs, the GHSG conducted a Phase Il clinical trial (HD
15 Trial) (22) that compared three treatments: an eight-course
escalated-dose BEACOPP regimen, a six-course escalated-dose BEA-
COPP regimen, and an eight-course BEACOPP-14 regimen. This was
a large-scale trial that enrolled at least 700 patients in each group.
The results showed that the six-course escalated-dose BEACOPP regi-
men was not inferior to the eight-course escalated-dose BEACOPP regi-
men in terms of the TTF. The six-course escalated-dose BEACOPP
regimen was superior to the eight-course escalated-dose BEACOPP regi-
men in regard to overall survival. Based on these results, the GHSG re-
commended six courses of the escalated-dose BEACOPP regimen for
treatment of advanced-stage HL. )

Present system for HL stratification

HL can be stratified according to clinical prognostic factors and clinical
stage as favorable limited, unfavorable limited and advanced. Prognos-
tic models have been used to tailor therapy by identifying subjects who
might benefit from a more intensive treatment regimen. One such model
is the International Prognostic Score (IPS) for advanced disease (23),
which can accurately predict PFS using seven clinical variables (i.e.
age, sex, anemia, clinical stage, leukocyte count, lymphocyte count
and serum albumin). Several randomized Phase IIl trials that compared
ABVD regimen with other intensified regimens (17,18,20) reported that
differences of overall survival between the patients treated with ABVD
and intensive regimens were not shown in all IPS risk groups, indicating
that the IPS system might not work well for the tool of risk-adapted
treatment strategy. Thus, other methods are needed to identify the
patients who are suboptimal to the current standard treatment.

Interim PET

In HL, interim PET is used as an early monitoring imaging modality
during the treatment induction. Interim PET is an excellent surrogate
marker for chemosensitivity via its ability to evaluate the metabolic
changes that occurs at the lymphoma lesions in response to anti-tumor
agents (24-29). Interim PET can also predict the final treatment re-
sponse and PFS. A prospective cohort study of advanced-stage disease
by Gallamini et al. (260 patients: Stages IIB~IV and Stage IIA with
poor prognostic factors) reported 2-year PFS rates of 95 versus
12.8% for patients with negative versus positive interim PET findings,
respectively, which were obtained following two courses of the ABVD
regimen. These findings were irrespective of the IPS risk group (proved
by the multivariate analysis), thus suggesting that interim PET could be
an important tool to help guide a risk-adapted treatment strategy for
advanced-stage HL. Another prospective cohort study, including both
limited and advanced disease, confirmed that value of interim PET (30);
the 3-year event-free survival was 53.4% for patients with positive in-
terim PET findings and 90.5% for patients with negative interim PET
findings. This difference was observed for limited or advanced diseases.
Retrospective observational study also confirmed the prognostic value
of interim PET (28); in a meta-analysis of prognosis predictors (assess-
ment of progression and recurrence) in interim PET for HL, a random-
effects model estimated a positive-predictive value (PPV) of 81% and a
negative-predictive value (NPV) of 97% (31).

Interim PET criteria

Standardization of the interpretation of PET result was initially pro-
posed by the International Harmonization Project (IHP) in 2007
(32) for use in evaluating the residual mass after the completion of
the standard treatment. The mediastinal blood pool is adopted as an
internal reference based on a relatively small-scale retrospective study
of diffuse large cell B cell lymphoma (33). The IHP criteria were inte-
grated into the International Workshop Criteria for Response of
Lymphoma (34). All prospective and retrospective observational co-
hort studies listed in previous section (24~29) used the mediastinal
blood pool as internal reference. IHP criteria are designed to evaluate
the final response, so the application of IHP criteria for interim PET
interpretation is still controversial. Since the objective of interim
PET is to measure the chemosensitivity, the less strict threshold
would be better for it. A five-point scale (SPS) was proposed and dis-
cussed at the consensus meetings (35,36). This scale uses the two in-
ternal references of mediastinal blood pool and liver uptake (Table 2).
When the goal is to minimize false-positive results from interim PET, a
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Table 2. Deauville five-point scale for interim PET

Score Definition

No uprake

Uptake = mediastinum

Uptake » mediastinum but €liver

Uptake moderately higher than liver

Uptake markedly higher than liver and/or new lesions
New areas of uptake unlikely to be related to lymphoma

PRI T

higher threshold (liver uptake: 0-3 is negative] should be adopted to
avoid overtreatment. When the goal is to minimize false-negative re-
sults from interim PET, a lower threshold {(mediastinal blood pool up-
take: 0-2 is negative) should be adopted to avoid undertreatment. The
liver uptake of 5PS was validated in a large prospective cohort study
by Gallamini et al., which had inidally applied the mediastinal blood
pool as a reference. All PET images were reviewed by six experts, all of
whom were blinded to treatment outcomes. The 3-year PFS was 83%
for the whole study population, 28% for patients with interim PET
positive finding and 95% for patients with interim PET-negative find-
ings. The sensitivity, specificity, NPV and PPV for predicring the treat-
ment outcome were 0.73, 0.94, 0.94 and 0.73, respectively (37).
Furthermore, overall agreement among reviewers was good (Krippen-
dorf a coefficient = 0.76) (38), confirming a fair concordance rate of
the 5PS. In 2014, a consensus statement regarding the role of imaging
and response assessment of lymphoma by the International Confer-
ence on Malignant Lymphomas Imaging Working Group was pub-
lished, and 5PS was recommended for assessment of interim PET
findings.

