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ABSTRACT

Background Inhibitors of immune checkpoint
programmed cell death protein 1 (PD-1) receptor on

T cells have shown remarkable clinical outcomes in
metastatic melanoma. However, most patients are
resistant to therapy. Production of extracellular adenosine,
via CD73-mediated catabolism of AMP, contributes to
suppress T-cell-mediated responses against cancer.

In this study, we analyzed the expression and activity

of soluble CD73 in sera of patients with melanoma
undergoing anti-PD-1=+ cytotoxic T-lymphocyte-associated
antigen 4 therapy.

Methods Soluble CD73 expression and activity were
retrospectively analyzed in serum of a total of 546 patients
with melanoma from different centers before starting
treatment (baseline) with anti-PD-1 agents, nivolumab or
pembrolizumab, and compared with those of 96 healthy
subjects. The CD73 activity was correlated with therapy
response and survival of patients.

Results Patients with melanoma show significantly
higher CD73 activity and expression than those observed
in healthy donors (p<0.0001). Elevated pretreatment
levels of CD73 activity were associated with non-
response to therapy with nivolumab or pembrolizumab.
During treatment, levels of soluble CD73 activity remain
unchanged from baseline and still stratify clinical
responders from non-responders. High levels of serum
CD73 enzymatic activity associate with reduced overall
survival (0S; HR=1.36, 95% Cl 1.03 to 1.78; p=0.03) as
well as progression-free survival (PFS; HR=1.42, 95%

Cl 1.13 to 1.79, p=0.003). Further, the multivariate Cox
regression analysis indicates that serum CD73 activity

is an independent prognostic factor besides serum

lactate dehydrogenase levels and the presence of brain
metastases for both OS (p=0.009) and PFS (p=0.001).
Conclusion Our data indicate the relevance of serum
CD73 in patients with advanced melanoma receiving anti-
PD-1 therapy and support further investigation on targeting
CD73 in combination with anti-PD-1 antibodies.

11,12

INTRODUCTION
Inhibitors of the programmed cell death
protein 1 (PD-1)/programmed cell death
ligand 1 (PD-LI) axis, as single agent or in
combination with inhibitors of cytotoxic
T-lymphocyte-associated antigen 4, can
mediate tumor regression reaching clini-
cally significant benefits. However, not all
patients derive benefit from therapy with
checkpoint inhibitors.' * Therefore, a better
understanding of the mechanisms that influ-
ence the therapeutic effectiveness of immune
checkpoint inhibitors and that regulate the
antitumor immunity is necessary. Identifica-
tion of prognostic biomarkers to guide immu-
notherapeutic choices, and importantly,
potential additional co-targets to increase the
efficacy of anti-PD-1 therapy is also needed.
CD73 is an ecto-nucleotidase that exists in a
membrane-bound form and in a soluble form,
both able to hydrolyze extracellular AMP in
a rate-limiting manner to generate extracel-
lular adenosine.”* AMP as substrate for CD73
can derive from the hydrolysis of extracellular
ATP and ADP through the CD39 or CD203a,
or alternatively from the extracellular nico-
tinamide adenine dinucleotide (NAD)+
(via CD38/CD203a axis).” CD73-derived
adenosine is a key mediator of immunosup-
pression within tumor microenvironment,”’
able to suppress the T-cell-mediated anti-
tumor immunity, mainly through the stimula-
tion of the A2A adenosine receptor subtype.”
In murine models of melanoma, breast
cancer, colon cancer and prostate cancer,
combined treatment with an anti-CD73 anti-
body and immune checkpoint inhibitors
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enhanced antitumor immune response and efficacy.

Nowadays, monoclonal antibodies against CD73 repre-
sent the new generation of immune checkpoint inhibi-
tors that are under clinical investigation in patients with
cancer in combination with anti-PD-1 agents."" Further-
more, emerging data show that overexpression of CD73
in human cancers or in peripheral blood of patients with
cancer is often associated with poor survival,'* suggesting
that CD73 may serve also as a prognostic biomarker in
cancer.

The purpose of this study was to evaluate whether CD73
activity in sera of patients with melanoma correlates signifi-
cantly with disease progression. Further, we intended to
investigate whether the soluble CD73 activity also predicts
response to therapy with pembrolizumab and nivolumab
alone or in combination with the ipilimumab.

