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Introduction: Cancer-induced cachexia is associated with poor prognosis in patients with
non-Hodgkin lymphoma, but it is unknown how and to what extent curable lymphoma
treatments affect the musculoskeletal system.

Patients and Methods: We retrospectively analyzed 104 newly diagnosed diffuse large B-cell
lymphoma (DLBCL) patients with unfavorable disease features treated with the R-DA-EPOCH
regimen. Psoas muscle area (PMA) measured at L3 vertebra level was compared between staging
(pre-therapy) and revision (end of treatment) computerized tomography (CT) scans.

Results: Small but significant decline in PMA was observed during the immunochemother-
apy period (average loss 5%; P=0.016) with 57.7% of patients experiencing muscle loss.
Higher body surface area (OR=17.98 for each m?; P=0.034), number of cycles with dose
reduction (OR=2.86 for each cycle; P=0.039) and worse response to therapy (OR=3.09 for
each response category; P=0.052) were recognized as independent contributors to the PMA
loss in multivariate analysis. One quarter of patients had more pronounced PMA loss
(>21%), which was associated with significantly worse overall and progression-free survival.
Both >21% PMA loss and non-achieving response to therapy remained independently
associated with inferior OS (PMA loss HR=2.98; P=0.016 and achieving response
HR=0.04; P<0.001) and PFS (PMA loss HR=3.16; P=0.005 and achieving response
HR=0.08; P=0.001) in multivariate analyses.

Discussion: Muscle loss occurs in approximately half of newly diagnosed DLBCL patients
with unfavorable disease features during R-DA-EPOCH immunochemotherapy. If pronounced,
this is associated with worse clinical outcomes irrespectively of achieved response to therapy.
Muscle loss seems to be mostly affected by the efficacy and tolerability of the regimen.
Keywords: diffuse large B-cell lymphoma, sarcopenia, psoas muscle, R-DA-EPOCH,

survival

Plain Language Summary

Patients with aggressive lymphoid malignancies receive intensive immunochemotherapeutic
therapies that result with a cure in a majority of patients. Our paper is the first to provide an
overview of the extent and clinical associations of muscle loss during therapy with one of the
standard immunochemotherapy regimens (R-DA-EPOCH) for aggressive diffuse large B-cell
lymphoma with unfavorable disease features. Our data show that muscle loss is common in
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these patients but detrimental only if very pronounced. Factors
that affect muscle loss are mostly related to immunochemother-
apy and not disease features prior to therapy per se.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
common subset of aggressive non-Hodgkin lymphomas
(NHL). It is curable in a majority of newly diagnosed
patients using the R-CHOP immunochemotherapy regi-
Still,
a substantial proportion of DLBCL patients with very

men which is a current standard of care.

aggressive and poor prognostic disease features
have unsatisfactory outcomes when treated with R-CHOP
regimen and these patients might benefit from more inten-
sive therapeutic approaches.! Although no significant
improvement could be demonstrated for the R-DA-
EPOCH regimen in a randomized controlled trial in com-
parison to R-CHOP in unselected DLBCL patients,’
a number studies reported improved outcomes with the
R-DA-EPOCH regimen in patients with unfavorable dis-
ease features.’

Hematologic malignancies are often characterized by
presence of constitutional symptoms driven by high cyto-
kine activity like involuntary body weight loss and pro-
found night sweating. Cancer-induced cachexia, ie loss of
muscle and fat tissue, and sarcopenia, ie loss of skeletal
muscle tissue, present at baseline have been associated
with more advanced disease features, functional impair-
ment and inferior prognosis in patients with various malig-
lymphoma and NHL

patients.®® Loss of skeletal muscle mass during che-

nancies, including Hodgkin

motherapy was shown to have negative prognostic impli-
cations in patients with gastrointestinal malignancies.” "
It is unknown, however, how and to what extent curable
lymphoma treatments affect the musculoskeletal system
and might they improve or further deteriorate muscle
tissues. Computerized tomography (CT) scans done at
the times of pre-therapy DLBCL staging and at the end
of treatment (EOT) revision offer a unique opportunity to
assess chemotherapeutic effects on muscle mass dynamics
without exposing patients to additional harm. Psoas mus-
cle is a large skeletal muscle that is easy to assess and
quantify when assessing lymphadenopathy. Thus, we
aimed to investigate how immunochemotherapy affects
psoas muscle mass and whether this has prognostic con-
sequences in our cohort of newly diagnosed DLBCL
patients with unfavorable disease features treated with

the R-DA-EPOCH regimen through assessment of base-
line and EOT CT scans.

