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Abstract

Background Cancer cachexia is known to adversely affect the clinical course in patients with malignant lymphoma.
The cachexia index (CXI) is a potential biomarker of cancer cachexia, and its implications for the prognosis and
treatment outcome of lung cancer and aggressive lymphoma has been assessed in previous studies.
Methods A total of 267 patients diagnosed with diffuse large B-cell lymphoma who were treated with rituximab plus
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) immunochemotherapy were retrospectively
reviewed. The CXI was calculated as the skeletal muscle index (SMI) × serum albumin/neutrophil–lymphocyte ratio
(NLR). Although previous studies measured the SMI using the muscles of the L3 vertebral level, the present study used
both the L3 vertebral muscles and the pectoralis muscles (PM) at the T4 vertebral level to measure the SMI. Depending
on the type of muscles used, the CXI was termed the L3-CXI or PM-CXI. Using sex-specific cutoff values for CXI, the
patients were categorized as follows: (i) high-CXI group (high L3-CXI and high PM-CXI), (ii) intermediate-CXI group
(high L3-CXI and low PM-CXI), and (iii) low-CXI group (low L3-CXI and low PM-CXI).
Results Complete responses to R-CHOP were obtained in 145/173 (83.8%), 25/36 (69.4%), and 27/57 (47.4%)
patients in the high-CXI, intermediate-CXI, and low-CXI groups, respectively (P < 0.001). Treatment-related anaemia
(15.6%, 30.6%, and 26.3%, P = 0.038), thrombocytopenia (21.4%, 36.1%, and 43.9%, P < 0.001), febrile neutropenia
(23.7%, 44.4%, and 36.8%, P = 0.022), and any nonhaematologic toxicity (31.2%, 44.4%, and 54.4%, P = 0.001) of
Grade 3 or more were more common in the lower CXI groups than in the higher-CXI groups. Early treatment discontin-
uation for reasons other than lymphoma progression also occurred more frequently in the low-CXI group (24/57,
42.1%) compared with the intermediate-CXI (5/36, 13.9%) and high-CXI (18/173, 10.4%) groups (P < 0.001). Median
overall survival in the high-CXI, intermediate-CXI, and low-CXI groups was not reached, 50.6 months, and 14.5 months,
respectively (p < 0.001). Multivariable analysis showed that low CXI was an independent negative prognostic factor for
overall survival (hazard ratio 2.103, 95% confidence interval 1.278–3.460, P = 0.003).
Conclusions We suggest that in patients with diffuse large B-cell lymphoma, the CXI is a biomarker for cancer cachexia
that can predict survival, treatment response, treatment-related toxicity, and compliance with R-CHOP. Patients were
more clearly stratified by this new CXI category compared with the classifications described in previous studies.
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Introduction

Cancer cachexia, which is diagnosed based on involuntary
weight loss, low body mass index (BMI), and/or the presence
of sarcopenia, is a representative systemic manifestation of
aggressive lymphoma.1,2 Currently, cachexia is not used as a
prognostic factor in standard prognostic systems for
malignant lymphoma.3–6 However, several biomarkers and in-
dices of cachexia have been suggested to be related to the
clinical outcome of patients with malignant lymphoma.7–13

For example, Karmali et al. reported that patients diagnosed
with diffuse large B-cell lymphoma (DLBCL) or mantle cell
lymphoma and who had a low cachexia index (CXI) had a
poor prognosis compared with those with a high CXI.9 The
CXI, consisting of the skeletal muscle index (SMI), serum albu-
min level, and neutrophil–lymphocyte ratio (NLR), was first
developed by Jafri et al. to estimate the prognosis of patients
with non-small-cell lung cancer.14 These studies used the SMI
of the L3 vertebral level muscles (L3-SMI) to calculate the CXI.
Recently, we reported the prognostic impact of CXI in pa-
tients with small-cell lung cancer. In that study, the pectoralis
muscles were used to determine the SMI (PM-SMI) because
the L3-SMI was difficult to measure on the chest computed
tomography (CT) performed during the staging work-up for
small-cell lung cancer.15 Given that abdomen and chest CT
scans are routinely obtained as part of the initial staging
work-up for DLBCL, we planned to evaluate the clinical im-
pact of the CXI calculated using both L3-SMI and PM-SMI
and to develop a new classification for CXI in DLBCL patients.

