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Aim & methods: To assess the impact of pretreatment serum levels of IL-18 and soluble IL-2 receptor (sIL-2R)
on the clinical outcome of patients with diffuse large B-cell lymphoma treated with an R-CHOP protocol.
Total 73 patients were included. Results: Elevated serum IL-18 (using mean as cutoff) was associated with
numerically lower complete remission, and 3-year disease-free survival rates; however, the difference was
not statistically significant. Nevertheless, the 3-year overall survival rates were significantly more favorable
for the lower serum level group. Correspondingly, the complete remission, 3-year disease-free survival
and overall survival rates for patients with low pretreatment sIL-2R levels were significantly better than
individuals with higher levels. Conclusion: There is a growing body of evidence supporting the utility
of pretreatment serum levels of sIL-2R and IL-18 as prognostic factors in diffuse large B-cell lymphoma
patients.

Lay abstract: Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lym-
phomas in Egypt. Since the introduction of rituximab, the utility of International Prognostic Index in DLBCL
patients treated in the rituximab era has been questioned. Instead, biologic prognostic factors including
cytokines are increasingly being investigated to stratify DLBCL patients. In this prospective single arm
Phase II study, there is evidence supporting the utility of pretreatment serum levels of IL-18 and sIL-2R,
which can be easily measured in clinical practice, as potential prognostic factors that may add additional
information regarding response to treatment and outcome in DLBCL patients and could help stratify poor
risk patients for more aggressive treatment.
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Diffuse large B-cell lymphomas (DLBCLs) are the most common non-Hodgkin lymphomas (NHLs) in adults [1].
In Egypt, DLBCL represents 55% of NHLs [2]. Before rituximab, the International Prognostic Index (IPI) was
considered the most reliable prognostic index for NHL patients [3]. However, in the rituximab era, IPI failed
to distinguish the four risk groups previously identified in chemotherapy-alone based treatment [4]. Therefore,
concerns regarding the utility of IPI were raised [5].

IL-18 is a cytokine that has been shown to affect the immune defense against tumor cells [6]. It has been
reported that serum IL-18 may be a useful marker for monitoring outcome in some malignancies including gastric
carcinoma [7], colon carcinoma [8] and NHL [9].

Soluble IL-2 receptor (sIL-2R) is the soluble form of IL-2 receptor that plays important roles in lymphocytes
activation [10]. Some lymphoid malignancies including lymphoblastic leukemia [11], Hodgkin’s disease [12], B-cell
chronic lymphocytic leukemia [13], adult T cell leukemia [14] and peripheral T cell lymphoma unspecified [15]
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displayed elevated levels of sIL-2R. Serum levels of IL-18 and sIL-2R were found to be prognostic factors for
DLBCL patients [5,16–20].

This study aimed to assess the impact of serum levels of IL-18 and soluble IL-2 receptor on the clinical course
and in determination of the treatment outcome in DLBCL patients treated with R-CHOP, considering disease-free
survival (DFS) and overall survival as primary end points, and complete remission (CR) rate and treatment related
toxicity as secondary end points.

Patients & methods
Patients
This study included 73 patients with CD20-positive DLBCL who presented to the Medical Oncology Department,
Zagazig University Hospital, between November 2014 and November 2018. Patients were eligible when their age
was 18 years or older with no prior radiotherapy or chemotherapy in the absence of any medical contraindications
for receiving R-CHOP. Patients were excluded if they were pregnant, lactating or positive for HIV. Patients with
1ry central nervous system (CNS) lymphoma or Composite lymphoma were also excluded.

Pretreatment evaluation
Pretreatment evaluation included history; physical examination; laboratory studies (blood counts, LDH and liver
and kidney functions), and virology serology (HCV Ab, HBsAg, HBcAb, PCR for serologically positive patients);
and bone marrow biopsy when there was unexplained cytopenia. Staging radiology comprised CT scans of chest,
abdomen and pelvis; and PET-CT scan for all patients. Patients were staged according to Lugano modification of
Ann Arbor staging system. Performance status was reported according to Eastern Cooperative Oncology Group
performance scale, and we used standard IPI to stratify our patients into different prognostic groups.

