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ABSTRACT

adults with suboptimal therapeutic outcomes due to increased
» treatment-related mortality and toxicities in vulnerable patients,
clinically defined by geriatric impairments such as functional limitation,
multimorbidity, or cognitive deficits. In this prospective pilot study, we
evaluated a rituximab/prednisone prephase treatment strategy in 33 older,
vulnerable patients with newly diagnosed DLBCL, defined by either age
=70 years or age 60-70 years with Karnofsky performance scale (KPS) <80.
A single dose of rituximab 375 mg/m? between 3-10 days and oral pred-
nisone for at least 5 days prior to the first dose of chemoimmunotherapy
was administered. All patients completed prephase treatment and all but
one commenced anthracycline-based chemoimmunotherapy. Only one
early cycle death occurred. Toxicity events, defined by either unplanned
hospitalization, unplanned dose reduction/delay, or chemotherapy dis-
continuation, occurred in 22 patients (67 %). Sixteen patients (48%) expe-
rienced grade 3 or higher non-hematologic toxicities and/or grade 4 or
higher hematologic toxicities. With a median follow-up of 4.4 years, both
5-year progression-free survival and overall survival were at 81% (95%
confidence interval: 69-96). Importantly, we found that phenotypic
impairments in basic and instrumental activities of daily living, physical
function, mobility, KPS, and Cancer and Aging Research Group
chemotherapy toxicity risk score were significantly associated with
senescence-associated, proinflammatory cytokine milieu which was read-
ily reversed with prephase treatment, potentially explaining its clinical
effectiveness. Prephase therapy with rituximab/prednisone should be
considered for all older, vulnerable DLBCL patients prior to curative
intent, anthracycline-based chemoimmunotherapy. This trial was regis-
tered as clinicaltrials gov. Identifier: NCT 89028394.

h D iffuse large B-cell lymphoma (DLBCL) predominantly affects older

Introduction

Diffuse large B-cell lymphoma (DLBCL) disproportionally affects older patients
and improving their therapeutic outcomes remains an unmet medical need.
Epidemiologic studies have shown that even in the rituximab era, many older
patients either do not receive or receive suboptimal dose and/or duration of
chemoimmunotherapy to achieve a curative intent."” While the biology of disease
may be more aggressive,® older patients commonly have multimorbidity, functional
and/or cognitive impairment, or overt frailty that limits the delivery of upfront, cur-
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ative chemoimmunotherapy.*” Moreover, if not adequate-
ly addressed, these non-oncologic geriatric issues may
exacerbate treatment-related toxicities, trigger functional
decline, and adversely impact subsequent therapies such
as hematopoietic cell transplantation and cellular thera-
py.*® Therefore, it is essential that older patients with
newly diagnosed DLBCL receive adequate assessment and
management of their aging-related issues.

Biologically, inferior outcomes in older non-Hodgkin
lymphoma (NHL) patients may result from preexisting
geriatric deficits, the lymphoma itself, or treatment-relat-
ed toxicities. Induction chemoimmunotherapy may wors-
en health status when it results in toxicities or improve it
by controlling disease related impairments. The German
Non-Hodgkin Lymphoma Study Group (DSHNHL) found
that after the initiation of the NHL-B2 trial, toxic mortality
was most common in the first and second cycle of thera-
py.” They subsequently pioneered a strategy of “prephase”
therapy with prednisone 100 mg daily for 5-7 days with or
without vincristine 1 mg single dose prior to the initiation
of full dose combination chemotherapy. This was incor-
porated into the latter part of the NHL-B2 trial, RICOVER-
60 trial, and the LYSA group LNHO097B trial with fewer
toxic deaths reported.”” The mechanism of this effect has
not been examined in detail, although it is thought that
prephase therapy improves functional status and physio-
logic reserve by reducing tumor burden. However,
although vincristine is delivered by a simple 10-minute
intravenous push, it is among the more toxic agents with
significant risks of neuropathy and constipation resulting
in its frequent dose reduction or omission.'

