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Introduction

As the most commonly diagnosed non-Hodgkin lymphoma 
(NHL), diffuse large B-cell lymphoma (DLBCL) is highly 
heterogeneous in its clinical manifestations and prognosis (1). 
5th edition of the WHO Classification of Haematolymphoid 

Tumours (WHOHAEM5) recognizes 17 specific entities 
as “large B-cell lymphomas” other than DLBCL, not 
otherwise specified (NOS) and refined the previous DLBCL  
subtypes (2). The International Prognostic Index (IPI), 
National Comprehensive Cancer Network-IPI (NCCN-
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IPI), and age-adjusted IPI are the main prognostic indices 
used in the clinical stratification of DLBCL (3,4). In the era 
of rituximab(R) combined with chemotherapy, the traditional 
IPI is no longer able to meet the current clinical needs for 
prognostic stratification (5). The prognostic stratification 
ability of the NCCN-IPI, which is more refined than the 
IPI, is better for patients with DLBCL. However, it only 
evaluates prognosis based on the clinical features of the 
patients and has limitations in the prognostic stratification of 
older patients with DLBCL (6).

An increasing number of clinical predictors and 
biomarkers, including age at the time of diagnosis, extra-
nodal involvement, cell of origin (COO), and c-MYC gene 
rearrangement or co-expression with B-cell lymphoma 
2 protein (double expressor) have been examined in 
relation to DLBCL prognosis (7-14). The identification 
of the prognostic biomarkers for DLBCL is significant in 
treatment selection.

The serum albumin (SA) level at the time of diagnosis 
has been shown to be associated with an inferior prognosis 
in a number of hematologic malignancies, including 
myelodysplastic syndrome, acute myeloid leukemia (AML), 
partial indolent lymphoma, and aggressive lymphoma  
(15-22). Recently, a large retrospective multicenter study 
found that AML patients with low baseline SA levels have a 
high risk of treatment-related morbidity and mortality (23). 
Previous studies have shown that the SA level at the time 
of diagnosis can predict the prognosis of DLBCL patients 
(24-30). However, there is limited literature evidence of 
the role of albumin levels in prognosis in elderly patients 
with DLBCL (14,31-35). Albumin, alone or together with 

other clinical indicators, such as age, platelet, globulin, and 
comorbidity index, can serve as an effective tool to predict 
the prognosis of elderly DLBCL by forming the conformity 
index or calculating the integral index. SA levels can be 
affected by many factors, such as comorbidities, high-risk 
extra-nodal lymphoma, malnourishment, and inflammation 
(36-39). In this study, we conducted a retrospective analysis 
of a cohort of 96 patients to examine the prognostic value 
of SA levels in predicting the overall survival (OS) of 
DLBCL patients aged ≥70 years. We present this article in 
accordance with the STARD reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
503/rc).

Methods

A retrospective analysis was conducted of 96 patients (aged 
≥70 years) who had been diagnosed with DLBCL between 
January 2010 and December 2021 at the Shaanxi Provincial 
People’s Hospital. To be eligible for inclusion in this study, 
the patients had to meet the following inclusion criteria: 
(I) be aged ≥70 years; (II) have a diagnosis of DLBCL as 
confirmed by 2 independent and well-trained pathologists. 
Patients were excluded from the study if they met any of the 
following exclusion criteria: (I) had low-grade lymphoma 
transformation; (II) had missing data; and/or (III) had 
primary central nervous system lymphoma (PCNSL)
or primary cutaneous diffuse large B-cell lymphoma, leg 
type (PCLBCL-LT) or primary mediastinal large B-cell 
lymphoma (PMLBCL) (Figure 1). A cyclophosphamide, 
doxorubicin, vincristine, prednisone (CHOP) or CHOP-
like regimen ± rituximab or support treatment were selected 
for the treatment. The SA levels of the patients at the 
time of diagnosis were determined using an automated 
biochemical analyzer.