The predicting value of interim PET for clinical outcome of the
limited-stage disease might have some concerns (24-28,30). Most of
these studies reported that interim PET in patients with limited-stage
disease had relatively low PPV for outcomes, even when adopting the
IHP criteria. The reasons for this low PPV among patients with
limited-stage disease might be the proper favorable prognosis of lim-
ited disease and sterilizing the PET positive residual mass by subse-
quent radiotherapy.

Risk-adapted treatment strategy based
on interim PET

Limited-stage disease

Presently, treatment of limited-stage disease varies depending on
whether the disease is classified as favorable or unfavorable. Owing
to the very excellent clinical outcomes associated with favorable dis-
ease, the treatment goal for these individuals is to decrease the rate
of treatment-related AEs. Radiation therapy plays a critical role in
the treatment of limited-stage disease, but the late effects of radiation
(i.e. secondary malignancy, cardiovascular disease and lung toxicity)
can cause considerable morbidity and mortality among survivors of
HL. For patients with unfavorable disease, regimens with increased
anti-tumor efficacy are needed.

Table 3 listed the clinical trials of interim PET-adapted treatment.
Four clinical trials of limited-stage HL listed in Table 3 have investi-
gated whether consolidative radiation therapy is necessary when in-
terim PET is negative. The results of the H10 trial by the European
Organization for Research and Treatment of Cancer (EORTC)/
Groupe d’Etude des Lymphomes de ’Adulte (GELA) have been pub-
lished recently (39). Limited-stage HL patients were randomized into a

control treatment group and an experimental treatment group, and
these groups were compared with regard to the primary endpoint
(PFS), The control treatment group with good prognosis was given
three courses of the ABVD (adriamycin, bleomycin, vinblastine and
dacarbazine) regimen followed by involved node radiation therapy
(INRT; 30-36 Gy), whereas the control treatment group with poor
prognosis was given four courses of the ABVD regimen followed by
INRT 30-36 Gy. The control treatment groups were given two
courses of the ABVD regimen followed by interim PET, but the treat-
ment method was not changed based on the results of interim PET.
The experimental treatment group with good prognosis was given
two courses of the ABVD regimen followed by interim PET. If the in-
terim PET results were negative, two more courses of the ABVD regi-
men were given, whereas positive results were followed by two courses
of an escalated-dose BEACOPP regimen + INRT 30-36 Gy. The ex-
perimental treatment group with poor prognosis was given two
courses of the ABVD regimen followed by interim PET. If the interim
PET results were negative, four more courses of the ABVD regimen
were administered; whereas positive results were followed by two
courses of the escalated-dose BEACOPP regimen + INRT 30-36 Gy.
To prove non-inferiority of the experimental treatment group when
compared with the standard treatment group, enrollment of 1328 pa-
tients was planned. Interim analysis of 1137 enrolled patients showed
the number of events to be larger in the PET-negative experimental
treatment group than in the PET-negative control group. CMT was
shown to be the standard treatment for limited-stage HL, and the in-
vestigators concluded that omission of radiation therapy may lead to
carly disease progression, even ( progression or death) in patients with
a negative interim PET result. While no other trials of limited HL have
been published, data from those trials is expected soon.

Advanced-stage disease

Positive interim PET results for advanced-stage disease could be a
strong and independent predictor of poor outcomes. Therefore,
many clinical trials have been conducted to investigate strategies to im-
prove the outcomes of patients with positive interim PET. Based on
retrospective analysis, it was reported that PFS may be improved by
switching treatment to the escalated-dose BEACOPP regimen for pa-
tients with positive interim PET findings following two courses of the
ABVD regimen (40). At present, numerous prospective, clinical inter-
ventional trials are being performed to investigate switching the treat-
ment method based on the results of interim PET, and there are many
cases of adopting a strategy of intensifying the treatment in patients
with positive interim PET findings. Six representative trials are listed
in Table 3. There were some differences in the concepts of standard
treatment among study groups. For example, the Southwestern Oncol-
ogy Group (SWOG), Gruppo Italiano Terapie Innovative nei Linformi
(GITIL), Fondazinone Italiana Linformi (FIL) and Cancer Research
UK (CR-UK) adopted the ABVD regimen as the standard treatment,
while the GHSG and Lymphoma Study Association (LYSA) used
escalated-dose BEACOPP as the standard treatment. The results of
these prospective clinical studies have yet to be reported, and for every-
day clinical practice, changing the treatment method based on the
results of interim PET is not yet recommended.

Clinical trial in Japan

The Japan Clinical Oncology Group (JCOG) is also planning a Phase
I clinical trial for advanced-stage HL in which risk-adapted treatment
strategies will be applied based on interim PET. Enrolled patients with
advanced-stage disease will be treated with two courses of the ABVD
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