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Background: Angioimmunoblastic T-cell lymphoma (AITL) is a rare subtype of 
peripheral T-cell lymphoma, characterized by an aggressive disease course and 
poor prognosis. The prognostic nutritional index (PNI), which reflects nutritional 
and immune status, has emerged as a potential prognostic factor in various 
cancers.

Methods: In this multicenter retrospective study, a total of 173 patients with 
AITL between January 2010 and December 2022 were enrolled from three 
institutes in China. The optimal cutoff value for PNI was determined using 
the maximally selected rank statistics (MaxStat) analysis. The association of 
PNI and overall survival (OS) or progression free survival (PFS) was evaluated 
in univariable and multivariable Cox regression analyses. Receiver operating 
characteristic (ROC) curves were used to evaluate the prognostic performance 
and predictive accuracy of PNI combined with International Prognostic Index 
(IPI) and Prognostic Index for T-cell lymphoma (PIT).

Results: Based on the MaxStat analysis, a score of 40.8 was identified as the 
optimal cutoff value for the PNI. Survival analysis revealed that the low PNI 
group had worse OS and PFS. The 3-year OS and PFS for the low PNI group 
were 27.5 and 26.5%, respectively, compared to 84.7 and 74.4% for the high 
PNI group (p < 0.001). Multivariate analyses indicated that PNI was significantly 
associated with both OS (HR 0.221, 95% CI 0.128–0.381, p < 0.001) and PFS (HR 
0.380, 95% CI 0.242–0.596; p < 0.001). We further integrated PNI into the IPI 
and PIT prognostic models, and the predictive accuracy of both models was 
significantly improved.

Conclusion: PNI is a simple and easily accessible prognostic indicator for AITL.
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Introduction

Angioimmunoblastic T-cell lymphoma (AITL) is a rare subtype 
of peripheral T-cell lymphoma (PTCL), representing approximately 
1–2% of non-Hodgkin lymphoma cases and 15–20% of PTCLs 
(1–3). AITL generally displays an aggressive disease course and 
poor prognosis with standard anthracycline-based chemotherapy 
regimens (4). Currently, the International Prognostic Index (IPI) 
(5) and the Prognostic Index for T-cell lymphoma (PIT) (6) are 
commonly used prognostic models for AITL. However, these 
models have shown limited accuracy in predicting outcomes in 
AITL patients (4, 7). It is essential to identify additional prognostic 
markers to enhance risk stratification and guide treatment decisions 
in AITL.

Numerous studies have demonstrated a close association 
between the nutritional and immune status and cancer prognosis 
(8–10). In particular, patients with AITL are often characterized by 
malnutrition and immune dysregulation due to the biological 
characteristics of the disease (11). The prognostic nutritional index 
(PNI) is derived from serum albumin and lymphocyte counts in 
peripheral blood. It reflects the nutritional and immunological 
status. This indicator was initially introduced to predict operative 
risk in gastrointestinal surgery (12). In recent years, several studies 
have demonstrated that low PNI has been associated with dismal 
outcomes in various types of cancer, including lymphoma (8, 13, 
14). However, the association between PNI and the prognosis of 
AITL patients has not yet been elucidated.

Herein, we  conducted a multicenter retrospective study to 
evaluate the prognostic value of PNI in patients with AITL.

Materials and methods

Patients

In this study, we retrospectively reviewed the records of all newly 
diagnosed AITL patients across three institutes in China, from 
January 2010 to December 2022, with diagnoses confirmed according 
to the World Health Organization classification of hematopoietic and 
lymphoid tumors. Collected data included baseline clinical 
characteristics, laboratory results, and treatment regimens. All 
patients were staged according to the Ann Arbor staging system. 
Initial treatment was administered at the discretion of local clinicians. 
The PNI was calculated as serum albumin (g/L) + 5 Χ absolute 
lymphocyte count (109/L). This study was approved by the 
institutional reviewed board and was conducted in accordance with 
the Declaration of Helsinki.