METHODS

Patients and serum samples collection

This retrospective multicenter study included a total of
546 patients with stage III or stage IV melanoma, treated
with pembrolizumab, nivolumab or nivolumab in combi-
nation with ipilimumab. Patients received checkpoint
immunotherapy in first, second or third line. Patient
samples derived from six different centers: 100 patients
from the Istituto Nazionale Tumori—IRCCS—Fonda-
zione “G. Pascale”, Naples (Italy), 53 patients from the
University Hospital Essen (Germany), 111 patients from
the University Hospital Tubingen (Germany), 88 patients
from the Hospital Saint Louis of Paris (France), 144
patients from the University of Zurich (Switzerland) and
50 patients from the University of Chicago (USA). Most
of the patients (496/546, 91%) were diagnosed with
stage IV melanoma, according to VII edition of Amer-
ican Joint Committee on Cancer.” Response to therapy
was evaluated according to RECIST V.1.1 criteria."*
Tumor response was assessed every 12 weeks. Periph-
eral blood was obtained from all patients before (base-
line) therapy started. Serum specimens were collected
and stored at —80°C until use. Serum samples from 41
patients with melanoma from the Istituto Nazionale
Tumori—IRCCS—Fondazione “G. Pascale” in Naples
and 19 patients from Chicago obtained during anti-PD-1
antibody therapy (3 months) were also available. Patients’
characteristics, including sex, age, brain and bone metas-
tasis, serum levels of the lactate dehydrogenase (LDH),
status of BRAF mutation and line of therapy are summa-
rized in table 1. Serum samples of 96 healthy donors (69
males and 27 females), aged >18 years, were collected
at Istituto Nazionale Tumori—IRCCS—Fondazione “G.
Pascale”, Naples, (Italy) and used as controls. The study
was conducted in accordance with the provisions of the
Declaration of Helsinki.

AMPase activity
AMPase activity was measured by a colorimetric assay
based on the quantization of inorganic phosphate (Pi), as

previously described,'” in all serum samples from patients
with melanoma and healthy subjects. Briefly, serum
samples were thawed, and protein concentration was
determined by Bradford assay. For each sample, 100 pg of
proteins were incubated for 10 min at 37°C in 100 pL of
reaction buffer (10 mM MgCl,, 120 mM NaCl, 5 mM KCI,
60 mM glucose, 50 mM Tris—HCI, pH 7.4; Sigma-Aldrich).
AMP was used as substrate (2 mM; Sigma-Aldrich). The
Pi levels produced during the AMP hydrolysis were
measured by means of Malachite Green Phosphate Assay
Kit (8118, ScienCell Research Laboratories). To quantify
the baseline Pi levels, each sample was tested also without
substrate (AMP). The net value of Pi was obtained by
subtracting the baseline Pi amount from Pi released after
AMP hydrolysis.

To confirm that the AMPase reaction was dependent
on CD73 activity, 71 randomly chosen samples were also
tested in the presence of adenosine 5’-oi,B-methylene
diphosphate (APCP; 100 pM, Sigma-Aldrich), a potent
chemical competitive inhibitor of CD73.

Multiple reaction monitoring mass spectrometry

The AMPase activity was also evaluated by means of
multiple reaction monitoring mass spectrometry (MRM-
MS) in randomly chosen samples of patients with mela-
noma and healthy donors. Sample volumes containing
100 pg of proteins were equilibrated in the reaction buffer,
as described above, at 37°C for 10 min; then samples were
treated or not with the APCP inhibitor (100 pM) or with
the anti-human CD73 mAb (Clone 7G2) (5 pg/mL)
that inhibits the CD73 enzymatic activity as previously
described'® for 30 min at 37°C. Then, N-AMP (25 pM;
Sigma-Aldrich) was added and the reaction proceeded
for 120 min at 37°C. Finally, 25 pL of each sample were
treated with Trichloroacetic acid (TCA; 5% final concen-
tration; Sigma-Aldrich) to quench the reaction and then
centrifuged (3000g, 10 min at 4°C). The supernatants
were dried and dissolved in 50 pL of 10 mM Ammonium
Acetate (AmAGC, Sigma-Aldrich) containing 0.1% acetic
acid (AA; Sigma-Aldrich). The obtained samples were
submitted to ultra-performance liquid chromatography-
electrospray ionization (UPLC-ESI)-MRM-MS analysis to
quantify the '"’N-AMP. UPLC-ESI-MRM-MS analyses were
performed on a 6500 Q-TRAP from AB Sciex equipped
with Shimadzu LC-20A and Autosampler systems, injecting
2 pL of each sample. UPLC separation was performed on
a Luna Omega Polar 1.6 pm C18 100 A column (50x2.10
mm, Phenomenex, Torrance, California, USA) at a flow
rate of 400 pL/min; 10 mM AmAc/0.1% AA in H,O
(phase A) and 0.1% AA in MeOH (phase B) were used as
mobile phases and the following gradient was exploited:
0% B from 0 to 0.5 min, 0% to 5% B over 2.5 min, 5%
to 95% B over 2 min, then held at 95% B for 2 min and
re-equilibrated to 0% B over 5 min. Q-TRAP 6500 was
operated in positive MRM scanning mode, with declus-
tering potential set at 80 V, entrance potential at 10V,
collision energy at 30 V and cell exit potential at 12 V.
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Table 1 Clinicopathological characteristics of patients with melanoma

