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Introduction

Diffuse large B cell lymphoma ( DLBCL) is a heterogeneous 
disease involving most of the cases of adult B cell lymphoma [1]. 
In Turkey, its incidence is 6/100,000 on 2014 data [2]. There 
are many articles investigating prognostic markers useful in the 
prognosis of DLBCL in the literature. International Prognostic 
Index (IPI) consisting of age, serum lactate dehydrogenase 
(LDH), Eastern Cooperative Oncology Group (ECOG) performance 
status, Ann Arbor stage and involvement areas were used for risk 
classification of patients with DLBCL [3]. New prognostic scoring 
systems, such as the revised IPI (R-IPI) show a better capacity to 
predict the prognosis of patients with DLBCL than the conventional 
IPI [4]. However, the molecular and immunohistochemical tests 
were used in DLBCL for prognostic strategies recently, but these 
tests are sometimes costly and difficult to look at. Therefore,  

 
alternative prognostic biomarkers with lower costs are needed 
to determine risk in DLBCL patients. Fernando De Ritis found 
the ratio of alanine aminotransaminase (ALT) and aspartate 
aminotransaminase (AST) firstly and the ratio has been described 
since as the De Ritis ratio [5]. However, the some studies have 
showed that this ratio to be serious prognostic factors in different 
malignancies [6-8]. Bezan et al. [9] and Lee et al. [10] demonstrated 
that survival predicted outcomes in non-metastatic RCC patients 
and this rate was significantly associated with lower survival 
outcomes. We aimed to investigate the relationship between this 
ratio and survival outcomes of patients with DLBCL in our study.

Subjects and Methods	

We analyzed newly diagnosed DLBCL patients between 
December 2003- November 2016 in our hospital. In this study, 
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we used the university archive to analyze patient information 
such as basic demographic features, duration of diagnosis, stage, 
treatment regimens, treatment results, and laboratory results. 
Blood samples of all patients were collected at the time of 
diagnosis or before the beginning of treatment. Plasma AST and 
ALT levels were analyzed by standard clinical methodology. De 
Ritis ratio were calculated using data from the blood samples at 
the time of diagnosis. We analyzed the effect of the De Ritis ratio 
on the overall survival (OS) of 225 patients with DLBCL.

Ethics

Informed consent was obtained from our patients at the time 
of diagnosis. Our study was designed as a retrospective evaluation 
of the files. 

Statistical Analysis

All Statistical analysis were performed using Statistical 
Package for the Social Sciences (SPSS) statistics v 21.0 (Armonk, 
IBM Corp, N.Y., U.S.A). Pearson’s Chi-square test for discrete 
variables or the Kruskal–Wallis test for continuous variables was 
used to compare the patient characteristics. The Kaplan–Meier 
method was used to estimate overall survival (OS). OS was defined 

as the time from diagnosis to death as a result of any cause. OS 
curves was compared using the log-rank test. We determined the 
optimum cutoff points for De Ritis ratio the as a predictor for OS 
based on the receiver operating characteristic (ROC) curve. The 
optimum cutoff points were the point on ROC curve. The effect 
of the De Ritis ratio on the overall survival (OS) was analyzed 
using the Kaplan-Meier method and multivariate Cox regression 
models. P < 0.05 was considered statistically significant.

Results

The clinicopathologic features of the patients are summarized 
in Table 1. Among 225 DLBCL patients, 57.8% were men, and 
42.2% were women. The mean age of the patients was 60.3 ± 
16.4 (18–95) years. The patients were also categorized according 
to the Ann Arbor staging: 26 (11.6%) patients as stage 1, 66 
(29.3%) as stage 2, 44 (19.6%) as stage 3, and 89 (39.6%) as 
stage 4. We also calculated R-IPI scores of patients. R-IPI scores 
of patients found that were 36 patients (16%) as score 0, 127 
patients (56%) as score 1-2 and 62 patients (28%) as score 3-5. 
Extranodal involvement was observed in 109 patients ( 48.4 %). 
The distribution of extranodal sites is summarized in Table 1.

Table 1: The clinicopathologic features of the patients.

Median age years ( range) 60,3 ± 16(18–95)

Sex
Male

Female 
130/(57,8%)
95/(42,2%)

Stage N  / (%)
Stage I
Stage II
Stage III
Stage IV

26 / (11,6%)
66 / (29,3%)
44 / (19,6%)
89 / (39,6%)

R-IPI score N / (%)
Score 0

Score 1-2
Score 3-5

36 / (16%)
127 / (56%)
62 / (28%)

B symptoms N / (%) 77 / ( 34,2%)

The diagnostic sites N(%)
Lymph nodes

Oropharangeal and nasopharangeal masses
Gastrointestinal 

Bone Marrow
Bone
Liver

Lung and mediastinal mass
Skin mass

Central nervous system
Female reproductive organs

Kidney
Thyroid gland

Testiculer
Spleen

100 / ( 44,4%)
33 / (14,6%)
33 / (14,6%)
16 / (7,1%)