Statistical analysis

Pearson’s χ2 tests or Fisher’s exact tests were used to compare the 
categorical variables. The Mann–Whitney tests were used to compare 
the continuous variables. Overall survival (OS) was defined as the 
time from initial diagnosis to death from any cause or to the last 
follow-up. Progression-free survival (PFS) was defined as the time 
from initial diagnosis to disease progression, relapse, or death from 
any cause. The optimal cutoff point for PNI was determined using the 
maximally selected rank statistics (MaxStat) analysis. Survival 
estimates were calculated using Kaplan–Meier method, and survival 
curves were compared with log–rank tests. Multivariate analysis was 
conducted using Cox regression, including variables with a p value ≤ 
0.1  in univariate analysis. To evaluate the predictive accuracy of 
prognostic models, receiver operating characteristic (ROC) curves 
were generated, and the corresponding areas under the curves (AUCs) 
were calculated. DeLong’s test was used to compare the predictive 
performance of the models. A two-tailed p value of < 0.05 was 
considered statistically significant. All statistical analyses were 
conducted using SPSS statistics version 26.0 (IBM Corporation) and 
R software version 4.4.1 (R Foundation).

Results

Clinical characteristics of AITL patients

A total of 173 newly diagnosed patients with AITL were included 
and analyzed in this study. The baseline clinical characteristics of the 
patients are detailed in Table  1. The median age at diagnosis was 
62 years (range, 20–84 years), with 55.5% of patients being older than 
60 years. In terms of disease stage, 157 patients (90.8%) presented with 
stage III or stage IV disease. B symptoms (defined as recurrent fever, 
night sweats, or >10% weight loss) were presented in 98 patients 
(56.6%). Based on the IPI and the PIT models, 54.4% (IPI ≥ 3) and 
57.2% (PIT ≥ 2) of patients were stratified into the high-risk group.

Treatment and outcome

The majority of patients (86.7%) received anthracycline-based 
chemotherapy. Among them, 85 patients (49.1%) were treated with 
the CHOP regimen (cyclophosphamide, doxorubicin, vincristine, and 
prednisolone), and 65 patients (37.6%) were treated with the CHOEP 
regimen (cyclophosphamide, doxorubicin, vincristine, etoposide, and 
prednisolone). The remaining patients underwent either 
non-anthracycline chemotherapy regimens (n = 18, 10.4%) or 
received supportive care alone (n = 5, 2.9%). Chidamide, a histone 
deacetylase inhibitor (HDACi), was administered in combination with 
chemotherapy for 26 patients (15.0%). Additionally, autologous stem 
cell transplantation (ASCT) was performed in 8 patients (4.6%) as 
consolidation therapy following their first remission.

With a median follow-up of 37.8 months, the 3-year and 5-year 
OS rates for the whole group were 55.5 and 46.2%, respectively, while 
the 3-year and 5-year PFS rates were 45.5 and 40.0%, respectively 
(Figure 1). There were no significant differences in OS (p = 0.924) or 
PFS (p = 0.770) between patients treated with the CHOP and 
CHOEP regimens.

Abbreviations: AITL, Angioimmunoblastic T-cell lymphoma; PTCL, Peripheral 

T-cell lymphoma; IPI, International Prognostic Index; PIT, Prognostic Index for 

T-cell lymphoma; PNI, Prognostic nutritional index; OS, Overall survival; PFS, 

Progression-free survival; ROC, Receiver operating characteristic; AUCs, Areas 

under the curves; HDACi, Histone deacetylase inhibitor; ASCT, Autologous stem 

cell transplantation; PS, Performance status; LDH, Lactate dehydrogenase; ECOG, 

Eastern Cooperative Oncology Group; HR, Hazard ratio.
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Prognostic nutritional index

The optimal cutoff value for the PNI was determined using 
MaxStat analysis, which identified a threshold of 40.8 as the most 
effective value for distinguishing between two prognostic groups 
(Supplementary Figure S1). Based on this cutoff value, 67 patients 
(38.7%) were classified into the low PNI group, and 106 patients 
(61.3%) into the high PNI group. Low PNI was found to 
be  significantly associated with Ann Arbor stage III/IV, poor 
performance status (PS), the presence of B symptoms, elevated 
lactate dehydrogenase (LDH) levels, bone marrow involvement, 
hemoglobin concentration, and albumin levels. A comparison of 
baseline characteristics between the PNI groups is shown in 
Table  2. In the Kaplan–Meier analysis, the low PNI group had 
significantly worse 3-year OS (27.5% vs. 84.7%, p < 0.001) and PFS 
(26.5% vs. 74.4%, p < 0.001) compared to the high PNI group 
(Figure 2).

