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Efficacy, Safety, and Biomarkers of Response
to Azacitidine and Nivolumab in Relapsedj
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ABSTRACT Preclinical models have shown that blocking PD-1/PD-L1 pathways enhances

antileukemic responses. Azacitidine upregulates PD-1 and IFNy signaling. We
therefore conducted this single-arm trial, in which patients with relapsed/refractory (R/R) acute
myeloid leukemia (AML) were treated with azacitidine 75 mg/m? days 1 to 7 intravenously or
subcutaneously with nivolumab 3 mg/kg intravenously on days 1 and 14, every 4 to 6 weeks.
For the seventy patients who were treated, the median age was 70 years (range, 22-90) and
the median number of prior therapies received was 2 (range, 1-7). The overall response rate
(ORR) was 33%, including 15 (22%) complete remission/complete remission with insufficient
recovery of counts, 1 partial response, and 7 patients with hematologic improvement maintained
>6 months. Six patients (9%) had stable disease >6 months. The ORR was 58% and 22%, in
hypomethylating agent (HMA)-naive (n = 25) and HMA-pretreated (n = 45) patients, respectively.
Grade 3 to 4 immune-related adverse events occurred in 8 (11%) patients. Pretherapy bone
marrow and peripheral blood CD3 and CD8 were significantly predictive for response on flow
cytometry. CTLA4 was significantly upregulated on CD4* Teff in nonresponders after 2 and
4 doses of nivolumab. Azacitidine and nivolumab therapy produced an encouraging response rate
and overall survival in patients with R/R AML, particularly in HMA-naive and salvage 1 patients.
Pretherapy bone marrow aspirate and peripheral blood CD3 percentage may be biomarkers for
patient selection.

Azacitidine in combination with nivolumab appeared to be a safe and effective therapy
in patients with AML who were salvage 1, prior hypomethylator-naive, or had increased pretherapy
CD3*bone marrow infiltrate by flow cytometry or IHC. Bone marrow CD3 and CD8 are relatively simple
assays that should be incorporated to select patients in future trials.
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INTRODUCTION

Over the last decade, six PD-1, PD-L1, and CTLA4 antibodies
have been approved for more than 25 indications in 10 tumor
types in the United States and Europe. High clinical efficacy
with single-agent PD-1 inhibition was seen in classic Hodgkin
lymphoma (1). In other hematologic malignancies, such as
non-Hodgkin lymphoma, the benefits of immune-checkpoint
inhibitors (ICPI) were not evident with single-agent CPI ther-
apy (2), but with rationally designed combinations (3).

T-cell population has been shown to be preserved in the
bone marrow (BM) and peripheral blood (PB) of patients with
acute myeloid leukemia (AML) and comparable with healthy
donors (4, 5). In murine models, the progression of AML
was associated with increased PD-1 expression on circulating
CD8 T cells (6), resulting in decreased CD8 cytotoxic activ-
ity. This was partially reversible with murine PD-1 blockade
(7). Immune-checkpoint receptors, most strikingly PD-1 and
OX-40, were more frequently expressed on CDS8 cells from BM
aspirates (BMA) in patients with relapsed AML compared with
healthy donors (5). Single-agent anti-PD-1 antibodies have

demonstrated minimal activity in patients with relapsed AML
and high-risk myelodysplastic syndrome (MDS; refs. 2, 8).
Azacitidine is approved in the United States and Europe for
patients with MDS, and is approved in Europe and commonly
used in the United States to treat older patients with newly
diagnosed AML (9). The hypomethylating agents (HMA) azac-
itidine and decitabine promote antitumor immune signaling
by upregulation of IFNY pathway genes, increased expression
of HLA class 1 antigens, and activation of viral defense path-
ways (10). The HMAs concurrently dampen antitumor immu-
nity by increasing the expression of PD-1 and PD-L1 in solid
tumors (11) and in MDS/AML (12). Upregulation of these
immune-checkpoint molecules may be a mechanism of resist-
ance to HMAs. This study was designed to assess whether the
addition of nivolumab to azacitidine was safe and effective.

RESULTS
Patient Characteristics and Treatments

Seventy patients were treated. All received azacitidine
75 mg/m? days 1 to 7 with nivolumab 3 mg/kg days 1 and 14.
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Table 1. Patient characteristics for azacitidine + nivolumab patients (N =70) and for
historic HMA-based clinical trial control (N=172)

N (%); median (range)

Characteristic Azacitidine + nivolumab  Control P
Age, years 70(22-90) 64 (18-90) 0.004
Age >60 years 56 (80) 103 (60)
Diagnosis, n (%)
AML—de novo 39(56) 112 (65) 0.19
Secondary AML 31 (44) 60 (35)
Prior therapies 2(1-7) 1(1-6) 0.76
Prior therapies®
HMA-based 45 (64) 51(30) <0.0001
HIDAC 27(39) 99(58) 0.0073
IDAC 21(30) 5(3) <0.0001
Targeted therapies® 33(47) 15(9) <0.0001
Prior allogeneic SCT 13(19) 16(9) 0.0441
BMblast 35 (4-94) 38(7-98) <0.0001
White blood cell count (x10°/L) 2.7(0.5-81) 2.4(0.2-232) 09121
Platelets (x10%/L) 28(1-203) 25(1-816) 0.2379
Cytogenetics
Diploid 9(13) 23(13) 0.9146
Miscellaneous 36(51) 27(16)
Not available 0(0) 62 (36)
Del 5/-7/complex 25(36) 60 (35) 0.9023
Molecular mutational panel Done on all 70 patients Positive/total tested
TP53 16(23) 18/54(33) 0.1948
DNMT3A 12(17) 7/58(12) 0.4215
TET2 11(16) 20/32(63) <0.0001
ASXL1 11(16) 13/38(34) 0.0272
CEBPA 8(11) 9/81(11) 0.9509
RAS 9(13) 8/123(7) 0.1343
IDH2 9(13) 5/62(8) 03721
PTPN11 7(10) 1/27 (4) 03123
IDH1 6(9) 7/82(9) 0.9939
JAK2 3(4) 9/62(15) 0.0413
Treatment group
HMA single agent 0(0) 64 (37)
HMA + immunotherapy 70(100) 49(29)
HMA + others 0(0) 59 (34)

