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Objective: To investigate the prognostic value of serum
albumin (SA) levels before chemotherapy in patients
with diffuse large B-cell lymphoma (DLBCL) after re-
ceiving chemotherapy. Methods: This is a retrospective
study, and 127 patients with DLBCL including 71 males
(55.9%) and 56 females (44.1%) were included. Patients’
gender, age, Ann Arbor staging, eastern cooperative
oncology group (ECOG) score, treatment options, inter-
national prognostic index, response rate, overall sur-
vival (OS), and progression-free survival (PFS) were ob-
tained for statistical analysis. Results: Univariate analysis
showed that SA<34 g/L, Ann Arbor llI-IV, B symptoms,
ECOG=2, and bone marrow involvement suggest a poor
prognosis in patients with DLBCL. Patients with persis-
tent SA>34 g/L had significantly longer OS than patients
with persistent SA<34 g/L (P=0.020). Multivariate analy-
sis showed that SA<34 g/L (HR=0.48, 95% CI=0.26-0.90,
P=0.022) and R-CHOP-like treatment regimen (HR=0.43,
95% CI=0.24-0.76, P=0.004) are independent factors that
could affect the prognosis of patients with DLBCL. Con-
clusion: SA can be used as an indicator of prognosis
in patients with DLBCL before the first chemotherapy.
DLBCL patients with SA<34 g/L are associated with short
OS and poor prognosis, which may potentially provide
guidance for the clinician to pay more attention to this
population before the first chemotherapy.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most
common pathological subtype of non-Hodgkin’s lym-
phoma (NHL), and its incidence rate is 6.3% with an
estimated more than 25 thousand new cases in the Unit-
ed States in 2016 (Li ef al., 2018). The heterogeneities of

DLBCL in clinical manifestations and histomorphology
lead to differences in treatment response and prognosis.

The international prognostic index (IPI) is currently
the common risk stratification criteria for lymphoma,
which includes age, Ann Arbor disease stage, serum lac-
tate dehydrogenase (LDH) level, extranodal involvement
and eastern cooperative oncology group (ECOG) score
(Ziepert et al, 2010). Afterwards, the age-adjusted in-
ternational prognostic (aalPI) can be used to assess the
long-term prognosis of patients aged <60 years (Schn e#
al., 2007).

The National Comprehensive Cancer Network Inter-
national Prognostic Index (NCCN-IPI) followed the five
clinical features of IPI, and the LDH and age factors
were more subdivided, and their evaluation was better
than IPI (1993). The R-CHOP regimen is effective in
the treatment of patients with DLBCL, and its overall
survival (OS) and event-free survival (EFS) are superior
to the CHOP-like regimen (Coiffier e al., 2002; Coiffier
et al., 2010; Pfreundschuh ez al., 2000)

BCL-2, MYC, and BCL-6 molecular biological indica-
tors have made significant progress in assessing progno-
sis (Miyaoka ez al., 2018), though the examination is ex-
pensive. Serum albumin (SA) results show that patients
with low SA have lower OS (Dalia et al, 2014), and
SA can predict the prognosis of patients with DLBCL
(Eatrides e¢# al., 2015), but it is excluded from the IPI
prognosis approach due to insufficient data (1993). In
this study, we aimed to investigate the prognostic val-
ue of SA levels before chemotherapy in patients with
DLBCL after receiving chemotherapy. After determining
the optimal threshold of SA level in DLBCL patients,
the patients were divided into high and low cut-off SA
groups. The OS and progression-free survival (PTS)
were analyzed to assess the effectiveness of NCCN-IPI
in DLBCL patients, especially those under 60 years of
age. This retrospective analysis of DLBCL patients with
different SA levels might provide more clinically relevant
guidance for clinicians to assess the prognostic outcomes
of patients before the first chemotherapy.