Pretreatment serum levels of IL-18 were assessed using Human IL-18, IL-18 ELISA Kit (E0064h) from EIAAB
science (Wuhan, China). For assessment of serum levels of sIL-2R, we used humans IL-2-receptor, sIL-2R ELISA
Kit (BE51121) from IBL international (Hamburg, Germany).

Treatment plan
Patients meeting eligibility criteria were scheduled to receive R-CHOP therapy (rituximab 375 mg/m2 day 1,
cyclophosphamide 750 mg/m2 day 1, doxorubicin 50 mg/m2 day 1 vincristine 1.4 mg/m2 day 1, prednisone
100 mg PO daily for 5 days) repeated at 21-day intervals. Six cycles of R-CHOP-21 were planned for patients with
stage I or II disease. Patients with advanced stage disease (III, IV) were scheduled to receive six to eight cycles of
R-CHOP-21. Locoregional RT (36 Gy) was prescribed for patients with bulky disease (≥7.5 cm).

Cut-off level definition
We evaluated the optimal cut-off values for serum IL-18 and sIL2R levels to predict CR using the area under
the receiver operating characteristic (ROC) curve. In the current study, the ROC curve generated cut-off value
for serum IL-18 was 11.3 pg/ml. Corresponding value for sIL-2R was 592.4 U/ml. We also tested the median
(10.8 pg/ml) and mean serum IL-18 level (22.2 pg/ml) to determine the most appropriate cut-off value for serum
IL-18.

Statistical analysis
SPSS, version 25 (SPSS Inc., IL, USA) was used for data management and analysis. Chi-square or Fisher exact tested
proportion independence. Correlation analysis was used to show strength and significance of association between
quantitative variables. Kaplan–Meier method estimated overall survival (OS) and DFS and log rank test compared
survival curves. Multivariate analysis was done by Cox regression model. P value was considered significant at ≤0.05
levels. Overall survival was calculated from the date of diagnosis to date of death or last follow-up. Disease-free
survival was calculated as the period the patient lived without evidence of disease relapse or death.

Ethical conduct
The authors state that they have obtained appropriate institutional review board approval from the Egyptian
National Cancer Institute, Cairo University and have followed the principles outlined in the Declaration of
Helsinki for all human experimental investigations. In addition, informed consent has been obtained from the
participants involved.
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Table 1. Patients characteristics.
Variable Frequency (n = 73) Percentage

Gender
– Males
– Females

44
29

60%
40%

Median age (years) (Range) 53
(18xx68)

–

ECOG PS
– PS 0
– PS 1
– PS 2
– PS 3

26
32
10
5

36%
44%
14%
6%

LDH level
– Normal
– Elevated

31
42

42.5%
57.5%

Number of extranodal sites
– 0
– 1
– 2 or more

44
24
5

60%
33%
7%

Extranodal sites
– Stomach
– Bone marrow
– Liver
– Chest wall
– Muscle
– Pancreas
– Paraspinal
– Bone
– Breast
– Paratoid
– Kidney
– Lung
– Small intestine

9
6
5
3
2
2
2
1
1
1
1
1
1

-

Stage I
Stage II
Stage III
Stage IV

10
27
17
19

14%
37%
23%
26%

IPI risk score
– Low
– Low intermediate
– High intermediate
– High

34
21
12
6

47%
29%
16%
8%

B symptoms
– Absent
– Present

48
25

66%
34%

Bulky disease (≥7.5 cm)
– Absent
– Present

60
13

82%
18%

HB sAg
−ve
+ve
HBcAB
−ve
+ve
HBV DNA Not detectable
Detectable

72
1

73
0
1
0

98%
2%

100%
0%
100%
0%

HCV Ab
−ve
+ve
HCV RNA Not detectable
Detectable

43
30
20
10

59%
41%
77%
33%

ECOG: Eastern Cooperative Oncology Group; IPI: International Prognostic Index; PS: Performance status.