Abbreviations: N, number; HMA, hypomethylating agent; Ara-C, cytarabine; Del, deletion; SCT, stem cell transplant;
HIDAC, high-dose Ara-C-based; IDAC, intermediate dose Ara-C based.

2Patients might have received multiple different types of targeted, HMA, HIDC, or IDAC therapy. The number and

percentage represent patients, not a percentage from total prior therapy.

®This included IDH1/2 and FLT3 inhibitor, BCL2 inhibitor, MEK inhibitor, histone deacetylase inhibitor, JAK2 inhibitor,

and GRB2 inhibitor-based therapies.

Patient characteristics are shown in Table 1. The median
number of prior therapies for AML was 2 (range, 1-7). Prior
exposure to HMA was allowed, and 45 patients (65%) had
received prior HMA-based therapy. The median duration
on study for all patients was 3.5 months (range, 0.3-26.3).
Study discontinuations were due to primary refractory dis-
ease (n=27), relapse after initial response (n = 19), allogeneic

stem cell transplant (ASCT) in complete remission/com-
plete remission with insufficient recovery of counts (CR/
CRi; n = 3), death on study (» = 16; details under Survival
section), and patient preference (n = 3). No protocol discon-
tinuations were due to myelosuppression or immune toxici-
ties. Two patients died of toxicities possibly related to the
CPI, discussed in more detail under “Toxicities.”
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Table 2. Best response for azacitidine + nivolumab patients (N =70) and for historic

HMA-based clinical trial control (N=172)

N (%); median (range)

Best response Azacitidine/nivolumab Control
Overall response rate 23(33) 35(20)
CR 4(6) 17(10)
CRi/CRp 11(16) 15(9)
PR 1(1) 1(1)
HI2 (6 months+) 7(10) 2(1)
Stable disease (6 months+)P 6(9) NA
Nonresponders 41 (58) 131 (76)
Median cycles to response 2(1-13) 2(1-6)
Median follow-up, in months 13.3(8.2-25.5) 51(0.1-64.8)

Abbreviations: N, number; CR, complete remission; CRi, complete remission with incomplete count recovery;

PR, partial response.

2Hematologic improvement (HI) in one or more parameter maintained >6 months on study.

bStable disease was defined as the absence of CR, CRi, PR, MLFS, and HI without evidence of clinical deteriora-
tion or proliferative disease, maintained >6 months on study (see the text for detailed definition).

The median number of azacitidine and nivolumab
cycles received was 3 (range, 1-25). The median number of
nivolumab doses received was 6 (range, 1-54). Dose interrup-
tions of nivolumab occurred in 24 of 70 (34%) patients due
to pneumonitis/colitis (n = 13), liver enzyme elevation (n =
2), cytokine release syndrome (n = 1), bone pains (n = 1), lung
infections (n = 3), hypothyroidism (n = 1), creatinine elevation
(n = 2), and febrile neutropenia (n = 1). Nine of 70 patients
(13%) discontinued nivolumab and remained on azacitidine
alone, due to pneumonitis (# = 7), cytokine release syndrome
and immune nephritis (1 each). Overall, 10 of 70 patients
(14%) had to hold azacitidine at some point on study, due to
cytopenias (n = 7), infection (n = 2), and elevated creatinine
(n=1). Twelve of 70 (17%) patients required dose reductions
of azacitidine, all due to cytopenias.

Responses

The overall response rate (ORR) was 33% including 15 CR/
CRi (22%; 4 CR and 11 CRi), 1 partial remission (PR), and
7 hematologic improvement (HI; Table 2). The median number
of cycles to response was 2 (range, 1-13). Additionally, 6 patients
(9%) remained on study with stable disease (SD) >6 months.
The remaining 41 patients (58%) were nonresponders (NR). The
4- and 8-week mortalities were 3% and 11%, respectively. Three
patients (4%) went to ASCT in CR/CRi. By univariate analysis
the factors significantly associated with improved ORR included
no prior HMA-based therapy, pretherapy BM blast <20%, circu-
lating white blood cells (WBC) <10,000/pL, the presence of an
ASXLI1 mutation, and pretherapy BMA CD3* T cells (Table 3).
On multivariate analysis (performed on the 47 patients who

Table 3. Overall response rate (CR, CRi, PR, and HI) by baseline characteristics

No response (n=47)

Response (n=23)

N % (mean) N % (mean) P
Age 0.79
<60 9 19 5 22
>60 38 81 18 78
Age 0.67
<70 23 49 10 43
=70 24 51 13 57
Salvage status 0.20
S1 19 40 13 57
>S1 28 60 10 43
Salvage status 0.12
S1/52 34 72 21 91
>52 13 28 2 9

