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Visceral adipose tissue is prognostic for survival of diffuse
large B cell lymphoma treated with frontline R-CHOP
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Abstract The potential role of visceral adipose tissue (VAT)
as a prognostic factor in patients with diffuse large B cell
lymphoma (DLBCL) treated with frontline rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisolone (R-
CHOP) immunochemotherapy was explored. Total adipose
tissue and VATweremeasured by analyzing positron emission
tomography (PET)/computed tomography (CT) images ob-
tained during the initial staging of patients with DLBCL.
The VAT ratio was calculated as follows: VAT ratio=VAT
area/total adipose tissue area. Body mass index (BMI), sex,
and International Prognostic Index (IPI) were also incorporat-
ed as co-variates in the final model of multivariate Cox

regression analysis for survival. A total of 156 patients with
DLBCL, who were treated with frontline R-CHOP, were en-
rolled in our study. The median patient age was 61 years, and
81 patients weremale (51.9%). Themedian cycle of R-CHOP
was six. The IPI risk group was a strong prognostic factor for
progression-free survival (PFS) and overall survival (OS) (p<
0.001). Obese BMIs were an independent prognostic factor
for PFS, but not for OS in multivariate analyses, compared to
patients with normal BMIs (HR=0.43, 95 % CI=0.19–0.98,
and p=0.046 for PFS). A high VAT ratio (third tertile) was an
independent adverse prognostic factor for PFS and OS in mul-
tivariate analyses (HR=2.87 and 2.66, 95 % CI=1.30–6.32
and 1.30–5.44, and p=0.009 and 0.007 for PFS and OS, re-
spectively). VAT ratio was an independent prognostic factor
for patients with DLBCL treated with first-line R-CHOP;
thus, additional large prospective studies are warranted.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is one of the most
common hematologic malignancies in the world [1]. Due to its
clinical aggressiveness, initial prognostic stratification is im-
portant for making a treatment plan. One of the strongest
prognostic factors to date is the International Prognostic Index
(IPI), which includes the age, Eastern Cooperative Oncology
Group (ECOG) performance status, Ann Arbor stage, number
of extranodal disease sites, and serum level of lactate dehy-
drogenase (LDH) [2]. Other factors, such as gene expression
profiles in tumor tissues, have been proposed as prognostic
markers in DLBCL [3]. Recent research also demonstrated
that obesity can be a prognostic factor in DLBCL [4, 5].
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Obesity is a well-defined risk factor for many cancers [6].
In most studies of the relationship between obesity and cancer,
body mass index (BMI) is a widely accepted objective mea-
sure of obesity and various studies have reported BMI as a
quantitative measure of obesity in cancer patients [7, 8].

A large-scale population-based cohort study showed that
increased BMIs are associated with increased risks for most
cancers, including uterine, gallbladder, renal, cervical, thyroid,
hepatic, colon, ovarian, and postmenopausal breast cancers
[6]. The risk of DLBCL also has been studied in view of the
association with BMI.

Two meta-analyses showed that increased BMIs are asso-
ciated with the incidence of DLBCL, with a relative risk [RR]
of 1.13 per 5 kg/m2-increase in BMI [4]. Moreover, the RR of
DLBCL for obese individuals was 1.29, compared with indi-
viduals with normal BMIs [9]. The impact of BMI on the
outcomes of DLBCL has been analyzed in many studies [5,
10–13]. Two studies reported that high BMIs affected unfa-
vorable outcomes in DLBCL patients. A population-based
study from the USA showed that the hazards ratio (HR) for
overall survival (OS) in overweight (25–29.9 kg/m2) and
obese (≥30 kg/m2) patients with DLBCL were 1.05 and
1.37, respectively [11]. An outcome study from Italy also
found that a high BMI (≥28) was associatedwith poor survival
(HR for OS and event-free survival=2.9 and 2.8, respectively)
[5] in high-risk DLBCL patients treated with high-dose se-
quential chemotherapy followed by autologous hematopoietic
stem cell transplantation.