9 / (4%)
8 / (3,6%)
5 / (2,3%)
5 / (2,3%)
4 / (1,8%)
3 / (1,3%)
3 / (1,3%)
3 / (1,3%)
2 / (0,9%)
1 / (0,5%)

LDH 
Normal

Above normal
124 / (55%)
101 / (45%)

R-IPI; Revised International Prognostic Index, LDH; Lactate dehydrogenase
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Most of the patients (77.3%, n:174 ) were treated with 
rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisolone (R –CHOP) at normal dosage, 26 patients (11.6 %) 
with reduced-dose R - CHOP, 6 patients (2.7 %) with Rituximab, 
cyclophosphamide, etoposide, vincristine, prednisolone (R – 
CEOP), 8 patients (3.6 %) with Rituximab, cyclophosphamide, 
vincristine, prednisolone (R – CVP), 1 patient (0.4 %) with mini 
CEOP, 7 patients (3.1 %) with Rituksimab, steroid and 3 patients ( 
1.3 %) with high dose methotrexate. However, high-risk patients 
received the proper intrathecal methotrexate as part of the CNS 
prophylaxis. 

The complete remission ( CR ) of all patients was 88.4 % 
(n=199), the parsial remission ( PR) of all patients was 6.2% 
(n=14) and the patient with refracter disease was 5.3% (n=12). 
Relapse disease was seen in 26 patients (11.5 %) of all patients. 
Median relapse time was 13.4 (range: 3-60 months) months. 
The median overall survival (OS) was 50 (range: 1-155 months 
) months in all patients. The OS was 30 (range: 8-96 months ) 
months in relapse patients. The median follow-up period was 
103 months (range: 93-113 months ) and during this period 77 
deaths (34 %) were recorded. The median 3 year OS was 69%, 
while 5-year and 10 year OS was calculated as 65% and 60%, 
respectively (Figure 1).

Figure 1. The overall survival of all patients.

The results show a significant statistical association between 
Ann-Arbor stage and OS [ P=0.002, Figure 2 ]. The median OS 
was 133 (range: 112-153) months in patients with Ann-Arbor 
stage I; 113 (range: 96-130) months and 107 (range: 89-126) 
months in patients with Ann-Arbor stage II and Ann-Arbor stage 
III, respectivelly. Wheras in Ann-Arbor Stage IV patients it was 
found to be 75 (range: 62-88) months. The median 5 - year OS was 
85%, 75%, 68% and 51% respectively accoring to the Ann-Arbor 
staging (Table 2).

A significant statistical difference was observed between 
R-IPI scores and OS (P=0.0001, Figure 3 ). The median OS was 
139 (range: 124-154) months in patients with R-IPI score 0, 105 
(range: 93-117) months in patients with R-IPI score of 1-2, and 
64 (range: 48-79) months in patients with R-IPI score of 3-5. 
The median 5 - year OS was 89%, 68% and 46% according to the 
respective R-IPI (Table 2). Similarly, patients with above normal 
LDH (n: 101) had shorter survival time than the patients with 

normal LDH (n: 124) ( OS: 91 (range: 76-105) months vs 113 
(range: 100-126) months, P=0.015 ). We performed ROC curve 
analysis to calculate optimal cut off points for the De Ritis ratio at 
the time of diagnosed. The median De Ritis ratio was 1.30 ( range 
0.26 – 5.84 ). Based on the cutoff points for the De Ritis ratio, 
patients were separated in two groups: high De Ritis ratio group ( 
≥1.30, n: 71 ) and low De Ritis ratio group ( <1.30, n:154 ) ( with 
sensitivity of 59%, specifity of 40%). The group with high De Ritis 
ratio had shorter OS than the group with low De Ritis ratio ( OS: 
46 (64-82) months vs 73 (38-54) months). The median 5-year OS 
was 70% in patients with low De Ritis ratio at 5- year, however ıt 
was 52% in patients with high De Ritis ratio.

A significant statistical relationship was found between OS 
and De Ritis ratio. In KaplanMeier analysis, the group with a 
higher De Ritis ratio had a more unfavorable prognosis (p=0.027) 
(Figure 4). Hepatic dysfunction was detected in 7.2 % of patients 
(n:16). We found that the De Ritis ratio was effected on survival 
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outcomes independent of liver involvement ( p=0.86 ). the HBV 
infection infection status of all patient are as shown in Table 2. 
Sixteen patients out of 27 patients with chronic viral hepatitis 

have low De ritis ratio. There were no- significant association 
between high De Ritis ratio and chronic viral hepatitis on survival 
outcomes (P = 0.54 ). 

Table 2: The overall survival according to Ann-Arbor stage, R-IPI scores and De Ritis ratio.

