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Diffuse large B-cell lymphoma (DLBCL) is an aggressive hematologic malignancy with
more than two-thirds of the patients cured with first-line rituximab-based treatments.
However, relapsing or refractory patients have a very poor survival despite salvage therapies.
1 The PD-1/PD-L1 pathway plays a major role in peripheral tolerance and homeostasis by
inhibiting T-cells activation. By expressing PD-L1 on their surface, the tumor cells as well as
some non-malignant cells from the tumor microenvironment co-opt the immune checkpoint
pathways to evade immune destruction.? Immunotherapies targeting the PD-1/PD-L1
pathway have recently shown remarkable clinical benefit in subsets of solid cancer patients3
and in DLBCL patients undergoing autologous stem-cell transplant.# Novel prognostic
biomarkers are necessary to better identify the patients who would benefit the most from
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immunotherapy. We recently reported that the soluble PD-L1 protein expression (sPD-L1)
was significantly increased in the blood of DLBCL patients versus healthy controls, and that
elevated sPD-L1 was prognostic for overall survival (OS).% Here, we confirmed these initial
findings in an independent cohort of newly diagnosed DLBCL patients, evaluated tumor/
microenvironment expression, and investigated the prognostic relevance of sPD-L1 on risk-
stratified DLBCL patients when compared against established clinical, biological, and
molecular prognostic markers.

The previously published discovery cohort consisted of 283 newly diagnosed aggressive
DLBCL patients, age 18 to 60 years, from the French GOELAMS 075 multicenter
randomized clinical trial (Supplemental Tables S1 and S2). The patients were treated with R-
CHOP (51%) or R-CEEP/auto (49%). The five-year overall survival (OS) was estimated at
81.7% (95%CI 77.3-86.4). There was no OS difference between the two arms of treatment.
The replication cohort consisted of 225 de novo DLBCL patients, age 18 to 92 years, all
stages, from a prospective, observational cohort from the University of lowa/Mayo Clinic
Lymphoma Specialized Program of Research Excellence (SPORE).® The patients were
treated by R-CHOP (84%) or R-CHOP-like (16%) treatments. The five-year OS estimate
was 77.6% (95%CI 72.1-83.5). The matched control groups consisted of 60 French subjects
and 98 US subjects, respectively. Plasma samples were collected pre-treatment using P100®
tubes for the French study and EDTA tubes for the US study, and stored at —80°. The sPD-
L1 production was measured in Rennes, France, for both cohorts using the enzyme-linked
immunosorbent assay (PDCD1LG1 ELISA kit, USCN Life Science Inc, Wuhan, China),
according to the manufacturer instructions (Supplementary Materials and Methods).

Soluble PD-L1 was significantly higher in pre-treatment plasma samples from DLBCL
patients compared to matched controls in the US study (P<0.0001), replicating the original
French study (Supplementary Figure S1). The cutpoint for sPD-L1 of DLBCL patients was
defined as equal to twice the median value of the sPD-L1 levels in the respective matched
control group (1357 pg/mL for the French cohort, 1652 pg/mL for the US cohort).
Compared to their respective control groups, French DLBCL patients were 10.7 times more
likely to have elevated sPD-L1 levels (95%CI 3.3-35.1) and US DLBCL patients, 8.8
(95%CIl 4.4-19.6).

In the French cohort, elevated sPD-L1 levels were associated with inferior OS (HR=1.87;
95%CI 1.10-3.19), and this was replicated in the US cohort (HR=1.72; 95%CI 0.99-2.98).
The five-year OS in patients with elevated sPD-L1 was (70.9%, 95%CI 62.3-80.6) in US
and (71.0%, 95%CI 64.5-78.2) in French patients versus (83.3%, 95%CI 76.6-90.5) and
(84.1%, 95%CI 79.6-88.8) in US and French patients with not elevated sPD-L1,
respectively (Figure 1).

Since the French results were replicated in the US cohort, we next pooled both cohorts to
increase power for multivariate and subset analyses (Supplemental Table S1). In the pooled
cohort, 54% were intermediate-risk and 9% high-risk IPI patients. The median overall
follow-up was 65 months (range, 1-127). The five-year OS estimate was 80.0% (95%ClI
76.5-83.6) and the median OS had not yet been reached. At the univariate level, elevated
sPD-L1, high-intermediate and high-risk IPI, bone marrow involvement, abnormal AMLPI’
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(Absolute Monocyte-to-Lymphocyte Prognostic Index), and abnormal NLR® (Neutrophil-to-
Lymphocyte Ratio) were associated with inferior OS (Supplementary Table S3). There was
no OS difference between GCB and non-GCB (P=0.77). Using each cohort-specific
cutpoints, patients in the pooled analysis with elevated sPD-L1 had a statistically inferior OS
compared to not elevated sPD-L1 (five-year OS, 73.7% (95%CI 67.9-80.1) vs. 84.3%
(95%Cl 80.2-88.6); P=0.002; Figure 1). The hazard ratio for elevated sPD-L1 was 1.82
(95%CI 1.24-2.67; unadjusted model).

Patients with elevated sPD-L1 tended toward inferior OS compared to not elevated sPD-L1
regardless of IPI (Figure 2). The adverse effect of elevated sPD-L1 was strongest among
high-risk IPI (HR=2.58, 95%CI 0.85-7.79) and did identify a subgroup with 5-year OS
<50%. However, the interpretation should be tempered by the small numbers of patients and
events in this group.