However, the final conclusions of reports on the correlation
between BMI and DLBCL are inconsistent. Carson et al. [10]
clearly showed that high BMI (overweight and obese) was
independently associated with favorable outcomes in a large
retrospective cohort (HR for mortality=0.73 and 0.68 for
overweight and obese BMIs, respectively). Another retrospec-
tive cohort study that included DLBCL similarly showed that
overweight and obese BMI values were associated with better
OS and progression-free survival (PFS) [13]. However, sev-
eral studies have concluded that BMI was not significantly
associated with outcomes in DLBCL [12]. The strikingly
different results between studies addressing the same issue
prompted us to question whether BMI is an appropriate
measure of human adiposity, and if BMIs correlate with
DLBCL outcomes.

Direct measurement of abdominal adipose tissue is a rea-
sonable alternative to BMI. Quantitative measurements of to-
tal and visceral adipose tissue (VAT) have been used to assess
human adiposity in various clinical settings [14]. Abdominal
adipose tissue is mainly composed of two compartments, VAT
and subcutaneous adipose tissue (SAT), which harbor remark-
able anatomical and functional differences. VAT contains a
larger number of inflammatory cells, immune cells, and adi-
pocytes that are metabolically active and sensitive to adrener-
gic stimulation [15]. As a result, many investigators have

proposed that VAT is an important measure of human adipos-
ity and that VAT reflects the status of human adipose tissue
adequately when predicting cancer outcomes [16]. The use of
VAT as a prognostic factor has already been validated in pop-
ulations with metabolic disease [17].

Several studies have addressed the association between
BMIs and DLBCL prognosis; however, the results are discor-
dant. To our knowledge, there have been no reports addressing
the association between VAT and outcomes for DLBCL pa-
tients. In this study, we explored the potential role of VAT on
outcomes of patients with DLBCL.

Materials and methods

Study population

Patients who were diagnosed with DLBCL and were treated
with frontline rituximab, cyclophosphamide, doxorubicin,
v i n c r i s t i n e , a n d p r e d n i s o l o n e ( R - C HO P )
immunochemotherapy at the Korea Cancer Center Hospital
from January 2004 to December 2014 were enrolled in our
study. Patients with positive anti-HIVantibody test results or a
history of organ transplantation were excluded. Primary cen-
tral nervous system DLBCL patients were also excluded. Pa-
tients whose positron emission tomography (PET)/computed
tomography (CT) scans at the time of the initial diagnosis
were not available were also excluded. Medical records were
reviewed and baseline clinical information on sex, age, ECOG
performance status, serum LDH levels, Ann Arbor stage, and
extranodal involvement was collected.

BMIs were calculated using the following equation: BMI=
weight (kg)/square of the height (m2). BMIs were classified
into five categories according to the modifiedWHO criteria as
follows: underweight (<18.5 kg/m2), normal range (18.5–
<23 kg/m2), preobese (23–<25 kg/m2), obese (25–<25 kg/
m2) and superobese (≥30 kg/m2) [18, 19].

The Institutional Review Boards of Korea Cancer Center
Hospital reviewed and approved this study protocol. We
followed the recommendations of the Declaration of Helsinki
for biomedical research involving human subjects.

Adipose tissue measurement

Non-contrast CT images of the abdomen and pelvis were ex-
tracted from PET/CT scans that were performed during the
initial staging analysis of patients with DLBCL. A transverse
CT image at the intervertebral disc between L4 and L5 was
selected and the adipose tissue in this image was measured.
Cases were excluded if the whole skin was not included in the
scanned image or if there were lymphoma lesions in the im-
age. The exact measurement of the fat area was performed
using Rapidia 3D software (Infinitt, Seoul, Korea). The region
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of interest (ROI) encompassing total adipose tissue (TAT) and
VAT was delineated using a manual method option in the
Rapidia 3D package (Fig. 1). The identification of adipose
tissue was performed with threshold attenuation values be-
tween −250 and −50 Hounsfield units [17]. The VAT ratio
was calculated using the formula, VAT ratio=VAT area/TAT
area. Calculated VAT ratios were divided into three tertiles,
with the mid-tertile range as the reference range in subsequent
analyses. BMI and VAT ratios were considered as ordered
categorical variables.

Statistical analysis

Statistical analyses were performed using STATA, version 13
(Stata Corp., College Station, TX, USA).