(continued)
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Table 3. Overall response rate (CR, CRi, PR, and HI) by baseline characteristics (Continued)

No response (n=47) Response (n=23)
N % (mean) N % (mean) P
Diagnosis 0.54
AML—de novo 25 53 14 61
Secondary AML 22 47 9 39
Prior ASCT 0.52
Yes 10 21 3 13
No 37 79 20 87
Prior HMA 0.01
Yes 35 74 10 57
No 12 26 13 43
Cytogenetic 0.13
Diploid 13 28 12 52
Miscellaneous 16 34 5 22
Adverse 18 38 6 26
TP53 0.23
Negative 34 72 20 87
Positive 13 28 3 13
IDH1 0.99
Negative 43 91 21 91
Positive 4 9 2 9
IDH2 0.46
Negative 42 89 19 83
Positive 5 11 4 17
RAS 0.14
Negative 43 91 18 78
Positive 4 9 5 22
ASXL1 0.03
Negative 43 91 16 70
Positive 4 9 7 30
BMBL =30
No 19 40 12 52 0.35
Yes 28 60 11 48
BMBL >20 0.02
No 8 17 10 43
Yes 39 83 13 57
BMBL=>10 0.10
No 3 6 5 22
Yes 44 94 18 78
WBC>10 0.03
No 34 72 22 96
Yes 13 28 1 4
PLT>50 0.43
No 33 70 14 61
Yes 14 30 9 39
BM pretherapy CD3* 23 (17.56) 19 (32.47) 0.042
PB pretherapy CD3* 22 (21.83) 18 (45.07) 0.0058

Abbreviations: N, number; ORR, overall response rate; HMA, hypomethylating agent; ASCT, allogeneic stem cell
transplant; BM, bone marrow; PB, peripheral blood.
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Figure 1. Swimmers plot illustrating the clinical course of study patients (N =70). The best response, on- or off-study status, alive or dead status,
and allogeneic stem cell status for the 70 patients enrolled on study are shown in this swimmers plot. CRP, complete remission with incomplete platelet

recovery; CRN, complete remission with incomplete neutrophil recovery.

had pretherapy BM CD3* flow-cytometry data available), no
factor was statistically significant, although no prior HMA
(P=0.059), higher pretherapy BMA CD3* (P =0.065), and the
presence of ASXLI mutation (P = 0.053) showed a trend for
improved ORR (Supplementary Table S1). A heat map show-
ing the relationship between pretherapy karyotype, mutation
profile, and responses is shown in Supplementary Fig. S1.

Survival

With a median follow-up of 21.4 (95% CI, 14.8-not esti-
mated) months, 57 (81%) of the patients have died. Figure 1
is a swimmers plot of the 70 patients enrolled. Sixteen
patients died on azacitidine and nivolumab therapy: 8-week
mortality (» = 8), relapsed/refractory AML (n = 1), death in
CR/CRi/PR/HI from sepsis (n = 6), or hemorrhage (n = 1).
Forty-one patients died after discontinuation of azacitidine
with nivolumab: progressive AML (n = 8), pneumonia (n =
5), post-ASCT complications (n = 2), sepsis (n = 13), cardiac
arrest (n = 1), transition to hospice (» = 8), and unknown
cause of death (n =4).

The median overall survival (OS) for the 70 patients was
6.3 months (Fig. 2A). The median event-free survival (EFS)
among responders/SD (n = 29) and duration of response
(DOR) among responders (n = 23) were 4.5 and 5.2 months,
respectively (Fig. 2B and C). Patients who achieved a CR/CRi/
PR/HI/SD (n = 29; 42%) had significantly improved OS com-
pared with NRs (n = 41; 58%), without censoring for ASCT
(16.2 vs. 4.1 months; P < 0.0001; Fig. 2D) and also after cen-
soring for ASCT (P < 0-001). OS was not significantly differ-
ent in patients who achieved CR/CRi/PR versus HI versus SD
(17.1vs. 11.9 vs. 16.2; P = 0-8; Fig. 2E). By univariate analysis,
the factors significantly associated with improved OS were
achievement of any response or SD to therapy, salvage 1 status,

and the presence of an ASXLI mutation (Supplementary
Table S2; Supplementary Fig. S2A-S2C).

Three patients proceeded to ASCT in CR/CRi with matched
unrelated (» = 1) and umbilical cord donors (n =2): Two of the
three patients died from post-ASCT infections, after 0.8 and
1.3 months (both in CRi); the third is alive and in remission
6.5 months post-ASCT.

