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Novel treatment regimens combining chemotherapy with
targeted agents are being developed for diffuse large
B-cell lymphoma (DLBCL). These regimens are expected
to show efficacy in biomarker-defined target populations.
Personalized healthcare (PHC) studies are now being
used to assess predictive biomarkers for clinical trial
inclusion criteria [1-5]; however, there are concerns that
treatment delays due to prospective biomarker testing
may exclude patients with aggressive disease, introduc-
ing bias in the clinical trial population [6-9]. Data from a
combined, prospective, observational cohort from the
University of lowa/Mayo Clinic Specialized Program of
Research Excellence (SPORE) Molecular Epidemiology
Resource and the Lymphoma Study Association (LYSA)
LNH-2003 clinical trials program showed that initiation of
therapy >15 days from diagnosis was associated with less
aggressive disease and more favorable outcomes than
when initiated <14 days from diagnosis [7-9]. To provide
further insights, the present analysis evaluated whether a
shorter vs. longer screening window, simulating the time
for prospective biomarker testing, was associated with
progression-free survival (PFS), using data from previously
untreated DLBCL patients in the global, phase Il GOYA
study (NCT01287741) [10]. Our findings suggest that
treatment delay due to biomarker testing does not affect
outcome on this model, and should not preclude enroll-
ment of patients into clinical trials. Furthermore, patients
with aggressive disease may benefit most from trials of
novel biomarker-guided therapies.

Patients in GOYA were randomized to receive 8 cycles
of rituximab or obinutuzumab plus 6-8 cycles of cyclo-
phosphamide, doxorubicin, vincristine, and prednisone
(CHOP) [10]. Ethics approval and informed consent were

obtained. To assess the association between treatment
delay and outcome in this study, we evaluated the correl-
ation between time from diagnosis-to-randomization and
investigator-assessed PFS. For this analysis, patients were
stratified into 7-day diagnosis-to-randomization intervals
(i.e. 1-7 days, 8-14days, etc.). Diagnosis was defined as
the date of confirmation of the lymphoma-containing
biopsy. Randomization was the date of assignment to a
treatment arm once eligibility was confirmed.

To isolate the contribution of prospective testing
times from overall treatment delay, we separated time
from diagnosis-to-randomization into 2 steps: (1) time
from diagnosis-to-initiation of screening (DS; where initi-
ation of screening was the date screening activities
started, as reported by Interactive Response Technology),
and (2) time from initiation of screening to randomization
(SR). The latter is the period when biomarker testing
would take place in a trial with prospective testing. For
the DS analysis, patients were stratified into 7-day inter-
vals. As GOYA was not designed to include prospective
biomarker testing, we assessed whether short vs. long SR
times (an increase consistent with the turnaround time of
biomarker testing) had an impact on outcomes for high-
risk DLBCL patients. To simulate prospective testing, SR
intervals of <6 days, 6-9days, and >9days were selected
based on median SR times in GOYA (6 days) and median
SR times in a trial with prospective biomarker testing
(IMpower150, NCT02366143) [11]. PFS between different
DS and SR subgroups was compared using log-rank tests.

Median diagnosis-to-randomization time was 24 days
(range 1-71 days). Patients with the shortest diagnosis-to-
randomization time had the shortest PFS, with the largest
difference in PFS being observed at a diagnosis-to-
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Figure 1. Percentage of patients and progression-free survival by delay. (A) Delay from diagnosis-to-randomization. (B) Delay from
diagnosis-to-initiation of screening. (C) Delay from initiation of screening to randomization.

randomization threshold of 14days (Figure 1(A); hazard
ratio [HR] for <14days vs. >14days, 0.63; 95% confi-
dence interval [Cl], 0.49-0.80; p <.0001). The 250 patients
with a < 14-day diagnosis-to-randomization interval had a
3-year PFS rate of 57% compared with 72% for the 879
patients with intervals >14days. These results are
broadly consistent with those reported by Maurer et al.
[7-9] in which patients with <14 days to treatment had a
24-month event-free survival rate of 56% compared with
72% for those with >14days to treatment (p <.0001).
Similarly, a retrospective, single-center study found that a
diagnosis-to-treatment interval <14days was associated
with worse PFS than intervals >14days (HR, 1.7; 95% Cl,
1.16-2.58; p=.0067) [12]. Previous studies also showed
that patients with diagnosis-to-randomization intervals of
<14 days were more likely to have features of aggressive
disease than patients with >14-day intervals [7-9,12].
Consistent with these findings, DLBCL patients enrolled
in GOYA with a<14-day diagnosis-to-randomization
interval had a higher incidence of the following variables
compared with those with intervals >14 days, suggesting
more aggressive disease: double-hit lymphoma (9%
[9/95] vs. 3% [9/353]; p=.002), >2 extranodal sites (34%
[62/181] vs. 24% [149/629]; p=.004), bulky disease
(>7.5cm: 48% [119/249] vs. 36% [312/869]; p=.0007),
high lactate dehydrogenase (LDH; 82% [203/249] vs. 60%
[525/868]; p<.0001), Ann Arbor stage IV disease (58%
[145/249] vs. 48% [417/872]; p=.004), and high

International Prognostic Index (IPl; 24% [61/249] vs. 18%
[155/872]; p=.018). This correlation between short time
to treatment and aggressive disease may reflect a desire
by physicians to treat patients with the most aggressive
DLBCL more promptly. No significant PFS difference was
observed between patients with diagnosis-to-randomiza-
tion intervals of 15-28days and those with intervals
>28days (Figure 1(A)).

