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Abstract

For elderly frail patients with diffuse large B-cell lymphoma (DLBCL), an attenu-
ated chemo-immunotherapy strategy of rituximab, cyclophosphamide, doxorubi-
cin, vincristine and prednisolone (R-miniCHOP) was introduced as a treatment
option as from 2014 onward in the Netherlands. Although R-miniCHOP is more
tolerable, reduction of chemotherapy could negatively affect survival compared
to R-CHOP. The aim of this analysis was to assess survival of patients treated
with R-miniCHOP compared to R-CHOP. DLBCL patients 265 years, newly diag-
nosed in 2014-2020, who received 21 cycle of R-miniCHOP or R-CHOP were
identified in the Netherlands Cancer Registry, with survival follow-up through
2022. Patients were propensity-score-matched for baseline characteristics. Main
endpoints were progression-free survival (PFS), overall survival (OS), and relative
survival (RS). The use of R-miniCHOP in DLBCL increased from 2% in 2014 to
15% in 2020. In total, 384 patients treated with R-miniCHOP and 384 patients
treated with R-CHOP were included for comparison (median age; 81 years, stage
3-4; 68%). The median number of R-(mini)CHOP cycles was 6 (range, 1-8). The
2-year PFS, OS and RS were inferior for patients treated with R-miniCHOP com-
pared to R-CHOP (PFS 51% vs. 68%, p < .01; OS 60% vs. 75%, p < .01; RS 69%
vs. 86%, p < .01). In multivariable analysis, patients treated with R-miniCHOP had
higher risk of all-cause mortality compared to patients treated with R-CHOP
(HR 1.73; 95%Cl, 1.39-2.17). R-miniCHOP is effective for most elderly patients.
Although survival is inferior compared to R-CHOP, the use of R-miniCHOP as ini-
tial treatment is increasing. Therefore, fitness needs to be carefully weighed in

treatment selection.
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1 | INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common type
of mature B-cell lymphoproliferative disease.! Standard treatment
for patients with DLBCL consist of rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisolone (R-CHOP). The median
age at diagnosis of patients with DLBCL receiving treatment is
68 years.? With aging, multiple physiological and homeostatic sys-
tems decline and comorbidity rises. As such, a significant portion
of patients with DLBCL may be unable to tolerate the full dosage
of R-CHOP.

For frail patients with DLBCL, overall indicated as patients of
80 years and older at baseline, an attenuated chemo-immunotherapy
strategy of R-miniCHOP was introduced gradually as an alternative
regimen in case of expected toxicity in the Netherlands from 2014
onwards. This regimen includes a near 50% reduction in the cumula-
tive anthracycline and cyclophosphamide dosage, with additional dos-
age adjustments in vincristine and prednisolone.® Both the ESMO
clinical practice guideline and NCCN guideline currently recommend
R-miniCHOP in patients aged over 80 years.*>

The 2-year overall survival (OS) of DLBCL patients >80 years
treated with R-miniCHOP ranges from 59%-68%.2%7 While
R-miniCHOP is more tolerable, a direct comparison with R-CHOP is
lacking. The clinical issue remains whether better tolerability of
R-miniCHOP outweighs the possible higher incidence of treatment
failures when compared to R-CHOP. Since a randomized clinical trial
(RCT) addressing this question is unlikely to be performed, the study
design closest to an RCT is a propensity-score-matched analysis using
population-based data.

Therefore, the aim of this population-based study was to deter-
mine the efficacy of R-miniCHOP compared to R-CHOP on
progression-free survival (PFS), OS, and relative survival (RS) in a pro-
pensity matched well annotated cohort of elderly patients (265 years)
with DLBCL.

2 | MATERIALS AND METHODS

21 | Registry and study population

The nationwide, population-based Netherlands Cancer Registry (NCR)
is maintained and hosted by the Netherlands Comprehensive Cancer
Organization (IKNL) and covers >95% of all newly diagnosed malig-
nancies since 1989 in the Netherlands.? Information on age, sex, date
of diagnosis, topography, morphology, and first-line treatment are reg-
istered in the NCR. Since 2014, additional information on diagnostic
and first-line treatment characteristics is registered, such as perfor-
mance status, serum lactate dehydrogenase (LDH), number of nodal
and extranodal localizations, bone marrow involvement, chemo-
immunotherapy or other therapeutic regimen, and response to treat-
ment. From 2017 onwards, imaging is registered in compliance with
the Dutch guidelines. All information is retrospectively extracted from

the medical records by trained registrars.
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All patients with DLBCL, diagnosed between January 1, 2014 and
December 31, 2020, were identified in the NCR, using the Interna-
tional Classification of Diseases for Oncology (ICD-O) of the World
Health Organization (WHO) morphology codes 9680 and 9684.
Patients 265 years who received at least 1 cycle of R-miniCHOP or
R-CHOP were included. Patients with dose escalations from
R-miniCHOP and dose reductions from R-CHOP were excluded
(Figure S1). Survival follow-up was available through 1st February
2022. After this date, all patients alive were censored in the survival
analysis.