We identified a historical cohort of 172 patients with relapsed/
refractory AML treated on HMA-based clinical trials (including
single-agent HMA and HMA combinations) at our institution
between 2005 and 2017 (N = 172; a list of clinical trials is pro-
vided in Supplementary Table S3). The baseline characteristics
in the study population of azacitidine with nivolumab (N = 70)
and the historical HMA-based clinical trial controls (n = 172)
are shown in Table 1. The historical controls were younger (P =
0.004), were less frequently exposed to prior HMA-based thera-
pies (P = <0.0001), and had a lower frequency of post-ASCT
relapses [P = 0.04 but with a higher BM blast percentage in
the historical controls (38% vs. 35%; P < 0.001)]. The ORR with
azacitidine and nivolumab was 33% versus 20% with historical
controls in the entire population, and 52% versus 22% in the
prior HMA-naive population (Table 2). The median OS with
azacitidine with nivolumab (» = 70) compared favorably with
the historical cohort (n = 172) both in the “all salvage” popula-
tion (6.3 versus 4.6 months; n = 70 vs. 172; P = 0.013) (Supple-
mentary Fig. S2D), but more prominently in the “first salvage”
population (10.6 vs. 5.3 months; n = 32 vs. 91; P = 0.011; Sup-
plementary Fig. S2A), with and without censoring for ASCT.
Similarly, EFS was longer in patients treated with azacitidine
and nivolumab than on historical HMA-based clinical trials in
the “all salvage” (4.2 months vs. 2.2 months; P < 0-0001) and
in the “first salvage” population (6.8 months vs. 2.7 months,
P <0.0001; Supplementary Fig. S3A and S3B).
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Figure 2. A, Overall survival in the 70 patients treated with azacitidine and nivolumab. B, Event-free survival in the 70 patients treated with azaciti-
dine and nivolumab. C, DOR among the 23 patients with a response (CR, CR{, PR, and Hl) on azacitidine with nivolumab. D, Overall survival in patients who
had response/stable disease (CR, CRi, PR, HI, and SD) versus patients who had no response with azacitidine with nivolumab (N = 70). E, Overall survival by
the best response to therapy (N=70; P <0.0001). F, EFS by the best response to therapy (N=70; P <0.0001).
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Immune Profiling of Pretherapy and On-Therapy
BMAs by Multiparametric Flow Cytometry and
CyTOF

Multiparametric flow cytometry (MFC) was performed on
pretherapy and post-therapy BMAs, after 2 doses [end of cycle 1
(EOC1)] and 4 doses (EOC2) of nivolumab in 19 of 23 responders
(CR/CRi/PR/HI; 83%) and 28 of 41 NRs (68%). Responders had
a higher frequency of pretherapy BMA CD3"* cells compared with
NRs (32.5% vs. 17.5%; P = 0.04; Fig. 3A) and a higher frequency
of pretherapy PB CD3" cells (45% vs. 21.8%, P = 0.0058). We also
observed a trend toward higher frequency of CD4" T effector
cells (15.6% vs. 9.0%; P = 0-08), and CD8" T cells (13.1% vs. 6.9%,
P =0.09) in responders compared with NRs in the pretherapy
BMAs. The higher frequency of total CD3*T cells and its subsets
persisted in EOC1 and EOC2 BMA in responders (Fig. 3A).

A significant increase in the BM CD4'T effector subset
expressing CTLA4 was noted in the post-therapy samples,
after 4 doses of nivolumab (EOC2), as compared with prether-
apy samples (EOC2 20.5% vs. pretherapy 10.4%; P = 0.03) in
NRs, whereas responders did not demonstrate these changes
in post-therapy samples as compared with pretherapy samples
(Fig. 3B). Pretherapy PD-L1 on gated AML blasts, CD3* cells,
or combination of AML blasts and CD3* cells, and pretherapy
PD-1 on CD3* cells did not predict for response. A compre-
hensive list of comparisons by pretherapy biomarkers for
responders versus NRs, and by OS <1 versus >1 year is shown
in Supplementary Fig. S4 and Supplementary Table S4A.

Optimal cutoffs for predicting responses were identified
using the Youden index. CD3* and CD8" T cells in pretherapy
BMAs were identified to be the best predictors of response, with
optimal cutoffs of 13.2% and 4.01%, respectively. The ORR was
56% in patients with pretherapy BM CD3* T cells 213.2% versus
23% in patients with CD3" T cells <13.2% (P = 0.020). The cutoff
CD3" T cells >13.2% in pretherapy BMA had a sensitivity of 74%
and a specificity of 65% (P = 0.029) for predicting response. The
CD3* T cells were 213.2% in 26 of 47 patients (55%) who had an
evaluable pretherapy BMA. Twenty-four of the 26 patients (92%)
with pretherapy BM CD3" T cells >13.2% were salvage 1 or 2 sta-
tus, which may explain the higher response rates and improved
OS seen in these patients compared with beyond salvage 2
patients. This suggests that T-lymphocyte depletion, either from
progressive AML-related BM and PB T-cell depletion or from
exposure to repeated rounds of AML-directed chemotherapy
in advanced salvage patients, may abrogate the ability of these
patients to achieve response to such therapies. Patients who
had CD8* T cells >4.01% in pretherapy BMA had a sensitivity of
74% and a specificity of 65% for predicting response. Pretherapy
PB CD3" T cells were also predictive for response with optimal
cutoff of 20.5%. The ORR was 65% in patients with PB CD3* T
cells >20.5% versus 25% in patients with CD3* T cells <20.5%
(P=0.024). A comprehensive list of cutoffs by responders versus
NRs and by OS <1 versus >1 year, for pretherapy BM and PB
biomarkers, are shown in Supplementary Table S4B and S4C.

