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ABSTRACT
The management of hematologic malignancies has traditionally relied on chemotherapy regimens, many of which
are still in use today. However, with advancements in the knowledge of tumour pathophysiology, therapies are
continually evolving. Monoclonal antibodies against specific targets on tumour cells are now widely used to treat
hematologic malignancies, either in combination with chemotherapy or as single agents. Rituximab, a monoclonal
antibody against the CD20 antigen, is a good example of successful monoclonal antibody therapy that has improved
outcomes for patients with B cell non-Hodgkin lymphomas. Monoclonal antibodies are now being used against the
immune checkpoints that function to inhibit T cell activation and subsequent tumour eradication by those cytotoxic
T cells. Such therapies enhance T cell–mediated tumour eradication and are widely successful in treating patients
with solid tumours such as malignant melanoma. Now, they are slowly finding their place in the management of
hematologic neoplasms. Even though, currently, immune checkpoint inhibitors are used for relapsed or refractory
hematologic neoplasms, trials are ongoing to evaluate their role in frontline treatment. Our review focuses on the
current use of immunotherapies in various hematologic malignancies.
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INTRODUCTION
Hematologic malignancies are complex set of disorders
that are common in incidence. Per Canadian cancer statistics, non-Hodgkin lymphoma (nhl) is the most common
hematologic neoplasm, followed by leukemia, multiple
myeloma (mm), and Hodgkin lymphoma (hl)1. Because each
subtype is unique, treatments are tailored based on a variety of factors, including pathology diagnosis, biomarkers,
stage of disease, and the patient’s clinical characteristics.
Fortunately, with currently available chemotherapies,
common entities such as diffuse large B cell lymphoma
(dlbcl) and hl are potentially curable. In contrast, follicular lymphoma (fl) and mm are incurable, but treatable,
neoplasms. In disease entities such as mm, consolidation
with upfront autologous stem-cell transplantation (asct)
is available in addition to chemotherapy for those who are
eligible. Challenges arise when patients relapse during or
after initial therapy. The prognosis for such patients could
be guarded. Many such patients are treated with high-dose
chemotherapy and asct, if not already administered in their
upfront regimen; however, better treatments are still needed, especially for those who are not eligible for stem-cell
transplantation (sct) or who relapse after sct.
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Monoclonal antibodies represent a breakthrough
in the management of hematologic malignancies. When
combined with chemotherapy, rituximab (a chimeric antibody against the CD20 molecule on the surface of B cells)
has improved outcomes for patients with dlbcl 2–4 and fl
or indolent B cell lymphomas5–7. Brentuximab, a chimeric
conjugate antibody against the CD30 antigen present on
the surface of neoplastic cells, has improved outcomes for
patients with hl8,9. Similarly, daratumumab (a monoclonal
antibody against the CD38 antigen expressed on the surface
of plasma cells) has been associated with better outcomes
than those seen with historical combination therapies in
patients with relapsed mm10–12.
Some of the currently available monoclonal antibodies modulate T cell activation against tumour cells
and assist with tumour eradication. Generally, T cells
are activated when foreign antigens are processed by
antigen-presenting cells and presented to T cells through
the major histocompatibility–antigenic peptide complex,
which signals the T cell receptors on the surface of T cells
to activate a T cell–mediated immune response13. Intercellular interactions, such as the binding of B7 proteins
on antigen-presenting cells to CD28 on T cells, also assist
with T cell stimulation14. Tumour cells evade that process
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by expressing molecules on their surface that switch off
the process to evade T cell–mediated cell death. PD-L1 and
PD-L2, which are expressed in several tumour subtypes,
bind to PD receptors on T cells, resulting in T cell inactivation and immune tolerance of the tumour15. Similarly,
ctla-4 is expressed on T cells, and if bound to B7 protein
on the surface of antigen-presenting cells or tumour cells,
also results in T cell inactivation14. Antibodies that interfere
with the PD-1 and ctla-4 systems could thus inhibit those
processes by disengaging PD-L1/-L2 and ctla-4 from their
respective receptors, allowing for T cell activation and,
subsequently, tumour eradication. Inhibitors of PD-L1 and
ctla-4 have been associated with measurable success in
treating solid malignancies, and their use is now expanding
to encompass hematologic malignancies.
Another recent advance is the introduction of bispecific T cell engagers (“bite therapy”). These bi-specific
antibodies link tumour cells to T cells16. Blinatumomab
is a bi-specific antibody that links CD19 on the surface of
B cells and malignant cells to CD3 antigen on the surface
of T cells, leading to T cell activation17.
In the present review, we focus on the current use of
PD-1 inhibitors, ctla-4 inhibitors, and bite therapy for
hematologic malignancies. Our review does not include
a discussion of chimeric antigen receptor T cell therapy,
which is discussed separately in this supplement to Current
Oncology.