Clinical prognostic factors

Analyses of prognostic factors are summarized in Table 3 and 
Supplementary Figure S2. In univariate analyses, age, Eastern 

Cooperative Oncology Group (ECOG) performance status, bone 
marrow involvement, elevated LDH levels, platelet counts, white 
cell counts, and low PNI were identified as adverse prognostic 
factors for OS. ECOG performance status, elevated LDH levels, 
platelet counts, white cell counts and low PNI were adverse 
predictors for PFS.

In multivariate analyses, ECOG performance status (hazard 
ratio [HR] = 2.668, 95% confidence interval [CI] 1.608–4.426; 
p < 0.001), bone marrow involvement (HR = 2.814, 95% CI 1.662–
4.767; p < 0.001) and low PNI (HR = 0.221, 95% CI 0.128–0.381, 
p < 0.001) were significant prognostic factors for OS. For PFS, 
significant prognostic factors included ECOG PS (HR = 2.209, 
95%CI 1.372–3.556; p = 0.001), platelet counts (HR = 1.983, 95%CI 
1.212–3.245; p = 0.006), white cell counts (HR = 1.814, 95% CI 
1.153–2.854; p = 0.010) and low PNI (HR = 0.380, 95% CI 0.242–
0.596; p < 0.001).

A better prognostic model based on the 
PIT

The ROC curves were utilized to assess the discriminatory 
performance of various prognostic models by comparing their AUCs. 
For OS, the AUC was 0.688 (95% CI: 0.612–0.764) for the IPI model 
and 0.707 (95% CI: 0.633–0.780) for the PIT model. To further 
investigate the prognostic value of the PNI in AITL patients, it was 
incorporated into both the IPI and PIT models. The resulting IPI-PNI 
model achieved an AUC of 0.743 (95% CI: 0.671–0.815) for predicting 
OS, while the PIT-PNI model achieved an AUC of 0.770 (95% CI: 
0.703–0.836). Both the IPI-PNI and PIT-PNI models demonstrated 
significantly enhanced prognostic performance compared to the IPI 
(p = 0.001) and PIT (p < 0.001) models alone (Figure 3).

Discussion

In this multicenter study, we retrospectively analyzed the clinical 
factors and prognosis of 173 newly diagnosed AITL patients. To the 
best of our knowledge, this is the first study to assess the prognostic 
significance of PNI in newly diagnosed AITL. Our findings 
demonstrated that a low PNI was linked to an inferior prognosis, 
suggesting that PNI could serve as a valuable marker for identifying 
patients at higher risk of adverse clinical outcomes. Integrating PNI 
into existing prognostic models may enhance risk stratification and 
improve individualized patient management.

AITL exemplifies a neoplasm characterized by intense 
inflammatory and immune reactions. Consistent with previous 
reports (3, 4, 15), we found that AITL predominantly affects older 
adults (median age: 62 years) and is commonly diagnosed at an 
advanced stage (90.8%), often accompanied by B symptoms (56.6%), 
elevated LDH (65.3%), and bone marrow involvement (26.0%). 
Although AITL exhibits the most variable clinical course among 
PTCL subtypes, the overall prognosis remains poor, with 5-year OS 
and PFS rates ranging from 32–41% and 18–38%, respectively (3, 4, 7, 
11, 15, 16). In our study, the 5-year OS and PFS rates were 46.2 and 
40.0%, slightly better than previous reports. This difference may 
be due to some patients receiving treatment with new targeted drugs, 
such as Chidamide. These findings underscore the urgent need for 

TABLE 1 Patient characteristics.