Nivolumab or pembrolizumab

Nivolumab+ipilimumab

therapy therapy Total
(no, %) (no, %) (no, %)
Total 453 100 93 100 546 100
Median age, years 65 61 64.5
(range, 19-94)
Sex
Male 271 59.8 53 57.0 324 59.3
Female 182 40.2 40 43.0 222 40.7
Disease stage
1l 48 10.6 4 4.3 52 9.5
\Y 402 88.7 89 95.7 491 89.9
Unknown 8 0.66 0 3 0.5
Serum lactate dehydrogenase
<ULN 308 74.0 51 54.8 359 65.8
>ULN 116 19.6 41 441 157 28.7
Unknown 29 6.4 1 1.1 30 585
BRAF status
wit 270 59.6 45 48.4 &l 57.7
mut 147 32.5 33 35.5 180 33.0
Unknown 36 7.9 15 16.1 51 9.3
Brain metastasis
Yes 78 17.2 9 9.7 87 15.9
No 307 67.8 41 44 1 348 63.7
Unknown 68 15.0 43 46.2 111 20.3
Bone metastasis
Yes 80 17.6 13 14.0 93 17.0
No 302 66.7 37 39.8 339 62.1
Unknown 71 15.7 43 46.2 114 20.9
Line of treatment
1 218 48.1 38 40.9 256 46.9
2 134 29.6 27 29.0 161 29.4
>3 101 22.3 28 30.1 129 23.6

mut, mutated; ULN, upper limit of normal; wt, wild-type.

N-AMP was monitored through the 353.19/140.00 tran-
sition: the area of its related peak in each sample was
measured using the Analyst Software from AB Sciex.

Enzyme-linked immunosorbent assay

CD73 was quantified in randomly selected sera of 83
patients with melanoma and 38 healthy subjects, using
a commercially available ELISA kit (ab213761, Abcam),
following the manufacturer’s instructions.

Statistical analyses

Results are presented using absolute frequencies and
percentages when referring to categorical variables,
and median and range when considering quantitative

variables. Survival time was analyzed with the Kaplan-
Meier method, and log-rank test was used to test for
differences. Proportional hazard models were used to
estimate HRs and their 95% CIs. Multivariate analysis
was performed using a forward stepwise method based
on Wald statistics with p=0.05 and p=0.10 as enter and
remove limit. IBM SPSS V.21.0 statistical software was
used for these analyses.

All other analyses were performed using GraphPad
Prism V.7.0. In figures, mean=SD is shown. The Mann-
Whitney test or analysis of variance test were used
for two groups comparison or three or more groups
comparison, respectively. The number of samples
for each subgroup is indicated in the figure legends.
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For all the analyses, statistical significance was set at
p<0.05.

RESULTS

Clinicopathological characteristics of patients with melanoma
A total of 546 patients with stage III/IV melanoma were
included in this study (table 1). The median age was
65 years old; 324 patients (59.3%) were male and 222
(40.7%) were female. One hundred eighty patients had
a BRAF mutation and 315 patients were BRAF wild-type;
in 51 patients, the BRAF mutational status was unknown.
Brain metastases were present in 87/435 patients, while
bone metastases were present in 93/432. Regarding the
treatment regimens, 83% of the patients received PD-1
monotherapy with nivolumab (n=182) or pembrolizumab
(n=271) and 17% received nivolumab plus ipilimumab
(n=93). As for the treatment line, 218 patients received
firstline PD-1 monotherapy, 134 patients received
second-line PD-1 monotherapy and 101 patients received
PD-1 monotherapy in third line or later. Thirty-eight
patients received first-line nivolumab plus ipilimumab, 27
patients second line and 28 patients third line or later.
The baseline clinicopathological characteristics of all
patients, grouped according to the treatment regimen,
are summarized in table 1. The baseline characteristics
of the patients’ groups were comparable (table 1). Details
on patients’ characteristics of the single center are given
in online supplemental table 1. The median progression-
free survival (PFS) was 7.1 months (95% CI: 5.3 to 8.8)
and the median overall survival (OS) was 27.0 months
(95% CI: 22.7 to 31.3).

Excluding patients who were lost to follow-up, in the
group of patients receiving anti-PD-1 agents in mono-
therapy (n=447), a total of 154 patients (35%) had a
complete response (CR, n=87) or partial response (PR,
n=67), while the others 293 (65%) showed progressive
disease (PD, n=205) or stable disease (SD, n=88). In the
subgroup of patients receiving nivolumab plus ipilim-
umab (n=90), 28 patients (32%) presented CR (n=3) or
PR (n=25), while 62 patients (68%) had SD (n=16) or
PD (n=46). The median follow-up for patients receiving
nivolumab or pembrolizumab in monotherapy was 29
months; for patients receiving nivolumab in combination
with ipilimumab, the median follow-up was 22 months.