Methods

Study population

We retrospectively screened all patients diagnosed with
DLBCL in a single institution between January 2004 and
March 2020. Among these, we included all patients who were
treated with rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) immunochemotherapy
as induction therapy. Inclusion criteria were age ≥18 years
and availability of the data required to calculate CXI mea-
sured within one (laboratory test) or two (CT scans) weeks
before the initiation of R-CHOP. Patients with double primary
cancers and active infection and in whom the enhanced Inter-
national Prognostic Index designed using the National Com-
prehensive Cancer Network database (NCCN-IPI)4 could not
be calculated were excluded. As a result, a total of 267 pa-
tients were included in the analysis. The study was performed
in accordance with the ethical standards in the 1964 Declara-
tion of Helsinki and its later amendments and approved by
the Institutional Review Board of Gyeongsang National Uni-
versity Hospital.

Calculation of cachexia index

The CXI was measured using the following formula: [SMI,
(cm2/m2) × serum albumin (g/dL)]/NLR.14 NLR was calculated
as absolute neutrophil count/absolute lymphocyte count. The
pretreatment laboratory values measured at the time closest
to the initiation of R-CHOP were used. To calculate the SMI,
the cross-sectional area of the psoas, paraspinal, and
abdominal wall muscles at the L3 vertebral level and the
pectoralis major and minor muscles at the T4 vertebral level
were measured by a radiologist with 13 years’
experience.12,16 The region of interest was drawn manually
at the outermost border of the muscles. Then, CT histogram
analysis (using the ‘X section’ analysis tool, Advantage Win-
dow 4.4; GE Healthcare) was used to calculate the area of
muscles ranging from �29 to 100 Hounsfield units. Finally,
the SMI was calculated by normalizing the total area of the
L3 region muscles and the average area of the bilateral
pectoralis muscles to patient height in meters squared
(cm2/m2). Based on the type of muscle measured, CXI was
categorized as L3-CXI or PM-CXI.

Assessments

Patient demographics, symptoms, performance status (PS),
laboratory and radiological findings, and treatment history
were reviewed from electronic medical records. As BMI
(kg/m2) was classified according to Asian criteria, underweight
was defined as BMI< 18.5 kg/m2.17 Bulky disease was defined
as any tumour mass with diameter ≥7.5 cm.18 Tumour staging
was determined according to the Lugano modification of the
Ann Arbor staging system.19 Disease in the central nervous
system, gastrointestinal tract, liver, lung, or bone marrow
was considered to indicate the presence of extranodal
disease.4 The NCCN-IPI was stratified by age, serum lactate
dehydrogenase (LDH), Ann Arbor stage, the presence or
absence of extranodal disease, and the Eastern Cooperative
Oncology Group (ECOG) PS. Cell-of-origin subtype was evalu-
ated from the available data using the Hans criteria.20 Treat-
ment response was assessed as complete response (CR),
partial response, no response or stable disease, or progressive
disease using the Lugano response criteria.19 Relative dose
intensity, defined as the percentage of dose actually delivered
relative to the planned dose, of cyclophosphamide and
doxorubicin was calculated to classify the patients who re-
quired dose adjustment. Early treatment discontinuation
was defined when the treatment was prematurely terminated
because of causes other than disease progression or refrac-
tory disease, such as treatment toxicity or unintentional loss
to follow-up. Treatment-related mortality (TRM) was defined
as death unrelated to lymphoma progression that occurred
within 30 days of the last cycle of R-CHOP or death that was
definitely related to R-CHOP, regardless of the date of death.
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Treatment-related toxicities were assessed using the
Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0.