For either the French or US cohort, elevated sPD-L1 plus abnormal AMLPI or NLR tended
toward an unfavorable outcome. This was not true for normal AMLPI or NLR, except for
normal NLR French patients for who elevated sPD-L1 tended to be of inferior prognosis
(Supplemental Figure S2). In the pooled cohort, patients with elevated versus not elevated
sPD-L1 had a significantly worse OS among patients with abnormal AMLPI (HR=1.94,
95%Cl 1.27-2.95; P=0.002) or abnormal NLR (HR=1.97, 95%CI 1.20-3.21; P=0.007)
(Supplementary Figure S3). Only GCB DLBCLs with elevated sPD-L1 had a significantly
inferior survival compared to not elevated sPD-L1 (Supplemental Figure S4).

AMLPI rather than NLR was included in the multivariate model as 92% of abnormal NLR
cases were abnormal AMLPI patients (vs. 65% inversely). COO was excluded due to over
40% of patients with missing data. In the multivariate model, elevated sPD-L1 (HR=1.65;
95%Cl 1.10-2.45; P=0.016), age (HR=1.42 per 10-year increment; 95%CI 1.20-1.66;
P<0.0001), high-risk IPI (HR=2.95; 95%CI 1.51-5.74; P=0.002), abnormal AMLPI
(HR=2.28; 95%CI 1.26-4.15; P=0.007), and bone marrow involvement (HR=1.68; 95%Cl
1.07-2.66; P=0.025) all remained statistically significant.

Next we studied PD-L1 expression on the tumor cells and the non-malignant cells of the
tumor microenvironment. We focused on the US cohort for which a monoclonal PD-L1
antibody was used. Seventy-two cases were successfully stained (GCB, n=32; non-GCB,
n=21; no COO available otherwise). PD-L1 was expressed on tumor cells for 43 cases (60%)
and on non-malignant cells of the tumor microenvironment for 44 cases (61%). PD-L1 levels
expressed on tumor cells and in the microenvironment were positively correlated (Pearson’s
coefficient r=0.85, P<0.0001). Patients expressing =5% tumor PD-L1 were somewhat more
likely to have elevated sPD-L1 levels (65% versus 55%); expression versus no expression of
PD-L1 in the tumor microenvironment showed similar sPD-L1 levels (59% versus 64%)
(Supplemental Table S4). Tumor PD-L1 was not associated with OS (HR=0.90, 95%ClI
0.33-2.45; P=0.84), while PD-L1 expressed in the tumor microenvironment had a better
prognosis (HR=0.50, 95%CI 0.18-1.37; P=0.18).

In this paper, we validated prior findings® that DLBCL patients have a higher level of sPD-
L1 at diagnosis compared to matched healthy controls, and that elevated levels of sSPD-L1 is
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an adverse prognostic factor for OS in newly diagnosed DLBCL patients treated with
rituximab plus anthracycline-based therapy. These findings extend the prior results, as the
US cohort is more representative of the entire DLBCL population, covering all ages and
clinical presentation.

The addition of rituximab to conventional chemotherapy has significantly improved the
survival of DLBCL patients and the standard IPI score is no longer capable of discriminating
patients with less than 50% overall survival.? In each IPI risk group of the pooled cohort,
elevated sPD-L1 was associated with a poor OS. Interestingly, elevated sPD-L1 in high-risk
IP1 patients was able to identify patients with a much poorer outcome. In the multivariate
model, sSPD-L1 was independent of IPI, age, bone marrow involvement, and AMLPI or
NLR. Focusing on the 18 DLBCLs with high-risk IPI, age >60 and abnormal AMLPI,
elevated sPD-L.1 patients were more likely to die (91% deaths) compared to not elevated
sPD-L1 patients (29%). This may suggest that very high-risk DLBCLs might be identified
using clinical features and minimally-invasive measurements of blood components, even
though this association would require confirmation on a larger cohort.

Soluble PD-L1 was not correlated with PD-L1 expression on tumor cells nor on non-
malignant cells in the tumor microenvironment. The production of sSPD-L1 likely involves a
complex mechanism not directly related to PD-L1 expression at the tumor site. A hypothesis
may be that SPD-L1 is released by circulating myeloid-derived suppressor cells.10

We found no association between the PD-L1 expression on tumor cells and OS. This is
consistent with a recent report on R-CHOP treated Korean DLBCL patients that used the
same PD-L1 antibody,!! but is not universal.12 We reported that DLBCL patients expressing
PD-L1 on non-malignant cells tended to have a better outcome than those with no
expression. Macrophages express PD-L1 and, tumor-infiltrating macrophages were
associated with a favorable outcome in DLBCLs only when rituximab was given.13 These
findings were also controversial.14 Overall, this indicates that the role of the tumor
microennvironment needs to be further assessed.1®

In summary, pre-treatment soluble PD-L1 was confirmed to be an adverse prognostic factor,
independent of IPI, in de novo R-CHOP treated DLBCs. In the light of the remarkable
success of immunotherapies targeting the PD-1/PD-L1 immune checkpoint in relapsed/
refractory lymphomas, sPD-L1 should be further evaluated for its predictive capacity
regarding response in patients treated with anti-PD-1 or anti-PD-L1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1A. Overall survival for the GOELAMS075
cohort according to plasma sPD-L1 protein
expression (n=283)

1B. Overall survival for the lowa/Mayo SPORE
cohort according to plasma sPD-L1 protein
expression (n=225)
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Figure 1.

Kaplan-Meier overall survival estimates with respect to plasma sPD-L1 at diagnosis, for the
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French and the US cohorts considering a sSPD-L1 cut-off of 1357 pg/mL and 1652 pg/mL
respectively (Panel A and B, respectively), and for the pooled cohort (Panel C).
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Figure 2.

Kaplan-Meier overall survival estimates of plasma sPD-L1 levels for the pooled cohort,

according to IPI.
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