Results
Baseline characteristics
Clinical characteristics of the 73 patients included are listed in Table 1. The mean ± standard deviation (SD) of
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Table 2. Serum IL-18 level according to conventional prognostic factors.
Factor Serum IL-18 Serum sIL-2R

Median Range p-value Median Range p-value

All patients 10.8 3.8 – 231.7 468.8 67.5 – 2362.6

Gender Males 10.8 3.8 – 231.7 0.739 456.8 67.5 – 2331.6 0.955

Females 10.8 4.8 – 110.5 468.8 94.8 – 2362.6

Age ≤60 9.9 3.8 – 159 0.052 355.3 67.5 – 2362.6 <0.001

�60 13.5 5.8 – 231.7 1145.7 98.7 – 2331.6

PS 0 or 1 10.6 3.8 – 231.7 0.465 454.7 67.5 – 2362.6 0.594

2 – 4 11.0 5.6 – 86.5 468.8 104.3 – 2096.2

LDH Normal 8.5 3.8 – 110.5 0.017 330 67.5 – 1942.2 <0.001

Elevated 12.8 4.8 – 231.7 799.2 104.3 – 2362.6

Number of extranodal sites 0 or 1 10.9 3.8 – 231.7 0.243 422.7 67.5 – 2231.6 0.078

≥2 9.3 5.6 – 28.5 766.4 478.8 – 2362.6

Clinical stage I, II 9.0 3.8 – 110.5 0.066 350.0 67.5 – 1942.2 0.001

III, IV 12.8 4.8 – 231.7 799.2 104.3 – 2362.6

IPI L 8.9 3.8 – 110.5 0.615 310.9 67.5 – 1942.2 <0.001

LI 12.1 5.8 – 159 725.6 104.3 – 1990.5

HI 13.5 5.6 – 231.7 1819.6 541.8 – 2362.6

H 22.2 9.3 – 79.1 1989.2 478.8 – 2080

B symptom (−) 10.9 3.8 – 159 0.949 376.8 94.8 – 2231.6 0.036

(+) 10.6 4.8 – 231.7 725.6 67.5 – 2362.6

Bulky sites (−) 9.9 3.8 – 231.7 0.231 451.8 67.5 – 2362.6 0.171

(+) 13.8 4.8 – 79.1 598.0 171.7 – 2231.6

HCV Ab (−) 8.63 3.8 – 159 0.438 414.7 67.5 – 2080 0.069

(+) 13.8 5.6 – 231.7 725.6 98.7 – 2362.6

Values in bold highlight variables with significant p value.
HCV Ab: Hepatitis C virus antibodies; IPI: International prognostic index; LDH: LDH level; PS: Performance status.

the serum IL-18 level was 22.2 ± 36.3 pg/ml (range = 3.8–231.7) with a median of 10.8 pg/ml. On the other
hand, the mean ± SD of the serum sIL-2R level was 732.3 ± 645.6 U/ml (range = 67.5–2362.6) with a median
of 468.8 U/ml.

Response to chemoimmunotherapy & survival
Complete response was achieved in 76% (54/72), while no CR (PR, SD and PD) was reported in 34%. After a
median follow-up time of 15 months (range = 1–44 months), the 3-year OS rate was 72.9%. The median OS was
not reached. The 3-year DFS rate for the 54 patients who achieved CR was 60.5%. At the end of follow-up, 20%
of patients suffered relapse.

Association of serum cytokines with clinical features
Serum IL-18 levels were significantly associated with elevated LDH (p = 0.017), but not with other poor prognostic
indicators or HCV seropositivity. On the other hand, various poor prognostic indicators, such as being elderly,
increased LDH, advanced disease, existence of B symptoms and unfavorable IPI were associated with high serum
sIL-2R levels; but not with poor PS, multiple extranodal sites, bulky disease or HCV seropositivity (Table 2).