Patients and Methods

The primary goal was to assess the extent and predictors of
the PMA loss. The secondary goal was to investigate
prognostic associations of PMA loss.

We retrospectively analyzed a single institution cohort
of 104 newly diagnosed DLBCL patients who were treated
with the R-DA-EPOCH immunochemotherapy regimen in
the period from 2005 to 2019 and had available baseline
and end of treatment CT scans. All patients were adult,
Caucasian and had unfavorable prognostic features (a very
high proliferative index Ki-67+ >80% and/or International
Prognostic Index (IPI) >2 points). Prednisolone dose was
reduced in the majority of patients to improve tolerability.
A subset of patients underwent autologous stem cell trans-
plantation as a part of the first-line therapy and a subset of
patients received concomitant radiotherapy. Psoas muscle
area (PMA) was assessed from transversal scans at L3
vertebra level from baseline and EOT CT scans. EOT
measurements were divided by baseline measurements to
obtain the percentage of muscle mass loss/improvement.
Patients with tumor infiltration of psoas muscle were
excluded from the study. Clinical characteristics and out-
comes were obtained from paper and electronic medical
records. The study was approved by the Institutional
review board. All procedures followed the Helsinki
Declaration. Due to the retrospective nature of the study
based on routine clinical procedures, informed consent
was not required. All patients gave informed consent for
procedures included in the study.

Statistical Methods

Normality of distribution of numerical variables was tested
using the Shapiro—Wilk test. Normally distributed numer-
ical variables were presented as meantstandard deviation
and were compared between groups using the ¢-test. Non-
normally distributed numerical variables were presented as
median and interquartile range (IQR) and were compared
between groups using the Mann—Whitney U-test and
Kruskal-Wallis
Correlations between numerical variables were assessed

one-way  analysis of  variance.
using the Spearman rank correlation. Psoas muscle mea-
surements before and after chemotherapy were compared
using the Wilcoxon test for paired data. Categorical vari-
ables were presented as ratios and percentages and were

compared between groups using the y° test. Independent
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associations with the loss of psoas muscle mass were
analyzed using the logistic regression via backward
approach (enter P criterion <0.1, exclusion P criterion
>0.2). The ROC curve analysis was used to define optimal
cut-off values of numerical variables for survival out-
comes. Survival analyses were performed using the meth-
ods of Kaplan and Meier. Survival curves were compared
between groups using the log rank test. Univariate associa-
tions of continuous variables with survival were assessed
using the Cox regression analysis. Multivariate survival
analyses were performed using the Cox regression analy-
sis, using the backward approach (enter P criterion <0.1,
exclusion P criterion >0.2) for exploratory assessment of
different survival predictors and simultaneously control-
ling for PMA and clinically relevant parameters for asses-
sing relationship of PMA loss with outcomes in the
context of age, sex, response to therapy and the R-IPI
score. Initial screening for survival associations was per-
formed using the custom-made MS Excel workbook.'?
P values <0.05 were considered to be statistically signifi-
cant. All presented analyses were performed using the
MedCalc statistical software version 19.8 (MedCalc
Software Ltd, Ostend, Belgium).

Results

A total of 104 patients with available data were included in
the study. There were 57/104 (54.8%) males and 47/104
(45.2%) females. Median age was 63 years, IQR (50-71).
Median R-IPI score was 3 points, IQR (2-3) and median
od R-DA-EPOCH cycles received was 6, IQR (6-7.25).
Patients’ characteristics and their relationship with the
psoas muscle mass dynamics during treatment are shown
in Table 1.