Baseline CD73 activity and expression are high in serum of
patients with melanoma

We evaluated the AMP hydrolysis in serum samples of
patients with melanoma before starting treatment with
anti-PD-1 agents (baseline) and in healthy donors. The
AMPase activity was significantly higher in patients with
melanoma (37.85+44.31 pmol/min/mg protein) than
in healthy donors (7.88+15.5 pmol/min/mg protein)
(p<0.0001) (figure 1A). In melanoma group, 208 patients
presented an AMPase activity higher than mean value
37.85 pmol/min/mg protein. To evaluate if CD73 was
responsible for AMP hydrolysis, samples from patients
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Figure 1 The level of CD73 enzymatic activity in serum
discriminates patients with metastatic melanoma from
healthy donors. A, AMPase activity in serum samples from
patients with melanoma (MP, n=546) and healthy donors
(HD; n=96), measured with malachite green assay kit. B, The
AMP hydrolysis in samples of MPs is significantly reduced
in presence of the selective CD73 inhibitor, APCP (100 pM)
(n=71). C, Percentage of hydrolysis of >N AMP by multiple
reaction monitoring mass spectrometry in samples of MPs
(n=13) in presence of APCP (100 uM) or anti-human CD73
monoclonal antibody (clone 7G2) (5 pg/mL) or vehicle (Ctrl).
D, ELISA of CD73 in serum of MPs (n=83) and HD (n=38). E,
Receiving operating characteristic curve analysis for CD73
protein expression and CD73 enzymatic activity in MPs
compared with healthy donors. Mean+SD is shown. P values
are from two-sided Mann-Whitney test (A, B, D) or one-

way analysis of variance test (C). APCP, 5’-o,3-methylene
diphosphate; AUC, area under the curve; Pi, inorganic
phosphate.

HD MP

were preincubated with the most potent known CD73
inhibitor, APCP, resulting in a marked reduction in the
levels of Pi (p<0.0001) (figure 1B). To find out whether
alkaline phosphatases might contribute to dephosphory-
late AMP into adenosine and Pi,* we evaluated the activity
of tissue-non-specific alkaline phosphatase present in the
bloodstream in a soluble form.'” The activity of these
enzymes, evaluated by measuring the hydrolysis of the
substrate bis(p-nitrophenyl) phosphate, was observed
only at pH 9.8 (online supplemental figure 1), which
is the optimal condition for their catalytic activity,"® but
not at physiological pH 7.4 (online supplemental figure
1). These results suggest that non-specific phosphatases
do not contribute to hydrolyze the substrate AMP at the
experimental conditions we measured the CD73 activity.
To check further if the AMPase activity was dependent
on CD73, we evaluated the reduction of BN AMP as
substrate by MRM-MS in presence and absence of APCP
or anti-human CD73 monoclonal antibody (Clone 7G2)
in a subset of patients with melanoma. The percentage
of "'N AMP decrease in samples from patients with mela-
noma was significantly reduced in presence of the CD73
inhibitor APCP as well as in presence of the specific anti-
CD73 antibody compared with control (figure 1C). In
healthy donors’ serum samples, the percentage of '°N
AMP hydrolysis was very low or nearly absent (data not
shown). Altogether these results indicate that exogenous
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AMP hydrolysis in serum of patients with melanoma is
dependent on CD73.

The expression of CD73 was determined by ELISA in
randomly chosen serum samples. The expression level of
serum CD73 was significantly higher in patients with mela-
noma than in healthy donors (p=0.0369) (figure 1d). Of
83 patients with melanoma tested for CD73 expression,
21 patients presented a concentration of CD73 higher
than mean value 6.30 ng/mL.

The analysis of the results and the receiving operating
characteristic curve for CD73 activity and CD73 expres-
sion indicate that the levels of CD73 activity best stratified
patients with melanoma from healthy subjects (figure le).

CD73 is the key enzyme in the generation of extracel-
lular adenosine from AMP. AMP is in turn produced by
ADP/ATP through the enzymatic activity of the ectonu-
cleotidase CD39. Therefore, both CD39 and CD73, in
sequential reactions, are critically involved in the regula-
tion of extracellular adenosine levels in solid tumors.’ !
At this regard, we also evaluated the ATPase activity in
serum samples of patients with melanoma using ATP as
substrate. We observed that the percentage of ATP reduc-
tion in serum samples of patients (n=26), also in presence
of the CD39 inhibitor ARL 67156, was negligible (online
supplemental figure 2a). These results rule out any rele-
vant CD39 activity in serum of patients with melanoma,
according to previous reports showing that ATPase and
ADPase activities in human blood are mainly mediated
by cell-bound enzymes."” Expression of CD39 was also
evaluated in serum samples from healthy subjects (n=10)
and patients with melanoma (n=31). No difference was
observed in CD39 expression between the two groups
(online supplemental figure 2b).