PFS was defined as the time interval between the start of R-
CHOP and the time of disease progression, relapse, or death
due to any cause that was first observed. OS was defined as
the time interval between the initial diagnosis and death due to
any cause or the date of the last clinical follow-up. PFS and
OS were assessed using the Kaplan-Meier method, and the
prognostic factors for OS and PFS were identified using the
Cox’s proportional hazardmodel. A p value <0.05 (two-sided)
was considered statistically significant.

Results

Patients’ characteristics

A total of 297 patients with DLBCL who were treated with
frontline combination R-CHOP chemotherapy were initially
screened, and a total of 156 DLBCL patients were enrolled in
our study according to the predefined inclusion and exclusion

criteria. The median age of the population was 61 years (range
27–86 years), and 81 patients were male (51.9 %). Twenty-
four patients with poor ECOG performance status (≥2) were
included in our study. Our study population was well-
balanced and representative in terms of sex, Ann Arbor stage,
and LDH levels (Table 1).

VAT ratio

The VAT ratios calculated in our study population ranged from
0.11 to 0.65 (Table 1). When the VAT ratios were categorized
into tertiles, the values in the first tertile ranged from 0.113 to
0.294 (n=58), mid-tertile ranged from 0.295 to 0.380 (n=52),
and the third tertile ranged from 0.381 to 0.647 (n=46).

Frontline treatment and responses

All patients were treated with R-CHOP. The median number
of R-CHOP cycles was six. Twenty-one (13.5 %) and nine
(5.8 %) of the patients were also treated with consolidative
external beam radiation therapy and radioimmunotherapy
with 131I-rituximab, respectively (Table 2). A total of 115 pa-
tients (73.7 %) achieved complete response (CR). The CR rate
was slightly lower in patients with high VAT ratio compared to
those with the patients with mid-tertile range or low VAT ratio
though they are not statistically significant (76.9, 75.9, and
67.4 % for 1st, mid-, and 3rd tertile range of VAT ratios,
respectively, p=0.51). The PFS according to patients’ groups
with different VAT ratios showed a similar trend (Table 3).

Prognostic factors for PFS

We performed Cox regression analyses for the identification
of multiple prognostic factors for survival in patients with

Fig. 1 Measurement of total and visceral adipose tissue. Regions of
interest (ROIs) with a Hounsfield unit of −250 to −50 at the L4 level were
drawn manually. Total adipose tissue (▲ + *) and visceral adipose tissue

(VAT; *) were measured. a Representative image with low VAT ratio
(7421.49/32885.52=0.226). b Representative image with high VAT ratio
(14687.39/25679.56=0.572). VAT visceral adipose tissue
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DLBCL. Sex was not a significant prognostic factor for PFS.
Well-validated prognostic factors like age, Ann Arbor stage,
ECOG performance status, LDH levels, and extranodal in-
volvement are all incorporated into the IPI scoring system;
therefore, we analyzed these factors as a single categorical
variable termed, the IPI risk group. The IPI risk group was a
strong prognostic factor for PFS using multivariate analysis
(HR=7.02 and 23.78, 95 % confidence interval [CI]=2.63–
18.75 and 8.26–68.46, and p<0.001 and <0.001 for

intermediate- and high-risk groups, respectively). Under-
weight (<18.5 kg/m2) or overweight BMI (23–<25 kg/m2)
was not significantly associated with PFS. However, obese
BMI (25–<30 kg/m2) was a favorable prognostic factor for
PFS compared to normal BMI group (18.5–<23 kg/m2)
(HR=0.40 and 0.43, 95 % CI=0.18–0.86 and 0.19–0.98,
and p=0.020 and 0.046 for univariate and multivariate analy-
ses, respectively).

The subgroup with low VAT ratios (first tertile) was not
significantly associated with PFS, while the high VAT ratio
(third tertile) subgroup was an independent prognostic factor
for PFS, when the mid-tertile subgroup was set as the refer-
ence group. (HR=2.87, 95 % CI=1.30–6.32, and p=0.009 in
multivariate analysis; Table 4 and Fig. 2a).

Prognostic factors for OS

The IPI risk group was a strong prognostic factor for OS in
multivariate analysis (HR=4.75 and 14.31, 95 % CI=2.13–
10.63 and 5.70–35.92, and p<0.001 and <0.001 for the
intermediate- and high-risk groups, respectively). However,
sex and BMI were not significant prognostic factors for OS.
For example, obese BMIs were not a significant prognostic
factor for OS (HR=0.64 and 0.61, 95 % CI=0.32–1.24 and
0.29–1.29, and p=0.18 and 0.20 for univariate and multivar-
iate analyses, respectively) compared to that for PFS.