The data examined in this study were extracted 
from patients’ electronic medical records and reviewed 
retrospectively. The following basic information was 
collected: gender, age at the time the diagnosis was 
confirmed, Eastern Cooperative Oncology Group 
(ECOG) performance status, and B symptoms. The cancer 
characteristics included the COO subtype (as assessed 
by the Hans criteria), level of Ki-67 expression, Ann 
Arbor stage, IPI risk, and NCCN-IPI risk. Comorbidity 
was assessed by the age-adjusted Charlson Comorbidity 
Index (aCCI). The laboratory tests included the SA levels, 
globulin, hemoglobin (Hb), absolute neutrophil count, 
absolute lymphocyte count, and lactate dehydrogenase 
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(LDH) levels at the time of diagnosis. In addition, the 
neutrophil-to-lymphocyte ratio (NLR) and albumin 
to globulin ratio (AGR) were reported. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved be ethics board of 
Shaanxi Provincial People’s Hospital (No. R003). Individual 
consent for this retrospective analysis was waived.

Statistical analysis

According to the research of Gang et al. (35). A cut-
off value of 4.0 g/dL for the SA level was adopted in our 
study, which fell into the laboratory reference range of our 
hospital. An SA level <4.0 g/dL was considered low, and an 
SA level ≥4.0 g/dL was considered high. OS was recorded 
as the time from the pathological diagnosis to death from 
all causes or the last follow-up date. Both the Kaplan-Meier 
method and the log-rank test were used to determine OS 
and compare the survival differences between the groups. In 
the multivariate analysis, the Cox model was used to adjust 
for possible confounders of survival. A P value <0.05 was 
considered statistically significant. The data were analyzed 
using R 3.3.2 and Free Statistics software (version 1.3).

The mean ± standard deviation (SD) were reported 
for the continuous variables, and the percentage (%) was 
reported for the categorical variables. Chi-square or Fisher’s 

exact test was performed for categorical variables, and the 
Mann-Whitney U test for continuous variables, to compare 
the baseline characteristics between the high and low SA 
groups. A Cox regression model was used to assess the 
hazard ratio (HR) and 95% confidence interval (CI) of the 
association between the SA level and OS after adjusting 
for the relevant variables. Potential effect modification was 
evaluated by stratified analyses and interaction testing. We 
conducted subgroup analyses of the covariates’ gender, 
age, aCCI and LDH to further explore the effects of the 
covariates on outcome events.

Results

In total, the data of 96 patients with DLBCL were included 
in this study. The participant characteristics and SA levels of 
all the patients are presented in Table 1. Overall, the patients 
had a median age (years) of 78 years (range, 70–100), and 
64.6% were male. The mean ± SD values for the SA level 
were 3.6±0.54 g/dL. In total, 36.5% (35/96) of the patients 
were aged ≥80 years. Approximately three-quarters (75.0%) 
of the patients had high Ann-Arbor stages. A total of 71.9% 
(69/96) and 73.9% (71/96) of the patients were classified as 
high risk according to the IPI and NCCN-IPI, respectively. 
The baseline characteristics differed significantly between 
the 2 SA groups. Low SA levels were found to be 

Participants were diagnosed as 
DLBCL from 2010 to 2021 (n=117) 

- Newly diagnosed
- Aged 70 years and older

Exclusion of participants with 
PCNSL (n=2), PMLBCL (n=1), 
PCLBCL-LT (n=4)

Exclusion of participants with 
transformed DLBCL (n=2)

Exclusion of participants with 
missing data for serum protein 
(n=12)

Adults participants without PCNSL, 
PMLBCL, PCLBCL-LT (n=110)

Adults participants without 
transformed DLBCL (n=108)

Participants
enrolled (n=96)

Figure 1 Flow chart of the study. PCNSL, primary central nervous system lymphoma; PMLBCL, primary mediastinal large B-cell 
lymphoma; PCLBCL-LT, primary cutaneous diffuse large B-cell lymphoma, leg type; DLBCL, diffuse large B-cell lymphoma. 
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Table 1 Clinical characteristics of patients with DLBCL older than 70 years according to serum albumin level