We performed 36-parameter CyTOF on pretherapyand post-
therapy BMAs after 2 (EOC1),4 (EOC2),and 8 (EOC4) doses of
nivolumab in 5 patients with CR/CRi and 5 NRs. PhenoGraph
clustering of all CD3-gated T cells revealed 24 metaclusters of T
cells (Fig. 3C), of which 13 were CD4" T-cell clusters and 9 were
CD8* T-cell clusters. One CD4" T-cell cluster (cluster C14)

coexpressed elevated levels of PD-1 and Ki-67 along with
RORyT and ICOS (Fig. 3D), suggesting a Th17-like T-cell
population, with significantly different frequencies in the
pretherapy BMAs of responders versus NRs (1.5% vs. 4.0%;
P = 0.02). Previous studies showed that Th17 cells increase
in AML, and this negatively correlated with prognosis (13,
14). This appeared to be the case in our analysis, as Th17
was higher in nonresponders compared with responders (Fig.
3D). The frequency of an effector CD8" T-cell cluster (clus-
ter C2) expressing CD4SRA*PD1"°TbethEomes!® was signifi-
cantly higher in the pretherapy BMAs of responders versus
NRs (11.2% vs. 2.5%; P = 0.002), with a further trend for
expansion of this population in responders but not in NRs
after 8 doses of nivolumab (EOC4; Fig. 3D).

Immune Profiling of Pretherapy BMs by IHC

We were able to adequately perform IHC on both BM clots
and BM biopsies (Supplementary Fig. S5A). On BM IHC,
the pretherapy CD3* T-cell density was higher in patients
who achieved CR/CRi/PR compared with NRs (P = 0.036). A
similar trend was seen for CD8" cells (P = 0.08; Supplemen-
tary Fig. S5B). This difference was lost when HI patients were
included in the IHC analysis.

Toxicities

Treatment-related nonhematologic toxicities of all grades
are shown in Table 4, and all grade toxicities irrespective of
attribution are shown in Supplementary Table S5. Grade
3/4 and grade 2 immune-related adverse events (irAE) were
observedin 8 (11%) and 8 (11%) patients, respectively. Of the 16
(23%) patients with grade 2 to 4 immune toxicities, 9 episodes
were pneumonitis, 6 were nephritis, 3 were immune-related
skin rash, and 2 were transaminitis (some patients had more
than 1 irAE). Fourteen of the 16 (88%) toxicities responded to
steroids, and these 14 patients were safely rechallenged with
nivolumab. In our study, a total of 13% had to discontinue
nivolumab (all discontinuations were due to grade 3/4 irAEs;
no discontinuations due to grade 2 irAEs) and maintained
only on azacitidine. irAE-related deaths occurred in 2 (3%)
patients; both were refractory to steroids and subsequent inf-
liximab therapy: from progressive pneumonia/pneumonitis
(E. coli infection with suspicion for a superimposed immune
pneumonitis) in one patient, and from hemophagocytosis
lymphobhistiocytosis in another. The time to onset of irAEs
ranged from 4 days after the first dose of nivolumab to
3.5 months after the last dose of nivolumab, with the major-
ity (12 of 16; 75%) of irAEs occurring in the first 8 weeks after
nivolumab initiation.

DISCUSSION

Historical studies evaluating single-agent HMA therapy
in relapsed/refractory prior HMA-naive AML have reported
ORRs of 10% to 20% with CR/CRi rates of 10% to 16% (15-17).
Similarly, the ORR in a historical cohort of 172 patients
with relapsed/refractory AML treated on HMA-based salvage
clinical trials at our institution was 20%. The combination of
azacitidine and nivolumab yielded an ORR of 33% (CR/CRi
rate of 22%) with an additional 6 patients (9%) with mean-
ingful SD in the entire study population. Most historical
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Figure 3. AandB,Bone marrow T-cell profile and checkpoint expression in responders (R) versus nonresponders (NR). Bar graphs indicating frequency
of CD3*, CD4+ T effector, and CD8* T cells in total live cells (A) and CTLA4* CD4* T effectors and CTLA4*CD8* T cells (B) in BMA of responders (CR/CRi/PR/
HI; n=19) and NRs (n=23) at pretherapy, EOC1, and EOC2 as analyzed by flow cytometry. C, Phenograph-based clustering approach of T-cell subsets by
mass cytometry (CyTOF). t-SNE map of 10,000 randomly selected CD3* T cells colored by distinct clusters (1-24) in responders (C, left), NRs (C, middle),
and heat map showing normalized expression of different immune markers on CD3* metaclusters including cluster 2 (C2) and cluster 14 (C14; C, right).

D, CD45RA + PD1"°Tbet"Eomes'® (C2) cells were significantly higher in the pretherapy BMAs of patients with CR/CRi (n=5) than in NRs (n=5), and with

a trend toward expansion in patients with CR/CRi but not in NRs particularly after 8 doses of nivolumab (EOC4), by mass cytometry (D, left). By contrast,
CD4*PD1* (ROReT"; C14) cells, which were suggestive of Th17-like T-cell population, are higher in NR compared with responders (4.0% vs. 1.5%; P=0.02).
Th17 cells were reported to negatively correlate with prognosis in AML. Each shape/structure in the plot represents an individual patient at baseline and
followed over time for this analysis.
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Table 4. Nonhematologic treatment-related toxicities (N=70)