Statistical analyses

Using a time-dependent receiver operating characteristic
curve, sex-specific cutoff values for L3-CXI and PM-CXI were
defined as the values maximizing the Youden index (sensitiv-
ity plus specificity) to predict 5 year survival.21 Patients were
stratified into high/low L3-CXI and PM-CXI groups using these
cutoffs. Then, they were recategorized into high-CXI, interme-
diate-CXI, and low-CXI groups as described later. To evaluate
correlations between variables, a χ2 test for trend, a
Spearman’s rank correlation test, and linear regression analy-
sis were used, as appropriate. Progression-free survival (PFS)
was defined as the time between initiation of R-CHOP and
disease progression, death, or last visit. Overall survival (OS)
was measured as the time between initiation of R-CHOP
and death or last visit. Survival was estimated using
Kaplan–Meier plots with a log-rank test. Forest plots were
constructed to perform subgroup analyses for OS. For multi-
variable analyses of survival, variables with P values <0.10
were included in a Cox regression model, which was inter-
nally validated by 1000-bootstrap resampling. A two-sided P
value<0.05 was considered significant. All statistical analyses
were conducted using R version 4.0.5 (R Foundation for Sta-
tistical Computing, Austria) and STATA version 16.1 (College
Station, USA).

Results

Association between L3-CXI and PM-CXI

The median (interquartile range) values of L3-CXI and PM-CXI
were 80.59 (44.90–122.74) and 8.17 (4.12–13.92), respec-
tively, in men and 55.50 (27.35–95.43) and 4.96 (2.67–8.97),
respectively, in women. There was a strong positive correla-
tion between L3-CXI and PM-CXI (R2 = 0.854; Figure 1).

The cutoff values for L3-CXI and PM-CXI were determined
to be 40.43 and 5.60, respectively, in men and 23.06 and
3.43, respectively, in women (Figure S1). Based on these cut-
off values, 209 and 58 patients had high and low L3-CXI and
174 and 93 patients had high and low PM-CXI, respectively.
Only one of the 267 patients had a low L3-CXI and a high
PM-CXI: This patient was excluded from further analyses.
The remaining 266 patients were recategorized into three
groups as follows: (i) high-CXI group (n = 173, high L3-CXI
and high PM-CXI), (ii) intermediate-CXI group (n = 36, high
L3-CXI and low PM-CXI), and (iii) low-CXI group (n = 57, low
L3-CXI and low PM-CXI).

Comparison of baseline characteristics

The baseline characteristics of the three CXI groups are listed
in Table 1. Patients in the low-CXI group were older than
those in the other groups (median ages, 62 vs. 67 vs. 73 years
in the high-CXI, intermediate-CXI, and low-CXI groups, respec-
tively). The low-CXI group had poorer PS than the higher CXI
groups (ECOG PS grades 2–3, 19.1% vs. 33.3% vs. 54.4%), and
also had more frequent B-symptoms (12.7% vs. 19.4% vs.
31.6%) and a higher proportion of Ann Arbor Stages III–IV dis-
ease (50.3% vs. 63.9% vs. 77.2%), normalized LDH > 3 (5.2%
vs. 16.7% vs. 29.8%), and high NCCN-IPI (11.0% vs. 16.7% vs.
56.1%) than the higher CXI groups. Median BMIs did not dif-
fer significantly between the CXI groups.

Treatment response

The CR, progressive disease, and nonresponder (no response
or stable disease, progressive disease, and not available)
rates were 83.8%, 8.7%, and 7.5% in the high-CXI group,
69.4%, 27.8%, and 2.8% in the intermediate-CXI group, and
47.4%, 35.1%, and 17.5% in the low-CXI group. The CR
rates were significantly lower in the low-CXI group
(P< 0.001; Table 2). When the patients completed treatment
as scheduled without dose adjustment, the CR rate was
highest in the high-CXI group (92.4% vs. 64.7% vs. 75.0% in
the high-CXI, intermediate-CXI, and low-CXI groups, respec-
tively, P = 0.007). For patients in whom a cyclophosphamide
and/or doxorubicin dose adjustment of greater than 25%
was required during the scheduled treatment period, the
CR rate was lower in the lower CXI groups (93.8%, 66.7%,
and 50.0% in the high-CXI, intermediate-CXI, and low-CXI
groups, respectively, P = 0.031). There were no differences
in CR rates between three groups for patients in whom the
treatment was discontinued early. These patients had a very
low CR rate regardless of the CXI.