REVIEW
PD-1 Inhibitors
The PD-1 inhibitors include agents such as pidilizumab,
nivolumab, and pembrolizumab, all of which have been
evaluated for both safety and efficacy in hematologic
malignancies.

Pidilizumab
Berger and colleagues18 conducted one of the earlier
trials evaluating the safety of pidilizumab in patients with
advanced-stage hematologic malignancies after chemotherapy or sct, or both. In their phase i study in 17 patients, which

included individuals with nhl, hl, mm, chronic lymphocytic
leukemia (cll), and acute myeloid leukemia (aml), a single
dose of pidilizumab was delivered using an escalation
schedule of 0.2–6 mg/kg, without any dose-limiting toxicities being observed (Table i). Median survival was approximately 25 weeks, including 6 patients (35%) with extended
survival of approximately 60 weeks. Of the latter 6 patients,
1 had fl, 1 had aml, 1 had hl, 1 had mm, and 2 had cll. Subsequently, in a phase ii trial, Armand et al.19 administered
pidilizumab after asct in patients with dlbcl, primary mediastinal B cell lymphoma (pmbcl), and transformed indolent
nhl . Patients received 3 cycles of intravenous pidilizumab
1.5 mg/kg starting 30–90 days after sct. Of the 66 patients
who received planned therapy with pidilizumab (two thirds
of whom had de novo dlbcl), 16-month progression-free
survival (pfs) was 72%. Treatment was fairly well tolerated,
with only 19% and 8% of patients experiencing grade 3–4
neutropenia and thrombocytopenia respectively. Pidilizumab was subsequently trialled in patients with relapsed
fl after 1–4 lines of previous therapies had failed 20. In that
phase ii trial, patients received pidilizumab 3 mg/kg once
monthly for up to 12 cycles maximum, together with rituximab 375 mg/m2 once weekly for 4 treatments, beginning at
approximately day 17 after the initial pidilizumab infusion.
The study successfully enrolled 30 patients, all of whom had
previously received rituximab. At a median follow-up of 15.4
months, 66% had attained an objective response [52% being
complete responses (crs)], with a median pfs of 18.8 months
overall. No grade 3 or 4 toxicities were encountered. Those
safety and efficacy data for pidilizumab are encouraging;
however, the drug has not attained as much popularity as
its counterparts nivolumab and pembrolizumab in hematologic malignancies.

Nivolumab
Lesokhin et al.21 conducted one of the earlier trials evaluating the safety of nivolumab in patients with hematologic
neoplasms. Their phase i study included 81 patients with relapsed or refractory (r/r) nhl (including T cell nhl), classical
Hodgkin lymphoma (chl), and mm after at least 1 prior line
of therapy (Table ii). The group included 10 patients with fl,

TABLE I Pidilizumab in hematologic malignancies
Reference

Phase

Pts
(n)

Histology

Schedule

ORR
(%)

CR
(%)

Median
PFS

OS

Berger et al.,
200818

I

17

Relapsed or refractory NHL,
CLL, CHL, MM, AML

0.2–6 mg/kg once

NR

6

NR

25±27
Weeks

Armand et al.,
201319

II

66

Relapsed or refractory
DLBCL,PMBCL, trINHL
achieving at least a partial
response after ASCT