Characteristics Total
Serum albumin

P value*
Low (n=76) High (n=20)

Sex 1

Male 62 (64.6) 49 (64.5) 13 (65.0)

Female 34 (35.4) 27 (35.5) 7 (35.0)

Age (years) 0.012

<80 61 (63.5) 43 (56.6) 18 (90.0)

≥80 35 (36.5) 33 (43.4) 2 (10.0)

Cell of origin 0.534

Non-GCB 64 (66.7) 49 (64.5) 15 (75.0)

GCB 32 (33.3) 27 (35.5) 5 (25.0)

B symptoms 0.214

Absent 58 (60.4) 43 (56.6) 15 (75.0)

Present 38 (39.6) 33 (43.4) 5 (25.0)

Ann Arbor stage 1

I/II 24 (25.0) 19 (25.0) 5 (25.0)

III/IV 72 (75.0) 57 (75.0) 15 (75.0)

ECOG PS 0.269

0, 1 40 (41.7) 29 (38.2) 11 (55.0)

≥2 56 (58.3) 47 (61.8) 9 (45.0)

IPI 0.123

1–2 27 (28.1) 20 (26.3) 7 (35.0)

3 26 (27.1) 18 (23.7) 8 (40.0)

4–5 43 (44.8) 38 (50.0) 5 (25.0)

NCCN-IPI 0.209

1–3 25 (26.0) 18 (23.7) 7 (35.0)

4–6 54 (56.2) 42 (55.3) 12 (60.0)

7–9 17 (17.7) 16 (21.1) 1 (5.0)

ALB (g/dL) 3.6±0.54 3.41±0.42 4.33±0.18 <0.001

AGR 1.3±0.3 1.2±0.3 1.6±0.3 <0.001

Hemoglobin (g/L) 114.3±22.0 111.5±21.8 125.1±19.6 0.013

Ki-67 index (%) 65.7±15.8 65.3±15.8 67.2±16.0 0.643

Chemotherapy 0.511

Absent 17 (17.7) 15 (19.7) 2 (10.0)

Containing 79 (82.3) 61 (80.3) 18 (90.0)

Table 1 (continued)
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significantly correlated with an older age (P<0.05), a low 
AGR (P<0.001), Hb (P<0.05), and a high NLR (P<0.05). 

Association between SA and OS

The univariate analysis confirmed that several factors were 
associated with decreased OS, including a low SA level, 
presenting with B symptoms, elevated IPI scores, elevated 
NCCN-IPI scores, and advanced stages (III or IV) of 
DLBCL (P<0.05). However, gender, age, ECOG, LDH 
level, COO, and the Ki-67 index percentage were not found 
to have any significant association with the OS of patients 
in this study (P>0.05; Table 2). 

The multivariate analysis showed that the SA level was 
a significantly independent predictive factor in elderly 
patients with DLBCL (Table 3). When the SA level was 
treated as a continuous variable, the multivariate analysis 
results showed that high SA levels was a favorable factor 
for OS (HR: 0.94; 95% CI: 0.89–0.98, P=0.005). When 
the SA level was treated as a categorical variable (<4.0 or  
≥4.0 g/dL), the patients with high SA levels (≥4.0 g/dL) had 
a longer OS (95% CI: 0.25–1.0) than those with low SA 
levels (<4.0 g/dL). After adjusting for gender and age (Model 
I), the HR (95% CI) was 0.48 (95% CI: 0.24–0.98), and 

after adjusting for additional confounders (Model II), the 
HR (95% CI) was 0.43 (95% CI: 0.2–0.88). The statistically 
robust results were observed in all the models as mentioned 
above.