According to the Central Committee on Research involving
Human Subjects (CCMO), this type of observational study does not
require approval from an ethics committee in the Netherlands. The
Privacy Review Board of the NCR approved the use of anonymous
data for this study.

2.2 | Endpoints

The endpoints were overall response rate (ORR; best response is com-
plete or partial remission), PFS, OS, and relative survival (RS). Best
response was determined by physician assessment using the Lugano
classification as of 2014 onward. PFS was defined as the time
between diagnosis and relapse, refractory disease or death from any
cause, which ever occurred first. OS was defined as the time between
diagnosis and death from any cause. RS was defined as the ratio of
the OS of the patient cohort to the expected OS of an equivalent
group from the general population, matched by age and sex. As such,
RS reflects the overall excess mortality associated with a DLBCL diag-
nosis, thereby estimating disease specific survival in the absence of
information on the cause of death (COD). Therefore, RS is also useful
to indirectly account for comorbidities, as RS represents the propor-
tion of patients with DLBCL alive post-diagnosis at all times, which
implies that these patients did not die from causes other than DLBCL

at a specific time point.

2.3 | Propensity-score matching

To account for baseline differences between R-miniCHOP and
R-CHOP 1:1 propensity-score matching was performed.” Caliper
matching without replacement was applied for patients with
R-miniCHOP and R-CHOP. With matching without replacement,
any patient treated with R-CHOP was used once to match with a
patient treated with R-miniCHOP. The variables age (as a con-
tinues variable), sex, Ann Arbor stage (stages |, II, lll, and V), Inter-
national Prognostic Index (IPl) score (categories 0-1, 2-3, and 4-5)
at baseline and type of treatment regimen (categories 6 cycles of
chemoimmunotherapy, and 3 cycles of chemoimmunotherapy with
subsequent radiotherapy) were matched by propensity scores
within a caliper of 0.40 standard deviations of the propensity
score. Radiotherapy was used as a proxy to distinguish between

the two treatment regimens, for example, 3cycles of
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chemoimmunotherapy along with radiotherapy, and 6 cycles of
chemoimmunotherapy, and therefore to equally distribute
patients. Patients were excluded from matching if no matches

were available with the same propensity score.

2.4 | Statistical analysis

Descriptive statistics were used to present patients and treatment
characteristics. The Pearson chi-square test was used to compare cat-
egorical covariables, and the Kruskal-Wallis test was used to compare
non-normally distributed continuous covariables between the two
treatment groups.

ORR was calculated as the percentage of patients with complete
or partial remission, in respect to the total cohort. PFS, OS, and RS
were estimated according to the Kaplan-Meier method. Regarding
PFS, patients diagnosed between 2014 and 2018 were actively fol-
lowed up for occurrence of relapse, while patients diagnosed in
2019 or 2020 were not. As a consequence, only early relapses
(within 1 year post-diagnosis) were known for patients diagnosed
in 2019 or 2020. Therefore, patients diagnosed in 2019 or 2020
who were alive without relapse were censored at 1 year of follow-
up. The log-rank test was used to evaluate differences in survival
distributions. RS and 95% confidence intervals (Cls) were calcu-
lated as the OS divided by the expected survival (ES) of an equiva-
lent population, using the Ederer Il methodology from Dutch
population life tables.®

The impact of age as a categorical variable (65-79 years, and
80 years or older), sex, serum LDH, WHO performance score, number
of extranodal sites, Ann Arbor stage, and prior malignant disease as
categorical variables, was evaluated, using uni- and multivariable Cox
proportional hazard regression analysis. The results from the
Cox regression analyses produce hazard ratios (HRs) with associated
95% Cls. All covariables with a significant difference in the univariable
regression model were introduced in the multivariable regression
model. Then, covariables were sequentially removed with the highest
p-value above .05. The final model was accomplished when the
p-value for excluding an additional covariable was above .05. Statisti-
cal analyses were performed using STATA/SE 17.0 (StataCorp LP,
College Station, Texas, USA).

