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n B-cell non-Hodgkin lymphomas (NHL) rituximab has

extended the disease-free intervals of hundreds of thou-

sands of patients. At the inception of rituximab a consid-
erable amount of academic vigor was invested in finding
the appropriate dose and frequency during induction thera-
py. This was followed by consideration of rituximab main-
tenance or extended dosing strategies. However, if mainte-
nance rituximab does not significantly improve treatment
outcomes it only represents expensive plasma. An integral
step in harnessing the excitement for maintenance ritux-
imab is to look for patients’ characteristics that can help to
tailor or risk-adapt rituximab dose and/or duration of use
with the goal of providing benefit to all. The primary end-
point of interest, improvement in overall survival, has only
been seen in meta-analyses, leaving surrogate markers of
benefit, such as event-free survival and progression-free
survival in trials, to be debated at podiums and in patients’
examination rooms without a clear consensus being
reached.!

The original report that triggered the spark of enthusi-
asm for maintenance rituximab was published by Dr.
Ghielmini and colleagues and concerned patients with fol-
licular lymphoma (FL) in whom prolonged rituximab
treatment extended the duration of remission.” The use of
rituximab in FL subsequently expanded as results of ran-
domized trials emerged showing remission prolongation
with maintenance rituximab after single agent rituximab
and combined rituximab-chemotherapy and then similar
results in mantle cell lymphoma.”” A theme began to
develop: rituximab maintenance was most useful in B-cell
NHL subtypes in which the majority of patients do not
have durable remissions. However, in diffuse large B-cell
lymphoma (DLBCL), the most common NHL, in which

the majority of patients who achieve a complete remission

after rituximab-chemotherapy are cured, maintenance rit-
uximab therapy has not been felt to be efficacious.

Nevertheless, Huang and colleagues reported a random-
ized trial of maintenance rituximab in patients with an
objective response after six cycles of R-CHOP-14 (ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and
prednisone). The maintenance rituximab was adminis-
tered monthly during the first 12 months and once every
3 months during the second year.® Patients who received
maintenance rituximab had a progression-free survival
rate at 5 years of 45% compared to 34% in the patients
who were observed (P=0.006). The overall survival rate at
5 years was 62% with maintenance rituximab and 49%
with observation (P=0.03). Maintenance rituximab
improved the progression-free and overall survival of
patients in all International Prognostic Index groupings.
The lower progression-free and overall survival rates
might be expected and were probably related to the fact
that all patients who had an objective response (i.e., not
just complete remissions) were included in the analysis. In
this study, the results were not reported by gender, so it is
not possible to determine whether the observed benefit
was greater in males than in females.

In a subsequent, larger randomized trial carried out by
the Eastern Cooperative Oncology Group (EGOG; ECOG
4494) in the USA, patients over 60 years of age with
DLBCL were randomly assigned to receive R-CHOP or
CHOP; there was then a second randomization to mainte-
nance rituximab or no maintenance rituximab.” Thus, this
was a four-arm study including patients who received R-
CHOP and no maintenance rituximab, R-CHOP with
maintenance rituximab, CHOP with maintenance ritux-
imab, and CHOP without maintenance rituximab. The
results were comparable within the three groups who
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received rituximab during induction, as maintenance, or
both, but distinctly inferior in the patients who never
received rituximab. The fact that maintenance rituximab
did not add to the outcome when administered after ritux-
imab during induction has been taken as strong evidence
that maintenance rituximab was superfluous in patients
who achieved a remission with R-CHOP. Interestingly, a
subsequent analysis of this study demonstrated that men
did less well than woman in those arms given any ritux-
imab (3 arms), but there was no sex difference in the
patients who received only CHOP (1 arm).”

In 2012, the German High Grade non-Hodgkin
Lymphoma Study Group (GHLSG) reported that men >60
years old had more rapid rituximab clearance than
women." They proposed that the resultant higher plasma
rituximab levels in women might be the explanation for
the observed superior treatment outcome with R-CHOP
in women than in men. The same group tested this
hypothesis in a pharmacokinetic study in which eight
doses of rituximab were administered on specific days in
combination with CHOP-14 in the SMARTE-R-CHOP-14
study. They found that this seemed to eliminate the poor
outcome in men that had been seen previously without
the intensified rituximab therapy.”

More recently the GHLSG tested a higher dose of ritux-
imab in men in the SEXIE-R-CHOP-14 study.” This study
investigated six cycles of R-CHOP-14 dosed at 500 mg/m’
in men, but the dose of rituximab in women was the stan-
dard 375 mg/m’. Pharmacokinetic assays were included
within the study and showed that men achieved higher
peak levels of rituximab, but their total exposure to the
drug was approximately the same as that of women
because of more rapid drug clearance. The 3-year progres-
sion-free survival in men was 74% versus 68% in women
(P=NS); the overall survival was also not significantly dif-
ferent.

So how do the above data integrate with those of the
NHL13 trial reported by Jaeger er al. in this issue of
Haematologica¢* First of all, it is important to consider the
specifics of the NHL13 trial. This was an industry-support-
ed trial that included not only patients with DLBCL, but
also those with follicular FL grade IIIb. Only a small frac-
tion of patients had central review of the initial biopsy, but
the International Prognostic Index score was available for
everyone. Furthermore, it appears that some patients with
FL grade III, especially FL grade IIIb have aggressive lym-
phoma that responds to therapy similarly to DLBCL.
Nevertheless, the pathological grading of FL is not pre-
cise.” Some patients with FL grade Illa will have a course
similar to that seen in patients with grade 1-2 FL. In those
patients, maintenance rituximab would be expected to
prolong remission duration on average but most would
eventually relapse. However, since only about 3% of
patients in the study by Jaeger et al. had FL grade IIIb, it is
unlikely that this greatly affected the results.

