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Introduction

Diffused large B-cell lymphoma (DLBCL) accounts 
for 25–35% of non-Hodgkin’s lymphoma and is the 
most common invasive lymphoma in clinical practice 

(1,2). As a first-line chemotherapy regimen, R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone) has significantly improved patient outcomes. 
However, approximately 20% of all patients have primary 
refractory disease, and approximately 30% of all patients 
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relapse (3,4). Therefore, at the time of initial diagnosis, it is 
very important to stratify the prognosis of DLBCL patients 
and individualize treatment according to their stratification. 
Patients with poor prognosis may require more intense or 
longer chemotherapy. The International Prognostic Index 
(IPI) is the most widely used indicator for evaluating the 
clinical prognosis of DLBCL (5,6); however, some patients 
with a good IPI still fail treatment and some with a poor IPI 
have good response. The prognostic value of the IPI scoring 
system is based on the era of traditional chemotherapy 
drugs. However, in the new era of rituximab and other 
targeted drugs as first-line therapy, and the application 
of cell origin or genomics analysis technology in clinical 
practice, the prognostic value of IPI is gradually decreasing. 
Hence, more precise prognostic indicators are needed.

Previous studies have reported that blood cell counts such 
as lymphocyte/monocyte ratio (7) and systemic immune-
inflammation index (SII) (8) can provide guiding value for the 
prognosis of DLBCL patients. Recently, it has been reported 
that low prognostic nutritional index (PNI) is an indicator 
of poor prognosis in DLBCL patients (9). Jafri et al. (10) 
developed a new prognostic index called the advanced lung 
cancer inflammation index (ALI). Park et al. showed that a 
low pre-treatment ALI (<15.5) indicated poor response to 
chemotherapy in DLBCL patients treated with R-CHOP, 
and poor prognosis (11). However, which indicator is the 
most reliable prognostic factor for DLBCL remains to be 
clarified. Therefore, the purpose of this study was to validate 
and compare the prognostic value of the ALI, PNI, and SII 
for newly diagnosed DLBCL. We present the following 
article in accordance with the STARD reporting checklist 
(available at https://dx.doi.org/10.21037/apm-21-2067).

Methods

Patients

Our study collected the data of 128 DLBCL patients who 
were initially diagnosed at the Affiliated Hospital of Jiangnan 
University in China between March 2011 and August 2019. 
After reconfirming the immunohistochemistry (IHC),  
5 patients were excluded due to unclear IHC. Data were 
missing for 6 patients, and 117 were eventually analyzed.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Medical Science Research Ethics 
Committee of the Affiliated Hospital of Jiangnan University 
and individual consent for this retrospective analysis was 

waived (No. LS 2020065).
Demographic and disease findings at the first presentation 

and before treatment, including age, gender, Eastern 
Cooperative Oncology Group (ECOG) performance status, 
histologic subtype, presence of B symptoms, height, weight, 
and laboratory test data, including blood routine analysis, 
lactate dehydrogenase (LDH), albumin, β2 microglobulin 
(B2M) levels, C-reactive protein (CRP), D-dimer, and total 
cholesterol (TC), were obtained from hospital records. 
The IPI scoring was conducted according to patients’ age, 
ECOG performance status (PS), extranodal involvement, 
serum LDH, and Ann Arbor (AA) system disease stage.

The following calculations were used to arrive sat the 
relative values:
 NLR: peripheral blood levels of absolute neutrophil 

count/absolute lymphocyte count.
 ALI: body mass index (BMI) × blood albumin level 

(g/dL)/NLR.
 PNI: 10× serum albumin (g/dL) + 0.005 × total 

lymphocyte count/mm3.
 SII: platelet count × NLR.
ALI, PNI, SII area under the curve (AUC), sensitivity, 

specificity and Yoden index (sensitivity + specificity − 1) were 
derived from the ROC curve. The maximum value of the 
Youden index was considered as the optimal cut-off value.

All participants were followed from the date of diagnosis 
until death or cutoff time, and overall survival (OS) was 
calculated.