Geriatric assessment (GA) is increasingly incorporated
into the care of older cancer patients to help guide treat-
ment decision-making, predict toxicities, and manage
non-oncologic geriatric issues. Multidimensional GA iden-
tifies otherwise unrecognized health problems among
unselected older patients beyond traditional Karnofsky
performance scale (KPS) and includes function status,
comorbidity, mobility, cognition, nutrition, and psychoso-
cial status.""'? A largely self-administered GA instrument,
the Cancer Aging Research Group (CARG) chemotherapy
toxicity risk score incorporates 11 variables to predict
high-grade, chemotherapy-related toxicities for older solid
tumor patients.”!* Several GA domains have been exam-
ined in small cohort studies of lymphoma patients, yet it
remains unclear how they could be integrated into and
improve outcomes in the context of curative intent
chemoimmunotherapy.®

It has been long postulated that the mechanism under-
lying phenotypic and functional aging is related to pertur-
bations in several biochemical and cellular pathways.'®
One of them is cellular senescence, a state of stable
growth arrest once cells are subjected to significant stress
and have accumulated enough DNA damage.”
Senescence cells create a highly dynamic and persistent
program of senescence-associated secretory phenotype
(SASP), consisting of abundant secretion of proinflamma-
tory proteins into the tissue microenvironment that mod-
ulates cancer immune surveillance and therapeutic
response.'® Identification of important SASP components
may generate novel targets to restore immune therapy
responsiveness and enhance treatment outcomes.'” In this
prospective pilot study, we examine the feasibility and
safety of a novel prephase treatment with rituximab/pred-
nisone for older, vulnerable patients with newly diag-
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nosed DLBCL and its impact on meaningful toxicity out-
comes, CARG-based GA measures, and the SASP-related,
proinflammatory cytokine milieu.

Methods

Trial design and schema

We conducted a pilot study of rituximab/prednisone prephase
treatment for older patients with newly diagnosed DLBCL prior
to curative intent, anthracycline-based chemoimmunotherapy
within our larger prospective observational study (Figure 1).
Patients were eligible if they were aged 70 years or older, or
were 60-70 years old with KPS <80. The protocol was approved
by the Institutional Review Board at the Memorial Sloan
Kettering Cancer Center and conducted according to the
Declaration of Helsinki. All patients received a single dose of rit-
uximab 375 mg/m? given between 3 and 10 days and oral pred-
nisone for at least 5 days during the 14 days prior to the first
cycle. The preferred prednisone dose was 100 mg daily for 7
days with minimal allowable dose of 50 mg daily for 5 days.

Geriatric assessment

CARG-based GA was performed at baseline, following
prephase treatment and before the first cycle, and prior to each
subsequent cycle as previously described.’®* The CARG
chemotherapy risk calculator provided both a risk score (range,
0-19) and a corresponding absolute chemotherapy-toxicity risk
percentage. The clinician portion of the GA included baseline
patient and disease characteristics, clinician-rated KPS, memory
screening test short Blessed Orientation-Memory-Concentration
(BOMC),* Timed Up and Go (TUG), and Mini-Nutrition
Assessment (MNA).?!

Outcome and toxicities assessment

The primary outcome was the composite of toxicity or severe
toxicity events (TE). TE was defined as any of the following: 1)
hospitalization during or within 30 days following chemothera-
py; ii) dose delay or reduction to a dose intensity <80% of the
planned dose intensity; iii) discontinuation of chemotherapy due
to toxicity. Severe TE (STE) was defined as the occurrence of
either i) or iii) above. Secondary toxicity endpoints were: i) grade
3 or higher non-hematologic toxicity; ii) grade 4 or higher hema-
tologic toxicity. Toxicity was graded according to CTCAE
v4.0.3.

Proinflammatory cytokine analysis

Immunoassays of the levels of proinflammatory cytokines
were batch performed in duplicate on singly thawed plasma
samples on a commercial multiplex cytokine panel including IL-
6, IL-1b, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12, TNF-c, and IFN-y
(Miso Discovery Laboratory). These cytokines were chosen
given commercial availabilities on multiplex plates and technical
expertise at our institution.