Median psoas areca measurements before and after
R-DA-EPOCH therapy were 1238 and 1099 mm?, respec-
tively, with small but significant decline during the immu-
nochemotherapy period (P=0.016; Figure 1A). Average
PMA loss was 5% with slightly more than half of the
patients experiencing the loss during the treatment period
[60/104 (57.7%)]. Factors univariately associated with the
PMA loss (either stratified as a categorical variable or
analyzed as a continuous psoas area ratio) were higher
patient body weight (P=0.020), higher body surface area
(P=0.023), higher number of chemotherapy cycles with
required dose reduction (P=0.047) and worse disease
response to therapy (P=0.008; Figure 1B). Age, sex, base-
line psoas muscle index, BMI, Ki-67, Ann Arbor and
R-IPI staging systems had no significant association with

the extent of PMA loss (P>0.05 for all analyses). In the
multivariate logistic regression analysis investigating inde-
pendent contribution of univariately associated and other
disease specific variables, the backward model building
process recognized higher body surface area (OR 17.98
for each m?; P=0.034), number of cycles with dose reduc-
tion (OR 2.86 for each cycle; P=0.039) and worse
response to therapy (OR 3.09 for each response category;
P=0.052) as independent contributors to the PMA loss as
shown in Table 2.

Median follow-up of our cohort was 46 months with 25
patients dying and 22 progressing during the follow-up
period. Median overall survival (OS) and progression-
free survival (PFS) were not reached. Univariate associa-
tions of assessed clinical variables with OS are presented
in Table 1. Using the ROC curve analyses we have defined
an optimal cut-off level for PMA loss of >21% for OS and
PFS discrimination (AUC 0.649 and 0.624, respectively).
A total of 25/104 (24%) patients fulfilled this criterion.
Patients with >21% PMA loss experienced significantly
worse OS (HR=8.58; P<0.001) and PFS (HR=6.75;
P<0.001) as shown in Figure 1C and D. These phenomena
remained statistically significant in multivariate Cox
regression analyses after adjustments for age, sex, R-IPI
score and achieved response as shown in Table 3. Both
>21% PMA loss and non-achieving response to therapy
were independently associated with inferior OS and PFS.
Similar was observed in additional exploratory analyses
where all variables that were univariately significantly
associated with OS were included into the backward
model building process. A >21% PMA loss and non-
response to therapy were retained in both OS and PFS
models and were mutually significantly associated with
inferior OS and PFS. R-IPI was the only additional vari-
able that was retained in the OS model but was insignif-
icant in this context similarly as in the model from Table 3.

Discussion

There are several important points emerging from our data
that we would like to emphasize. To the best of our
knowledge, there are no previous studies assessing muscle
mass dynamics during immunochemotherapy and its prog-
nostic associations in patients with lymphoid malignan-
cies. Our data show that muscle mass loss occurs in
approximately half of R-DA-EPOCH treated newly diag-
nosed DLBCL with unfavorable disease features, and if
pronounced, this is associated with worse clinical out-
comes independently of achieved response to therapy.
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Table | Patients’ Characteristics Stratified According to the Psoas Muscle Mass Dynamics During Immunochemotherapy Treatment