Similar to the results from the PFS prognosticator analysis,
high VAT ratios (third tertile) were an independent prognostic
factor for OS (HR=2.13 and 2.66, 95 % CI=1.12–4.04 and
1.30–5.44, and p=0.007 in univariate and multivariate analy-
ses; Table 5 and Fig. 2b).

Discussion

Our study showed that high VAT ratios (third tertile, ranging
from 0.381 to 0.647 in our study population) were an inde-
pendent adverse prognostic factor for PFS and OS in patients
with DLBCL who were treated with first-line R-CHOP. The
IPI risk group is a well-characterized prognostic factor for
both PFS and OS in DLBCL; therefore, we performed multi-
variate analyses after stratifying the study population based on
the IPI risk groups. The VAT ratio was an independent prog-
nostic factor after the effect of the IPI risk group was removed.

Previous studies on the association between survival and
BMI in cancer patients have reported inconsistent observa-
tions. High BMIs (>24 kg/m2) were reported as a poor prog-
nostic factor in Chinese premenopausal women with triple-
negative breast cancers [20]. A study using the Adjuvant Co-
lon Cancer Endpoints (ACCENT) database (n=25,291)
showed that obese men (≥35 kg/m2) had significantly poorer
disease-free survival compared to overweight and normal-
weight men [21]. In contrast, Sandra et al. [22] reported a

Table 1 Baseline characteristics of patients

Characteristics No. of patients

Age (median, range in years) 61 (27–86)

Gender, n (%)

Male 81 (51.9)

Female 75 (48.1)

ECOG performance status (%)

0–1 132 (84.6)

≥2 24 (15.4)

Co-morbidity (%)

Present 52 (33.3)

Absent 104 (66.7)

Ann Arbor stage (%)

I–II 75 (48.1)

III–IV 81 (51.9)

LDH

Normal 83 (53.2)

Abnormal 73 (46.8)

Extranodal involvement (%)

0–1 116 (74.4)

≥2 40 (25.6)

BMI (%)

Underweight (<18.5 kg/m2) 5 (3.2)

Normal range (18.5–<23.5 kg/m2) 56 (36.1)

Preobese (23–<25 kg/m2) 42 (27.1)

Obese (25–<30 kg/m2) 46 (29.7)

Superobese (≥30 kg/m2) 6 (3.9)

VAT ratio (median, range) 0.33 (0.11–0.65)

LDH lactate dehydrogenase, BMI body mass index, VAT ratio ratio of
visceral adipose tissue to total adipose tissue

Table 2 Frontline treatment

Regimen No. of patients (%) Median cycles

R-CHOP 126 (80.8 %) 6

R-CHOP plus definitive RT 21 (13.5 %) 6

R-CHOP with 131I-rituximab 9 (5.8 %) 6

Total 156 (100 %) 6

R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisolone, RT radiotherapy
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positive association between high BMIs (>25 kg/m2) and sur-
vival in patients with oropharyngeal carcinoma treated with
three-dimensional conformal radiotherapy or intensity-
modulated radiotherapy. In addition, another study of renal
cell carcinoma (RCC) reported that the association between
BMI and OS varied according to histologic subtypes; in-
creased BMI was a favorable prognostic factor for clear cell
RCC, whereas in the chromophobe RCC subtype, it was an
indicator of poor prognosis [23]. These differences in the cor-
relation of BMI with cancer prognosis based on tumor types
and histopathology may not be due to only the underlying
differences in tumor biology, but also because BMI may not
be an appropriate tool for measuring the effect of human ad-
iposity on cancer. As alternative and more accurate measures
of adiposity, SAT and VAT levels have been widely studied.