1.5 mg/kg every 6 weeks
for 3 doses after ASCT

51

34

72%
at 16
monthsa

85%
at 16
monthsa

Westin et al.,
201420

II

29

Relapsed or refractory FL

3 mg/kg every 4 weeks for
4 doses (up to 12 doses
if stable disease or better),
with rituximab every
1 week for 4 doses

66

52

18.8
Months

NR

a

Not median.
Pts = patients; ORR = objective response rate; CR = complete response; PFS = progression-free survival; OS = overall survival; NHL = non-Hodgkin
lymphoma; CLL = chronic lymphocytic leukemia; CHL = classical Hodgkin lymphoma; MM = multiple myeloma; AML = acute myeloid leukemia;
NR = not reported; DLBCL = diffuse large B cell lymphoma; PMBCL = primary mediastinal B cell lymphoma; trINHL = transformed indolent NHL;
ASCT = autologous stem-cell transplantation; FL = follicular lymphoma.
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II

II

II

II

I/IIA

Armand et al.,
201823

Garcia-Manero
et al., 201824

Ansell et al., 201925

Daver et al., 201926

Younes et al., 201927
141

70

121

R/R CLL
(del17p, del11q),
FL, DLBCL

R/R AML

R/R DLBCL,
trINHL

MDS
(both
azacytidine-failed
and
azacytidine-naïve)

R/R CHL

R/R NHL,
MM

R/R CHL

Histology

3 mg/kg every 2 weeks plus
ibrutinib 420 mg or 560 mg
until progression or toxicity

Azacytidine days 1–7,
nivolumab 3 mg/kg days 1 and 14,
every 4–6 weeks until
progression or toxicity

3 mg/kg every 2 weeks
until progression or toxicity

Azacytidine-naïve:
Azacytidine days 1–5 every 4 weeks,
nivolumab 3 mg/kg day 6 and 20
until progression or toxicity
Azacytidine days 1–5 every 4 weeks,
ipilimumab 3 mg/kg day 6 until
progression or toxicity

Azacytidine-failed:
Nivolumab 3 mg/kg every 2 weeks
until progression or toxicity
Ipilimumab 3 mg/kg every
3 weeks until progression
or toxicity

3 mg/kg every 2 weeks
until progression or toxicity

1 mg/kg or 3 mg/kg, weeks 1 and 4,
then every 2 weeks for 2 years

3 mg/kg, weeks 1 and 4,
then every 2 weeks for 2 years

Schedule

CLL: 61
FL: 33
DLBCL: 36
RT: 65

33

CLL: 0
FL: 10
DLBCL: 16
RT: 10

22

ASCT-failed: 3
ASCT-ineligible: 0

38

71

ASCT-failed: 10
ASCT-ineligible: 3

50

15

35

75

0

16

B-NHL: 10
T-NHL: 0
MM: 4

17

CR
(%)

13

69

B-NHL: 26
T-NHL: 17
MM: 4

87

ORR
(%)

Not reported
9.1 Months
2.6 Months
5 Months

Not reported

1.9 Months
1.4 Months

Not reached

10 Months

6 Months

7 Months

14.4 Months

Not reached
Not reached
13.5 Months
10.3 Months

6.3 Months

12.2 Months
5.8 Months

Not reached

12 Months

8 Months

8 Months

Not reached

Not reported
Not reported
Not reported

Not reached

86% at 6 monthsa
23 Weeks
10 Weeks
10 Weeks

OS

PFS

Median

Not median.
Pts = patients; ORR = objective response rate; CR = complete response; PFS = progression-free survival; OS = overall survival; R/R = relapsed or refractory; CHL = classical Hodgkin lymphoma; (B/T-)
NHL = (B cell/T cell) non-Hodgkin lymphoma; MM = multiple myeloma; MDS = myelodysplastic syndrome; DLBCL = diffuse large B cell lymphoma; trINHL = transformed indolent non-Hodgkin
lymphoma; ASCT = autologous stem-cell transplantation; AML = acute myeloid leukemia; CLL = chronic lymphocytic leukemia; FL = follicular lymphoma; RT = Richter transformation.