Figure 1 Linear regression between L3-CXI and PM-CXI. Abbreviations:
CXI cachexia index, PM pectoralis muscle.
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Survival

The median duration of follow-up was 56.6 months. For both
types of CXI, PFS and OS were markedly longer in patients
with a high CXI than in those with a low CXI (Figure 2). When
survival was compared between the CXI groups, there was a
clear separation between the survival curves for the three
groups. In the high-CXI, intermediate-CXI, and low-CXI
groups, the median PFS was not reached, 49.4 months, and
10.3 months, respectively (P < 0.001; Figure 3A). The 5 year
PFS rates were 67.0%, 46.7%, and 23.7% in the high-CXI, in-
termediate-CXI, and low-CXI groups, respectively. The median
OS was not reached, 50.6 months, and 14.5 months in the
high-CXI, intermediate-CXI, and low-CXI groups, respectively
(P < 0.001; Figure 3B). The 5 year OS rates were 70.1%,
48.9%, and 21.4% in the high-CXI, intermediate-CXI, and
low-CXI groups, respectively. Subgroup analyses showed clear
differences in OS between the high- and low-CXI groups for

nearly all subgroups. The intermediate prognosis observed
in the intermediate-CXI group was generally maintained on
subgroup analyses (Figure S2). Multivariable analyses showed
that, as well as underweight BMI and higher NCCN-IPI, low
CXI was an independent negative prognostic indicator for
PFS (hazard ratio 1.904, 95% confidence interval 1.189–
3.051, P = 0.007) and OS (hazard ratio 2.103, 95% confidence
interval 1.278–3.460, P = 0.003) (Table 3). The prognostic
value of the CXI remained robust after internal validation
with bootstrap resampling (Table S1).

Treatment-related toxicity

Table 4 presents the data concerning treatment-related toxic-
ities. Anaemia, thrombocytopenia, and febrile neutropenia of
Grades 3–4 occurred less frequently in the high-CXI group
(15.6%, 21.4%, and 23.7%) than in the intermediate-CXI

Table 1 Baseline characteristics

High CXI (n = 173) Intermediate CXI (n = 36) Low CXI (n = 57) P

Age
Median (IQR), years 62 (49–70) 67 (58–74.5) 73 (64–76) <0.001
≤40 years 20 (11.6) 2 (5.6) 2 (3.5) <0.001
41–60 years 65 (37.6) 10 (27.8) 8 (14.0)
61–74 years 67 (38.7) 15 (41.7) 25 (43.9)
≥75 years 21 (12.1) 9 (25.0) 22 (38.6)

Sex
Male 98 (56.7) 19 (52.8) 33 (57.9) 0.951
Female 75 (43.4) 17 (47.2) 24 (42.1)

ECOG PS
0–1 140 (80.9) 24 (66.7) 26 (45.6) <0.001
2–3 33 (19.1) 12 (33.3) 31 (54.4)

B-symptoms
Absent 151 (87.3) 29 (80.6) 39 (68.4) 0.001
Present 22 (12.7) 7 (19.4) 18 (31.6)

Median BMI (IQR), kg/m2 23.4 (21.5–25.5) 22.7 (21.4–25.1) 22.7 (20.0–24.8) 0.137
Bulky disease
Non-bulky 138 (79.8) 31 (86.1) 46 (80.7) 0.739
Bulky 35 (20.2) 5 (13.9) 11 (19.3)

Ann Arbor stage
I–II 86 (49.7) 13 (36.1) 13 (22.8) <0.001
III–IV 87 (50.3) 23 (63.9) 44 (77.2)

Extranodal disease
Absent 68 (39.3) 14 (38.9) 15 (26.3) 0.098
Present 105 (60.7) 22 (61.1) 42 (73.7)

LDH, normalized
Normal 88 (50.9) 11 (30.6) 9 (15.8) <0.001
>1 to ≤3 76 (43.9) 19 (52.8) 31 (54.4)
>3 9 (5.2) 6 (16.7) 17 (29.8)