v

Overall Loss of Psoas Improved Psoas P value Relationship
Muscle Mass Muscle Mass with OS
Total number 104 60/104 (57.7%) 44/104 (42.3%) - -
Age (years) 63, IQR (50-71) 63, IQR (50.75-72) 62.5, IQR (49.25-68.75) 0.681 HR 1.0; P=0.704
Sex 0.656 HR 1.67; P=0.142
Male 57/104 (54.8%) 34/60 (56.7%) 23/44 (52.3%)
Female 47/104 (45.2%) 26/60 (43.3%) 21/44 (47.7%)
Weight (kg) 80.115 83.1x15.6 75.3x12.7 0.020* HR 0.99; P=0.407
Height (cm) 167.94£9.7 168.8+10.2 166.4£8.8 0.284 HR 0.99; P=0.675
BMI (kg/m?) 28.2, IQR (25.21- 28.8, IQR (25.91- 26.7, IQR (24.1-29.82) 0.118 HR 0.97; P=0.511
30.82) 31.27)
BSA (m?) 1.9, IQR (1.78-2.03) | 2, IQR (1.79-2.05) 1.8, IQR (1.72-1.96) 0.023* HR 0.45; P=0.435
PMI (mm?%m?) 447.5, IQR (304.26— | 453.4, IQR (290.3— 439.7, IQR (325.75- 0.673 HR 1.0; P=0.479
585.19) 570.16) 601.52)
Ann Arbor stage 0916 HR 1.51; P=0.050 *
| 3/104 (2.9%) 2/60 (3.3%) 1/44 (2.3%)
1l 25/104 (24%) 13/60 (21.7%) 12/44 (27.3%)
1 25/104 (24%) 15/60 (25%) 10/44 (22.7%)
v 51/104 (49%) 30/60 (50%) 21/44 (47.7%)
Elevated LDH 73/104 (70.2%) 41/60 (68.3%) 32/44 (72.7%) 0.628 HR 1.55; P=0.273
ECOG status I, IQR (0-2) 1, IQR (0-2) I, IQR (1-2) 0.456 HR 1.39; P=0.003 *
>| extranodal site 56/104 (53.8%) 35/60 (58.3%) 21/44 (47.7%) 0.284 HR 1.11; P=0.750
B symptoms 52/104 (50%) 28/60 (46.7%) 24/44 (54.5%) 0.427 HR 0.81; P=0.518
Bulky disease 37/103 (35.9%) 21/59 (35.6%) 16/44 (36.4%) 0.936 HR 0.95; P=0.885
Ki-67 0.7, IQR (0.5-0.9) 0.6, IQR (0.5-0.9) 0.8, IQR (0.5-0.89) 0.645 HR 0.67; P=0.631
R-IPI score 3, IQR (2-3) 3, IQR (2-3) 2.5, IQR (2-3) 0.487 HR 1.34; P=0.041 *
R-IPI 0.103 HR 1.68; P=0.113
Very good risk 3/104 (2.9%) 3/60 (5%) 0/44 (0%)
Good risk 42/104 (40.4%) 20/60 (33.3%) 22/44 (50%)
Poor risk 59/104 (56.7%) 37/60 (61.7%) 22/44 (50%)
Total cy received 6, IQR (6-7.25) 6, IQR (6-7.25) 6, IQR (6-7.25) 0.983 HR 0.81; P=0.007 *
Cy dose escalated 2, IQR (1-3) 2, IQR (1-3) 2, IQR (1-3) 0.945 HR 0.79; P=0.063
Cy dose reduction 0, IQR (0-1) 0, IQR (0-1) 0, IQR (0-0.25) 0.047 ™ HR 0.72; P=0.316
Cycles with the same dose | 2.5, IQR (I4) 2, IQR (1-4) 3, IQR (2-4) 0.240 HR 0.9; P=0.281
Cy anemia grade llI-IV I, IQR (0-2) I, IQR (0-2) I, IQR (0-2) 0.992 HR 0.97; P=0.867
Cy thrombocytopenia I, IQR (0-1) I, IQR (0-I) I, IQR (0-I) 0.617 HR 0.95; P=0.745
grade -1V
Cy neutropenia grade Ill- | 3, IQR (1-3) 3, IQR (2-4) 3, IQR (1-3) 0.328 HR 0.87; P=0.387

(Continued)
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Table | (Continued).

Overall Loss of Psoas Improved Psoas P value Relationship
Muscle Mass Muscle Mass with OS

Cy febrile neutropenia I, IQR (0-1) I, IQR (0-2) I, IQR (0-1) 0.844 HR 1.08; P=0.694
Septic complications 59/104 (56.7%) 34/60 (56.7%) 25/44 (56.8%) 0.988 HR 0.94; P=0.851
Irradiation 10/104 (9.6%) 7160 (11.7%) 3/44 (6.8%) 0.512 HR 0.53; P=0.386
ASCT first line 29/104 (27.9%) 12/60 (20%) 17/44 (38.6%) 0.036 ™ HR 0.5; P=0.120
Response 0.131** HR 3.71; P<0.001 *
Complete remission 71/104 (68.3%) 36/60 (60%) 35/44 (79.5%)
Partial remission 19/104 (18.3%) 14/60 (23.3%) 5/44 (11.4%)
Stable disease 2/104 (1.9%) 2/60 (3.3%) 0/44 (0%)
Progressive disease 3/104 (2.9%) 3/60 (5%) 0/44 (0%)
Nonevaluable 9/104 (8.7%) 5/60 (8.3%) 4/44 (9.1%)