a

81

I

Lesokhin et al.,
201621

76

23

I

Ansell et al., 201522

Pts
(n)

Phase

Reference

TABLE II Studies of nivolumab in hematologic malignancies
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11 with dlbcl, 10 with other subtypes of B cell lymphoma,
23 with T cell lymphoma, and 27 with mm. Patients received
nivolumab 1 mg/kg or 3 mg/kg administered in weeks 1
and 4, followed by 1 administration every 2 weeks for up
to 2 years. Nivolumab was well tolerated: only 18 patients
(22%) experienced grade 3 or greater toxicities. Immune
toxicities were noted in 28 patients (35%) and were resolved
in 13 patients without a need for immunosuppressive
treatment or interruption of nivolumab. In this trial, the
objective response was an encouraging 40% for patients
with fl and dlbcl; outcomes for those with T cell lymphoma
and mm were not as robust, with objective response rates
of only 17% and 4% respectively.
Additional trials have resulted in impressive outcomes after nivolumab administration for patients with
r/r chl 22,23. Those results are not surprising considering
that the hallmark cells in chl, the Reed–Sternberg cells,
frequently demonstrate amplification of chromosome 9p24
(which also includes the JAK2 locus), resulting in overexpression of PD-L1 and PD-L228. Ansell and colleagues22
demonstrated that, in 23 patients with r/r chl, the objective
response after single-agent nivolumab (3 mg/kg in weeks 1
and 4, followed by 1 administration every 2 weeks for up
to 2 years) was an unprecedented 87% (including 17% crs).
In the trial, asct and brentuximab had failed for almost
two thirds of the patients, a subset that would otherwise
have had a dismal outcome. Importantly, nivolumab was
fairly well tolerated: only 22% of the patients experienced
grade 3 or greater toxicities, which were mostly reversible.
At 6 months, the pfs was an encouraging 86%. Updated results of the trial have now been presented, and at a median
follow-up of 86 weeks, 50% of the responding patients have
experienced durable responses29.
A larger multicentre phase ii study evaluating nivolumab in patients with relapsed chl (CheckMate 205) was
subsequently conducted23. Three cohorts were evaluated:
cohort A included patients who were brentuximab-naïve
(n = 63); cohort B included those who had previously received
brentuximab after asct (n = 80); and cohort C included patients who had received brentuximab before asct, or after
asct, or both before and after (n = 100). Patients received
nivolumab 3 mg/kg every 2 weeks until toxicity, progression, death, withdrawal of consent, or study end (at least 5
years of follow-up). The objective response rate (orr) was
69% (including 16% crs), with a median pfs of 14.7 months.
Serious adverse events were noted in only 12% of patients.
Nivolumab is now widely used in patients with chl who
have relapsed after asct, or brentuximab, or both. Unlike
the results in chl, results from a recent study of nivolumab in 121 patients with r/r dlbcl who were not eligible for
asct, or for whom asct failed, were discouraging; the orr
was only 3% in those ineligible for asct and 10% in those
for whom asct failed 25.
Inhibitors of PD-1 are now being trialled in combination with targeted agents. Younes et al.27 studied combination nivolumab–ibrutinib (the latter being a Bruton
tyrosine kinase inhibitor) in 141 patients with r/r B cell nhl,
including cll and Richter transformation (rt). The safety
profile was acceptable, but the orrs for patients with fl
and dlbcl were discouraging (33% and 36% respectively).
For patients with cll and rt, the orrs were 61% and 65%
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respectively. Whether the greater response in patients
with rt was attributable to ibrutinib or to nivolumab or to
the combination is unclear; however, the median survival
of patients with rt was 10.3 months, which is similar to
the median survival with single-agent pembrolizumab in
patients with rt (10.7 months) 30.
The use of nivolumab is now expanding beyond lymphomas. Yang et al.31 demonstrated upregulation of PD-1
receptor, PD-L1/-L2, and ctla-4 in patients with myelodysplastic syndrome (mds), aml, and chronic myelomonocytic
leukemia. They also demonstrated that hypomethylating
agents such as azacytidine, which are frequently used in
those entities, led to upregulation of immune checkpoint
antigens—hence justifying the use of checkpoint inhibitors
in patients with myeloid neoplasms. Berger et al.18 had included patients with mds and aml in their phase i study of
pidilizumab; for those patients, the orr was 13%. A phase ii
study evaluating the safety and efficacy of nivolumab, or ipilimumab, or both, with or without azacytidine in patients
with treated or untreated mds has been reported32. Of 37
patients with mds, 13 received azacytidine with nivolumab,
15 received nivolumab alone, and 9 received ipilimumab
alone. The orr was 69% in the combination arm, 0% in the
nivolumab arm, and 22% in the ipilimumab arm, all with
tolerable toxicities. Combining hypomethylating agents
with PD-1 inhibitors appeared to be safe. Garcia-Manero
et al.24 updated those results for a total of 76 patients: The
resulting orrs were, respectively, 75%, 71%, 13%, and 35%
for treatment with azacytidine–nivolumab, azacytidine–
ipilimumab, nivolumab alone, and ipilimumab alone.
Similarly, Daver and colleagues26 reported outcomes for
70 patients with relapsed aml treated with a combination
nivolumab–azacytidine: 15 (21%) attained a cr, and an
additional 7 patients experienced a hematologic response.