Characteristics N = 173 (%)

Age median 62

≥60 96 55.5

Male 115 66.5

Stage III–IV 157 90.8

ECOG > 2 47 27.2

B symptoms 98 56.6

Extranodal sites > 1 45 26.0

Bone marrow involvement 45 26.0

LDH > ULN 113 65.3

Platelet ≤ 150 × 109/L 38 22.0

White cell ≤ 5.0 × 109/L 46 26.6

Hemoglobin ≤ 120 g/L 85 49.1

Albumin < 35 g/L 61 35.3

IPI score

  0/1 25 14.5

  2 54 31.2

  3 54 31.2

  4/5 40 23.2

PIT score

  0 14 8.1

  1 60 34.7

  2 58 33.5

  3/4 41 23.7

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, upper 
limit of normal value; IPI, International Prognostic Index; PIT, prognostic index for T-cell 
lymphoma.
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simple, accessible, and cost-effective prognostic biomarkers to 
improve risk stratification and patient outcomes.

Nutritional status and inflammation have been indicated to 
have a strong impact on treatment tolerance and cancer progression 
(17). Recent studies have shown that the PNI is correlated with 
survival outcomes in different subtypes of lymphoma (18–21). 
However, its prognostic value in AITL has not been previously 
assessed. In our study, baseline PNI was confirmed to be  an 
independent prognostic marker for AITL. Compared to high PNI, 
low PNI was significantly associated with both inferior OS and PFS 
in multivariate Cox regression analysis. Furthermore, integrating 
PNI with the IPI and PIT enhanced OS prediction accuracy. Given 
the clinical advantages of albumin and lymphocyte count 
assessments—such as reproducibility, standardization, and cost-
effectiveness, PNI holds substantial potential for improving 
prognostic prediction in AITL.

Considering the poor outcomes of AITL with standard CHOP-
based therapy—particularly among high-risk patients—alternative 
chemotherapy backbones or the incorporation of novel agents such as 
brentuximab vedotin, histone deacetylase inhibitors, or JAK/STAT 
pathway inhibitors into frontline treatment may offer clinical benefit 
(22–24). Our findings suggest that integrated models such as PNI-IPI 
and PNI-PIT can more accurately identify high-risk patients, thereby 
facilitating more personalized and risk-adapted therapeutic strategies 
in clinical practice. These hypotheses need to be confirmed by future 
prospective studies.

The optimal cutoff value for the PNI is usually estimated using 
ROC curves, which previous studies have reported to be between 
40 and 50 (14, 20, 21). However, traditional ROC analysis focuses 
solely on survival outcomes without accounting for survival time, 
potentially introducing bias. In this study, we utilized MaxStat 
analysis, which identified 40.8 as the optimal cutoff value, 
providing a more precise stratification of patients. Patients with a 
low PNI were more likely to exhibit Ann Arbor stage III/IV, poor 
performance status, B symptoms, bone marrow involvement, and 

TABLE 2 Comparison of patient characteristics between the prognostic 
nutritional index stratifications.

Characteristics PNI low 
(≤40.8)

PNI high 
(>40.8)

p value

No. of patients 67 106

Age ≥ 60 42 (62.7) 54 (50.9) 0.130

Male 44 (65.7) 71 (67.0) 0.859

Stage III–IV 65 (97.0) 92 (86.8) 0.024

ECOG > 2 24 (35.8) 23 (21.7) 0.042

B symptoms 47 (70.1) 51 (48.1) 0.004

Extranodal sites > 1 20 (29.9) 25 (23.6) 0.360

Bone marrow involvement 12 (17.9) 34 (32.1) 0.040

LDH > ULN 55 (82.1) 61 (57.5) 0.001

Platelet ≤ 150 × 109/L 19 (28.4) 19 (17.9) 0.106

White cell ≤ 5.0 × 109/L 23 (34.3) 23 (21.7) 0.067

Hemoglobin ≤ 120 g/L 47 (70.1) 43 (40.6) <0.001

Albumin < 35 g/L 45 (67.2) 16 (15.1) <0.001

IPI score 0.006

  0/1 2 (3.0) 23 (21.7)