OBJECTIVES AND METHODS

Object selection

This retrospective study was approved by the Ethics
Committee of Fujian Medical University Union Hospital
(the approval number: 2019KY029) in Fuzhou City, Fu-
jian Province, China in 2019. A total of 127 patients with
DLBCL admitted to the Union Hospital of Fujian Medi-
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Table 1A. The International Prognostic Index (IPI)

Table 1B. The age-adjusted international Prognostic Index (aalPI)

Index 0 Point 1 Point

Age (Year) <60 >60

ECOG Oor1 =2

LDH <Normal Value >Normal Value
Extranodal involvement 0 or 1 >1

Ann Arbor staging lorll Il or IV

Low-risk group, 0-1 point; low-intermediate risk group, 2 points; high-
intermediate risk group, 3 points; high-risk group, 4-5 points. ECOG,
Eastern Cooperative Oncology Group; LDH, Lactate Dehydrogenase.

Index 0 Point 1 Point

ECOG <2 =2

LDH <Normal Value >Normal Value
Ann Arbor staging | orll Il or IV

Low-risk group, 0 points; low-intermediate risk group, 1 point; high-
intermediate-risk group, 2 points; high-risk group, 3 points. ECOG, East-
ern Cooperative Oncology Group; LDH, Lactate Dehydrogenase.

Table 1C. The National Comprehensive Cancer Network International Prognostic Index (NCCN-IP)

Index Grouping Point
<41 Year 0
41-60 Year 1
Age
61-75 Year 2
>75 Year 3
Oor1 0
ECOG
=2 1
LDH <1 of Normal Value 0
1-3 of Normal Value 1
>3 of Normal Value 2
Extranodal involvement No 0
Yes 1
Ann Arbor staging lorll 0
Il or IV 1

Low-risk group, 0-1 point; low-intermediate risk group, 2-3 points; high-intermediate risk group, 4-5 points; high-risk group, =6 points. ECOG, East-

ern Cooperative Oncology Group; LDH, Lactate Dehydrogenase.

cal University from January 1, 2010 to December 31,
2014 were consecutively enrolled. Inclusion criteria were
as follows: 1) initial treatment and age =18 years; 2) ini-
tial diagnosis of DLBCL; 3) pathological tissues were di-
agnosed according to WHO lymphoma typing (Fmedsci
& Frs, 2015); 4) no severe heart, lung, liver, and kidney
dysfunction; 5) patients were treated with rituximab and
CHOP (R-CHOP) like regimen or CHOP-like regimen.
Exclusion criteria were as follows: 1) initial treatment
and age <18 years; 2) no chemotherapy in our hospi-
tal or incomplete data; 3) patients with history of heart,
lung, liver, or kidney dysfunction; 4) patients were diag-
nosed with primary central nervous system diffuse large

Sensitivity

o 0'2 0‘! 0‘6 0'8 10
Specificity

AUC=0.68=0.51
95% CI =0.52-0.72
P=0.02

Figure 1. Receiver operating characteristic (ROC) curve of serum
albumin.

B-cell lymphoma, primary diffuse large B-cell lympho-
ma, primary mediastinal diffuse large B-cell lymphoma,
original bone matrow diffuse large B-cell lymphoma, or
Epstein-Batr virus (EBV)-positive elderly diffuse large B-
cell lymphoma. The clinical data, including gender, age,
germinal center B cell-like (GCB) subtypes (by the Hans
algorithm (Hans e 4/, 2004)), Ann Arbor staging (Sehn
et al., 2005), B symptoms, ECOG, extranodal involve-
ment, LDH, SA, treatment regimen, and NCCN-IPI,
were analyzed in this study. All patient details were de-
identified and the identity of patients could not be ascer-
tained from this study. Meanwhile, the reporting of this
study conforms to the STROBE statement (von Elm ef
al., 2007).

Treatment

The patients’ consent to treatment was obtained in
this study. All patients received an R-CHOP-like regi-
men (rituximab (R) 375 mg/m? once, cyclophosphamide
(CTX) 750 mg/m? once, vinctistine (VCR) 1.4 mg/
m? or vindesine (VDS) once, doxorubicin (Adriamycin,
ADM) 50 mg/m? once and epirubicin (EPI) or pred-
nisone (Pred) 40 mg/m? for 5 continuous days) tepeated
at 14-day intervals for 1-6 cycles, or CHOP-like regimen
(CTX, VCR or VDS, ADM, EPI or Pred) for 1-6 cycles
(Lamy e7 al., 2018).
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Table 2. Information of the Patients with DLBCL