Grade

Adverse event Gl G2 G3 G4 G5 Total
Immune system disorders 1(1) 1(1)
Alanine/aspartate transaminase elevation 2(3) 2(3)
Colitis 1(1) 1(1)
Cytokine release syndrome 1(1) 1(1) 2(3)
Autoimmune disorder 1(1) 1(1)
Enterocolitis 1(1) 1(1)
Erythema multiforme 1(1) 1(1)
Elevated bilirubin 1(1) 1(1)
Myositis 1(1) 1(1)
Rash, acneiform 1(1) 1(1)
Rash, maculopapular 1(1) 4(6) 5(8)
Pneumonitis 8(11) 1(1) 9(13)
Pruritus 2(3) 2(3)
Chest pain—cardiac 1(1) 1(1)
Arthralgia 1(1) 1(1)
Confusion 1(1) 1(1)
Constipation 15(21) (4) 18(26)
Creatinine increased 2(3) 1(1) 3(4)
Diarrhea 14(20) 14(20)
Dizziness 1(1) 1(1)
Dry skin 3(4) 3(4)
Dysphagia 1(1) 1(1)
Eye disorders 1(1) 1(1)
Fatigue 1(1) (1) 2(3)
Gastrointestinal disorders 1(1) 1(1)
Generalized muscle weakness 2(3) 2(3)
Insomnia 1(1) 1(1)
Vomiting 6(9) 6(9)
Mucositis oral 1(1) 1(1)
Nausea 8(11) 8(11)
Sinus bradycardia 4(6) 1(1) 5(8)
Febrile neutropenia 4(6) 4(6)
Lung infection 5(7) 2(3) 7(11)
Cough 1(1) 1(1) 2(3)
Skin and subcutaneous tissue disorders 2(3) 1(1) 1(1) 4(6)
Dyspnea 2(3) 2(3)
Sore throat 1(1) 1(1)
Total AEs 62 (89) 29 (41) 15(21) o0(0) 1(1) 107
irAEs 2(3) 8(11) 8(11) 0(0) o0(0) 18(25)
Allinfections 6(9) 2(3) 6(9) 0(0) 2(3) 15(23)

HMA-based studies, including studies at our center, have
excluded patients exposed to any prior HMA-based thera-
pies, whereas this study did not. A large proportion (64% of
patients) enrolled on this study had received prior HMA-based
therapies. The ORR in only the prior HMA-naive patients on
our study was 52%. In our historical controls, the ORR among
the prior HMA-naive patients was 19%. In a recent large
multicenter analysis with HMA-based therapies in salvage
(n = 655) that included only prior HMA-naive patients, Stahl
and colleagues noted an ORR of 25% (17).

The median OS of 10.6 months in the salvage 1 patients
treated with azacitidine and nivolumab was significantly
better than the median OS of 5.2 months in the histori-
cal control salvage 1 patients treated on other HMA-based
clinical trials at our institution between 2005 and 2017. This
was noteworthy, especially considering that the patients in
the historical cohort were younger, more likely to be prior
HMA-naive, and less likely to have relapsed post-ASCT
although they did have a slightly higher pretherapy BM
blast percentage. Stahl and colleagues noted that salvage 1
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patients had a median OS of 6.7 months and 1- and 2-year
survival rates of 25% and 15%, respectively (17). All of these
patients were HMA-naive. In salvage 1 patients treated with
azacitidine with nivolumab (including 47% who had received
prior HMA-based therapies), 1- and 2-year survival rates were
50% and 25%, respectively. Over the last decade, a number
of HMA-based combinations have been evaluated. One of
the most exciting combinations that has emerged is the
combination of HMA with venetoclax, demonstrating CR/
CRi rates >70% in first-line elderly patients with AML (18).
However, in the salvage setting, the HMA with venetoclax
combination had ORR of 25% to 30% and median OS
of <5.0 months in two separate analyses (19, 20). Rand-
omized studies are needed to make definitive conclusions,
but thus far the response rates and OS with the azacitidine
and nivolumab regimen appear encouraging, especially in
previously HMA-naive patients and in salvage 1 patients
with AML, respectively. Of note, among prior HMA-exposed
patients, the ORR was lower at 22%, but some responses
could still be achieved with azacitidine and nivolumab.
Higher response rates were observed among patients who
were HMA-naive, had lower leukemia burden (<20% BM blasts),
an ASXLI mutation, and higher pretherapy BMA CD3* infil-
trate. In multivariate analysis, no prior HMA, increased pre-
therapy BM CD3* T cells, and the presence of ASXL1 mutation
had a trend to improved ORR. Patients who were salvage 1,
had ASXLI mutations, or achieved any response or SD had
improved OS. Patients with AML in advanced salvage have
depleted BM CD3", CD8*, and CD4*Teff T-cell populations
(5), and this may be one reason they are less likely to benefit
from T cell-dependent therapies. This was noted in our analysis
wherein patients with higher pretherapy BM CD3" T cells were
more likely to respond, and such patients were more likely to
be in the salvage 1 and 2 setting. Lower leukemic burden and
early salvage status have similarly been shown to be associ-
ated with improved response rates with other T-cell harnessing
therapies such as blinatumomab (21, 22) and chimeric antigen
receptor (CAR) therapies in patients with acute lymphoblastic
leukemia (ALL; ref. 23). These data suggest that in both AML
and ALL, the T cell-based therapies may be most effective
when introduced early in the course of the disease, and possibly
in a lower disease burden setting. Whether T-cell functional-
ity is better preserved in patients who have inherently low-
burden disease or whether the disease burden is lower in these
patients because they have more functional T cells infiltrating
the tumor environment requires further investigation. A recent
report based on gene-expression profiling of patients with wild-
type or mutated ASXL1 suggested an upregulation of immune
response pathways in patients harboring the ASXLI mutation
(24). It is plausible that the immunogenicity of ASXL1 may
have been a driver of better responses and OS seen in patients
harboring this mutation in our study, but this observation is
based on small numbers and needs validation in a larger set.
Six patients did not achieve an International Working
Group measurable response but had SD with a median
OS of 16.1 months. The conventional Response Evaluation
Criteria in Solid Tumors (RECIST) criteria underestimated
the benefit of ICPIs, requiring the development of specific
immune response criteria for patients with solid tumors on
immunotherapy trials (25). Similarly, the achievement of SD

with or without HI with ICPI-based approaches should be
independently assessed and collected in ongoing and future
ICPI trials in AML and MDS.