CD73 activity levels correlate with response to therapy

We have previously reported that the serum CD73 activity
in patients with melanoma correlates with response to
nivolumab treatment.?’ Here, we have confirmed this
finding in a larger number of patients from different
centers, who received pembrolizumab, or nivolumab
alone or in combination with ipilimumab. The pretreat-
ment activity of CD73 was significantly higher in patients
with PD or SD compared with patients with CR or PR
(p<0.0001; figure 2a). A detailed analysis of CD73 rela-
tive to patients treated with nivolumab or pembrolizumab
alone or with nivolumab plus ipilimumab was performed.
The baseline CD73 activity in patients with melanoma
treated with nivolumab or pembrolizumab alone was
significantlyincreased in patients with PD or SD compared
with patients with CR or PR (p=0.0013; figure 2b). The
baseline CD73 activity was significantly different also
between patients who respond (CR/PR) or failed (SD/
PD) to the combined treatment nivolumab plus ipilim-
umab (p=0.0052; figure 2c¢). In addition, the pretreatment
levels of CD73 activity were significantly higher in SD/PD
compared with CR/PR patients who have received first
anti-PD-1 monotherapy (online supplemental figure 3).
CR/PR patients who have received anti-PD-1 second-line

a Al patients

p<0.0001

CDT73 activity
(Pi pmolimin/mg protein)

o

CR/PR PD/SD

Anti-PD-1 therapy
ANt-PD-1 + anti-CTLA-4 therapy
p=00013 300
90
L1
°

200 p=0.0052

L
(7Y
2533%

CD73 activity
(Pi pmoliminimg protein)

CD73 activity
(Pi pmoliminimg protein)

s
Figure 2 The baseline serum activity of CD73 predicts
response to anti-PD-1 therapy. A, Baseline CD73 activity

in all patients, receiving anti-PD-1 agents alone (n=447)

or in combination with anti-CTLA-4 (n=90), with clinical
response (complete response (CR)/partial response (PR);
n=183) or without clinical response (progressive disease
(PD)/stable disease (SD); n=354). B, Baseline CD73 activity
in patients with or without clinical response to nivolumab or
pembrolizumab alone (CR/PR, n=154; PD/SD, n=293), or

to nivolumab plus ipilimumab (CR/PR, n=28; PD/SD, n=62)
(C). Mean+SD is shown. P values are from two-sided Mann-
Whitney test. CTLA-4, cytotoxic T-lymphocyte-associated
antigen 4; PD-1,programmed cell death protein 1; Pi,
inorganic phosphate.

treatment showed a tendency toward lower CD73 activity
compared with SD/PD patients but it does not reach
significance (online supplemental figure 3).

Next, we evaluated the activity of serum CD73 in
patients receiving anti-PD-1 therapy within 3 months
of therapy. Changes in CD73 activity were not evident
at month 3 compared with baseline when the entire
group of patients was evaluated (figure 3A). Notably, in
patients who did not respond to therapy with nivolumab
or pembrolizumab, the levels of CD73 activity remained
higher than those with clinical response at month 3 of
treatment and unchanged from baseline (figure 3B).
Analyses were not performed in nivolumab plus ipilim-
umab group of patients on treatment due to the small
number of available samples.

Associations of baseline CD73 activity with survival

Because baseline CD73 enzymatic activity correlates
with the outcome of anti-PD-1 therapy, we next investi-
gated the associations between the enzymatic activity of
CD73 and OS. The discriminative cutoff point of CD73
for early progression was set at 2 standard deviation (SD)
from the mean of CD73 activity in healthy subjects (HD
CD73 activity 7.88+15.5 pmol/min/mg protein): 38.8
pmol/min/mg protein. We found that high levels of
serum CD73 enzymatic activity associate with worse OS
(HR=1.36; 95% CI 1.03 to 1.78; p=0.03) (figure 4a) and
PFS (HR=1.42; 95% CI 1.13 to 1.79; p=0.003) in patients
treated with nivolumab or pembrolizumab alone. In
these latter group receiving anti-PD-1 agent as first line,
we also observed that the median PFS was significantly
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Figure 3 Levels of serum CD73 activity within 3 months
therapy with anti-PD-1 agents. A, Levels of serum CD73
activity at time points pretreatment (0) and on-treatment

(8 months) in all patients analyzed (n=60). B, Comparison
of serum CD73 activity in patients with or without clinical
benefits to nivolumab or pembrolizumab at time points
pretreatment (0) and on-treatment (3 months). Mean+SD is
shown. P values were calculated with the two-way analysis
of variance (B). CR,complete response; PD-1, programmed
cell death protein 1; PD, progressive disease; Pi, inorganic
phosphate; PR, partial response; SD, stable disease.

longer in patients with low CD73 activity (12.3 months,
95% CI 6.6 to 17.9) than patients with high CD73 activity
(4.2 months, 95% CI 2.4 to 6.0) (p<0.001), but not in
patients treated with anti-PD-1 agent as second line
(p=0.17) (online supplemental figure 4ab), respectively).
Regarding the OS, patients treated with anti-PD-1 agent
as first line with low CD73 activity showed a tendency
to a longer survival (27.9 months, 95% CI 22.5 to 33.2)
than patients with high CD73 activity (18.4 months, 95%
CI 0.4 to 36.4) (p=0.09); in patients receiving anti-PD-1
treatment as second line, no significant differences in OS
were observed (p=0.19) (online supplemental figure 4cd,
respectively).