Statistical analysis

According to the cut-off value, the population was divided 
into high/low ALI, high/low PNI, or high/low SII groups. 
Chi-square (χ2) test and Fisher’s exact test were used to 
analyze the differences of clinicopathological variables 
between groups with high/low ALI, high/low PNI, and high/
low SII, respectively. Univariate and multivariate analyses 
were performed using the Cox proportional risk regression 
model to evaluate prognostic factors and their impact on 
OS. Survival curves were drawn using Kaplan Meier curve 
analysis, and we used the log-rank test for comparison. A P 
value <0.05 was considered statistically significant.

Results

Participants

The study flow chart is shown in Figure 1. A total of  

https://dx.doi.org/10.21037/apm-21-2067
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128 participants were included in this retrospective 
cohort study. After reconfirming the IHC, 5 patients 
were excluded from the group on account of unclear 
IHC. Data were missing for 6 patients, and 117 finally 
included in the analysis. 

The characteristics of 117 participants are shown in 
Table 1. A total of 55 patients were female, and the median 
age was 63 years (20–83 years). A total of 64 (54.7%) 
participants had advanced disease (AA stage III–IV). The 
IPI score of 38 participants (32.47%) was greater than or 
equal to 3 points. A total of 61 (52.14%) participants had 
a histologically confirmed germinal center B-cell (GCB) 
subtype and 56 (47.86%) had a histologically confirmed 
non-GCB subtype. All patients received CHOP/R-CHOP/ 
R-CHOPE chemotherapy for at least 3 cycles. The median 
follow-up time was 39 [15–178] months, and the 3-year and 
5-year OS rates were 69% and 64%, respectively.

ROC curve analysis

The most sensitive and specific cut-off values for the ALI, 
PNI, and SII were 31.26, 36.48, and 486.76, respectively 
(Figure 2). The ALI had the highest area under the curve 
(AUC, 0.675; sensitivity, 65.1%; specificity, 67.6%).

Correlation of the ALI, PNI, and SII with clinical 
characteristics

Based on the cutoff of ALI, PNI, and SII, all participants 
were divided into high or low ALI, PNI, and SII groups. 
Participants with a low ALI or PNI had a higher incidence 
of anemia and lower cholesterol than those with a high ALI 

or PNI. Participants with a low ALI or PNI or high SII had 
significantly higher mortality, CRP, LDH, D-dimer, and 
WBC than those in the high ALI or PNI or low SII group 
(Table 1). Participants with a low ALI or high SII had B 
symptoms more frequently than those with the high ALI or 
a low SII (Table 1).

Univariate analysis showed that, among the clinical 
indicators, stage, age, IPI score, ALI, PNI, and SII were 
predictive of OS. However, in multivariate analysis, only the 
IPI score, ALI, and PNI were risk factors for OS (Table 2).

Survival effects of the ALI, PNI, and SII

Log-rank tests showed that the 5-year OS in the high ALI 
group, high PNI group, or low SII group were higher 
than that in the low ALI group (73% vs. 53%, χ2=11.134, 
P=0.001), the low PNI group (60% vs. 45%, χ2=17.932, 
P<0.001), or the high SII group (67% vs. 62%, χ2=4.514, 
P=0.034), respectively (Figure 3).

An IPI score of 0-2 was classified as the low IPI group, 
and an IPI score of 3 or more was classified as the high IPI 
group. The 5-year OS of the high IPI group was 44%, and 
that of the low IPI group was 73% (χ2=18.176, P<0.001). 
Combined with ALI and IPI indexes, they were divided 
into 3 groups: low ALI group + high IPI; high ALI + high 
IPI or low ALI + low IPI; and high ALI + low IPI group. 
The 5-year OS of the 3 groups were 37%, 62%, and 78% 
(χ2=24.232, P<0.001), respectively. The PNI combined with 
IPI were divided into low PNI + high IPI group; High PNI 
+ high IPI or low PNII + low IPI; and high PNI + low IPI 
group. The respective 5-year OS rates were 19%, 60%, and 
75% (χ2=41.922, P<0.001). According to SII combined with 

Figure 1 Flow chart of the study. DLBCL, diffuse large B-cell lymphoma; IHC, immunohistochemistry.