Index Patients No. Ratio (%) oA
<34 g/L (%) >34 g/L (%)

Sex 0.512
Male 71 55.9 42 (59.2) 29 (40.8)

Female 56 44.1 29 (51.8) 27 (48.2)

Age (Year) 0.257
<60 82 64.6 46 (56.1) 36 (43.9)
>60 45 354 25 (55.6) 20 (44.4)

Ann Arbor staging 0.003
-l 41 323 18 (43.9) 23 (56.1)

-v 86 67.7 53 (61.6) 32 (37.2)

B symptoms 0.007
Yes 45 354 35 (77.8) 10 (22.2)

No 82 64.6 37 (45.1) 45 (54.9)

ECOG score 0.004
<2 105 82.7 52 (49.5) 54 (51.4)
>2 22 173 19 (85.4) 3(13.6)

Extranodal involvement 0.301
Yes 69 54.3 45 (65.2) 24 (34.8)

No 58 457 27 (46.6) 31 (53.4)

Bone marrow involvement 0.038
Yes 32 25.2 23 (71.9) 9 (28.1)

No 95 74.8 47 (49.5) 48 (50.5)

LDH (U/L) 0.019
>250 67 52.8 48 (71.6) 19 (28.4)
<250 60 47.2 23 (38.3) 37 (61.7)

Pathological type 0.389
GCB 45 354 26 (57.8) 19 (42.2)

Non-GCB 81 63.8 44 (54.3) 37 (45.7)

Treatment 0.002
CHOP-like 54 425 35 (64.8) 19 (35.2)

R-CHOP like 69 54.3 35 (50.7) 34 (49.3)

IPl/aalPI 0.003
Low-risk 34 26.8 14 (41.2) 20 (58.8)
Low-intermediate risk 34 26.8 17 (50) 17 (50)
High-intermediate risk 30 236 20 (66.7) 10 (33.3)

High-risk 29 22.8 21(72.4) 8 (27.6)

NCCN-IPI 0.000
Low-risk 23 18.1 10 (43.5) 13 (56.5)
Low-intermediate risk 64 50.4 31 (48.4) 33 (51.6)
High-intermediate risk 32 25.2 24 (75) 8 (25)

High-risk 8 6.3 8 (100) 0(0)

DLBCL, diffuse large B-cell lymphoma; ECOG, eastern cooperative oncology group; LDH, lactate dehydrogenase; GCB, germinal center B cell-like; IPI,
international prognostic index; aalPl, age-adjusted international prognostic index; NCCN-IPI, the national comprehensive cancer network interna-

tional prognostic index.
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Prognostic assessment method

Patients were assessed by IPI, aalPI and NCCN-IPI
(Table 1A, B and C). NCCN-IPI assessment includes
patients’ age, ECOG score, serum lactate dehydroge-
nase level (LDH), extranodal involvement (involved
distinct sites, such as bone marrow, CNS, gastrointes-
tinal tract, liver or lung), and Ann Arbor stage. By us-
ing this assessment method, patients were divided into
low-risk group (NCCN-IPI=0-1), low-intermediate risk
group (NCCN-IPI=2-3), high-intermediate risk group
(NCCN-IPI=4-5) and high-risk group (NCCN-IPI 20)
(Table 1C).

SA grouping

The cut-off value of SA was obtained by analyzing the
SA level- receiver operating characteristic (ROC) curve.
Following this approach, the cut-off value of SA was
34 g/L. Therefore, in this study, the DLBCL patients
were divided into low SA<34 g/L and high SA>34 ¢/L

groups (Fig. 1).
Efficacy criteria

The short-term efficacy evaluation was based on the
Response Criteria for Malignant Lymphoma (Cheson ef
al., 2007) by using CT or PET-CT imaging techniques af-
ter the first chemotherapy. Generally, the short-term ef-
ficacy was divided into four groups: complete remission
(CR, defined as disappearance of all evidence of disease),
partial remission (PR, defined as regression of measura-
ble disease and no new sites), stable disease (SD, defined
as failure to attain the CR/PR), Progtessive disease (PD,
defined as any new lesion or increase by 50% of previ-
ously involved sites from nadir). OS and PES are fol-
lowed up by inpatient medical records or by telephone.
The deadline is the study endpoint December 31, 2017,
to obtain 3-year and 3-year of OS and PES data. OS:
The primary endpoint was OS with 3 years (3-year OS),
defined as the time from diagnosis to death from any
cause, following the IPI criteria. PFS was defined as the
time from DLBCL diagnosis until the disease recurrence,
death-from-any-cause, or censoring (Cheson ez al., 2007).