Events/N Months/5-y estimate P value

De Ritis ratio
Low De Ritis ratio
High De Ritis ratio

154/ (68,4%)
 71/ (31,6%)

46/70%
73/ 52% P=0,0270

Ann-Arbor stage
Stage I
Stage II
Stage III
Stage IV

26 / (11,6%)
66 / (29,3%)
44 / (19,6%)
89 / (39,6%)

133/ 85%
113/ 75%
107/ 68%
75/ 51%

P=0,0020

R-IPI scores
R-IPI score 0

R-IPI score 1-2
R-IPI score 3-5

36 / (16%)
127 / (56%)
62 / (28%)

139/ 89%
105/ 68%
64/ 46% P=0,0001

R-IPI; Revised International Prognostic Index

Figure 2. Survival curves according to Ann - Arbor stage.
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Figure 3. Survival curves according to R-IPI scores.

Figure 4. The impact of De Ritis ratio on overall survival in diffuse large b cell lymphoma patients.
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Based on the Cox regression models adjusted for clinical 
parameters for OS, the De Ritis ratio ( P = 0.003), age (P = 0 
.008) andAnn-Arbor stage (p=0.05) were found as independent 
prognostic factors.

Discussion

There are many articles investigating prognostic markers 
useful in the prognosis of DLBCL in the literature. The effect of 
De Ritis ratio on cancer prognosis has been invastigated in many 
studies. These different results guide our patient follow-up. 
The serum AST and ALT levels are related to the extend of liver 
damage. The AST and ALT levels may be elevated due to hypoxia, 
trauma, ischemia ordamage of cell membrane. The association 
between AST and cancer is uncertain, however malign cells can 
produce AST. Thus, ıt is known that AST plays an important in 
carcinogenesis [11,12]. The high AST/ALT ratio may be also 
related to elevated oxidative stress and inflamatory environment. 
Various studies have already reported that inflamation and 
oxidative stress play an important role in carcinogenesis [11-16].

Numerous studies have reported the application of 
aminotransaminase as a prognostic indicator in various cancers 
[17,18]. Kiba et al. [19] reported a bad prognosis in patients with 
multiple myeloma with a high AST level. Hepatic dysfunction 
was observed in 7 patients (15,9 %) in this study, these patients 
were serologically negative for hepatitis B and C. Also, abdominal 
ultrasonography or computerized tomography demonstrated that 
it was related to liver involvement with MM (2 cases, 4,5 %). The 
study of Lu et al, reported association between the serum AST 
level and prognosis in DLBCL patients [20]. They showed that a 
high pretreatment AST level association a negative prognostic 
factor for in DLBCL patients. The De Ritis ratio, was first reported 
in 1957 as a useful indicator for hepatitis [5]. Recently, the De 
Ritis ratio is concidered a good predictor of liver function damage, 
and is widely used to evaluate various causes of liver disease. 
Furthermore, the De Ritis ratio is associated with non-hepatic 
diseases, as diabetes mellitus, peripheral arterial occlusive 
disease, acute ischemic stroke [21-23].

Than, the effect of De Ritis ratio on cancer prognosis has been 
reported in many studies. A high De Ritis ratio was related to 
poor survival outcomes in patients with RCC [8-10,24-26], liver 
cancer [27-30], urinary tract urotheliel carcinoma [7,31,32]. Ha 
et al. showed a significant relationship of elevated AST/ALT ratio 
and poor OS in bladder cancer that underwent surgery [33]. The 
other study was found that a higher preoperative AST/ ALT ratio 
predicts poor outcome in patients with bladder cancer [34]. The 
other studies have shown also similar results in patients with 
head and neck and prostat cancers [6,35].

The meta-analysis of Wu at al. showed that the pre-treatment 
high level of serum AST/ALT ratio is significantly associated 
with poor clinical outcomes of OS, cancer-specific survival, and 
recurrence-free survival in patients with solid tumors (p <0.001). 

They said that the pretreatment De Ritis ratio may serve as a 
useful prognostic predictor for malignant patients [36]. This ratio 
has been shown to be the predictor of survival in malignancies in 
the literature, but this has not show in hematological diseases. In 
our study we investigated the relationship between the De Ritis 
ratio and survival outcomes of patients with DLBCL. We found 
that the patients with the high De Ritis ratio had an unfavorable 
prognosis for OS. In our study, we showed that De Ritis ratio 
can be a prognostic marker for predicting survival with respect 
to the Ann Arbor stage and R-IPI score. Low De ritis ratios are 
typical for chronic viral hepatitis, however high De rirtis ratio 
can be found in chronic hepatitis when progression to fibrosis 
and cirrhosis [37,38]. In our study, reports similar findings with 
sixteen of 27 patients with chronic viral hepatitis have low De ritis 
ratio. However, the number of patients is quite low. We showed 
that De Ritis Ratio was low-cost and easy-to-acces test that 
predicted OS in DLBCL patients. However, the results of this ıssue 
are still controversial in the literature and there is no consensus. 
Furthermore, this study is limited as it was population, and 
prospective studies with more patients may berequired.

Conclusion

In conclusion, the De Ritis ratio may provide a cost- effective 
and sustainable marker for DLBCL patients. A higher De Ritis ratio 
can be considered as an independent prognostic factor in DLBCL 
patients who treated with lymphoma therapy (R-CHOP, R-CVP). 
However, this results need to be confirmed and corroborated 
by comprehensive prospective randomized studies with an 
appropriate design. 
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