Potentially eligible participants: diagnosed DLBCL patients from 
March 2011 to August 2019 (n=128)

Eligible participants (n=123)

Final analysis of cases (n=117)

Excluded (n=5): IHC of 5 patients was unclear. 

Cases with missing data (n=6)
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Table 1 Baseline participant, characteristics of ALI, PNI, and SII

Clinicodemographic 
parameters

ALI PNI SII

<31.26 ≥31.26 P value <36.48 ≥36.48 P value <486.76 ≥486.76 P value

Stage group

I–II 20 (38%) 33 (62%) 0.18 11 (21%) 42 (79%) 0.15 30 (57%) 23 (43%) 0.06

III–IV 32 (50%) 32 (50%) 21 (33%) 43 (67%) 25 (39%) 39 (61%)

B symptom

0 35 (38%) 56 (62%) 0.02* 21 (23%) 70 (77%) 0.05 48 (53%) 43 (47%) 0.02*

1 17 (65%) 9 (35%) 11 (42%) 15 (58%) 7 (27%) 19 (73%)

Histologic subtype

GCB 30 (49%) 31 (51%) 0.28 13 (22%) 47 (78%) 0.16 27 (44%) 34 (56%) 0.53

Non-GCB 22 (39%) 34 (61%) 19 (33%) 38 (67%) 28 (50%) 28 (50%)

Status

Alive 29 (35%) 54 (65%) 0.00** 15 (18%) 68 (82%) 0.00** 44 (53%) 39 (47%) 0.04*

Death 23 (68%) 11 (32%) 17 (50%) 17 (50%) 11 (32%) 23 (68%)

IPI

0–1 19 (41%) 27 (59%) 0.08 10 (18%) 46 (82%) 0.05 29 (52%) 27 (48%) 0.39

2–3 20 (47%) 23 (53%) 14 (33%) 29 (67%) 20 (47%) 23 (53%)

≥4 13 (72%) 5 (28%) 8 (44%) 10 (56%) 6 (33%) 12 (67%)

Age (years)

<60 29 (44%) 37 (56%) 0.9 11 (24%) 35 (76%) 0.50 18 (40%) 27 (60%) 0.43

≥60 23 (45%) 28 (55%) 21 (30%) 50 (70%) 37 (51%) 35 (49%)

Gender

Female 21 (38%) 34 (62%) 0.20 14 (25%) 41 (75%) 0.67 27 (49%) 28 (51%) 0.67

Male 31 (50%) 31 (50%) 18 (29%) 44 (71%) 28 (45%) 34 (55%)

WBC

<10×109/L 41 (39%) 64 (61%) 0.00** 24 (23%) 81 (77%) 0.00** 55 (52%) 50 (48%) 0.02*

≥10×109/L 11 (92%) 1 (8%) 8 (67%) 4 (33%) 2 (17%) 10 (83%)

HB

<120 g/L 28 (56%) 22 (44%) 0.03* 27 (54%) 23 (46%) 0.00** 20 (40%) 30 (60%) 0.10

≥120 g/L 24 (36%) 43 (64%) 5 (7%) 62 (93%) 37 (55%) 30 (45%)

LDH

<245 25 (33%) 51 (67%) 0.00** 14 (18%) 62 (82%) 0.00** 44 (58%) 32 (42%) 0.01*

≥245 27 (66%) 14 (34%) 18 (44%) 23 (56%) 13 (32%) 28 (68%)

CRP

<10 18 (25%) 54 (75%) 0.00** 8 (11%) 64 (89%) 0.00** 48 (67%) 24 (33%) 0.00**

≥10 34 (76%) 11 (24%) 24 (53%) 21 (47%) 9 (20%) 36 (80%)

Table 1 (continued)
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IPI, the patients were divided into high SII + high IPI, low 
SII + high IPI or high SII + low IPI, and low SII + low IPI, 
and their 5-year OS were 45%, 64%, and 75% (χ2=17.254, 

P<0.001) (Figure 4).