Data processing method

All data were analyzed using SPSS 20.0. ROC curve
analysis was performed to obtain the cut-off SA value.
OS and PFS were assessed by using the Kaplan-Meier
estimator. Univariate and multivariate analyses were per-
formed using the Cox regression model, and short-term
efficacy analysis was performed by using the chi-square
test. P<0.05 was statistically significant.

RESULT

General clinical characteristics of patients with DLBCL

A total of 156 cases of DLBCL were diagnosed by
pathology in our hospital from January 1, 2010 to De-
cember 31, 2014, while 26 cases were not treated with
chemotherapy and 3 cases were combined with other
tumors. Therefore, 127 patients were finally collected,
including 71 males (55.9%) and 56 females (44.1%).
Generally, the median age of patients was 56 (18-86)
years, while 45 patients (35.4%) were aged >060 years.
The ECOG<2 points were reported in 105 cases
(82.7%), while ECOG=2 points were reported in 22
cases (17.3%). There were 82 cases (64.6%) who had no

B symptoms, and 45 cases (35.4%) were with B symp-
toms. The patients with normal LDH levels were found
in 60 cases (47.2%), while 67 cases (52.8%) were shown
with high LDH. The low SA (534 g/L) was obsetved
in 70 cases (55.1%) and high SA (>34 g/L) was in 54
cases (42.5%). The other clinical characteristics of these
patients are shown in Table 2.

Pathologically diagnosed with germinal center B cell-
like (GCB) was found in 45 cases (35.4%) and non-GCB
was in 81 cases (63.8%). Meanwhile, 41 cases (32.3%)
were diagnosed with Ann Arbor staging I-II, while 86
cases (67.7%) were Ann Arbor staging III-IV. In addi-
tion, 58 cases (45.7%) were not found with extranodal
involvement, while 69 cases (54.3%) were shown with
extranodal involvement. According to the NCCN-IPI
assessment, there were 23 cases (18.1%) in the low-risk
group, 04 cases (50.4%) in the low-intermediate risk
group, 32 cases (25.2%) in the high-intermediate risk
group, and 8 cases (6.3%) in the high-risk group, with
3-year OS of 76.5%, 73.8%, 32.5%, 37.5 %, respectively.
Meanwhile, 54 patients (42.5%) received CHOP-like reg-
imens, 69 patients (54.3%) received R-CHOP-like regi-
mens, and the other 4 patients received other chemo-

therapy (Table 2).

Survival and prognosis analysis

Up to the last follow-up date, the rate of loss to fol-
low-up was 15.7%, while the mortality rate was 35.4%.
The median follow-up time was 25 (0—66) months. The
OS of 1 yeat, 3 years and 5 years were 70.3%, 61.0%
and 50.5%, respectively. The PFS rates of 1 year, 3 years
and 5 years were 560.7%, 41.2% and 32.0%, respectively
(Fig. 2A and B).

Cox regression analysis of factors in association with
OS of patients with DLBCL

By using univariate Cox analysis, it showed that Ann
Arbor staging (P=0.008), B symptoms (P=0.008), ECOG
score (P=0.004), bone marrow involvement (P=0.017),
LDH levels (P=0.063), SA levels (P=0.002), and treat-
ment regimens (P=0.003) were significantly associated
with 3-year OS in patients with DLBCL (Table 3). How-
ever, when using the multivariate Cox regression model,
it showed that Ann Arbor staging, B symptoms, ECOG
score, bone marrow involvement, and LDH levels had
no significant correlation with the prognostic values of
DLBCL patients. On the contrary, SA levels (P=0.022)
and treatment regimens (P=0.004) were an independent
prognostic factor for patients with DLBCL (Table 4).