  2 21 (31.3) 33 (31.1)

  3 21 (31.3) 33 (31.1)

  4/5 23 (34.3) 17 (16.1)

PIT score 0.019

  0 0 14 (13.2)

  1 23 (34.3) 37 (34.9)

  2 26 (38.8) 32 (30.2)

  3/4 18 (26.9) 23 (21.7)

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, Upper 
limit of normal, IPI, International Prognostic Index; PIT, prognostic index for T-cell 
lymphoma; PNI, prognostic nutritional index.

FIGURE 1

Kaplan–Meier curves show overall survival (A) and progression free survival (B) estimates for the entire study cohort.
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FIGURE 2

Kaplan–Meier curves for overall survival (A) and progression free survival (B) in patients with angioimmunoblastic T-cell lymphoma stratified by the 
prognostic nutritional index.

TABLE 3 Univariate and multivariate Cox regression analyses of OS and PFS.

Outcomes Characteristics Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

OS Age 1.649 (1.017–2.673) 0.043

Sex 0.768 (0.463–1.275) 0.307

Stage III–IV 2.073 (0.756–5.683) 0.156

ECOG > 2 2.961 (1.843–4.756) <0.001 2.668 (1.608–4.426) <0.001

B symptoms 1.483 (0.925–2.380) 0.102

Extranodal sites > 1 1.435 (0.874–2.356) 0.153

Bone marrow involvement 1.706 (1.051–2.769) 0.031 2.814 (1.662–4.767) <0.001

LDH > ULN 2.621 (1.474–4.659) 0.001

Platelet ≤ 150 ×109/L 2.369 (1.437–3.906) 0.001

White cell ≤ 5.0 × 109/L 2.199 (1.377–3.512) 0.001

Hemoglobin ≤ 120 g/L 1.560 (0.980–2.482) 0.061

PNI 0.240 (0.148–0.388) <0.001 0.221 (0.128–0.381) <0.001

PFS Age 1.386 (0.897–2.142) 0.142

Sex 0.885 (0.560–1.397) 0.599

Stage III–IV 2.408 (0.882–6.572) 0.068

ECOG > 2 2.511 (1.602–3.937) <0.001 2.209 (1.372–3.556) 0.001

B symptoms 1.335 (0.865–2.060) 0.189

Extranodal sites > 1 1.362 (0.854–2.173) 0.195

Bone marrow involvement 1.337 (0.838–2.134) 0.223

LDH > ULN 2.079 (1.265–3.415) 0.004

Platelet ≤ 150 × 109/L 2.431 (1.521–3.877) <0.001 1.983 (1.212–3.245) 0.006

White cell ≤ 5.0 × 109/L 2.113 (1.364–3.276) 0.001 1.814 (1.153–2.854) 0.010

Hemoglobin ≤ 120 g/L 1.354 (0.883–2.075) 0.165

PNI 0.340 (0.221–0.524) <0.001 0.380 (0.242–0.596) <0.001

OS, overall survival; PFS, progression free survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, upper limit of 
normal value; PNI, prognostic nutritional index.
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elevated LDH. These results suggest that PNI reflects tumor 
burden and may serve as a useful prognostic marker in 
clinical practice.

Our study has several limitations. First, due to its retrospective 
nature, selection bias was unavoidable. Additionally, the rarity of AITL 
resulted in a limited sample size, and an independent validation 
cohort was not utilized to verify our findings. Although a strong 
association between low PNI and poor prognosis was observed, the 
underlying mechanisms are still uncertain.

In conclusion, our study demonstrated that the PNI is an 
independent prognostic factor for outcomes of AITL. Incorporating 
the PNI into the current prognostic models could improve risk 
stratification, facilitating more tailored and effective treatment 
strategies. Further research is essential to explore the clinical relevance 
and underlying biological pathways through which PNI impacts 
disease progression in AITL.
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