Discussion

In our study, we analyzed the prognostic values of 3 
different indicators, ALI, PNI, and SII, in newly diagnosed 
DLBCL. Although all 3 parameters were successful in 
stratifying patients into 2 prognostic groups, only the ALI 
and PNI were found to be independent risk factors for OS. 
Among the 3, the ALI had the highest AUC. We also found 
that patients grouped by IPI combined with ALI, PNI, or 
SII had more significant differences in OS between the 
groups.

Inflammation and nutrition play significant roles in tumor 
progression (12). Park et al. (13) reported that malnutrition 
is an adverse prognostic factor in DLBCL patients. 
Inflammation plays an important role in the pathogenesis 
and progression of several types of lymphoma, including 
DLBCL, and there are varying levels of inflammatory 
infiltrates, including macrophages, and effector and 
regulatory T cells (14). Due of this association, multiple 
systemic nutritional and inflammatory biomarkers have been 
studied in DLBCL patients to predict prognosis. These 
biomarkers include the PNI (9), GNRI (15), NLR (16),  

Table 1 (continued)

Clinicodemographic 
parameters

ALI PNI SII

<31.26 ≥31.26 P value <36.48 ≥36.48 P value <486.76 ≥486.76 P value

Albumin

<40 52 (85%) 9 (15%) 0.00** 30 (51%) 29 (49%) 0.00** 24 (39%) 37 (61%) 0.03*

≥40 0 (0%) 56 (100%) 2 (3%) 56 (97%) 33 (59%) 23 (41%)

B2M levels

<3 41 (39%) 63 (61%) 0.00** 24 (23%) 80 (77%) 0.01** 52 (49%) 55 (51%) 0.93

≥3 11 (85%) 2 (15%) 8 (62%) 5 (38%) 5 (50%) 5 (50%)

D-dimer

<0.5 11 (24%) 35 (76%) 0.00** 4 (9%) 42 (91%) 0.00** 29 (63%) 17 (37%) 0.01**

≥0.5 41 (58%) 30 (42%) 28 (39%) 43 (61%) 28 (39%) 43 (61%)

TC

<3.5 24 (62%) 15 (38%) 0.01** 15 (39%) 23 (61%) 0.04* 16 (41%) 23 (59%) 0.24

≥3.5 28 (36%) 50 (64%) 17 (22%) 62 (78%) 41 (53%) 37 (47%)

*, P<0.05; **, P≤0.01. GCB, germinal center B-cell; TC, total cholesterol; LDH, lactate dehydrogenase; WBC, white blood cell; ALI, 
advanced lung cancer inflammation index; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; B2M, β2 
microglobulin; Hb, hemoglobin; CRP, C-reactive protein.

Figure 2 ROC analysis and AUC for sensitivity and specificity 
of parameters. ROC, receiver operating characteristic; AUC, 
area under the curve; ALI, advanced lung cancer inflammation 
index; PNI, prognostic nutritional index; SII, systemic immune-
inflammation index.

PNI: AUC0.669, 95% CI: 
0.582–0.756, P<0.001

ALI: AUC0.675, 95% CI: 
0.582–0.761, P<0.001

Source of the 
curve 
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Table 2 Univariate and multivariate analysis of IPI system for OS

OS
Univariate Multivariate

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

Stage III–IV 2.473 (1.178–5.191) 0.017* – –

GCB vs. non-GCB 1.292 (0.659–2.534) 0.456 – –

B symptom 1.943 (0.946–3.992) 0.07 – –

High-risk IPI 0.277 (0.119–0.645) 0.003** 0.298 (0.127–0.299) 0.011*

Female 1.061 (0.54–2.082) 0.864 – –

Age ≥60 2.432 (1.1–5.375) 0.028* – –

ALI <31.26 0.315 (0.154–0.647) 0.002** 0.453 (0.214–0.956) 0.038*

PNI <36.48 0.259 (0.132–0.509) 0.000** 0.332 (0.167–0.662) 0.002**

SII ≥486.76 2.133 (1.039–4.379) 0.039* – –

*, P<0.05; **, P≤0.01. IPI, international prognostic index; OS, overall survival; GCB, germinal center B-cell; ALI, advanced lung cancer 
inflammation index; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; HR, hazard ratio; CI, confidence interval.