Pembrolizumab
Like nivolumab, pembrolizumab has also found success
in the management of r/r chl (Table iii). The keynote-013
trial evaluated the safety and efficacy of pembrolizumab
in patients with r/r hematologic neoplasms including chl,
fl , dlbcl , pmbcl , mm, and mds. The results for independent
cohorts with chl and pmbcl are now published33,37. In the
relevant trial, 31 patients with chl received pembrolizumab
10 mg/kg every 2 weeks for up to 2 years or until progression or unacceptable toxicity33. All patients had previously
received brentuximab, and in 71%, asct had failed. The orr
was 65% (a 16% rate of cr), similar to that with nivolumab.
An impressive 90% of the patients experienced some reduction in their tumour burden. At a median follow-up of 17.6
months, 1-year pfs was approximately 50%. Even though
68% of the patients experienced some drug-induced toxicities, grade 3 toxicities were noted in only 5 patients (16%).
The larger keynote-087 trial was subsequently conducted for patients with r/r chl 38. That study enrolled 210
patients, assigning them to 3 cohorts: cohort 1 included
patients for whom both asct and brentuximab had failed
(n = 69); cohort 2 included patients for whom brentuximab
had failed, but who couldn’t undergo sct (n = 81); and
cohort 3 included patients who underwent sct, but who
had not received brentuximab (n = 60). Patients received
pembrolizumab 200 mg every 3 weeks for up to 2 years or
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TABLE III Studies of pembrolizumab in hematologic malignancies
Reference

Phase

Pts
(n)

Histology

Schedule

ORR
(%)

CR
(%)

Median
PFS

OS

201633

IB

31

R/R CHL

10 mg/kg every 2 weeks
until progression or toxicity

65

16

46%
at 1 yeara

100%
at 6 monthsa

Garcia-Manero et al.,
201634

IB

28

R/R MDS

10 mg/kg every 2 weeksb

4

0

Not reported

49%
at 6 monthsa

Ding et al., 201730

II

25

R/R CLL or RT

200 mg every 3 weeksb

CLL: 0

0

2.4 Months

11.2 Months

RT: 44

11

5.4 Months

10.7 Months

Armand et al., 201835

IB

21

R/R PMBCL

10 mg/kg every 2 weeks
OR
200 mg every 3 weeksb

48

33

10.4 Months

31.4 Months

II

53

R/R PMBCL

200 mg every 3 weeksb

45

13

5.5 Months

Not reached

weeksb

72

27

13.7 Months

Not reached

Armand et al.,

Zinzani et al.,

201836

II

210

R/R CHL

200 mg every 3

a

Not median.
To a maximum of 24 months or any of progression, toxicity, or investigator decision.
Pts = patients; ORR = objective response rate; CR = complete response; PFS = progression-free survival; OS = overall survival; R/R = relapsed or
refractory; CHL = classical Hodgkin lymphoma; MDS = myelodysplastic syndrome; CLL = chronic lymphocytic leukemia; RT = Richter transformation; PMBCL = primary mediastinal B cell lymphoma.