3 | RESULTS

In total, between 2014 and 2020 4234 DLBCL patients 265 years
were treated with at least 1 cycle of R-CHOP; from these patients,
386 (9%) received R-miniCHOP. The use of R-miniCHOP increased
from 2% in 2014 to 15% of all DLBCL patients 265 years in 2020
(Figure S2). The increased use of R-miniCHOP was primarily observed
in patients >80 years, with a decline in the use of R-CHOP and other
therapies. The majority of patients receiving R-miniCHOP were

>75 years.

3.1 | Patient characteristics

Following matching, 2 patients who received R-miniCHOP were
excluded due to no overlap of the propensity scores with patients
who received R-CHOP. In total, 768 patients treated with
R-miniCHOP and R-CHOP (384 patients in each arm) were included
(Figure S1). The median age was 81 years (range, 65-94 years) with
67% of patients having an advanced stage disease. High-risk disease
(IPI score 23) was present in 31% of patients. No significant differ-

ences in baseline characteristics were observed (Table 1).

3.2 | First-line therapy

The median number of cycles received was 6 (range, 1-8) for
patients who received R-miniCHOP or R-CHOP regimens
(Table 1). The application of abbreviated chemotherapy followed
by radiotherapy was similar for patients treated with
R-miniCHOP and R-CHOP 6% and 9%, respectively; p = .17).
Radiotherapy was administered in 2 patients with bulky disease.
In 35% of patients, the indication for radiotherapy was unknown.
Among patients treated with R-miniCHOP, 9% received central
nervous system (CNS) prophylaxis, compared to 14% treated with
R-CHOP (p = .06).

3.3 | Outcome

The median follow-up was 35 months (inter quartile range [IQR],
12-57 months). Response assessment was determined with positron
emission tomography/computed tomography (CT) scan in 79% of
patients treated with R-miniCHOP compared to 88% treated with
R-CHOP (p = .02), with the remainder of patients being evaluated by
CT-scan alone. A significant difference in ORR was observed between
patients treated with R-miniCHOP and R-CHOP (72% vs. 83%,
respectively; p < .01; Figure 1). The CR rates in the R-miniCHOP and
R-CHOP groups were 60% and 73%, respectively (p < .01). Primary
refractory disease at end of treatment was observed in 5% and 3%,
respectively (p = .26).

In total, relapse or progression was observed in 61 (16%) patients
who received R-miniCHOP compared to 43 (11%) patients who
received R-CHOP (p = .06). CNS relapse occurred in 11 (1%) patients,
of whom 3 patients were treated with R-miniCHOP and 8 patients with
R-CHOP (p = .13). Of the patients who relapsed after R-miniCHOP,
35% did not receive second-line treatment, compared to 36% who
received R-CHOP as primary treatment. Among patients who received
second-line treatment, the most common strategies were rituximab,
prednisolone, etoposide, chlorambucil, and lomustine (R-PECC; 35%
and 25%, respectively), and radiotherapy (14% and 22%, respectively).

The 2-year PFS estimate for patients treated with R-miniCHOP
was inferior compared to patients treated with R-CHOP (51% vs. 68%,
p < .01; Figure 2). The 2-year OS for patients treated with R-miniCHOP
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TABLE 1 Characteristics of patients

with a diffuse large B-cell ymphoma R-miniCHOP % R-CHOP % p-value
receiving R-miniCHOP or R-CHOP. N 384 384

Male sex 190 (49) 192 (50) .89

Age years—median (range) 81 (65-94) 81 (65-94) 95

>80 years 76
No 124 (32) 128 (33)

Yes 260 (68) 256 (67)

Ann Arbor stage .57
1=l 122 (32) 127 (33)

- 259 (67) 256 (67)

Unknown 3 1) 1 ()

Lactate dehydrogenase 24
Normal 151 (39) 147 (38)
Elevated 223 (58) 233 (61)
Unknown 10 (3) 4 (2

WHO Performance score 15
WHO 0-2 209 (54) 220 (57)

WHO 3-4 31 (8) 18 (5)

Unknown 144 (38) 146 (38)
Number of extranodal sites .32

0-1 273 (712) 264 (69)

>1 103 (27) 116 (30)

Unknown 8 2 4 ()
IPl-score .86

Low (0-1) 46 (12) 44 (11)

Intermediate (2-3) 112 (29) 123 (32)

High (4-5) 107 (28) 101 (26)

Unknown 119 (31) 116 (30)

Prior malignant disease 26
No 290 (76) 303 (79)

Yes 94 (24) 81 (21)
Number of cycles - median (range) 6 (1-8) 6 (1-8) .09
Radiotherapy 91