Notes: *Statistically significant at level P<0.05. **Statistically significant at level P<0.05 when proportion of psoas area improvement is used as a continuous variable.
Abbreviations: OS, overall survival; IQR, interquartile range; BMI, body mass index; BSA, body surface area; PMI, psoas muscle index; LDH, lactate dehydrogenase; ECOG,
Eastern Cooperative Oncology Group; R-IPI, revised international prognostic index; cy, number of cycles; ASCT, autologous stem cell transplantation.

Associations of tumor cachexia and reduced muscle mass

present at baseline with adverse clinical outcomes are well

described in patients with various solid and hematologic
malignancies.”*'>"'® In cohorts of R-CHOP-treated DLBCL
patients, patients presenting with sarcopenia prior to

immunochemotherapy were shown to have worse OS and

PFS ®13141617 However, as we have previously reported,'®

immunochemotherapeutic  regimens

like R-DA-EPOCH

might moderate these associations through personalized dose

adjustments tailored to the hematopoietic reserve. Despite
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Figure | (A) Psoas muscle area (PMA) dynamics between start and end of treatment (EOT) computerized tomography scans. (B) PMA dynamics stratified according to the
response to the R-DA-EPOCH immunochemotherapy. (C) Overall survival and (D) progression-free survival stratified according to the degree of PMA loss.

Abbreviation: HR, hazard ratio.
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Table 2 Multivariate Logistic Regression Model Investigating Independent Associations of Clinical Parameters with the Loss of Psoas

Muscle Mass

Association with the Loss of Psoas Muscle Mass

Body surface area (m?)
Nm of cycles with dose reduction
Achieved response category

P=0.034; HR=17.98 95% C.I. (1.24-259.81)*
P=0.039; HR=2.86 95% C.I. (1.05-7.81)*
P=0.052; HR=3.09 95% C.l. (0.99-9.68)

Note: *Statistically significant at level P<0.05.
Abbreviations: HR, hazard ratio; 95% C.l., 95% confidence interval; nm, number.

Table 3 Multivariate Cox Regression Models Investigating

Associations of PMA Dynamics with Overall (OS) and
Progression-Free Survival (PFS)

os PFS
Age (years) P=0.421; HR=1.01 P=0.644; HR=1.01

95% C.I. (0.98-1.04) 95% C.I. (0.98-1.03)

Male sex P=0.445; HR=1.45 P=0.313; HR=1.54
95% C.I. (0.56-3.73) | 95% C.I. (0.67-3.54)
R-IPI score P=0.228; HR=1.33 P=0.308; HR=1.23
95% C.I. (0.84-2.13) | 95% C.I. (0.82-1.85)
Achieved P<0.001; HR=0.04 P=0.001; HR=0.08
response (CR or | 95% C.I. (0.01-0.23)* | 95% C.I. (0.02-0.34)*
PR)

PMA loss >21% P=0.016; HR=2.98

95% C.I. (1.23-7.24)*

P=0.005; HR=3.16
95% C.I. (1.43-7.01)*

Note: *Statistically significant at level P<0.05.

Abbreviations: HR, hazard ratio; 95% C.l., 95% confidence interval; R-IPl, revised
international prognostic index; PMA, psoas muscle area; CR, complete remission;
PR, partial remission.

being associated with older age, female gender and worse
R-IPI stage, baseline psoas muscle index did not affect
response to therapy or survival outcomes in our cohort of
patients.'® As we report in the current study, baseline psoas
muscle index also does not seem to predict loss of muscle mass
during immunochemotherapy. Similarly, parameters reflecting
more aggressive tumor behavior like higher Ann Arbor or
R-IPI stage, Ki-67 index, and general characteristics like
body mass index, age and gender also did not show significant
association with muscle mass dynamics despite some of them
having associations with baseline presence of sarcopenia.
Similar to our observations are reports in patients with meta-
static colorectal cancer and foregut malignancies among whom
a decrease in skeletal muscle index/area was associated with
poor survival as opposed to baseline sarcopenia that showed no
significant associations with survival.”'’