b

until progression or severe toxicity. For the patients overall,
the orr was 69% (22.4% crs) with a 6-month median duration of response and median survival not reached. Only 14
patients experienced grade 3 or greater toxicities. Updated
results noted that, at a median follow-up of 27.6 months,
the orr was 71%, median pfs was 14 months, and median
os was not reached36.
The efficacy of pembrolizumab and of nivolumab in
chl thus appears similar. The choice of agent in the relapsed
setting depends mostly on drug access, scheduling, and
physician and patient preference. Considering that pembrolizumab is administered every 3 weeks, and nivolumab,
every 2 weeks, patients might tend to select pembrolizumab
to prolong the treatment interval. However, recent pharmacokinetics studies have indicated that nivolumab at
a fixed dose of 480 mg every 4 weeks is equivalent to the
previous every-2-weeks dosing, providing patients with
more flexibility39.
As in chl, early results with pembrolizumab in pmbcl
are encouraging. The pmbcl cohort in the keynote-013 trial
(n = 19) was recently reported37. In the first 11 patients, the
pembrolizumab dosing schedule was the same as that in
the chl cohort (10 mg/kg every 2 weeks); however, for the
remaining patients, the dose was amended to 200 mg every
3 weeks after emerging pharmacokinetic and pharmacodynamic reports about similar exposures. The orr was 41%
(including 11% crs), and 81% of the patients experienced
some reduction in tumour burden. At a median follow-up
of 11.3 months, the median duration of response was not
reached. Pembrolizumab was felt to be safe in that cohort,
with only 2 patients experiencing grade 3 or greater toxicities. Extended keynote-013 data, including the results of the
larger keynote-170 trial of pembrolizumab in pmbcl, were recently presented; at median follow-ups of 29 and 12.5 months
respectively, the median duration of response had not been
reached, and the 12-month pfs rates were 47% and 38%35.
Data have emerged that pembrolizumab is effective
not only in chl and pmbcl , but in patients with cll and
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rt30.

Pembrolizumab as a single agent in 28 patients with
refractory mds was associated with an orr of 15% 34.
In patients with mm, initial trials of immunotherapy
were associated with a high risk of mortality40. Those trials
included keynote-183, evaluating pembrolizumab in combination with pomalidomide–dexamethasone for r/r mm,
and keynote-185, evaluating pembrolizumab in combination with lenalidomide–dexamethasone for untreated mm.
The U.S. Food and Drug Administration therefore halted
trials evaluating pembrolizumab in patients with mm. Increased mortality was also noted in the CheckMate 602 trial,
evaluating nivolumab in combination with pomalidomide–
dexamethasone40. Thus, in patients with mm, the foregoing
inhibitors appear to increase mortality.
The PD-1 inhibitors have been used in patients for
whom allogeneic sct (allo-sct) has failed. A retrospective
review of 31 patients who received either nivolumab or
pembrolizumab for relapsed hematologic malignancies
after allo-sct demonstrated an orr of 77% (including 50%
crs). Most of those patients (94%) had chl , and hence that
outcome is not surprising41. A problem noted in the study
was the occurrence of treatment-related graft-versus-host
disease (gvhd) in more than half the patients. Herbaux et
al.42 noted a 30% risk of gvhd in 20 patients with chl who
received nivolumab after failure of allo-sct. A large review
of patients who received checkpoint inhibitors either before
or after allo-sct confirmed higher rates of gvhd (56%) and
increased mortality from gvhd43.