No 337 (88) 338 (88)

Yes 47 (12) 46 (12)

3 cycles of R-CHOP with radiotherapy 17
No 360 (94) 350 (91)

Yes 24 (6) 34 9
CNS prophylaxis .06

Intrathecal methotrexate 36 (9) 50 (13)

High dose methotrexate 0 (0) 3 (1)

No prophylaxis 348 (91) 331 (86)

Abbreviations: CNS, central nervous system; IPI, International Prognostic Index; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone; WHO, World Health Organization.

was significantly inferior compared to patients treated with R-CHOP 95%Cl, 1.36-2.10) and mortality (HR 1.74; 95%Cl, 1.39-2.17) com-
(60% vs. 75%, p < .01; Figure 3). Moreover, the 2-year RS was inferior pared to patients treated with R-CHOP. Moreover, older age
for patients treated with R-miniCHOP compared to patients treated (280 years) negatively affected risk of relapse and mortality, as well as
with R-CHOP (69% vs. 86%, p < .01; Figure 4) In multivariable analysis, elevated serum LDH, WHO performance score 23, and >1 extranodal
patients treated with R-miniCHOP had higher risk of relapse (HR 1.69; sites (Figure 5 and Table S1).

85UB017 SUOWILLIOD A1) 8]t [dde 8y Ag peusenob 88 S9(ole O ‘8sn Jo sejni o} Akeid8uljUO /8|1 UO (SUONIPUD-PUE-SWLB) W00 A8 |1 Afe.d jpuluoy/:SAny) SUORIPUOD pue swie | 8y 8es *[1Z0zZ/y0/8T] Uo Ariqiauliuo A8|im ‘Wspe JO AiseAlun Ad TST/Z'Ufe/Z00T 0T/10p/wW0d A8 M Ake.d 1 pul|uoy/:sdny woiy papeojumod ‘Z ‘vZ0Z ‘2598960T



AL-SARAYFI ET AL.

2 | wiLEY-[JNEE)

100%

23

80%

12

40%

60

20%

0%

14

8 Unknown

= PD

m SD

o PR

73
a CR

R-miniCHOP

FIGURE 1

R-CHOP

Best observed response in patients with diffuse large B-cell ymphoma treated with R-miniCHOP or R-CHOP. Stacked bar graph

depicting best response showing a significant difference in overall response in patients treated with R-miniCHOP compared to patients treated
with R-CHOP (p < .01). [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Progression-free survival (PFS) of patients with diffuse
large B-cell lymphoma treated with R-miniCHOP and R-CHOP.
Kaplan-Meier curves showing significant inferior 2-year PFS in
patients treated with R-miniCHOP (p < .01). [Color figure can be
viewed at wileyonlinelibrary.com]

4 | DISCUSSION

While R-CHOP remains the treatment of choice in fit patients with a
newly diagnosed DLBCL, multiple alternative treatment regimens
have been employed in unfit and frail patients. For frail elderly
patients, options include rituximab, cyclophosphamide, vincristine and
prednisone (R-COP), R-miniCHOP, rituximab, gemcitabine and oxali-
platin (R-GemOx), and rituximab-bendamustine.**"*% In the current
study, an increased use of R-miniCHOP was observed from 2014
onward following the landmark study by Peyrade et al.2 Similar to the
latter study, patients treated with R-miniCHOP in the general popula-
tion had a median age >80 years and would be considered frail.2*

The 2-year OS of elderly DLBCL patients treated with R-CHOP

of 75% in this study was only slightly lower compared to 78% in a

100% T
75%
©
2
e
o |
2 50%-
o
(3]
>
o
25% P<0.01
— R-CHOP
—— R-miniCHOP
0% T T T 1
0 6 12 18 24
Months after diagnosis
No. at risk
R-CHOP 384 341 312 300 287
R-miniCHOP 384 313 269 247 229
FIGURE 3 Overall survival (OS) of patients with diffuse large