In step 1 of the 2-step analysis model, DS times of
<7days, 8-14days, and >14days were observed for 190,
228, and 706 patients, respectively. Patients with a
shorter DS interval tended to have shorter PFS (Figure
1(B)). In particular, patients with DS <7 days had a 3-year
PFS of 55% vs. 66% for patients with DS 8-14days (HR,
0.76; 95% Cl, 0.54-1.11), and 72% for those with DS
>14days (HR, 0.60 vs. 8-14 days; 95% Cl, 0.45-0.80; over-
all log-rank, p=.0012). Consistent with the diagnosis-to-
randomization analysis, patients with DS <7days were
more likely to have adverse disease characteristics (e.g.
double-hit lymphoma, bulky disease, high LDH, and
fever) than those with longer DS (Table 1). This novel
observation that outcomes remain poor in these high-risk
patients with DLBCL, despite a short DS interval, high-
lights a need to develop alternative therapeutic
approaches, including novel targeted agents, in this
patient cohort.

In step 2 of the 2-step analysis model, median SR time
in patients with more aggressive disease (patients with
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Table 1. Patient and disease characteristics by time from diagnosis-to-initiation of screening (safety population).

Time from diagnosis-to-initiation of screening

<7 days 8-14 days >14 days
(n=190) (n=228) (n=706) p-value
Age > 65 years, n/N (%) 71/190 (37.4) 111/228 (48.7) 347/706 (49.2) .020
BCL-2 IHC-positive, n/N (%) 51/90 (56.7) 73/129 (56.6) 182/394 (46.2) .025
BCL-2 FISH-positive, n/N (%) 23/76 (30.3) 23/107 (21.5) 71/337 (21.1) 214
MYC FISH-positive, n/N (%) 8/64 (12.5) 11/99 (11.1) 25/287 (8.7) 575
Double-hit lymphoma (BCL-2/MYC FISH double-positive), n/N (%) 6/64 (9.4) 6/96 (6.3) 6/287 (2.1) .013
ABC subtype, n/N (%) 28/104 (26.9) 45/159 (28.3) 138/489 (28.2) 962
ECOG performance status > 2, n (%) 30/190 (15.8) 34/228 (14.9) 102/706 (14.4) .896
Ann Arbor stage IV, n (%) 100/190 (52.6) 113/228 (49.6) 348/706 (49.3) J11
IPI high, n (%) 35/190 (18.4) 51/228 (22.4) 130/706 (18.4) 401
IPI high-intermediate, n (%) 87/190 (45.8) 79/228 (34.6) 242/706 (34.3) .012
>2 extranodal sites at BL, n/N (%) 43/129 (33.3) 53/163 (32.5) 116/519 (22.4) .005
High LDH, n/N (%) 154/190 (81.1) 162/227 (71.4) 412/702 (58.7) <.001
Bone marrow involvement, n/N (%) 22/186 (11.8) 23/227 (10.1) 100/701 (14.3) 239
Bulky disease (>7.5cm), n/N (%) 94/190 (49.5) 99/228 (43.4) 241/702 (34.3) <.001
B symptoms, n (%)
Night sweats 39/190 (20.5) 50/228 (21.9) 117/706 (16.6) 132
Weight loss 30/190 (15.8) 42/228 (18.4) 129/706 (18.3) 710
Fever 33/190 (17.4) 24/228 (10.5) 54/706 (7.6) <.001

ABC: activated B-cell; BCL-2: B-cell lymphoma 2; BL: baseline; ECOG: Eastern Cooperative Oncology Group; FISH: fluorescence in situ hybridization; IHC:

immunohistochemistry; IPI: International Prognostic Index.

DS <7days) was 7days (range 1-26days). In these
patients, an increase in SR time from <6 days to 6-9 and
>9days, which simulates a delay consistent with pro-
spective biomarker testing, had no effect on PFS (HR for
<6 vs. 6-9days, 1.25; 95% Cl, 0.63-2.48; HR for <6 vs.
>9days, 1.4; 95% Cl, 0.78-2.53; overall log-rank p =0.765;
Figure 1(Q)). Similarly, for the highest risk patients (DS
<7 days and high IPI score) and those with DS 8-14 days,
a delay in screening time from <6days to >9days had
no significant impact on PFS (p=.383 and p=.858,
respectively). Thus, the longer screening times, which
may be needed for prospective biomarker testing, do not
appear to adversely affect outcomes. Furthermore, physi-
cians could use steroids to help manage patients dur-
ing SR.

In this model, biomarker testing (by anti-PD-L1 immu-
nohistochemistry) during the screening period (derived
from median SR time in Impower150) was feasible; how-
ever, more technically difficult biomarker assays, such as
next generation sequencing (NGS) based testing includ-
ing mutation or gene signature classifiers, may have a
longer turnaround time and are not modeled here. As
such, the possibility to test a biomarker in the time mod-
eled in this study may depend on the type of assay.

In summary, we confirm that short time from diagno-
sis-to-randomization is associated with worse PFS and
correlates with features of high-risk biology and aggres-
sive disease, implying that underlying biology affects
patient prognosis. Despite seemingly expedited work-up,
these high-risk patients are associated with poor out-
comes, highlighting the need for innovative therapies
and trial designs. By dividing the time from diagnosis-to-
randomization into two phases, we observed that an
increase in screening time, consistent, in our model, with
additional time required for prospective testing, did not

adversely impact outcome (PFS). Our findings suggest
that treatment delay due to biomarker testing does not
affect outcome in patients with aggressive DLBCL and
therefore should not be a limitation in their inclusion
from clinical trials of targeted therapy.
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