Figure 3 OS according to ALI (A), PNI (B), and SII (C). OS, overall survival; ALI, advanced lung cancer inflammation index; PNI, 
prognostic nutritional index; SII, systemic immune-inflammation index.
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GPS (17), and peripheral blood absolute lymphocyte and 
monocyte counts (18). Based on the numerous clinical 
composite indicators reported in the literature, we examined 
the prognostic value of the ALI, PNI, and SII.

The ALI is considered a better indicator of systemic 
inflammation than current biomarkers. A low ALI at 
diagnosis is associated with poor prognosis in esophageal 
cancer and lung cancer patients (10,19,20). Park et al. 
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reported that in DLBCL, a low ALI was associated with 
lower rates of complete remission and poorer 5-year 
OS (11). In this study, the incidence of B symptoms, 
inflammatory indicators such as WBC count, or indicators 
reflecting tumor burden such as LDH were higher in the 
low ALI group. The levels of HB in the low ALI group 
were also lower than those in the other group. However, in 
2 groups of patients, common clinical prognostic indicators 
such as installment, germinal center origin, and IPI score 
had no significant differences. This result differed from that 

reported by Park et al. (11), who indicated that age, stage, 
and IPI score were different between high and low ALI 
patients, whereas LDH, B2M, CRP, and other indicators 
were not significantly different. We found that the OS in 
the low ALI group was lower, which is similar to previously 
reported results (11).

Initially, PNI used to evaluate the nutritional and surgical 
risks of patients undergoing gastrointestinal surgery (21,22). 
Later, it was found to be a simple and effective predictor of 
the prognosis of a variety of diseases, including solid tumors 
and hematological diseases. Previous studies have revealed 
that PNI can effectively predict the prognosis of DLBCL 
(23,24). This study showed that the OS in the low PNI 
group was lower, similar to what was observed for the ALI. 
The inflammatory indexes and tumor load indexes were 
higher in the low PNI group, which was consistent with 
the results of Periša et al. (25) and Go et al. (23). However, 
there were no differences between the 2 groups in clinical 
indicators such as age, B symptoms, stage, and IPI score.

The SII, a relatively new inflammatory index, combines 
the neutrophil, lymphocyte, and platelet counts. The 
SII reflects the inflammatory status and correlates with 
circulating tumor cells. Platelets have important properties 
not only in angiogenesis but also in tumor cell immune 
evasion and extravasation to other organs (26). High SII in 
patients with hepatocellular carcinoma, renal cell carcinoma, 
gastrointestinal tract cancers, and small cell lung cancer 
have been found to be associated with worse OS (27-30).  
Although there is growing evidence of the importance 
of SII in solid tumors, there are limited data on SII in 
hematopoietic tumors. In hematologic tumors, the SII has 
been examined only in Hodgkin lymphoma (HL) (31) and 
testicular DLBCL (8). In this study, we analyzed the role of 
the SII in newly diagnosed DLBCL without distinguishing 
specific site. In univariate analysis, the SII was significantly 
associated with the risk of disease progression (P=0.005), 
but it was not significant in multivariate analysis, which 
is consistent with the findings of Yang et al. (8). However, 
the AUC for the SII in our study was not high. Therefore, 
a larger sample may be needed to validate the clinical 
significance of SII for non-specific site of DLBCL.