CTLA-4 Inhibitors
Ipilimumab
The most commonly used ctla-4 inhibitor is ipilimumab.
Only small clinical trials have evaluated its safety and efficacy in patients with hematologic malignancies.
Ansell and colleagues 44 reported a phase i study of
ipilimumab in r/r B cell nhl . In that small trial (18 patients), ipilimumab up to 3 mg/kg could be received once
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per month for 4 doses. The trial showed that ipilimumab
could safely be used in patients with hematologic malignancies. Discouragingly, only 2 patients (11%) attained a
clinical response. However, a patient with dlbcl remained
in cr without recurrence for more than 31 months from
treatment start.
Most other trials have evaluated ipilimumab in patients for whom allo-sct has failed45–47. An initial trial
of ipilimumab in patients with progressive hematologic
neoplasms after allo-sct studied a maximum dose of 3 mg/
kg45, noting no dose-limiting toxicities or grade 3 gvhd. In
the study, 3 of 27 patients (11%) experienced an objective
response, including 2 patients with chl who attained a cr.
Considering that 3 mg/kg was well tolerated, another trial
was established for patients with relapsed hematologic
malignancies after allo-sct, in which patients could receive ipilimumab up to 10 mg/kg46. In that trial involving
28 patients, 22 were able to receive the 10 mg/kg dose.
Interestingly, no objective responses were seen in patients
who received 3 mg/kg; however, of those who received
10 mg/kg, 5 attained a cr (3 with aml, 1 with myeloid sarcoma, 1 with mds), and 2 attained a partial response (1 with
chl , 1 with plasmacytoma). Even though the higher dose
was well tolerated, 5 patients discontinued therapy because
of dose-limiting toxicities (4 who developed gvhd, 1 with
immune toxicities).
Ipilimumab was recently combined with lenalidomide
to treat 17 patients with lymphoid malignancies after sct (10
after allo-sct and 7 after asct)47. Impressively, the orr was
70% in patients after allo-sct (including 40% crs). At a median follow-up of 21 months, 90% of the patients were alive.
Considering the upregulation of ctla-4 and PD-L1 antigens in patients with mds and aml, ipilimumab is also being
investigated in that group of patients. Daver et al.48 recently
presented their cohort of 20 patients who were treated with
the triplet nivolumab–ipilimumab–azacytidine, which
was associated with an impressive 43% rate of crs and 58%
1-year survival.