Statistical analyses

In order to compare pre- and posttreatment GA scales and
cytokine (CK) levels, one-sided pairwise Wilcoxon tests were
used. CK levels were log-transformed before analyses.
Associations between baseline GA, AGA, baseline CK, ACK and
toxicities were assessed with one-sided Wilcoxon rank sum
tests. Associations between baseline GA, AGA, baseline CK,
ACK and stage were assessed with two-sided Wilcoxon rank
sum tests. Associations between toxicities and stage were
assessed with Fishers’ Exact test. Correlations between baseline
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GA measures and CK levels were assessed with the Spearman’s
rank correlation coefficient. Progression-free survival (PES) was
calculated from treatment initiation to disease progression or
death. Overall survival (OS) was calculated from diagnosis to
death. All tests were corrected for multiple testing with the false
discovery rate (q-value) at a significance level of 0.05. Statistical
analyses were conducted in R Version 4.0.0.

Results

Patient characteristics

Baseline characteristics are summarized in Table 1. The
cohort consisted of 33 patients with a median age of 75
years (range, 65-87) and ten patients (30%) were 80 years
old or older. Nearly two thirds of patients were stage III
and IV at diagnosis and more than half had intermediate-
2/high risk-disease based on age-adjusted International
Prognostic Index (AA-IPI). All patients completed
prephase treatment with rituximab and prednisone, with
26 patients full 100 mg dose and 7 patients 50 mg doses.
One patient did not receive chemoimmunotherapy fol-
lowing prephase treatment due to rapid disease progres-
sion. For the 32 patients who initiated chemoim-
munotherapy, 23 of 25 patients (92%) completed all six
planned cycles; six of six completed all four planned
cycles; and there was one early death due to rapid disease
progression.

Baseline GA revealed that 23 patients (70%) had inter-
mediate to high comorbidity burden. There were signifi-
cant functional limitations in ADL (median 65; range, 0—
100), IADL (median 14, range, 0-14), and social activities
(median 50; range 25-75). The median TUG time was
11.31 seconds (range, 5-40), with <10 seconds denoting
no mobility limitation. The median MNA score was 23
(range, 10.5-30), with 15 patients (45 %) considered at risk
for malnutrition or malnourished (score >24). The median
CARG chemotherapy toxicity risk score was 10 (range, 6—
17), corresponding to an absolute, grade 3+ chemothera-
py-related toxicity risk of 54% (range, 32-89), both in the
high-risk category.

Outcomes and toxicities

As shown in Figure 2, with a median follow-up of 4.4
(range, 0.4-5.7) years, both 5-year PES and OS for the
cohort were 81% (95% confidence interval [CI]: 69-96).
PES and OS according to AA-IPI is also shown in Figure 2.
Among stage III/IV patients (n=20), the 5-year PFS and
OS were both 74% (95% CI: 57-97, data not shown). Six
patients died, including four from relapse/progression of
disease and two while in remission. We summarized
toxic events and high-grade CTATE toxicities through all
treatment cycles in Table 2. TE and STE occurred in 22
patients (67 %) and 12 patients (36%), respectively. The
majority of TE was dose reduction/delay, occurring in 19
patients (58%). There were seven hospitalizations follow-
ing cycle 1. Grade 3+ non-hematologic toxicities occurred
in 16 patients (48%). The total number of grade 3+ non-
hematologic toxicity was 26, including ten infections (3
following cycle 1), five cardiac toxicities, three elec-
trolyte/metabolic toxicities, three gastrointestinal/nutri-
tional toxicities, two hemorrhage/thrombosis, one infu-
sion reaction, and one psychiatric illness. Grades 3+ and
4+ hematologic toxicities occurred in 23 patients (70%)
and six patients (18%), respectively. Most toxicities, 17
(65%), was in cycle 1-3. In total, 16 patients (48%) had at
least one grade 3+ non-hematological toxicity or grade 4+
hematologic toxicity. Toxicity events did not differ signif-
icantly by stage of disease at diagnosis (Online
Supplementary Table S1).

Geriatric assessment and senescence-associated
secretory phenotype-associated proinflammatory
cytokines

We examined the senescence-associated, proinflamma-
tory cytokine milieu in our cohort of older patients and its
relationship to clinical geriatric impairments. As shown in
Figure 3 and the Ounline Supplementary Table S2, we found
that levels of several proinflammatory cytokines were
associated with individual geriatric impairment in older
lymphoma patients. Specifically, elevated interleukin (IL)-
2, IL-6, IL-10, and TNF-a levels were significantly associ-
ated with reduced KPS, functional limitation measured by

Senescence-associated, pro-inflammatory cytokine panel

New DLBCL

Plan R-
CHOP like
Age 270 yr
or KPS < 80

Prephase + GA
Arm (n=33)