The nonimmune toxicities with this combination were similar
to other HMA-based salvage therapies (17). Immune-mediated
grade 3/4 toxicities were observed in 11% of the patients. Solid
tumor and lymphoma studies of single-agent PD-1 inhibitors
have demonstrated similar grade 3/4 irAE rates with ICPIs (2, 26).
The irAEs frequently occurred within 8 weeks after ICPI initia-
tion, similar to solid tumors (26). All grade 2-4 irAE patients were
treated with steroids (26), and most (14 of 16, 88%) responded
and could be rechallenged with nivolumab. The grade 2 irAEs in
most cases did not result in hospitalization or treatment discon-
tinuation and responded rapidly to steroid therapy.

Patients who achieved a response with azacitidine and
nivolumab had higher CD3*, CD4* Teff, and CD8" T cells
in the pretherapy tumor environment (BMA in this case)
compared with NRs. These are well-established biomarkers of
response to ICPIs in other tumor types (27, 28). CD3* T cells
in the pretherapy BMAs with a cutoff of 13.2% had a sensitiv-
ity of 74% and a specificity of 65% for predicting response. In
our study, a sizable proportion (55%) of all evaluable patients
(especially salvage 1 and 2) had a pretherapy CD3* >13.2%.
Similar PB CD3 was also predictive for response with optimal
cutoff of 20.5%. These are relatively simple biomarkers and, if
validated in ongoing/future trials and approval strategies, may
be important for selecting patients for future trials. In addi-
tion, the frequency of CTLA4-expressing CD4* T effector and
CD8* T-cell populations increased on therapy in the BMAs
of NRs but not in responders, highlighting CTLA4 upregula-
tion as a potential mechanism of resistance to PD-1 blockade
in the NRs, as has been in most solid tumors treated with
ICPI therapies. Concomitant or sequential blockade of the
inhibitory signals mediated by CTLA4 may further enhance
T-cell responses. Furthermore, there may be a differential
efficacy profile for PD-1 versus CTLA4 inhibition in myeloid
malignancies (8, 29). Studies evaluating concomitant PD-1
and CTLA4 inhibition in patients with relapsed AML with or
without azacitidine and as a maintenance post-ASCT in high-
risk AML are ongoing (NCT02397720 and NCT03600155).

In conclusion, azacitidine with nivolumab produced an
encouraging response rate and OS, especially in HMA-naive
and salvage 1 patients, respectively. Immune toxicities should
be recognized and treated promptly. A randomized phase
II study and a randomized phase II study of azacitidine
with or without PD-1 inhibitor in first-line elderly AML
(NCT03092674 and NCT02775903) and a randomized trial
of PD-1 inhibitor for eradication of minimal residual disease
(MRD) in high-risk AML in remission (NCT02275533) have
been initiated. Clinical and immune biomarker-enriched tri-
als are likely to yield further improved outcomes with HMA +
ICPI therapies in AML and are strongly encouraged.

METHODS
Patient Eligibility

Patients >18 years of age who had failed prior therapy for AML
(including prior therapy with HMAs) were eligible. Patients were

required to have an Eastern Cooperative Oncology Group per-
formance status <2; serum creatinine <2 X upper limit of normal
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range (ULN); serum bilirubin <2 X ULN or <3 X ULN if the bilirubin
elevation was deemed related to leukemic involvement or Gilbert
syndrome; serum transaminase <2.5 times the ULN or <5 times
ULN if the transaminase elevation was deemed related to leukemic
infiltration. Exclusion criteria included a known history of a systemic
autoimmune condition, severe interstitial lung disease or active pneu-
monitis; prior solid organ allograft; symptomatic central nervous
system (CNS) leukemia; and any other uncontrolled disease. Patients
with grade 1 or no graft-versus-host disease, requiring <10 mg of
prednisone without additional immunosuppressive therapies, who
had ASCT >3 months prior to study entry were eligible. All patients
signed an informed consent form approved by the Institutional
Review Board (IRB). The study was conducted in accordance with the
Declaration of Helsinki (ClinicalTrials.gov identifier: NCT02397720;
full protocol is included in Supplementary Methods).

Study Design and Objectives

This was a single-center, open-label nonrandomized phase II
study. The study recruited patients between January 2015 and June
2017. The data cutoff was March 1, 2018. Primary study endpoints
were safety and ORR [ORR = CR, CRi, PR, morphologic leukemia-
free state (MLFS), ref. 30; durable HI (defined as improvement
in one or more parameter of hemoglobin, platelets, neutrophils
maintained 26 months), ref. 31], captured as the best response
achieved on study. Patients who achieved any of these responses
were considered responders. SD was defined as the absence of CR,
CRi, PR, MLFS, or HI after exposure to treatment for a duration
considered sufficiently suitable to achieve a response to therapy
(26 months), but with no evidence of progressive BM disease
(defined as more than 50% increase in BM blast or 215% in blasts
when blast at baseline <30%), no increase in transfusion require-
ments and/or hospital admissions, the absence of new or progres-
sive extramedullary or CNS disease, and no clinical deterioration
in terms of functional status, weight/appetite, level of energy, or
limiting side effects. Patients who did not achieve CR, CRi, PR, HI,
or SD were considered NRs. Secondary endpoints included OS,
EFS, and the DOR.