0s%

-l NCCN-PI

Pl rtermedate 1mh

Months

Figure 2. The 3-year overall survival of the low-risk group, the
low-intermediate-risk group, the high-intermediate-risk group
and the high-risk group of the IPl/aalPI (A) and the NCCN-IPI (B).
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Table 3. Results of univariate Cox regression model

ndex 3-year OS
HR 95% Cl P

Sex (Male vs Female) 1.045 0.788-1.385 0.762
Age (<60 years vs >60 years) 0945 777777777 0.522737—71.691 0.849
Ann Arbor staging (-1l vs llI-1V) 2689 777777777 1.3027—75.553 0.008
B symptoms (Yes vs No) 0469 777777777 0‘26%—70.823 0.008
ECOG Score (<2 vs =2) 255* 777777777 1.3457-74.824 0.004
Extranodal involvement (Yes vs No) 0972 777777777 0.7327—71.290 0.842
Bone marrow involvement (Yes vs No) 0701 777777777 0.521717—70.938 0.017
LDH (Normal vs > Normal) 0761 777777777 0.571”-71.015 0.063
Low SA vs High SA 1629 777777777 1.19:;2.224 0.002
GCB vs non-GCB 1151 777777777 0.64}—72.045 0.633
CHOP- like vs R-CHOP-like 1571 777777777 1.205757—72.044 0.003
IPI 1 571 777777777 1 ‘2037—72.044 0.001
NCCN-IPI 2131 777777777 1 .5227-72.984 0.000

*Example in this analysis: HR is obtained from the exponential regression coefficient, and gives the effect size of the predictors. In our example, the
ECOG variable had an HR =2.55, meaning that the hazard (year OS) in patients with ECOG >2 is about 2.55 times higher than in the patients with
ECOG <2. ECOG, Eastern Cooperative Oncology Group; LDH, Lactate Dehydrogenase; GCB, germinal center B cell-like; IPI, International Prognostic
Index; SA, serum albumin; NCCN-IPI, the National Comprehensive Cancer Network International Prognostic Index; OS, overall survival; HR, hazard

ratio; Cl, confidence interval.

The association of SA concentration with short-term
efficacy

In the SA of <34 g/L population (n=70), the overall
response rate (ORR) was 58.6%, with 28 complete re-
mission (CR) patients and 13 partial remission (PR) pa-
tients, while the non-remission rate (NRR) was 41.4%. In
the SA>34 ¢/L population (n=54), the ORR was 90.7%
(n=49), while the NRR was 9.3% (n=5). The short-term
efficacy of patients with DLBCL between these two
groups was statistically significant (P=0.033), indicating
the low SH patient has a low CR rate after receiving
chemotherapy (Table 5). In addition, the 3-year OS and
PES in the high SA group were 57.4% and 32.8%, which
was significantly better than that in the low SA group
(P=0.002 and P=0.022) (Fig. 3 and Table 0).

Table 4. Results of multivariate Cox regression model

Prognostic value of SA level in association with other
factors of patients with DLBCL

The 3-year OS in patients with a sustained SA of >34
g/L was significantly longer than those with a continu-
ous SA of <34 g/L (P=0.02), whereas there was no
significant difference in terms of PES, suggesting that
patients with SA>34 ¢/L before the initial chemothet-
apy have longer OS than that of patients with SA<34
g/L, while the level of SA did not affect on PFS of
patients with DLBCL (Fig. 4). The 3-year OS of high
SA patients with NCCN-IPI stratified low-intermediate
risk group was significantly higher than the 3-year OS
of low SA (P=0.029), while there was no significant dif-
ference in 3-year OS between high and low SA levels
in low-tisk/high-intermediate group (P>0.05) (Fig. 5).
The 3-year OS of patients with high SA with ECOG
score of 0-1 was significantly higher than that of pa-