Subgroup analysis

To detect whether the association between SA levels and 
prognosis was stable in different subgroups, stratified 
and interactive analyses were stratified according to the 
gender, age, aCCI, LDH. The results show that high SA 
levels were a favorable factor for OS of participants aged  
<80 years (HR, 0.45; 95% CI: 0.21–0.96) and aCCI (5-7)  
(HR, 0.38; 95% CI: 0.18–0.8). We did not observe any 
significant interaction in the subgroups (P value for the 
interaction >0.05 for all; Figure 2).

Survival analysis

Overall, the median follow-up period for our cohort was  
27 months. Compared to the low SA group, the high SA 
group showed a significantly higher OS rate (median OS: 
49 vs.19 months; 95% CI: 27.1–79.1 vs. 40.5–63.9; P<0.05, 
Figure 3).

Table 1 (continued)

Characteristics Total
Serum albumin

P value*
Low (n=76) High (n=20)

Anthracycline 0.385

Absent 23 (24.0) 20 (26.3) 3 (15.0)

Containing 73 (76.0) 56 (73.7) 17 (85.0)

Rituximab 0.657

Absent 32 (33.3) 24 (31.6) 8 (40.0)

Containing 64 (66.7) 52 (68.4) 12 (60.0)

aCCI 0.51

5–7 80 (83.3) 62 (81.6) 18 (90.0)

8–10 16 (16.7) 14 (18.4) 2 (10.0)

NLR 3.3 (2.4, 5.7) 4.0 (2.5, 6.2) 2.6 (1.9, 3.1) 0.016

LDH (U/L) 252.0 (216.0, 409.8) 252.0 (219.0, 427.2) 252.0 (214.2, 294.0) 0.381

For each variable, mean ± standard deviation, median (interquartile range), or number (percent) was reported (as appropriate). *, high 
serum albumin group vs. low serum albumin group. GCB, germinal center B-cell-like; ECOG PS, Eastern Cooperative Oncology Group 
performance status; IPI, International Prognostic Index; NCCN-IPI, National Comprehensive Cancer Network-IPI; AGR, albumin to globulin 
ratio; NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; aCCI, age-adjusted Charlson Comorbidity Index; LDH, lactate dehydrogenase. 
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Table 2 Univariate analysis of prognostic factors for overall survival 
time

Variables HR (95% CI) P value*

Sex (female vs. male) 0.75 (0.43, 1.31) 0.315

Age (≥80 vs. <80 years) 1.09 (0.63, 1.89) 0.752

Cell of origin  
(GCB vs. non-GCB)

0.72 (0.41, 1.25) 0.241

B symptoms (yes vs. no) 1.87 (1.11, 3.14) 0.019

Ann Arbor stage  
(III–IV vs. I–II)

4.37 (1.97, 9.71) <0.001

ECOG PS (2–4 vs. 0–1) 1.45 (0.85, 2.47) 0.172

IPI

1–2 Ref.

3 3.41 (1.48, 7.87) 0.004

4–5 6.23 (2.81, 13.78) <0.001

NCCN-IPI

1–3 Ref.

4–6 2.56 (1.23, 5.33) 0.012

7–9 4.75 (1.98, 11.37) <0.001

AGR 0.85 (0.36, 2.01) 0.713

NLR 1.03(1.00, 1.07) 0.075

ALB (g/dL) 0.94 (0.90, 0.98) 0.008

Hemoglobin (g/L) 0.9919 (0.9804, 1.0036) 0.174

Chemotherapy (yes vs. no) 0.75 (0.40, 1.42) 0.378

Anthracycline (yes vs. no) 0.66 (0.38, 1.15) 0.139

Rituximab (yes vs. no) 0.74 (0.44, 1.25) 0.262

aCCI (8–10 vs. 5–7) 0.5 (0.20, 1.25) 0.139

LDH (U/L) 1 (0.9997, 1.0003) 0.987

Ki67 index 1.0033 (0.9868, 1.0201) 0.696

*, COX analysis. GCB, germinal center B-cell-like; ECOG PS, 
Eastern Cooperative Oncology Group performance status; 
IPI, International Prognostic Index; NCCN-IPI, National 
Comprehensive Cancer Network-IPI; AGR, albumin to globulin 
ratio; NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; 
aCCI, age-adjusted Charlson Comorbidity Index; LDH, lactate 
dehydrogenase; HR, hazard ratio; CI, confidence interval. 