Univariate & multivariate analyses for cytokines & conventional prognostic variables on remission
rates & survival outcomes
Utilizing ROC curve cut-off value (11.3 pg/ml), high serum levels of IL-18 were associated with numerically lower
CR rate compared with lower levels (69.74 vs 79.5% [p = 0.339]). Similar results were obtained when we stratified
patients according to the median (10.8 pg/ml) and the mean (22.2 pg/ml) serum IL-18 level. On the other hand,
the CR rates for patients with sIL-2R levels ≤592.4 U/ml were significantly better than patients with higher serum
levels (90.9 vs 50.0% [p = 0.001]). Additionally, the CR rates were significantly worse in patients with elevated
LDH, advanced stage and unfavorable IPI, whereas bulky disease was marginally associated with lower CR rates.
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Table 3. Remission rate and survival outcome according to serum levels IL-18 and sIL-2R and other prognostic factors.
Factor Number CR rate 3-year DFS 3-year OS

Percentage p-value Percentage p-value Percentage p-value

Serum IL-18 (ROC) ≤11.3 pg/ml 39 79.5 0.339 49.3 0.279 62.9 0.153

�11.3 pg/ml 34 69.7 66.2 72.1

Serum IL-18 (mean) ≤22.2 pg/ml 60 76.7 0.465 72.1 0.127 77.8 0.008

�22.2 pg/ml 13 66.7 NR 55.4

Serum IL-18 (median) ≤10.8 pg/ml 37 78.4 0.496 40.9 0.126 54.8 0.280

�10.8 pg/ml 36 71.4 70.1 73.7

Serum sIL-2R ≤592.4 U/ml 44 90.9 0.001 75.4 0.007 95.4 0.001

�592.4 U/ml 29 50.0 35.4 NR

Gender Males 44 79.5 0.264 53.4 0.131 68.1 0.854

Females 29 67.9 93.3 86.1

Age ≤60 52 80.4 0.100 67.4 0.581 83.9 0.124

�60 21 61.9 55.0 49.8

PS 0 or 1 58 78.9 0.132 65.0 0.385 72.7 0.116

2–4 15 60 NR 71.8

LDH Normal 31 87.1 0.039 69.8 0.975 100 0.014

Elevated 42 65.9 36.0 59.0

Number of extranodal sites 0 or 1 68 77.9 † 60.5 † 74.3 0.038

≥2 5 25.0 NR NR

Clinical stage I, II 37 86.5 0.021 81.5 0.008 82.6 0.012

III, IV 36 62.9 NR 61.4

IPI L 34 88.2 0.003 85.3 † 97.0 0.001

LI 21 76.0 NR 55.6

HI 12 45.5 NR 55.6

H 6 0.0 NR NR

B symptoms (−) 48 77.1 0.564 65.5 0.053 84.8 0.010

(+) 25 70.8 56.9 55.4

Bulky sites (−) 60 79.7 0.052 NR 0.314 69.9 0.414

(+) 13 53.8 83.3 68.4

Values in bold highlight variables with significant p value.
†p-value cannot be calculated because of small numbers within some strata.
DFS: Disease-free survival; IPI: International prognostic index; LDH: LDH level; PS: Performance status; NR: Not reached; OS: Overall survival; ROC: Receiver operating characteristic.

Conversely, the CR rates were not significantly associated with other clinical features, such as being elderly, poor
PS, multiple extranodal sites, existence of B symptoms or HCV seropositivity (Table 3).

Serum IL-18 level was not predictive of OS using ROC curve value or the median serum IL-18 level as cut-off
points (Table 3). Using the mean serum IL-18 level as a cutoff, the 3-year OS rates for patients with low and high
serum levels were 77.8 and 55.4%, respectively, this difference was statistically significant (p = 0.008; Figure 1).