Some studies have addressed the impact of human adipos-
ity on the prognosis of DLBCL. Previous pharmacokinetic
studies suggested that obesity had a significant impact on
the metabolism and clearance of drugs, including doxorubicin

and rituximab [24, 25]. Modifications in tissue blood flow and
phenotypic activity of hepatic metabolizing enzymes in obese
patients might be an explanation for differential drug clear-
ance [26, 27]. The altered half-life of drugs in the R-CHOP
regimen, due to differential metabolism and clearance, could
impact the prognosis of DLBCL, by directly altering the rates
of progression and relapse. One study suggested that specific
receptors expressed in adipose tissue could be associated with
drug metabolism, thus indicating that the differences in distri-
butions of fat tissue could alter drug clearance and time of
drug exposure [26].

Our results showed that VAT ratios were an independent
prognostic factor for both PFS and OS, while obese BMIs
were an independent prognostic factor for PFS only. We pro-
pose a model in which adipose tissue, and/or the receptor
expression profile therein, impacts PFS due to adiposity-
driven differential drug metabolism and clearance. Moreover,
in our proposed model, the VAT ratio plays an additional role
in altering the OS of DLBCL patients.

Table 3 Outcomes of frontline treatment according to different VAT ratios

VAT ratio

Low (first tertile) Referent (mid-tertile) High (third tertile) p value

CR, % 75.9 76.9 67.4 0.51

PFS, months Not reached 89.0 71.0 0.06

CR complete response, PFS progression-free survival

Table 4 Cox regression analysis for progression-free survival (PFS)

Univariate Multivariate

HR 95 % CI p value HR 95 % CI p value

Sex (Female) 0.81 0.45–1.44 0.47 0.74 0.36–1.52 0.41

IPI risk group Low (0–1) 1.00 (Referent) 1.00 (Referent)

Intermediate (2–3) 7.54 2.86–19.90 <0.001 7.02 2.63–17.75 <0.001

High (4–5) 17.91 6.63–48.41 <0.001 23.78 8.26–68.49 <0.001

BMIa Normal (18.5–<23 kg/m2) 1.00 (Referent) 1.00 (Referent)

Underweight (<18.5 kg/m2) 0.64 0.087–4.79 0.67 0.62 0.077–5.01 0.66

Preobese (23–<25 kg/m2) 0.83 0.42–1.62 0.59 0.80 0.39–1.65 0.55

Obese (25–<30 kg/m2) 0.40 0.18–0.86 0.02 0.43 0.19–0.98 0.046

VAT ratio Mid-tertile (0.295–0.380) 1.00 (Referent) 1.00 (Referent)

First tertile (0.113–0.294) (low VAT ratio) 0.85 0.40–1.78 0.66 1.63 0.70–3.81 0.26

Third tertile (0.381–0.647) (high VAT ratio) 1.81 0.90–3.63 0.095 2.87 1.30–6.32 0.009

Co-morbidity Absent 1.00 (Referent) 1.00 (Referent)

Present 1.27 0.70–2.31 0.44 0.74 0.37–1.49 0.39

HR hazards ratio, CI confidence interval, IPI International Prognostic Index, BMI body mass index, VAT ratio ratio of visceral adipose tissue to total
adipose tissue
a Analysis for the superobese (>30 kg/m2 ) subgroups was not performed since there was no event in this subgroup
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DLBCL is a malignancy of B lymphocytes, one of the main
types of immune cells. VAT is, in turn, conjunctly associated
with immune functions [28]. Therefore, different volumes and
proportions of VAT may be associated with the outcomes of
DLBCL via its effect on immune function. Fatty acids re-
leased from VAT can escape hepatic metabolism and contrib-
ute to insulin resistance [29]. VAT is not merely a space-
occupying building block, but a type of endocrine organ,
and the cytokines secreted by adipose cells play an important
role in insulin resistance and chronic inflammation associated
with tumor progression [30]. VAT is associated with increased

expression of adipokine receptors and elevated levels of cir-
culating leptin and adiponectin [31, 32]. First, a VAT-mediated
increase in leptin upregulates reactive oxygen species (ROS),
which in turn leads to increased circulating glucose and insu-
lin, and ultimately, inflammation.[33] Second, VAT induces
hypoxic inducible factor-1α (HIF-1α), causing a hypoxic mi-
croenvironment, an important determinant of malignancy and
chemo-resistance of tumors [34, 35].