Age 2 60 yr
Diagnosis NHL
Initiating
Chemotherapy

English
speaking

GA only Arm

Baseline GA

\Y

Pre-phase

Pred 100mg
5-10 d
Rituximab
375 mg/m2

R-CHOP or R-CHOP
like therapy 2+
cycles

Serial GA

U000

All other NHL patients receiving
chemotherapy +/- immunotherapy

Figure 1. Study design. Prephase pilot embedded within a prospective, large cohort study of geriatric assessment in older patients with newly diagnosed non-Hodgkin
lymphoma. DLBCL: diffuse large B-cell lymphoma; GA: geriatric assessment; NHL: non-Hodgkin lymphoma; KPS: Karnofsky performance scale; R-CHOP: rituximab,

cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate, and prednisone.




ADL and IADL, and social activity limitation. They were
also significantly associated with increased TUG time,
CARG chemotherapy toxicity risk, and baseline LDH
level.

We next examined the impact of prephase treatment on
GA measures and CK levels. As shown in Table 3,
prephase therapy led to significant reduction in levels of
IL-10 (q=0.083), IL-4 (q=0.04), IL-6 (q=0.01), and TNF-a
(q=0.01). The magnitude of changes was most pro-
nounced for TNF-a and IL-6 (Online Supplementary Figure
S1). Prephase therapy did not lead to significant changes
in GA measures within the 2-week period (Table 3),

Table 1. Baseline characteristics.

Age, years, median (range) 75 (65-87)
Female sex, n (%) 20 (61)
Stage, n (%)

Il 13 (39)

v 20 (61)
Cell of origin (n=31), Hans, n (%)

GCB 18 (58)

Non-GCB 13 (42)
Histology, n (%)

De novo 29 (88)

Transformed follicular 309

Richter’s transformation 1(3)
Age-adjusted IPI, n (%)

Low/Int-1 14 (42)

Int-2/High 19 (58)
Induction regimen, n (%)

R-CHOP 29 (91)

R-mini-CHOP 13)

R-EPOCH 2(6)

No treatment 1
Comorbidity, n (%)

Low 10 (30)

Intermediate 17 (52)

High 6 (18)
Clinician rated KPS, median (range) 80 (40-100)
Patient rated KPS, median (range) 80 (40-100)
ADL score, median (range) 65 (0-100)
IADL score, median (range) 14 (2-14)
Activity limitation score, median (range) 50 (25-75)
Number of falls last 6 months, median (range) 0(0-9)
TUG in seconds, median (range) 11.31 (5-40)
Cognition score (BOMC), median (range) 2 (0-10)
Mini-nutritional assessment, median (range) 23 (10.5-30)
CARG score, median (range) 10 (6-17)
CARG % risk, median (range) 54 (32-89)

GCB: germinal center B-cell type; IPl: international prognostic index; R-CHOP:
Rituximab, Cyclophosphamide, Doxorubicin hydrochloride, Vincristine sulfate,
Prednisone; R-EPOCH: Rituximab, Etoposide phosphate, Prednisone, Vincristine sul-
fate, Cyclophosphamide, Doxorubicin hydrochloride; KPS: Karnofsky performance
scale; ADL: activities of daily living; IADL: instrumental activities of daily living; TUG:
timed-get-up and go; BOMC: Blessed Orientation Memory Concentration; CARG: can-
cer and aging research group.
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although there was a trend of improvement in clinician
rated KPS and CARG chemotherapy toxicity risk score
prior to correction for multiple testing. Neither baseline or
changes in GA measures or CK levels differed by early ver-
sus later stage of disease (Online Supplementary Tables S3
and S4).

Association of geriatric assessment and cytokines with
outcomes

Finally, we examined the association of both baseline
and changes in GA measures and CK levels following
prephase therapy with outcomes. As shown in Table 4,
we did not find a significant association of any baseline or
changes in GA measures with the development of TE,
although there was a trend toward significance for base-
line CARG risk score (P=0.040) and the absolute toxicity
risk percentage (P=0.019) prior to correction for multiple
testing. Similarly, there was no significant association
between baseline or changes in cytokine levels with the
development of TE, although there was a trend toward
significance for baseline IL-10 (P=0.012) and IL-13
(P=0.006) prior to correction for multiple testing (Online
Supplementary Table S5). Due to the small number of
PFS/OS events (n=6), we did not assess the association of
GA measures and CK levels with these outcomes.