B-cell lymphoma treated with R-miniCHOP and R-CHOP. Kaplan-
Meier curves showing a significant inferior 2-year OS in patients
treated with R-miniCHOP (p < .01). [Color figure can be viewed at
wileyonlinelibrary.com]

population-based DLBCL cohort.? In this study, the 2-year PFS esti-
mate of 51% for patients treated with R-miniCHOP is in the range of
reported outcomes of frail patients >80 years treated in clinical trials
ranging from 47% to 57%.2%'° The OS of patients treated with
R-miniCHOP is in line with the reported outcome of the clinical trials
with 2-year OS ranging from 59 to 68%.5%7 The difference in OS
between patients treated with R-miniCHOP and patients treated with
R-CHOP was 15% in the current study. The same pattern was
observed for RS and therefore, an inferior survival estimate cannot be
attributed to comorbidities alone. The negative effect on OS for
R-miniCHOP seems to contradict the observations from the UK
population-based study who reported similar outcome for patients
treated with R-CHOP and R-miniCHOP.® However, in the latter
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FIGURE 4 Relative survival (RS) of patients with diffuse large
B-cell lymphoma treated with R-miniCHOP and R-CHOP. Kaplan-
Meier curves showing a significant difference in 2-year RS in patients
treated with R-miniCHOP (p < .01). [Color figure can be viewed at
wileyonlinelibrary.com]

study, no matching was performed on the patient- and treatment
characteristics, for example, IPl-score and treatment regimen, thus
hindering a comparison of the treatments, as patient groups were not
balanced.

While R-miniCHOP is an effective treatment for the majority of
unfit elderly patients at a substantially lower doses of doxorubicin and
cyclophosphamide, there is a significant proportion of patients failing
therapy. Several strategies could improve outcome. To select patients
most suitable for R-miniCHOP, comprehensive geriatric assessment
(CGA) tools might help to discriminate fit from unfit and frail patients.
Recently, data were published by the Fondazione Italiana Linfomi (FIL)
on the prognostic value of the elderly prognostic index (EPI), which
combines results of the simplified CGA (sCGA), age (<and =80 years),
ADL, IADL scores and anemia.** While the EPI is prognostic, no pro-
spective trials have used it for patient selection or treatment
allocation.

A second strategy to improve outcome could be pharmacokinetic
(PK) monitoring and subsequent optimal dosing of CHOP chemother-
apy. Currently dosing of R-CHOP is based on the body surface area
(BSA). While in children significant differences have been
observed for cyclophosphamide exposure during treatment,” lit-
tle is known about the intra- and individual exposure to doxorubi-
cin and cyclophosphamide in elderly patients. Altered body
composition, renal insufficiency, decrease in liver function, and
polypharmacy could all contribute to increased exposure to che-
motherapy.’® Observational PK monitoring studies have been
performed in elderly patients treated with doxorubicin and cyclo-
phosphamide, showing a decreased clearance compared to youn-
ger patients, but no interventional trials have been performed
based on PK monitoring.1? 21

Finally, incorporation of novel drugs to R-miniCHOP might
improve outcome, but should be evaluated for additional toxicity. In

patients treated with R-CHOP, the addition of polatuzumab vedotin

e WiLey- L2

- Progression-free survival
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FIGURE 5 Results of the multivariable Cox regression analysis on
progression-free survival and overall survival for patients with diffuse
large B-cell lymphoma treated with R-miniCHOP versus R-CHOP.
[Color figure can be viewed at wileyonlinelibrary.com]

improved PFS, but not 0S.22 Data of the randomized trial
(NCT04332822) comparing R-miniCHOP alone versus R-miniCHP
with polatuzumab in elderly and frail patients have not been pub-
lished. While addition of ibrutinib to patients treated with R-CHOP
did not improve outcome,?® at the expense of additional toxicity, the
phase 2 study combining R-miniCHOP with ibrutinib did improve sur-
vival compared to historical data.” Data with bispecific monoclonal
antibodies are anticipated. In patients treated with R-CHOP and
epcoritamab, the safety profile is manageable.?* Mosunetuzumab has
shown promising results with tolerable toxicity in unfit DLBCL
patients as monotherapy.?®

The main strength of this study was the use of a nationwide
population-based cancer registry. This enabled us to identify all
DLBCL patients who received R-miniCHOP in the Dutch population.
Given the retrospective nature of our study, the reason for receiving
R-miniCHOP is unknown. To reduce indication bias, propensity-score
matching was performed. Limitations of our study mainly pertain to
the lack of detailed information on comorbidities and COD, and per-
formance score in 38% of the patients. Due to lacking information on
COD and comorbidities in the NCR, RS, which is considered the gold-
standard for performing a cause-specific survival analysis, was used to
estimate DSS. Despite these limitations, this population-based cohort
gives insight into the outcome of patient groups usually not eligible
for clinical trials.

In conclusion, R-miniCHOP is an effective treatment for the
majority of elderly patients. Although survival is inferior compared to
R-CHOP, the usage of R-miniCHOP as initial treatment is increasing.
Therefore, fitness needs to be carefully weighed in treatment

selection.
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