There were several studies that another cellular compo-
nents of adipose tissue, mesenchymal stromal/stem cells
might have a protective effect against the spontaneous or

Fig. 2 Kaplan-Meier curve for PFS and OS. a Patients with high VAT
ratios (third tertile group) had shorter PFS compared to those with low or
intermediate VAT ratios (first or mid-tertile groups). *Results of

univariate analysis. b Patients with high VAT ratios (third tertile group)
had shorter OS compared to those with low or intermediate VAT ratios
(first or mid-tertile groups). *Results of univariate analysis

Table 5 Cox regression analysis for overall survival (OS)

Univariate Multivariate

HR 95 % CI p value HR 95 % CI p value

Sex (Female) 0.80 0.47–1.37 0.41 0.63 0.32–1.26 0.19

IPI risk group Low (0–1) 1.00 (Referent) 1.00 (Referent)

Intermediate (2–3) 5.41 2.45–11.97 <0.001 4.75 2.13–10.63 <0.001

High (4–5) 11.85 5.19–27.06 <0.001 14.31 5.70–35.92 <0.001

BMI Normal (18.5–<23 kg/m2) 1.00 (Referent) 1.00 (Referent)

Underweight (<18.5 kg/m2) 1.26 0.29–5.40 0.76 1.41 0.29–6.75 0.67

Preobese (23–<25 kg/m2) 0.87 0.45–1.68 0.68 0.90 0.45–1.81 0.77

Obese (25–<30 kg/m2) 0.63 0.32–1.24 0.18 0.61 0.29–1.29 0.20

Superobese (≥30 kg/m2) 0.30 0.041–2.27 0.25 0.15 0.019–1.27 0.083

VAT ratio Mid-tertile (0.295–0.380) 1.00 (Referent) 1.00 (Referent)

First tertile (0.113–0.294) (low VAT ratio) 0.74 0.37–1.53 0.43 1.42 0.61–3.31 0.42

Third tertile (0.381–0.647) (high VAT ratio) 2.13 1.12–4.04 0.022 2.62 1.30–5.44 0.007

Co-morbidity Absent 1.00 (Referent) 1.00 (Referent)

Present 1.54 0.89–2.66 0.12 0.93 0.49–1.75 0.82

HR hazards ratio, CI confidence interval, IPI International Prognostic Index, BMI body mass index, VAT ratio ratio of visceral adipose tissue to total
adipose tissue
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drug-induced apoptosis of malignant lymphoid cells [36,
37]. Poor prognosis in patients with high VAT ratio might
be associated with the function of mesenchymal stromal
cells in human adipose tissue.

The last point to consider is the routinely used-dose cap-
ping rule at body surface area (BSA) of 2 m2 when to admin-
ister chemotherapeutic drugs to a patient whose BSA is more
than 2 m2. So, if this rule is applied to patients, highly obese
patients have a tendency to be undertreated considering their
real BSA. BSAs between different groups of VAT ratio were
not significantly different in our study population (mean±SD
of BSA 1.64±0.20 and 1.65±0.18 for mid-tertile and low
VAT ratio, 1.69±0.15 for high VAT ratio, respectively, p=
0.3). Furthermore, there were only five patients whose BSAs
were more than 2 m2 (two patients in low VAT group, two
patients in mid VAT group, one patient in high VAT group).

Based on these and our data, we propose that increased
human adipose tissue, especially VAT, adversely affects the
OS of DLBCL patients.

VAT has been considered a key contributor to poor
cancer outcomes in terms of anthropometry.

However, absolute VAT volume is a less appropriate
measure than is the VAT ratio, considering the remark-
able variability in human physique [38]. Only one study
has measured VAT in patients with DLBCL [39]. This
study highlighted adipopenia as a prognostic factor for
both PFS and OS in DLBCL. Although investigators in
this study recognized VAT as a different compartment of
adipose tissue, they did not use the VAT ratio as a
variable in their analyses [39].

Our study does have several limitations. Our study
population included a small number of DLBCL pa-
tients. The association between prognosis and the two
extreme BMI subgroups (underweight and superobese
BMIs) could not be analyzed due to the small number
of patients within these subgroups. However, our study
offers additional insight into the impact of adiposity on
the prognosis of DLBCL; one novel finding is that the
VAT ratio may be a better prognostic factor than BMI
for DLBCL patients who are scheduled to be treated
with frontline R-CHOP. Further large prospective stud-
ies are needed to confirm the relationship between
measures of adiposity and prognosis of DLBCL.
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