Discussion

Improving outcomes for older, vulnerable patients with
aggressive lymphoma has remained a challenge over the
last few decades. In this study, we examined a novel ritux-
imab/prednisone prephase therapy for older, vulnerable
DLBCL patients prior to curative, anthracycline-based
chemoimmunotherapy. This prephase therapy was feasi-
ble with acceptable toxicity profiles. Most patients in this
vulnerable cohort completed the planned 4-6 cycles of
treatment, although dose reduction/delays were common.
Although conclusions are limited by the pilot nature of the
study with small sample size, the favorable 5-year survival
of over 80% was comparable to selected historical

Table 2. Toxicity events and high-grade toxicities.

Toxicity events (unplanned hospitalization, 22 (67)

chemotherapy discontinuation, and/or dose

reduction/delay)

Severe toxicity events 12 (36)

(unplanned hospitalization and/or

chemotherapy discontinuation)

Early induction death (prior to cycle 3) 1(3)

Category of toxicities
Grade 3+ hematologic toxicities 23 (70)
Grade 4+ hematologic toxicities 6 (18)
Grade 3+ non-hematologic toxicities 16 (48)
Grade 3+ non-hematologic toxicities plus 16 (48)

Grade 4+ hematologic toxicities

Total numbers of grade 3+ non-hematologic toxicities: infection (10); cardiac (5);
electrolyte/metabolic (3); gastrointestinal/nutrition (3); bleeding/thrombosis (2);
infusion reaction (1); psychiatric (1).

Prephase therapy in older patients with DLBCL -
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* cohorts.”? It should also be noted that based on the CARG  readily reversed by prephase treatment, was significantly
risk score, our cohort was much frailer than the original associated with GA-defined, prognostically important
CARG patient populations with more than half in the geriatric impairments in function, mobility, and
high-risk group.”* Moreover, we found that a senes- chemotherapy toxicity risk. While our sample size and
cence-associated, proinflammatory CK milieu, which was  event rate are too small to definitively associate GA meas-
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ures and CK levels with survival, some of these measures
may warrant additional investigation in larger cohorts of

patients.

Since the NHL-02 trial, prephase therapy with vin-
cristine and prednisone has since been adopted in several
trials.”? It has been speculated that prephase therapy

Table 3. Impact of prephase therapy on geriatric assessment measures and proinflammatory cytokines.

improves performance status thus reducing early cycle
toxic death and allowing full-intensity chemoim-
munotherapy as illustrated in the LYSA phase II trial.” A
recent prospective study also supported this notion by
demonstrating an improved KPS and reduced incidence of
febrile neutropenia with prephase therapy.”” However, the

Prephase therapy in older patients with DLBCL -

LDH (log level) 30 0.01 (-0.24,0.18) 0317 0.571
Clinician rated KPS 32 0 (0,10) 0.039 0.198
Patient rated KPS 32 0(0,10) 0.420 0.621
ADL 31 0 (-10,7.5) 0.483 0.621
IADL 31 0 (-0.5,0) 0.637 0.717
Activity limitation 31 0 (-12.5,3.1) 0.978 0.978
TUG 29 -1(-2,1.01) 0.105 0.304
CARG score 32 0(-2,0) 0.044 0.198
% risk 32 0(-4,0) 0.135 0.304
Cytokines (log level) N Changes (median, IQR)
[FN-y 30 -0.06 (-1.61, 0.85) 0.208 0.416
IL-10 30 0.5 (-1.59,0.2) 0.010 0.033
1L-12 30 -0.09 (-0.38, 0.27) 0.306 0.439
IL-13 30 0 (-1.19, 1.95) 0.514 0.643
IL1-B 30 0(0,1.19) 0.953 0.953
IL-2 29 0.19 (-0.39, 1.68) 0.890 0.953
1L-4 30 -0.25 (-0.84, 0.16) 0.016 0.04
IL-6 30 -0.61 (-1.49, 0.05) 0.002 0.01
IL-8 28 -0.33 (-0.91, 0.76) 0.307 0.439
TNF-a. 30 -0.65 (-1.49,-0.03) 0.001 0.01

IQR: interquartile range; LDH: lactate dehydrogenase; KPS: Karnofsky performance scale; ADL: activities of daily living; IADL: instrumental activities of daily living; TUG: timed-get-

up and go; CARG: cancer and aging research group; IFN: interferon; IL: interleukin; TNF: tumor necrosis factor.