No association was found for OS (HR 1.41; 95% CI
0.82 to 2.44; p=0.23; figure 4b) or PFS (HR 1.31; 95% CI
0.82 to 2.08; p=0.26) in patients receiving nivolumab plus
ipilimumab.

Among patients treated with nivolumab or pembroli-
zumab alone, additional correlations of age, sex, LDH
levels, brain or bone metastases and BRAF mutation
status with OS were also performed. In patients aged <65
years, we found a negative correlation with OS for high
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Figure 4 Prognostic value of soluble CD73 in patients with
metastatic melanoma. A, Kaplan-Meier curves estimate
overall survival of all patients receiving nivolumab or
pembrolizumab or (B) nivolumab plus ipilimumab according
to baseline serum activity of CD73. CD73 high (red line) is
>38.8 pmol/min/mg protein and CD73 low is <38.8 pmol/min/
mg protein (blue line). P values were calculated using the log-
rank test.

—CD73 high and b —CD73 high and — CD73 high and

n c.
Saod 8 veas (o-50) o oty DI (k)
— CD73 low and — CD73 low and \ — CD73 low and
aged <65 years (n=139)  *1 fomale (r=116) 7| LDH>ULN (n=T6)
H Y i
for o

.................

Patientstrisk

— CD73 high and — CD73 high and
» BRAF mut (n=56) bone mets (1=32)

\\‘\ — CD73 low and 1%—\ — CD73 low and \;\

o BRAF mut (n=91) x| bone mets (n: o 1\

o bt (n=48) \

—CD73 high and
rain mets (1=26)

— CD73 low and
brain mets (n=52)

Jf’

mmmmmmmm

mmmmmmmm

Figure 5 Prognostic value of soluble CD73 in subgroups

of patients with metastatic melanoma receiving anti-PD-1
therapy alone. Groups of patients aged <65 years (A) or
female (B) or with elevated serum lactate dehydrogenase
(LDH) levels (C) or with BRAF mutations (D) or with bone
metastases (E) or with brain metastases (F) and high CD73
activity (>38.8 pmol/min/mg protein) (red line) have worse
overall survival compared with patients with low CD73 activity
(<38.8 pmol/min/mg protein). P values were calculated using
the log-rank test. ULN, upper limit of normal.

levels of CD73 activity compared with patients with low
CD73 activity (HR=1.87; 95% CI 1.26 to 2.78; p=0.002)
(figure 5a) but not in elderly patients (data not shown).
A negative correlation with OS for high levels of CD73
activity was also observed in the female patients’ group
(HR=1.69; 95% CI 1.11 to 2.59; p=0.01) (figure 5b) but
not in the male patients’ group (data not shown). Among
patients with elevated LDH levels, CD73 activity enables a
good stratification between a favorable (CD73 low) and a
poor survival group (CD73 high) (HR=2.94; 95% CI 1.86
to 4.64; p<0.0001) (figure 5c) but not in the patients’
group with normal serum LDH levels. In patients with
BRAFmutated tumors, we observed that the OS is worse
in patients who have both elevated levels of CD73 activity
and BRAF mutations versus patients with BRAF mutations
but low CD73 (HR=1.85; 95% CI 1.11 to 3.08; p=0.02)
(figure 5d); no differences were observed in the patients’
subgroup with BRAF wild-type tumors. We observed that
the OS is worse in patients who have both elevated levels
of CD73 and bone metastases (HR=2.41; 95% CI 1.27
to 4.57; p=0.006) versus patients with bone metastases
but low CD73 (figure 5e). A similar trend was observed
in patients’ subgroup with brain metastases and high
CD73 versus patients with brain metastasis but low CD73
(HR=1.74; 95% CI 0.96 to 3015; p=0.062) (figure 5f).

CD73 is prognostic in melanoma

Finally, patients receiving nivolumab or pembrolizumab
in monotherapy (n=453) were analyzed by univariate and
multivariate Cox regression analysis to evaluate potential
associations of age, disease stage, sex, BRAF mutation
status, serum LDH levels, line of treatment, brain or bone
metastases and baseline serum CD73 activity with OS and
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Table 2 Cox regression analyses

Overall survival

Progression-free survival

Univariate
HR (95% CI)

Multivariate
HR (95% CI)

Univariate
HR (95% CI)

Multivariate
HR (95% CI)

Age, years
(=65 vs <65)
Disease stage
(IV vs 11y

Sex
(male vs female)

Serum lactate
dehydrogenase
(>ULN vs <ULN)

BRAF status
(mut vs wt)

Brain metastasis
(yes vs no)

Bone metastasis
(yes vs no)

Line of treatment
(1 vs>1)

CD783 activity
(>38.8 vs <38.8)