We observed significant clinical associations of muscle
mass loss with higher body surface area, higher number of

cycles with required chemotherapy dose reduction and
worse disease response to immunochemotherapy. Since
R-DA-EPOCH and other immunochemotherapeutic regi-
mens are initially dosed according to the body surface
area, we interpret these findings as a consequence of
higher delivered absolute drug doses of antiproliferative
agents and corticosteroids that are known to have myo-
pathic/neuropathic properties. R-DA-EPOCH dose reduc-
tion is mandated in patients developing deep and
prolonged cytopenias or septic complications between
cycles of therapy and higher number of cycles requiring
dose reduction might indicate poor immunochemotherapy
tolerance/weaker hematopoietic reserve that seems to be
an important predictor of psoas muscle loss/improvement.
Similar was observed in patients with myelofibrosis trea-
ted with ruxolitinib who were more likely to experience
muscle mass improvement with better baseline hemato-
poietic status.'” The role and function of the musculoske-
letal system in patients with hematologic malignancies and
its relationship with disease pathophysiology, hematopoi-
esis, patient mobility and energy metabolism are insuffi-
ciently understood to draw clear conclusions. Also,
inadequate disease response to therapy that is associated
with prolonged pro-cachectic tumor effects and further
functional deterioration is an important independent pre-
dictor of muscle loss. Summarized, our data suggest that
most relevant predictors of muscle loss seem to be immu-
nochemotherapy related, ie associated with the dose, toler-
ability and efficacy of the immunochemotherapy regimen.

A substantial subset (24%) of patients with pronounced
muscle loss >21% had approximately three-fold higher risk of
death and progression or death in comparison to other
patients irrespectively of achieved response to therapy.
Considering predictors of muscle mass loss, this might be
due to sub-optimal dose density due to higher number of
cycles with chemotherapy dose reduction. Since development
of sarcopenia during treatment has such profound negative

prognostic implications, a question emerges whether active
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strategies aimed at muscle mass improvement like phy-
siotherapy and intensive nutritional support might improve
outcomes in this subgroup of patients. It is also unknown
would such interventions have effects if performed during or
after immunochemotherapy. These important questions
deserve further investigations in prospectively conducted
interventional studies that are highly needed. Retrospective
studies comparing the extent and consequences of muscle
loss in patients with other types of lymphoid malignancies
and DLBCL patients treated with other immunochemother-
apy regimens would help to better describe and understand
this very interesting clinical phenomenon. Relationships of
muscle loss with baseline nutritional risk, comorbidities and
PET-CT defined metabolic response are yet to be determined.

Limitations of our study are the single center experience,
retrospective study design and inability to discriminate
between different DLBCL subsets. Also, we investigated
a selected cohort of patients with unfavorable disease fea-
tures uniformly treated with the R-DA-EPOCH immuno-
chemotherapeutic regimen and we do not know do our
findings translate to DLBCL patients with lower risk disease
who receive other immunochemotherapeutic regimens like
R-CHOP. Inclusion criteria based on both R-IPI and high
proliferation index probably resulted in diminished prognos-
tic properties of R-IPI in both univariate and multivariate
settings as patients having lower IPI had tendency for having
higher tumor proliferation index. Also, we did not have
available data to properly investigate how were underlying
comorbidities, general nutritional conditions and PET-CT
metabolic response related to the PMA loss. Nevertheless,
extent of the loss of muscle mass during immunochemother-
apy period in newly diagnosed DLBCL patients and its
clinical consequences have not been previously reported
and our results call for planning of specific interventions
and future studies on this very interesting topic.

In conclusion, muscle loss is common in DLBCL patients
during the R-DA-EPOCH immunochemotherapy period and
if pronounced, might negatively reflect on prognosis.
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