Table 4. Association of baseline and changes in geriatric assessment measures with toxicity events.

Baseline LOG LDH 33 5.60 (5.51, 5.96) 540 (5.31,5.89) 0.14 05
Baseline cKPS 33 75 (70, 90) 90 (70, 90) 02 05
Baseline pKPS 33 80 (62, 98) 90 (30, 90) 03 05
Baseline ADL 33 48 (26, 84) 80 (32, 92) 013 05
Baseline IADL 33 13.00 (9.50, 14.00) 14.00 (9.00, 14.00) 02 05
Baseline ACTIVITY LIMIT 33 47 (44, 56) 56 (38, 62) 02 05
Baseline TUG 31 11 (10, 20) 119, 13) 0.2 05
Baseline CARG score 33 10,50 (9.00, 13.00) 9.00 (7.00,10.50) 0.040 04
Baseline % risk 33 66 (54, 89) 54 (52, 54) 0.019 03
AinLOG LDH 30 0.01 (-0.17, 0.17) 1020 (-026, 0.17) 0.2 05
Ain ckPS 32 0(0, 10) 0(0,15) 03 05
Ain pKPS 32 0(0,10) 0(0,5) 0.6 0.7
Ain ADL 31 5(5,10) 0 (-10,0) 08 09
Ain IADL 31 0.00 (-1.00, 0.00) 0.00 (0.00, 0.00) 03 05
A in ACTIVITY LIMIT 31 0(-14,6) 0 (-12,0) 05 0.7
AinTUG 29 11 (42, 1.1) 03 (-14,08) 0.7 08
Ain CARG score 32 0.00 (-3.00, 0.00) 0.00 (-1.00, 0.50) 08 09
Ain%risk 32 0(-12,0) 0(0,0) >09 09

IQR:interquartile range; LDH: lactate dehydrogenase; cKPS: clinician-rated karnofsky performance scale; pKPS: patient-rated Karnofsky performance scale; ADL: activities of daily

living; IADL: instrumental activities of daily living; TUG: timed-get-up and go; CARG: cancer and aging group.
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Figure 3. Heatmap of significant correlations of baseline geriatric assessment measures with baseline proinflammatory cytokine levels (q<0.05) with blue color
demonstrating significant positive association and red color demonstrating significant negative association. LDH: lactate dehydrogenase; KPS: Karnofsky perform-
ance scale; ADL: activities of daily living; IADL: instrumental activities of daily living; TUG: timed-get-up and go; CARG: cancer and aging group; IFN: interferon; IL: inter-

leukin; TNF: tumor necrosis factor.

underlying mechanism has never been examined and vin-
cristine has significant neurotoxicity especially for older
adult thus making it a poor partner of prednisone.'
Rituximab is likely more effective as a cytoreductive and
debulking agent than vincristine at a dose of 1 mg; concur-
rently, however, we acknowledge concern for rituximab
toxicities which include infusion related reactions that at
times can be severe. We showed that this regimen led to
an acceptable rate of 48% grade 3+ non-hematologic plus
grade 4+ hematologic toxicities in this vulnerable cohort
of older patients who were at high risk for chemotherapy-
related toxicities. Importantly, most patients in our cohort
were able to complete planned cycles of curative, anthra-
cycline-based chemoimmunotherapy and there was one
early cycle death. Therefore, it is not surprising that our
cohort of patients had outstanding PFS and OS. However,
while we had hoped to see a decrease in mortality/toxici-
ty from the prephase treatment, we could not directly
compare survival and toxicity results from this pilot study
with small sample size to previous large trials and registry
studies.”***** In addition, with this design we cannot
ascertain if rituximab’s addition to prednisone added ben-
efit, although the additional dose of rituximab did not
appear to add toxicity.