1.18 (0.90 to 1.54),
p=0.23
1.86 (1.10 to 3.14),
p=0.02
0.95 (0.72 to 1.25),
p=0.72

2.22 (1.67 to 2.95),
p<0.0001

0.79 (0.58 to 1.07),
1.78 (1.28 t0 2.48),
p=0.001

0.96 (0.67 to 1.37),
p=0.81

1.06 (0.81 to 1.38),
p=0.69

1.36 (1.03 to 1.78),
p=0.03

2.40 (1.74 to 3.31),
p<0.0001

1.79 (1.27 to 2.53),
p=0.001

1.52 (1.11 to 2.08),
p=0.009

1.01 (0.81 to 1.26),
p=0.41
1.36 (0.92 to 2.00),
p=0.12
1.01 (0.80 to 1.27),
p=0.95

1.46 (1.14 to 1.88),
p=0.003

1.18 (0.93 to 1.52),
1.62 (1.21 to 2.15),
p=0.001

0.99 (0.74 to 1.34),
p=0.97

0.97 (0.77 to 1.21),
p=0.77

1.42 (1.13 t0 1.79),
p=0.003

1.61 (1.21 to 2.14),
p=0.001

1.76 (1.31 to 2.36),
p<0.0001

1.58 (1.22 to 2.05),
p=0.001

mut, mutated; ULN, upper limit of normal; wt, wild-type.

PFS. The univariate analysis showed that high levels of
LDH, the presence of brain metastases and high levels
of serum CD73 enzymatic activity were significantly asso-
ciated with a shorter OS and PFS (table 2). These factors
were also analyzed in a multivariate model analysis: in
addition to serum LDH and brain metastasis, serum
CD73 activity appeared to be an independent prognostic
factor (OS: HR=1.52, 95% CI 1.11 to 2.08; p=0.009; PFS:
HR=1.58 95% CI 1.22 to 2.05, p=0.001) (table 2).

DISCUSSION

In this study, we detected elevated levels of serum CD73
activity in patients with melanoma compared with healthy
donors. Elevated baseline CD73 activity is strongly associ-
ated with worse response and survival in patients receiving
anti-PD-1 therapy.

A number of studies have evaluated the potential
prognostic value of high CD73 expression within tumor
lesions, including lung, breast, gastric, ovarian cancer
and metastatic colorectal cancer.'> ' In melanoma,
CD73 is epigenetically regulated in malignant cells, and
patients with melanoma show high frequency of the
CD73 CpG island methylation in both primary and meta-
static disease.” Elevated tumor levels of CD78 have been
found in patients with late-stage melanoma® and high
expression of CD73 in cells of metastatic lesions resulted
associated with decreased OS.** However, the relevance
of CD73 expression in melanoma as prognostic factor is
weak because of the heterogeneous expression of CD73

in primary melanoma versus metastatic melanoma. More-
over, expression of tumor CD73 can change in patients
with melanoma with resistance to adoptive T cells transfer
or anti-PD-1 therapy as well as in patients receiving BRAF/
MEK inhibitors.***’

The soluble form of CD73 in the peripheral blood has
been investigated in different types of cancer. Earlier
studies in head and neck cancer demonstrated that the
serum expression of CD73 was increased in patients with
cancer compared with healthy subjects and its enzymatic
activity was associated with the stage of cancer.”® Elevated
blood levels of soluble CD73 were found in patients with
colorectal cancer, prostate cancer and cervical cancer.”” ™
Recently published data from patients with colorectal
cancer liver metastases show that high levels of soluble
CD73 expression are associated with shorter survival.”'
These results indicate that soluble CD73 may serve as a
non-invasive blood-based biomarker of cancer outcome.
Yet, it is unclear whether soluble CD73 is a clinically
useful biomarker of prognosis and response to immuno-
therapy in patients with melanoma. In the present study,
we observed that patients with melanoma had elevated
soluble CD73 in the peripheral blood and the enzymatic
activity of CD73 well stratified patients with melanoma
from healthy subjects. Elevated levels of CD73 enzymatic
activity in peripheral blood may probably reflect an
elevated expression of tissue CD73 expression. However,
in this retrospective study we could not explore the level
of CD73 in the tumor. Therefore, we do not know if there
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is any correlation between the circulating levels of soluble
CD73 and those expressed in the tumor.

In melanoma, we previously proposed blood CD73
activity as biomarker of response to immunotherapy with
nivolumab.”” The results of the present study further
confirm these findings in a larger, multicentric and multi-
national, cohort of patients with melanoma and support
the association between serum CD73 activity and clin-
ical outcomes of immune checkpoint inhibitor therapy.
Indeed, we observed that patients with high baseline
levels of enzymatic CD73 activity presented a shorter OS
than patients with low baseline CD73 activity on treatment
with nivolumab or pembrolizumab. This result supports
the notion that soluble CD73 activity in blood is a factor
of poor prognosis in patients with melanoma that could
complement the prognostic value of other features useful
in directing patient therapy.