3-year OS
Index

HR 95.0% Cl P
Ann Arbor staging (I-1l vs llI-1V) 1.67 0.74-3.79 0.219
B symptoms (Yes vs No) 0.73 0.37-1.42 0.350
ECOG score (2 vs 22) 1.58% 0.77-3.25 0.212
Bone marrow involvement (Yes vs No) 0.78 0.4-1.48 0.451
LDH (Normal vs > Normal) 1.14 0.60-2.18 0.685
Low SA vs High SA 0.48 0.26-0.90 0.022
CHOP-like vs R-CHOP -like 0.43 0.24-0.76 0.004

*Example in this analysis: HR is obtained from the exponential of regression coefficient, and gives the effect size of the predictors. In our example,
the ECOG variable had an HR=1.58, meaning that the hazard (3-year OS) in patients with ECOG =2 is about 1.58 times higher than in the patients
with ECOG <2. ECOG, Eastern Cooperative Oncology Group; LDH, Lactate Dehydrogenase; OS, overall survival; HR, hazard ratio; Cl, confidence in-

terval.
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Table 5. Comparison of serum albumin levels and short-term efficacy
Serum albumin (g/L) CR (%) NRR (%) ORR (%)
<34 g/L (n=70) 28 (40) 29 (41.4) 41 (58.6)*
>34 g/L (n=54) 32 (59.3) 5(9.3) 49 (90.7)*
*P=0.033; CR: complete remission; NRR, non-remission rate; ORR, overall response rate.
Table 6. Analysis of Serum albumin levels and 3-year OS/PFS by univariate Cox regression model
% HR 95% Cl P
3-year OS ratio: low SA (43.6%) vs high SA (57.4%) 1.629 1.193-2.224 0.002
3-year PFS ratio: low SA (20%) vs high SA (32.8%) 0.607 0.392-0.938 0.022
OS, overall survival; PFS, progression-free survival; SA, serum albumin; HR, hazard ratio; Cl, confidence interval.
A B A B
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Figure 3. Analysis of 3-year OS (A) and PFS (B) in the low and
high SA patients.

tients with low SA with ECOG score of 0-1 (HR=0.439,
95% CI=0.232-0.831, P=0.011) (Table 7). In the non-
GCB group, the low SA patients survived for 47.9% in
3 years, and the 3-year survival rate of high SA patients
was 78.3 %, which was statistically significant (P=0.004,
Table 8). The 3-year OS of low SA patients in group
III-IV was 33.2 %, which was significantly lower than
72 % in high SA patients (P=0.018) (Fig. 6 and Table 9).

Analysis of 3-year OS of treatment regime grouped SA
group by univariate Cox regression model

The Kaplan—Meier test showed that in the CHOP-like
treatment group, the 3-year OS ratio of patients in the
high SA group was higher than that in the low SA group
(62% s 38%) (P=0.087, Tlig. 7A). In the R-CHOP like
treatment group, the 3-year OS ratio of patients in the
high SA group was higher than that in the low SA group
(87% ws 61% (P=0.101, Fig. 7B). Univariate Cox regres-
sion analysis showed that there were significantly differ-
ent in the 3-year OS between low and high SA among
the CHOP like (P=0.035) and R-CHOP like groups
(P=0.04) (Table 10).

DISCUSSION

In this study, we retrospectively analyzed the 127 pa-
tients with DLBCL and found that the cut-off SA value
of 34 g/L could be used as a prognostic predictor for
DLBCL patients in the clinic. Similarly, Wei and others
(Wei et al., 2021) reported that the best cutoff value of
SA for survival analysis of patients with DLBCL was
39.2 g/L, and also concluded that hypoalbuminemia can
act as a simple and effective adverse prognostic factor in

5 3
o o Pos o
E F
L—LL i L—HA
| —
5 5
— : - :

Figure 4. Analysis of 3-year OS and 3-year PFS in low and high
SA patients before and after the chemotherapy.