Among hematologic malignancies including lymphoma,
GA domains including function, mobility, cognition, and
comorbidity have been consistently shown to be associat-
ed with survival and/or treatment-related toxicities.**?
Our study is the first to examine specifically the CARG
chemotherapy risk score in lymphoma patients and its

longitudinal changes. The CARG score is easy to derive
and well validated in solid tumors, however, its dynamic
changes in response to therapy is unknown.'*** In our
study, we were unable to demonstrate a significant change
in GA measures pre- and post-prephase therapy. It is pos-
sible that the short time interval, less than 2 weeks on
average, is not adequate to detect a significant change in
GA domains such as functional status. Indeed, a recent
study in acute myeloid leukemia patients measured GA
changes 8-12 weeks following the initial assessment.?®
Alternatively, our sample size may be too small or that
prephase treatment alone is inadequate to impact GA
changes. Interestingly, there was a suggestion of an asso-
ciation between the baseline CARG risk score and the
absolute chemotherapy toxicity risk with TE, which will
be explored further. Nevertheless, given accumulating evi-
dence of how geriatric frailty affects older lymphoma
patients,”** our longitudinal GA data may allow in-depth
examination of the prognostic impact of both baseline and
changes in individual geriatric deficits, and may also be
used prospectively to guide treatment-decision making in
older, vulnerable lymphoma patients as shown in previous
studies.®*

Perhaps the most interesting aspect of our findings is
the SASP-associated, proinflammatory cytokine milieu
and its relationship to GA and prephase therapy. A few
key cytokines in this age-related SASP such as IL-6, TNF-
a 7
IL-10, and IL-2 were strongly associated with geriatric
impairments including functional limitations in



ADL/IADL, mobility impairment measured by TUG, and
CARG chemotherapy toxicity risk score. This finding sug-
gests a novel, chronic inflammation-based, biologic
underpinning of geriatric frailty in older lymphoma
patients and several potential mechanism-based interven-
tion strategies. Most importantly, this proinflammatory
cytokine milieu was readily reversed with prephase ther-
apy which may account for its effectiveness. Some of
these cytokines were also associated with baseline lactate
dehydrogenase, suggesting that tumor burden may also
contribute to geriatric frailty and the SASP, consistent
with a previous study showing that tumor debulking
could improve lymphoma patients’” KPS.* We could not,
however, ascertain the contribution of disease-related fac-
tors in our study. Nevertheless, there are several addition-
al implications. First, if validated, these specific cytokines
such as TNF-a, IL-6, and IL-10 could potentially serve as
frailty biomarkers for older lymphoma patients. This
notion is supported by previous findings where IL-6 and
TNF-a were found to be associated with KPS, cytopenia,
OS, and PFS.**¥ These markers are biologically and mech-
anistically more specific than c-reactive protein or albu-
min.** It is also possible that elevated proinflammatory
cytokines are caused by a combination of disease, comor-
bidities, KPS, and/or other host factors, in addition to cel-
lular senescence. These possibilities will need to be exam-
ined in a large study. Second, the use of senolytics to
deplete senescence cells is a potential strategy that could
potentially reverse the SASP-associated frailty phenotype
in the short term. Commercially available senolytics such
as desatinib/quercetin have been studied in an early phase
human trial.***! Finally, specific inhibitors of these frailty
CK are available commercially. One of them, siltuximab,
has been tested in a phase I trial for patients with hemato-
logic malignancies including NHL. The drug was well tol-
erated with no dose-limiting toxicity and sustained sup-
pression of CRP was observed.” Although we examined
most key inflammatory cytokines, not all SASP-associated
proteins were analyzed in this study and thus our results
may not be generalizable to other components of SASP.
In conclusion, we show that rituximab/prednisone is a
feasible and safe prephase regimen, which may have
enhanced the delivery of chemoimmunotherapy for
older, vulnerable patients with newly diagnosed DLBCL.
Our findings of acceptable short-term toxicities and
excellent long-term survival are hypothesis generating
and mechanistically appealing since this strategy appears
to target the aging-related SASP and the proinflammato-
ry CK milieu. While requiring validation from a prospec-
tive randomized study which should also examine indi-
vidual components of the prephase regimen, we propose
that prephase therapy with rituximab/prednisone is con-
sidered for older, vulnerable NHL patients starting cura-
tive-intent chemoimmunotherapy. We also strongly
advocate for incorporating GA into the care of older lym-
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