Among patients receiving anti-PD-1 monotherapy, we
observed that patients with both high serum CD73 activity
and high serum LDH presented an extremely poor prog-
nosis. Similar results were obtained in patients with both
high CD73 activity and bone metastasis or in patients
with high CD73 activity and tumors with BRAF mutations.
Although we did not find any significant difference in the
baseline CD73 activity level in relationship with any clinic-
pathological characteristics of patients, a shorter OS was
also found in patients <65 years and in females with high
CD73 activity compared with low CD73 activity. Further
investigation is needed to clarify the biological reason of
these results. In the case of the patients’ subgroups with
brain or bone metastases or with high serum LDH, who
have already poor survival outcomes,' it is possible that
the elevated levels of enzymatic activity of CD73 worsen
the effectiveness of anti-PD-1 agents and reduced survival.
Some gene alterations including BRAFand EGFR can drive
the expression of CD73 in tumor cells. Moreover, BRAF
inhibitors can reduce the expression of CD73 within
tumor tissue.”’ However, to the best of our acknowledge,
there are no data on serum CD73 expression and activity
in these patients’ subgroup. This issue needs further
investigations. Patients with cancer over the age of 60
years responded significantly better to treatment with the
anti-PD-1 agents than younger patients in whom immune
escape mechanisms are more likely to occur.’™ Very
recent data demonstrate that the expression of CD73 on
T lymphocytes decreases in elderly healthy donors and in
patients with head and neck squamous cell carcinoma,”
affecting to a lesser extent the response to treatment.
Therefore, an elevated activity of CD73 may contribute to
further impair the immune system response in younger
patients, worsening the clinical outcomes to anti-PD-1
therapy.

Notably, the multivariate analysis from the patients’
group treated with nivolumab or pembrolizumab
confirms that the serum activity of CD73 was an indepen-
dent predictor besides serum LDH levels, the presence
of brain metastasis for both OS and PFS. These analyses
were not performed in patients treated with nivolumab

plus ipilimumab in combination, in whom the serum
CD73 activity was not significantly associated with OS. It
is to note that the HR values are very similar between the
group treated with nivolumab or pembrolizumab alone
(1.36) and the group treated with nivolumab plus ipilim-
umab (1.41). Most likely because of the small number of
patients in the subgroup receiving nivolumab in combi-
nation with ipilimumab, the statistical significance is not
reached. Therefore, we cannot make any reasonable
conclusion and further analyses in a larger cohort of
patients treated with anti-PD-1 monoclonal antibody in
combination regimen are needed.

Baseline activity of CD73 resulted strongly associated
with response to anti-PD-1 agents, especially in patients
treated with anti-PD-1 agent alone as first line. In addi-
tion, in this latter group of patients in first-line therapy,
PFS was significantly associated to serum CD73 activity.
These data may suggest the potential relevance of CD73
as biomarker of response in patients treated with anti-
PD-1 agents specially as first-line setting. High-soluble
CD73 activity may represent a mechanism of resistance
to immunotherapy. Since CD73 is the main enzyme
responsible of the production of extracellular adenosine,
known to be a potent suppressor of T-cell-mediated anti-
tumor immune response, our results raise the possibility
that CD73-derived adenosine could counteract the anti-
tumor immunity, limiting in turn the efficacy of anti-PD-1
agents. It is likely that this CD73-mediated mechanism
of resistance would be relevant specially in patients
treated first with anti-PD-1 agents in contrast to patients
receiving these agents in second line applied after
progression to prior line of therapy. Finally, we observed
that after 3 months of treatment, available for this study,
the CD73 activity did not change compared with baseline
level and importantly, we noticed that non-responder
patients still had higher levels of CD73 activity compared
with responders. This suggest that the activity of CD73
in the peripheral blood did not change on-treatment,
at least not between the two time points studied in this
work. It is clear that further investigation is warranted
to uncover the functional relevance of soluble CD73 in
the peripheral blood as tumor immune evasion mecha-
nism, during treatment with anti-PD-1 agents as well as in
different regimen settings. In our opinion, these results
reinforce the therapeutic potential of targeting CD73 in
combination with anti-PD-1 agents to enhance responses
and survival rates in patients with melanoma. Measure-
ment of CD73 activity could be informative to identify
a suppressive mechanism that influence the therapeutic
effectiveness of immune checkpoint inhibitors and that
regulate the antitumor immunity. Prospectively, CD73
activity may be useful in addition to prognostic param-
eters to guide therapeutic choices in patients with mela-
noma. In addition, measurement of CD73 may be also
useful to identify patients who are likely to benefit from
CD73-targeting agents that in combination with immu-
notherapy agents could further potentiate the clinical
response.
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CONCLUSIONS

Our results suggest the possibility to use soluble CD73 as
potential prognostic factor that could be added to other
known markers for clinical outcomes in patients with
unresectable melanoma.
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