NCCN-IPI
Low 23 (13.3) 1 (2.8) 1 (1.8) <0.001
Low-intermediate 79 (45.7) 10 (27.8) 5 (8.8)
High-intermediate 52 (30.1) 19 (52.8) 19 (33.3)
High 19 (11.0) 6 (16.7) 32 (56.1)

Cell-of-origin (n = 174)
GCB 27 (24.8) 3 (15.8) 16 (34.8) 0.266
Non-GCB 82 (75.2) 16 (84.2) 30 (65.2)

Abbreviations: BMI, body mass index; CXI, cachexia index; ECOG PS, Eastern Cooperative Oncology Group performance status; GCB, ger-
minal center B-cell; IQR, interquartile range; LDH, lactate dehydrogenase; NCCN-IPI, National Comprehensive Cancer
Network-International Prognostic Index.
Data are presented as number of patients (%) except median age and BMI.
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(30.6%, 36.1%, and 44.4%) and low-CXI (26.3%, 43.9%, and
36.8%) groups (P = 0.038, P < 0.001, and p = 0.022, respec-
tively). Nonhaematologic toxicities of Grade 3 or more were
also less common in the high-CXI group (31.2%) than in the
intermediate-CXI (44.4%) and low-CXI (54.4%) groups

(P = 0.001). The TRM rate did not differ between the three
CXI groups. Early treatment discontinuation was very com-
mon in the low-CXI group (42.1%) compared with the
high-CXI (10.4%) and intermediate-CXI (13.9%) groups
(P < 0.001).

Table 2 Complete response rate according to compliance for treatment

High CXI (n = 173) Intermediate CXI (n = 36) Low CXI (n = 57) P

CR in all patients 145/173 (83.8) 25/36 (69.4) 27/57 (47.4) <0.001
CR in patients who completed treatment without DA 85/92 (92.4) 11/17 (64.7) 9/12 (75.0) 0.007
CR in patients who completed treatment with DA
DA, any degree 56/63 (88.9) 12/14 (85.7) 15/21 (71.4) 0.065
DA ≥ 75%a 41/47 (87.2) 8/8 (100.0) 13/17 (76.5) 0.386
DA < 75%b 15/16 (93.8) 4/6 (66.7) 2/4 (50.0) 0.031

CR in patients who early discontinued treatmentc 4/18 (22.2) 2/5 (40.0) 3/24 (12.5) 0.400

Abbreviations: CR, complete response; CXI, cachexia index; DA, dose adjustment.
aRelative dose intensity of cyclophosphamide and doxorubicin ≥75%.
bRelative dose intensity of cyclophosphamide and/or doxorubicin <75%.
cNot due to disease progression.
Data are presented as number of patients (%).

Figure 2 Survival outcomes according to the type and level of CXI. (A) Progression-free survival and (B) overall survival in the high and low L3-CXI
groups. (C) Progression-free survival and (D) overall survival in the high and low PM-CXI groups. Abbreviations: CXI, cachexia index; PM, pectoralis
muscle.
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Discussion

This study confirms the findings of Karmali et al. that low CXI
is associated with worse survival in patients with DLBCL.9 A
similar trend was observed in the analyses of treatment re-
sponse, treatment-related toxicity, and intolerance to treat-
ment. Although the low-CXI groups also had worse baseline
characteristics, such as older age, poor PS, advanced stage
disease, and high LDH, the CXI remained independently prog-
nostic in multivariable analyses adjusting for the NCCN-IPI,
which includes all these confounding factors. Subgroup anal-
yses also showed consistent trends.