3-years OS (A) and 3-year PFS (B) in patients with two SAs>34 g/L
and two SAs < 34 g/L before the first two chemotherapy. 3 years
OS (€) and 3-year PFS (D) in patients with two SAs<34 g/L and ini-
tial SA 34 g/L, second SA>34 g/L before the first two chemother-
apy. 3-year OS (E) and 3-year PFS (F) in patients with two SAs>34
g/L and initial SA>34 g/L, second SA<34 g/L before the first two
chemotherapy.

these patients. In addition, Eatrides and others (Eatrides
et al., 2015) showed that SA <37g/L in patients treated
with R-CHOP like had a lower OS and PFS. However,
in this study, we divided the DLBCL patients into >34
g/L and SA<34 g/L groups, and compared the prog-
nostic outcomes of these patients in different subgroups,
including NCCN-IPI risk grouping, before and after
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Table 7. Analysis of 3-year OS of ECOG score stratified serum albumin levels by univariate Cox regression model

3-year OS
ECOG score SA group Patients No. (%)
HR 95% Cl P
0-1 point Low SA 51/102 (50)
0.439 0.232-0.831 0.011
High SA 51/102 (50)
2-4 points Low SA 19/22 (86.4)
0.034 0.000-12.697 0.263
High SA 3/22 (13.6)

OS, overall survival; ECOG, Eastern Cooperative Oncology Group; SA, serum albumin; HR, hazard ratio; Cl, confidence interval.

Table 8. Analysis of 3-year OS of pathological grade-stratified serum albumin group by univariate Cox regression model

3-year OS
Pathological diagnosis SA group 3-year OS ratio (%)
9 9 g Y HR 95% Cl P
GCB Low SA 35.6
0.441 0.176-1.109 0.082
High SA 74.9
non-GCB Low SA 479
0.315 0.143-0.693 0.004
High SA 783
OS, overall survival; GCB, germinal center B cell like; SA, serum albumin; HR, hazard ratio; Cl, confidence interval.
Table 9. Analysis of 3-year OS of Ann Arbor staging-stratified serum albumin group by univariate Cox regression model
3-year OS
Ann Arbor staging SA group 3-year OS ratio (%)
HR 95% Cl P
-l Low SA 72.8
0.658 0.196-2.206 0.498
High SA 85.2
-1v Low SA 33.2
0.454 0.236-0.875 0.018
High SA 72

0S, overall survival; SA, serum albumin; HR, hazard ratio; Cl, confidence interval.

Table 10. Analysis of 3-year OS of treatment regime grouped serum albumin group by univariate Cox regression model

3-year OS ratio

Treatment regime SA group 3-year OS ratio (%)
HR 95% Cl P
CHOP -like Low SA 29.7
"""" 0.427 0.194-0.940 0.035
High SA 63
R-CHOP -like Low SA 83.7
"""" 0.375 0.147-0.957 0.04
High SA 60.6

OS, overall survival; SA, serum albumin; HR, hazard ratio; Cl, confidence interval.

chemotherapy, Ann Arbor staging, ECOG score, treat-
ment options, respectively. By evaluating SA concentra-
tion predictive efficacy in these subgroups, it showed
that SA may serve as the prognostic predictor in DLBCL
patients with specific clinical characteristics.

IPI/aalPI/NCCN - IPI assessment

IPI/aalPI has been used as a prognostic indicator for
DLBCL. In this study, univariate Cox regression mod-
el analysis IPI/aalPI showed significant differences in
OS of different risk stratification, indicating that IPI/
aalPI may effectively assess the prognosis of patients.
Ziepert et al reported that rituximab increases OS in
patients with DLBCL, and IPI can effectively assess
patient prognosis in both CHOP-like and R-CHOP like
regimens (Ziepert e/ al, 2010). In this study, patients
with DLBCL who received an R-CHOP regimen had

longer OS than patients with DLBCL who received
a CHOP-like regimen, which is consistent with other
studies. IPI was able to assess the prognosis of patients
with DLBCL treated with the R-CHOP-like regimen
but was unable to completely distinguish the four risk
stratifications and the effectiveness of IPI in assessing
the prognosis of such patients was limited (Salles ¢7 al,
2011). Multivariate analysis showed that age =60 years,
elevated LDH levels, low SA and Ann Arbor staging
were independent prognostic risk factors (Ngo ef al.,
2008). Zhou and others (Zhou ez al., 2014) studied pa-
tient data from seven clinical centers and proposed an
NCCN-IPI prognostic assessment model to assess the
prognosis of patients with DLBCL treated with the R-
CHOP-like regimen.