BiTE Therapy
The bite s are a class of bi-specific antibodies designed
to direct immune effector cells to target and eliminate
malignant cells. The most clinically relevant example is
blinatumomab, which includes one domain targeting the
B cell antigen CD19, and a second domain targeting CD3
on cytotoxic T cells.
An open-label single-arm phase ii trial of blinatumomab in r/r B cell acute lymphoblastic leukemia ( b-all)
demonstrated efficacy in that difficult-to-treat population,
with 25 of 36 patients (69%) achieving a cr or a cr with
incomplete hematologic recovery49. High rates of cr were
observed in traditionally high-risk patients, including
those who had relapsed after allo-sct and those who had
poor-risk genetic features such as Philadelphia chromosome (Ph)–positive b-all or t(4;11). Impressively, 88% of
responders achieved a minimal residual disease (mrd)–
negative remission, and 13 patients were able to proceed
to allo-sct. For the entire cohort, os was 9.8 months (95%
ci : 8.5 months to 14.9 months).
In the phase iii tower study, 405 patients 18 years of age
and older with r/r Ph-negative b-all were randomized 2:1
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to receive blinatumomab or conventional chemotherapybased salvage regimens50. Rates of cr (34% vs. 16%, p < 0.001)
and cr with incomplete hematologic recovery (44% vs.
25%, p < 0.001) were significantly higher with blinatumomab, translating into significantly improved os in the
blinatumomab group (7.7 months vs. 4.0 months with
traditional salvage regimens; hazard ratio: 0.71; 95% ci: 0.55
to 0.93; p = 0.01). Of the patients in each arm, 24% went on
to receive allo-sct. Adverse events were common in both
arms (grade 3 or greater: 87% in the blinatumomab arm
and 92% in the chemotherapy arm). The most common
treatment-related toxicities were fever, headache, and
cytopenias, but serious adverse events were relatively
common, and fatal adverse events occurred in 19.1% of
the patients receiving blinatumomab. Most of the fatalities
were secondary to infectious causes; however, given that
patients with r/r b-all are highly immunocompromised
at baseline, the extent to which blinatumomab contributed to the infectious deaths is unclear. Grade 3 or greater
cytokine-release syndrome occurred in 4.9% of patients
in the blinatumomab arm (none occurred in the chemotherapy arm), but grade 3 or greater neurologic events were
similar in the two arms (9.4% vs. 8.3%).
A single-arm phase ii trial of blinatumomab in 45 patients with r/r Ph-positive b-all resulted in response rates
and safety outcomes that were similar to the published
experience in Ph-negative b-all, suggesting that blinatumomab is a useful agent for r/r b-all in general51.
Another potential role for blinatumomab is as consolidation for patients who achieve a cr by traditional criteria,
but who remain positive for mrd, defined as disease that is
not detectable by microscopy, but that can be measured by
specialized techniques (for example, multi-parameter flow
cytometry or next-generation sequencing) at a level of 10 –3
or less (that is, fewer leukemic blasts than 1 in 1000 cells).
Minimal residual disease status has emerged as the most
important predictor of long-term leukemia-free survival in
b-all . Patients who are mrd-negative after induction chemotherapy do not benefit from allo-sct in first cr. Gökbuget
et al.52 therefore studied blinatumomab given for up to 4
cycles in 116 adults in cr, but with mrd-positive b-all. Of
those patients, 78% achieved mrd-negative disease after 1
cycle of blinatumomab, with 2 additional responses after
treatment cycle 2. No additional responses were seen beyond cycle 2. In a landmark analysis, leukemia-free survival
(23.6 months vs. 5.7 months) and os (38.9 months vs. 12.5
months) were both significantly greater for patients who
converted to mrd-negative disease. Although the study was
underpowered to assess such differences, 9 of 36 patients
without allo-sct (25%) and 36 of 74 with allo-sct (49%) after
blinatumomab remained in cr at a median follow-up of 24
months, suggesting that blinatumomab might best serve
as a bridge to allo-sct rather than as definitive therapy for
those with mrd-positive b-all after induction. Safety outcomes were in line with those reported from earlier trials.
Blinatumomab is now being evaluated in B cell lymphomas other than b-all. A phase ii study evaluated blinatumomab in patients with r/r dlbcl 53, demonstrating
a 43% orr (including 19% crs). At a median follow-up of
11.4 months, median os was only 5 months. Neurologic
toxicities, including tremors, were frequently encountered.
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Similarly, a large phase i study evaluated blinatumomab
in 76 patients with r/r nhl 54. The maximal established
dose was 60 μg/m 2 daily, and grade 3 neurologic toxicities
occurred in 22% of patients. For those who were able to
tolerate the maximal dose, the orr was 69%, including an
impressive 55% for patients with dlbcl . Further studies
are warranted to establish the role of blinatumomab in
managing B cell nhl.

SUMMARY
The landscape in the management of hematologic malignancies is changing with the introduction of novel
therapies. Inhibitors of PD-1 have improved outcomes
for patients with r/r chl and are now commonly used in
patients with r/r chl after failure of asct with or without
brentuximab. Efficacy data for such inhibitors in patients
with chl after allo-sct are robust, but at the expense of
increased gvhd and its associated mortality. Given the
encouraging data for treatment in patients with pmbcl ,
mds, and aml , use of these agents might expand in future
to include those hematologic disease entities. Response
rates in patients with dlbcl and fl are discouraging, and
hence additional strategies are being sought. Although
outcomes in patients with cll are debatable, PD-1 inhibitors
are showing promise in the management of rt. In contrast,
ctla-4 inhibitors are still finding their roles in patients with
hematologic malignancies. Current use is found mostly in
clinical trial settings, but given the encouraging data in
patients with aml and mds, further trials might pave the way
for their use in such myeloid neoplasms. Blinatumomab is
now widely used in managing b-all, and trials are ongoing
to establish its role in B cell nhl.
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