The major difference between the present study and pre-
vious studies of aggressive lymphoma and cancer cachexia9

is the muscle type used to measure the SMI employed to cal-
culate the CXI. A previous study used L3-SMI alone; this is an
established index for assessing sarcopenia and cancer
cachexia.1 In the present study, which used both L3-SMI
and PM-SMI, we observed a close linear correlation between
L3-CXI and PM-CXI. In addition, the combined use of L3-CXI
and PM-CXI could identify patients who had an intermediate
prognosis. For patients with a high L3-CXI, those with a low
PM-CXI (intermediate-CXI group) showed worse survival than
those with a high PM-CXI (high-CXI group). This suggests that
measurement of SMI at more than one site may be better for
calculating the CXI, particularly when both chest and abdo-
men CT scans are performed during the initial staging
work-up for patients with DLBCL. Another difference in the
present study was the method used to determine the cutoff
values of CXI. The previous study defined cachectic patients
as those with a CXI less than the median value, but did not
take account of the patient’s sex.9 Because the CXI is directly
proportional to the SMI and the SMI cutoff used to determine
sarcopenia differs according to sex,1 the present study used

sex-specific cutoff values for CXI obtained using a
time-dependent receiver operating characteristic curve anal-
ysis. Although the present study analysed a larger number
of patients than the previous study, the type of muscle used
to measure the CXI and the method for determining the cut-
off value of CXI should be validated in a prospective study.

Cancer cachexia is known to increase a patient’s suscepti-
bility to chemotherapy-related toxicities and to negatively af-
fect their responsiveness to chemotherapy.22,23 In this study,
the CXI effectively addresses these clinical implications of
cancer cachexia. The worse survival seen in the low-CXI group
is probably related to the low CR rate. For patients who com-
pleted the scheduled treatment regardless of dose adjust-
ment, the CR rate was about 90% in the high-CXI group and
75% or less in the low-CXI group. The patients who experi-
enced early discontinuation of treatment (not due to disease
progression) uniformly showed a very low CR rate, and the
proportion of such patients was much higher in the low-CXI
group. This indicates that the poor prognosis with a low CR
rate observed in the low-CXI group is related to both primary
resistance of the tumour cells and intolerance to treatment.

Sarcopenia (low SMI), malnutrition (hypoalbuminaemia),
and systemic inflammation (high NLR) are key components
of cancer cachexia, each of which is also related to worse
clinical outcomes in patients with DLBCL. Sarcopenia is
associated with shorter survival, reduced response to treat-
ment, increased treatment-related toxicities, frequent
dose reduction, and early termination of treatment.13,24–27

Hypoalbuminaemia is a predictive factor for shorter survival,
decreased relative dose intensity of anthracycline and cyclo-
phosphamide, and increased risk of TRM.28–32 High NLR is
also correlated with shorter survival, lower CR rate, advanced
stage, higher LDH level, and increased risk of depression.32–37

The CXI comprehensively assesses these clinical parameters,

Figure 3 Survival outcomes according to the level of combined CXI. (A) Progression-free survival and (B) overall survival. Abbreviations: CXI, cachexia
index.
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and therefore may more effectively overcome the bias
caused by confounding factors affecting the clinical outcomes
of the patients than any single parameter of cancer cachexia.

The main limitation of this study is its retrospective nature,
which may have caused a selection bias, as indicated by the
imbalance in baseline characteristics between the CXI groups,
and raises the risk of insufficient data collection. To overcome
these problems, we applied multivariable and subgroup anal-
yses for survival to adjust for confounding factors and used
mostly objective data, such as laboratory tests, radiological
findings, and treatment processes. The frequency of
B-symptoms and nonhaematologic treatment-related toxic-
ities may be slightly underestimated. Another caution is that
as the CXI is a novel index for cancer cachexia, and although
an internal validation was performed in this study, external
validation is needed before applying the CXI to clinical prac-
tice. The study could not assess the clinical implications for
the one patient with low L3-CXI and high PM-CXI, or of any
changes in CXI during the follow-up period. These factors
should be clarified in future prospective studies.

This study shows that the CXI may be useful as a biomarker
for cancer cachexia that can predict survival, treatment re-
sponse, treatment-related toxicity, and compliance with
immunochemotherapy in patients with DLBCL. In addition
to the support for the results of previous studies,9,14,15 this
study suggested a revised method to measure the CXI and de-
veloped a novel CXI category to stratify cancer patients more
clearly according to their clinical outcome. We anticipate that
cachectic patients with DLBCL who are identified based on
their CXI could benefit by participating in clinical trials for
cancer cachexia and from supportive care including

nutritional support to improve their compliance with chemo-
therapy and their prognosis.
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