Discussion

The SA level is considered a predictor in several solid and 
hematological malignancies (15-21). In addition, as an 
objective parameter, the SA level also reflects a patient’s 
nutritional status and plays an essential role in immunity 
and inflammation. Our study was the first to examine the 
association between SA levels and OS in Chinese DLBCL 
patients (aged ≥70 years). Our findings suggest that the 
SA level was a prognostic indicator for OS in this group of 
patients with unique demographic characteristics.

A cut-off value of 4.0 g/dL for the SA levels, which fell 
within the reference range of our hospital, was adopted in 
this study. In total, 79.2% of the patients with low SA levels 
at the time of diagnosis had a poorer OS than those with 
high SA levels at the time of diagnosis. Our findings also 
suggest that hypoalbuminemia is associated with an older 
age, a low AGR, a low Hb level, and a high NLR, but is 
not associated with the IPI and NCCN-IPI. The results of 
our survival analysis indicated that there was a relationship 
between the SA levels and the outcome.

Several studies (27,40,41) have shown that a low SA level 
is associated with inferior survival in patients receiving 
CHOP regimens. Conversely, the research of Ngo et al. 
suggest that the SA level is not independently associated 
with decreased survival in patients undergoing R-CHOP 
chemotherapy (24). A prospective trial by Peyrade et al.  
showed that low SA levels were also an independent 
parameter associated with poor outcomes (14). Wei et al. 
demonstrated that consecutive hypoalbuminemia was an 
adverse prognostic factor in patients with DLBCL (40).  
A subgroup analysis suggested that patients with high 
SA levels (≥3.92 g/dL) in low IPI risk patients had 
significantly superior OS and progression-free survival 
(PFS) (42). However, another study reported that low SA 
levels remained an independent adverse predictor of OS 
regardless of the IPI score, especially in the 3 months prior 
to the diagnosis (43). Further, even among lymphoma 
patients who received autologous stem cell transplants, 
hypoalbuminemia before transplantation remained an 
extremely poor prognostic index for PFS and OS. A small-
sample size study reported that pre-transplantation SA 
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Table 3 Multivariate Cox regression analysis of prognostic factors for overall survival 

Variable
Non-adjusted Model Model I Model II

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

ALB g/dL 0.94 (0.90–0.98) 0.008 0.94 (0.90–0.98) 0.008 0.94 (0.89–0.98) 0.005

Binary variable

ALB <4.0 g/dL Ref. Ref. Ref.

ALB ≥4.0 g/dL 0.50 (0.25–1.00) 0.049 0.48 (0.24–0.98) 0.045 0.43 (0.20–0.88) 0.022

Model I: adjust variables added to this model, including age and sex; Model II: adjusted for all variables, including age, sex, NLR, aCCI. 
HR, hazard ratio; CI, confidence interval; ALB, albumin; NLR, neutrophil-to-lymphocyte ratio; aCCI, age-adjusted Charlson Comorbidity 
Index.

Figure 2 Forest plot of overall survival for subgroup analyses. HR, hazard ratio; aCCI, age-adjusted Charlson Comorbidity Index; LDH, 
lactate dehydrogenase.

levels predicted disease progression within 1 year (44). 
In our study, a large proportion of the newly diagnosed 
DLBCL patients had hypoproteinemia, and a low SA level 
was found to be a powerful independent adverse prognostic 
indicator. Presence B symptoms were also shown to be 
associated with inferior prognosis, which is consistent with 
the findings of another study (45).