Correspondingly, the 3-year OS rates for patients with sIL-2R levels ≤592.4 U/ml were significantly better
compared with patients with higher serum levels (95.4% vs NR, [p = 0.001]; Figure 2). In addition, the OS rates
were significantly worse in patients with increased LDH, multiple extranodal involvement, advanced stage, presence
of B symptoms (Table 3) and unfavorable IPI (Figure 3).

With respect of DFS, serum level of IL-18 was not predictive of 3-year DFS outcome when we used either ROC
curve value, the median or the mean serum IL-18 level as cut-off points. Conversely, the patients with low serum
sIL-2R had a significantly better 3-year DFS rates than patients with higher serum sIL-2R (75.4 vs 35.4%; p =
0.007; Figure 4). On the other hand, none of the conventional prognostic factors was predictive of DFS (Table 3),
except for clinical stage (p = 0.008; Figure 5).

Multivariate analyses employing strong conventional prognostic factors and serum cytokine levels demonstrated
that serum sIL-2R was independent prognostic factor for OS, and that clinical stage and sIL-2R were marginal
independent prognostic factors for DFS (Table 4).
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Figure 1. Overall survival according to the mean of serum level of IL-18 (p = 0.008).
OS: Overall survival.
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Figure 2. Overall survival according to serum level of sIL-2R (p = 0.001).
OS: Overall survival.

Table 4. Multivariate analyses on overall survival and disease-free survival.
Factor HR 95% CI p-value

Overall survival

sIL-2R (�592.4 U/ml) 11.41 2.5 – 52.4 0.022

Disease-free survival

sIL-2R (�592.4 U/ml) 4.1 1.0 – 16.5 0.057

Clinical stage (advanced stage) 3.5 0.9 – 12.8 0.047

Values in bold highlight variables with significant p-value.
HR: Hazard ratio.
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Figure 3. Overall survival according to International Prognostic Index (p = 0.001).
IPI: International prognostic index; OS: Overall survival.
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Figure 4. Disease-free survival according to serum level of sIL-2R (p = 0.007).
DFS: Disease-free survival.

Discussion
Many investigators have attempted to identify prognostic factors to discriminate NHL patients who are likely to
have favorable or worse outcomes [21].

Since the introduction of rituximab, the utility of IPI has been questioned [5]. To more strictly select appropriate
therapeutic options, poorer prognostic groups need to be further discriminated.

Cytokines are small proteins that play an important role in immune regulation, and might reflect tumor growth.
Currently, it is well known that an altered cytokine milieu exists in DLBCL [22].

In this study, we investigated pretreatment serum IL-18 and sIL-2R levels in DLBCL patients treated with
R-CHOP as prognostic factors with respect to OS, DFS, CR rates. The thresholds used to define the prognostic
groups constitute a source of debate in any study on serum cytokines. We evaluated the optimal cut-off values for
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Figure 5. Disease-free survival according to clinical stage (p = 0.008).
DFS: Disease-free survival.

serum IL-18 and sIL2R levels to predict CR using the ROC curve. With the use of these cut-off values, we divided
the patients into low and high groups.

In the current study, the ROC curve generated cut-off value of serum IL-18 was 11.3 pg/ml, and this value was
much lower than that reported by Goto and collegues (590 pg/ml) [18]. Correspondingly, cut-off value of sIL-2R in
our patients was 592.4 U/ml, and this value was also lower than cutoff described by precedent investigators [4,20,23].
These observed variations might be explained by distinctive nature of the disease in Egyptian patients including
variable etiologic, genetic and biological factors.

We conducted univariate analysis of the effect of serum IL-18 upon disease outcome end points.
Utilizing ROC curve cut-off value, elevation of serum IL-18 was not predictive of CR (p = 0.339), 3-year DFS

(p = 0.279) or 3-year OS (p = 0.153) rates. This might be referred to the impact of other predictors of outcome
in DLBCL that might have been overlooked in our study (immunoblastic histology; molecular markers such as
BCL2, c-myc, stromal signatures, gene expression profile subtypes) [24]. Additional potential confounders include
the IL-18 binding protein (IL-18BP) which is known affect the concentrations of active free form of IL-18 [25,26].