NCCN-IPT is effective in assessing OS in patients
treated with CHOP-like and R-CHOP-like regimens, and
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Figure 5. 3-year overall survival of patients with SA<34 g/L and
with SA>34 g/L in NCCN-IPI risk stratification grouping.

(A) low-risk group; (B) low-intermediate risk group, (C) high-inter-
mediate risk group; (D) high-risk group.
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Figure 6. Comparison of OS between SA>34 g/L and SA<34 g/L
patients.
(A) Ann Arbor staging |-l group; (B) Ann Arbor staging IlI-IV

group.

is more effective than IPI/aalPI, in patients treated by
R-CHOP-like (Salles ez al., 2011; Ngo et al., 2008; Zhou
et al., 2014). However, Melchardt and others (Melchardt
et al., 2015) believe that the effectiveness of NCCN-IPI
in evaluating the prognosis of patients treated with an
R-CHOP-like regimen is still insufficient. Our study was
stratified by age and the results showed that NCCN-IPI
was able to effectively assess risk stratification in patients
>60 years old and <060 years old.

SA levels

As an independent prognostic risk factor, SA has
been confirmed in other hematological malignancies,
including Hodgkin’s lymphoma, myelodysplastic syn-
drome, acute myeloid leukemia, primary cutaneous T-
cell lymphoma, spleen marginal lymphoma, and Prima-
ry mediastinal DLBCL (Huang e# a/, 2015; Chihara et
al., 2009; Watanabe ¢f al., 2010; Zhu et al., 2011; Arcaini
et al., 2006; Kharfan-Dabaja ez al., 2011; Komrokiji e# al,
2012). The SA detection cycle is short, and the cost is

Figure 7. Comparison of 3-year OS between SA>34 g/L and
SA<34 g/L patients.
(A) CHOP-like treatment group; (B) R-CHOP like treatment group.

low, which can cover the population in remote areas.
At the same time, SA is also a stable biomarker. A pre-
vious study showed that the 3-year OS in patients with
SA levels >34¢/L before chemotherapy was significant-
ly higher than low SA (Eatrides e7 a/, 2015), which was
consistent with our current finding. SA levels before
chemotherapy are an independent prognostic risk factor
for DLBCL. After chemotherapy, patients with low SA
had shorter OS. CHOP like and R-CHOP-like treated
patients with low SA had shorter OS than patients with
high SA.

Evaluation of SA concentration predictive efficacy

The chi-square test showed a difference in CR be-
tween the two groups of SA that the short-term ef-
ficacy of low SA was poor. The long-term efficacy
evaluation of COX regression showed that patients
with low SA had significantly shorter PFS/OS than
high SA patients. Patients with SA sustained >34
g/L before the second chemotherapy had longer OS
than patients with SA sustained < 34 g/L. Before the
initial chemotherapy, patients with SA >34 ¢/L had
higher OS than patients with SA<34 ¢/L and were
not affected by SA changes before the second chemo-
therapy.

Limitations

There were some limitations in this study. First-
ly, this is a retrospective clinical analysis and should
eliminate mutual interference between effective factors
by using multivariate analysis. Secondly, as a limited
case number was involved in this study, a comparsion
of chemotherapy courses was not performed among
these patients. Thirdly, the patients with the CHOP
regimen had a very high population in this study,
while the current chemotherapy is commonly ap-
plied with the R-CHOP regimen. Therefore, further
investigations among DLBCL patients who received
R-CHOP should be required to provide the guidance
for the current clinical settings. Last but not least, as
this is a single-center retrospective study, further stud-
ies with multi-center with larger sample size can help
reinforce our current findings.

CONCLUSION

Before the initial chemotherapy, high SA patients
had a longer 3-year OS than the low SA group. Pre-
chemotherapy SA is an independent prognostic risk
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factor for patients with DLBCL. This study indicates
that the CR and NRR of SA<34 g/L patients will be
significantly lower than that of SA>34 g/L patients.
In addition, the R-CHOP-like regimen may help im-
prove low and high SA patients 3-year OS.
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