This study did not identify differences between the low 
and high ALI, PNI, and SII groups in staging, IPI score, or 
germinal center origin. This may be related to the limited 
number of participants. It is also possible that, in the current 
era of targeted therapies such as rituximab, new drugs may 
be able to overcome the differences in the origin of tumors, 
and more attention should be paid to genetic and molecular 

Figure 4 OS according to IPI + ALI (A), IPI + PNI (B), IPI + 
SII (C). OS, overall survival; IPI, international prognostic index; 
ALI, advanced lung cancer inflammation index; PNI, prognostic 
nutritional index; SII, systemic immune-inflammation index.
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abnormalities at the time of initial diagnosis.
The D-dimer was different in the high and low ALI, 

PNI, and SII groups. It has been reported that plasma 
D-dimer plays an important role in predicting disease 
progression and prognosis in malignant tumor patients 
(32,33); however, there is little analysis of D-dimer in 
lymphoma. In a cohort study, elevated D-dimer levels 
were associated with poorer OS in natural killer/T-cell 
lymphoma patients, and higher D-dimer levels were an 
independent predictor of poor OS (34). In this study, we 
found that D-dimer also differed between each group.

Population-based studies have reported that high 
circulating TC concentration is associated with lower cancer 
incidence and mortality (35). Here, we found that TC was 
lower in the high ALI, high PNI, and low SII groups than 
in the low ALI, low PNI, and high SII groups, respectively, 
indicating that TC can reflect nutritional status. It can be 
inferred that the nutritional status of patients with high TC 
should be better than that of those with low TC. However, 
it has been reported that low TC level is an adverse 
prognostic factor in the rituximab era (36); therefore, our 
results require further confirmation by a larger sample.

Of the ALI, PNI, and SII, the ALI had the highest AUC. 
The ALI is calculated using the BMI, albumin levels, and 
NLR. Some studies have shown that malnutrition can be 
determined by non-voluntary weight loss and low BMI in 
94.1% of patients (37). Serum albumin, as an important 
nutritional indicator, is produced by the liver and plays 
an important role in improving the body’s immunity, 
inflammatory state, and anti-tumor activity. More 
aggressive tumor cells can catabolize albumin more rapidly. 
Various factors secreted by the tumor microenvironment, 
such as interleukin-6, interferon γ, and CXCL-10, can 
promote cell proliferation, migration, and invasion. These 
cytokines are capable of inhibiting lymphocyte production 
and stimulating neutrophil production (38,39). Hence, 
the NLR reflects the inflammatory condition and is also a 
powerful indicator of systemic inflammation in cancer (16). 
Therefore, the ALI is a more comprehensive indicator than 
the PNI and SII and has a better predictive effect on the 
prognosis of DLBCL. However, this conclusion may need 
to be examined in a larger sample study.

The IPI is currently widely used in clinical practice. 
We, therefore, aimed to combine ALI, PNI, and SII with 
IPI, and found that the combined indicators could more 
comprehensively classify patients, and their prognoses 
were also significantly stratified. This indicates that in 
future clinical work, we can better predict the prognosis of 

DLBCL patients based on IPI combined with ALI, PNI, 
and SII indicators.

This study had several limitations. First, the study involved 
a relatively small sample size, which may have led to bias 
in the research results. Second, we only assessed the status 
of ALI, PNI, and SII at baseline, and there was a lack of 
longitudinal monitoring and evaluation of indicators. Third, 
molecular tests such as fluorescence in situ hybridization 
were not completed in many participants; therefore, further 
stratification of prognostic risk was not possible. Fourth, we 
only evaluated OS and did not examine PFS.

In the new era of targeted drugs and genome sequencing, 
simple, easy to obtain, stable and comprehensive biological 
markers will be necessary tools to evaluate the prognosis of 
DLBCL and guide the choice of treatment plan for patients. 
Our study supports that indicators such as ALI, PNI and 
SII, can comprehensively evaluate all aspects of the patient’s 
situation, suggesting their use as promising markers for 
future prognoses.

In conclusion, this study shows that ALI and PNI can 
effectively predict the prognosis of patients with DLBCL, 
and it is convenient and simple. The SII, although not 
clearly shown to be an independent risk factor, was reported 
for the first time in non-specific site DLBCL patients. 
Moreover, combined ALI, PNI, and SII on the basis of 
IPI score can play a more effective role in predicting 
the prognosis. However, these conclusions need to be 
confirmed through larger sample studies.
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