What the authors did discover in a prospective fashion
is that maintenance rituximab appeared to improve the
outcome in men but not women, with no obvious impact
of age on the outcome - something that was not tested in
prior trials. The authors concluded that maintenance ritux-
imab eliminated the previously found poorer outcome in
men with DLBCL. This study also found that rituximab

improved the treatment outcome for patients who had
bone marrow involvement by NHL. We cannot tell from
the paper how many of these patients had large cell lym-
phoma in the marrow rather than only small cell involve-
ment. Whether this is a statistical “quirk” because of the
large number of analyses done, or a real finding is not
clear. Approximately 10% of the patients in the study had
bone marrow involvement.

How do we interpret and apply all this information¢
There is increasing evidence that sex may play a part in
DLBCL outcomes: in particular, men >60 years of age are
relatively under-dosed with the “standard” dose of ritux-
imab compared to women. They might, therefore, bene-
fit from a higher dose or longer duration of treatment
with rituximab. Does this mean that we should consider
maintenance rituximab in men with DLBCL or only in
those >60 years old¢ From a practical point of view, giv-
ing a higher dose of rituximab, such as the 500 mg/m’
administered by the GHLSG as part of R-CHOP, would
be easier and more cost-effective (i.e., less total rituximab
and fewer treatment visits) if the results were compara-
ble, but this has been tested only in R-CHOP-14 and not
in R-CHOP-21, which is more commonly used. This begs
the question, based on the available data, should we
change practice immediately¢ Although there are contro-
versial aspects of this information, we believe both men
and women should be made aware of the data and that
older men should be offered a higher dose of rituximab or
maintenance. Women on the other hand should not be
offered a higher dose or rituximab maintenance after
treatment for DLBCL. Whether payers will buy into this
approach is unknown, but as the data now stand we
believe it is a reasonable approach supported by facts not
anecdotes.

Financial and other disclosures provided by the author using the
ICMJE  (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are available with the full text of this paper at
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(ALL) has increased greatly,' and personalized medi-

cine has become a reality. More sophisticated diag-
nostic procedures, including immunophenotyping, cytoge-
netics, molecular genetics, and new genomics, have
allowed the definition of new ALL sub-entities which, in
some cases, has translated into specific therapies. A great
achievement is the possibility of evaluating minimal resid-
ual disease (MRD), which can now be done in about 95%
of ALL patients. MRD is the most important prognostic fac-
tor and thus a major component of a personalized treat-
ment algorithm. Progress has also come from targeted ther-
apies, extending the existing backbones of chemotherapy
and stem cell transplantation (SCT). Targeted therapy in
Philadelphia chromosome-positive ALL (Ph' ALL) with
tyrosine kinase inhibitors (TKI) and immunotherapy with
monoclonal antibodies targeting surface antigens expressed
on leukemic blast cells have extended the armamentarium.
A new promising approach is the activation of patients’ T
cells directed against their own leukemic blast cells either
through a bispecific antibody, or chimeric antigen receptor
modified T cells.

I nowledge concerning acute lymphoblastic leukemia

Diagnostics

Immunophenotyping is still the most important diag-
nostic feature, separating B-lineage ALL (~75%) from T-
lineage ALL (~25%), and their subtypes according to the
stage of maturation/differentiation (Table 1).

Other diagnostic techniques are standard cytogenetics,
fluorescence i situ hybridization, and reverse transcriptase
polymerase chain reaction. These methods allow the
detection of Ph* ALL, with the chromosomal translocation
t(9;22)(q34;q11), and the detection of the corresponding
BCR-ABL1 gene rearrangement. Further ALL entities that
have been identified are t(4;11)(q21;q23)/MLL-AFA4,
abn11q23/MLL, and t(1;19) (q23;p13)/PBX-E2A.

Gene expression profiling, single nucleotide polymor-
phism array analysis, array-comparative genomic

hybridization, and next generation sequencing recognize
newly defined ALL entities with poor prognosis: Ph-like
ALL, and early T precursor ALL.

Ph-like ALL, also called BCR-ABL1-like ALL, is charac-
terized by genetic lesions similar to Ph™ ALL, associated
with I[KZF1 deletion, CLRF2 overexpression and tyrosine
kinase activating rearrangements involving ABL1, JAK2,
PDGFRB and several other genes.” The frequency is 10%
in children and 25-30% in young adults, but does not
increase further with age.' Treatment could be directed at
the underlying genetic pattern with BCR-ABL inhibitors
(e.g. dasatinib) or JAK2 inhibitors (e.g. ruxolitinib).®

Early T precursor ALL is characterized by lack of CD1a
and CD8, weak CD5 expression, at least one
myeloid/stem cell marker, a specific transcriptional profile
and the possible involvement of several critical genes.® No
new treatment approaches are currently available for this
subtype, and thus SCT in first complete remission is the
preferred option.

Minimal residual disease

MRD is the detection of residual leukemic cells, not
detectable by light microscopy.

Methods for determining MRD are based on the detec-
tion of leukemia-specific aberrant immunophenotypes by
flow cytometry, the evaluation of leukemia-specific
rearranged immunoglobulin or T-cell receptor sequences
by real-time quantitative polymerase chain reaction, or
the detection of fusion genes associated with chromoso-
mal abnormalities (e.g., BCR-ABL, MLL-AF4). The detec-
tion limit with these methods is 10°-10° (0.1%— 0.001%).
The phenotypic aberrations are unique to each patient
with ALL and can be detected in up to 95% of individuals.

Methods for MRD evaluation and standardization of
MRD quantification have been extensively described.”®

Minimal residual disease response and terminology
Molecular response can be evaluated only for patients in
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