Treatment Regimen

Therapy consisted of azacitidine 75 mg/m? days 1 to 7 adminis-
tered intravenously (i.v.) over 60 to 90 minutes or subcutaneously and
nivolumab 3 mg/kg administered as a 60- to 90-minute i.v. infusion on
days 1 and 14 of each cycle. One cycle was 28 days. The first 6 patients
were treated with nivolumab 3 mg/kg and evaluated for dose-limiting
toxicities for 28 days. The 3-mg/kg dose of nivolumab was found to be
safe and was established as the recommended phase II dose (RP2D) in
combination with azacitidine (Supplementary Table S6).

Cycles were repeated every 4 to 6 weeks, depending on count
recovery. Required BMAs were done at the end of cycles 1, 2, 4, 7,
and 11. Dose reductions or interruptions of azacitidine and/or dose
interruptions of nivolumab were allowed as specified in the protocol
(Supplementary Table S7). Patients continued on therapy as long as
they had evidence of clinical benefit.

Baseline Assessments

Pretreatment evaluations included a complete history and physical
examination, complete blood count with differential, comprehensive
chemistry panel, pregnancy test, thyroid hormones and cortisol,
and BMA for MFC, karyotype, a 28-gene next-generation sequenc-
ing (NGS), and immune profiling. MFC for MRD was performed as
previously described (32). The NGS-based analysis for the detection
of somatic mutations in the coding sequences of 28 genes was per-
formed on DNA extracted from BMA (Supplementary Table S8), as
previously described (33).

Immunophenotyping of Lymphocytes
and Blasts from BMAs and PB

We performed 17-color flow cytometry on pretherapy and postther-
apy BMAs and PB mononuclear cells obtained at protocol-specific
time points, to evaluate the expression of inhibitory (PD-1, CTLA4,
LAG3, and TIM3) and activating checkpoint receptors (GITR, OX40,
41BB, and ICOS), on the following T-cell subsets: effector CD4*
T cells (Teff) defined as CD3*CD4*CD127"°FOXP37; regulatory
CD4 T cells (Treg) defined as CD3*CD4*CD127 FOXP3*; and CD8*
T cells (Supplementary Table S9A; Supplementary Fig. S6A). AML
blasts were assessed for ligands 41BBL, B7-1, B7-2, ICOSL, PD-L1,
PD-L2, and OX40L (Supplementary Fig. S6B). These analyses were
performed on BMAs within 12 hours of collection by The University
of Texas MD Anderson Cancer Center Department of Immunology,
using flow-cytometry panels as previously published (34).

Thirty-six parameter mass cytometry (CyTOF; Supplementary
Table S9B) was performed on pretherapy and post-therapy BMAs in
a subset of the responders and NRs with available samples. Details
of the technique and the time points of BMA and PB collection are
given in Supplementary Methods and Supplementary Table S9C.

IHC Staining and Analysis

IHC was performed on formalin-fixed, paraffin-embedded tissue sec-
tions. Density (absolute numbers of positive cells/mm? area analyzed)
calculation was done using Imagescope software (Aperio/Leica Tech-
nologies). Details of BM staining are given in Supplementary Methods.

The MFC-based immunophenotyping, mass cytometry, and IHC
were performed as a part of correlative research on this study, and
willing patients gave a separate IRB-approved informed consent for
these analyses.

Toxicity Assessment

Patients were monitored continuously for toxicity. Toxicity was
defined as any clinically significant Common Terminology Criteria
for Adverse Events (CTCAE) version 4.03 grade 3 or 4 nonhemato-
logic toxic effects or death attributable to the study drug. Per pre-
defined rules, we would stop the trial if there were a more than 95%
chance that the toxicity rate would be greater than 30%.

Statistical Methods

Futility and toxicity were monitored simultaneously using the
Bayesian approach of Thall and Sung (35). For futility monitoring, we
would stop the trial if there was a less than 1% chance that the ORR
of azacitidine with nivolumab was greater than the ORR of standard
treatment by 15%. OS was calculated from the start of therapy to death
from any cause and was censored at last follow-up. DOR was calculated
from time of documented response to loss of response or censored at
last follow-up or death if response was maintained on the drug com-
bination. EFS was calculated from the start of treatment to disease
progression/death or censored at last follow-up while on the drug.

Differences among groups were evaluated by the y* test (or
Fisher exact test for cell frequencies <S5) for categorical variables
and ¢ test or Wilcoxon-Mann-Whitney test for continuous vari-
ables. Paired ¢ tests were applied to detect the changes in immune
markers between pretherapy and on-therapy. Univariate logistic
regression models were fitted to evaluate the relationships between
the immune markers and clinical responses, and optimal cutoffs
of markers for predicting responses were identified by maximizing
the Youden index. Survival distributions were estimated using the
Kaplan-Meier method and compared using the log-rank test. All P
values were two-sided, and P < 0.05 was considered statistically sig-
nificant. Statistical analyses were carried out using Stata/SE version
13.1 statistical software (Stata Corp. LP) and IBM SPSS Statistics 21
for Windows (SPSS Inc.).
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