Some elderly patients with lymphoma who present 
hypoalbuminemia may be due to old age or poor nutritional 
status or disease progression. European investigators have 
reported an association between hypoproteinemia and a 

poor prognosis in older DLBCL patients. In patients aged 
≥80 years with aggressive NHL, treatment administration 
and SA levels were the only 2 independent prognostic 
factors (14). In patients aged ≥90 years, hypoalbuminemia 
appears  to  be  a  s trong and independent  adverse 
prognostic factor for aggressive NHL (46). In our study, 
hypoproteinemia was also a marker of a poor prognosis in 
the elderly patients; however, the clinical significance of SA 
levels in young patients needs to be explored.

The mechanisms by which SA levels are related to the 
outcomes of DLBCL patients are not yet known. Decreased 

0.062 0.250 1.00 4.00 16.00
Effect (95% CI)

Subgroup    Total    Event (%)   HR (95% CI)                                                            P for interaction

Gender (n)

Male

Female

Age (Years)

<80

≥80

aCCI

5–7

8–10

LDH(U/L)

<250

≥250

13

7

6 (46.2)

4 (57.1)

0.62

0.59

0.11

0.17

0.42 (0.17–1.03)

0.71 (0.23–2.18)

0.45 (0.21–0.96)

0.57 (0.07–4.49)

0.38 (0.18–0.80)

2.75 (0.28–26.75)

0.22 (0.05–1.02)

0.73 (0.33–1.58)

9 (50)

1 (50)

9 (50)

1 (50)

2 (25)

8 (66.7)

18

2

18

2

8

12
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SA levels have been linked to a higher inflammatory 
response, malnourishment, aggressive tumor activity, 
and increased cytokine production (47). The cytokines, 
such as interleukin 6 (IL-6), released by tumors can 
block the hepatocytes that produce albumin, which may 
result in low levels of SA in patients with DLBCL (36). 
It has been suggested that higher levels of tumor necrosis 
factor alpha and cytokines indicate a more aggressive 
illness (48). Further, hypoproteinemia may be caused by 
“cytokine storms” in highly aggressive malignancies (47,49). 
Hypoproteinemia in malignant tumors reflects not only 
a poor nutritional status, but also poor responsiveness 
and tolerance to treatment (50). Wei et al. examined the 
dynamics of SA levels over time and showed that a low 
SA level both at the time of diagnosis and after the end of 
transmission were associated with undesirable outcomes, 
and better survival rates were recorded when the SA levels 
returned to normal (40). Interestingly, hypoalbuminemia 
was associated with high tumor burden, but not with the 
number of chemotherapy cycles. This suggests that low SA 
levels may not only be driven by nutritional status but may 
also be modulated by the cytokines released by the tumors 
and immune cells. Future research may provide insights 
into the relationship between nutritional status and different 
regimens of chemotherapy, and how SA is affected by these 
factors.

In addition to its retrospective nature and relatively 
small-sample size, this study had a number of limitations. 
First, the study only assessed the baseline SA levels, but 
multiple SA tests might have provided more accurate 
results. Second, specific inflammatory markers (e.g., 
C-reactive protein, the white blood cell count, fibrinogen, 
and IL-6) were not measured in this study. Thus, no 
adjustments were made for these potential confounders. 
Third, many relevant prognostic factors, such as p53 status, 
BCL2, and MYC, were not considered. Finally, the cohort 
analyzed in this study comprised Chinese patients aged  
≥70 years with DLBCL; thus, caution should be exercised 
in generalizing these findings to other populations. Despite 
these limitations, due to the test’s convenience, low costs, 
and value in clinical practice, the SA level is a promising 
predictor of treatment outcomes for patients with DLBCL. 
An inexpensive and convenient prognostic biomarker could 
greatly benefit patients’ treatment outcomes.

Conclusions

This study explored the prognostic value of different SA 
levels in patients with DLBCL and found that low SA 
levels at the time of diagnosis were associated with inferior 
outcomes. However, further research needs to be conducted 
to identify new predictors with better prognostic scores.
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