The aforementioned findings are in line with the results of a Turkish group who evaluated changes in pre- and
post-treatment levels of serum IL-18 in 46 aggressive NHL patients (87% of cases were DLBCL). Serum levels
of serum IL-18 remained unchanged after chemotherapy. Consequently, their conclusion was that serum IL-18
measurements have no prognostic value in aggressive NHLs including DLBCL [27].

Moreover, we probed utility of mean serum IL-18 level as a predictive cut-off value. Elevation of serum IL-18
was not predictive of remission (p = 0.465), or 3-year DFS rates (p = 0.127). Nevertheless, the 3-year OS rates for
patients with high and low serum IL-18 levels were significantly different (p = 0.008). Earlier, Goto and fellows
reported that serum IL-18 levels were predictive of CR, 4-year PFS, and OS rates in patients treated with R-CHOP
(p = 0.0048, p < 0.0001, p < 0.0001, respectively) [18]. Given these finding, serum IL-18 level seems to have a
probable propensity to affect OS in DLBCL patients treated in rituximab era. However, a greater number of cases
need to be followed-up for longer periods of time to reach a clearer understanding of the prognostic value of serum
IL-18 level in DLBCLs in rituximab era.

On the other hand, the CR, 3-year DFS and OS rates for our patients with low pretreatment sIL-2R levels were
significantly better than individuals with higher levels (p = 0.001, p = 0.007, p = 0.001, respectively). In multivariate
analysis, high sIL-2R independently correlated with shorter DFS and OS (HR: 4.1, 95% CI: 1.0–16.5, p < 0.057;
and HR: 11.4, 95% CI: 2.5–52.4, p < 0.022, respectively). These obtained results were like those reported by
Goto and coworkers who found that high sIL-2R patients had a poorer outcome in terms of CR, PFS and OS for
patients with DLBCL treated with R-CHOP (p = 0.0003, p < 0.0001, p < 0.0001, respectively) [5]. Additional
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subsequent studies identified the prognostic value of sIL-2R in DLBCLs patients from different age and ethnic
groups treated with R-CHOP. A report from Tomita and colleagues identified the prognostic value of sIL-2R levels
either individually or as a part of SIL index (Stage, sIL-2R, LDH) in predicting poor PFS, and OS outcomes in
572 DLBCL patients treated with R-CHOP [28]. Subsequently, a Spanish group evaluated the prognostic value of
different cytokines including sIL-2R in 197 DLBCL patients treated with Rituximab based immunochemotherapy.
Elevated levels of serum sIL-2R were significantly associated with lower CR rates and shorter PFS and OS [19]. In a
like manner, prognostic impact of pretreatment serum sIL-2R level was identified in elderly patients with DLBCL
patients treated with R-CHOP in a Japanese study. This study showed that measurement of the sIL-2R level at
diagnosis is clinically beneficial for identifying elderly patients with DLBCL who have a poor prognosis in terms
of PFS and OS [20]. Collectively, there is growing body of evidence supporting the proposal that pretreatment
serum levels of sIL-2R is a potentially robust prognostic factor that can help stratifying poor risk DLBCL for more
aggressive treatment.

The present study has several limitations. First, this was a study from a single institute. Second, the small sample
size, and heterogeneity of patients’ characteristics in our study might have limited our ability to identify statistically
significant differences in terms of OS, DFS and CR rates with respect to serum IL-18, and other conventional
prognostic factors. Third, serum IL-18 and sIL-2R are not specific markers for DLBCL and its level are increased in
several inflammatory conditions including viral infection and autoimmune disorders. Further, we did not consider
many relevant prognostic factors, such as BCL2, MYC, Ki67 and GEP subtypes in our analyses.

Conclusion
Being potentially effective and applicable, pretreatment serum level of sIL-2R in DLBCL patients deserves to be
considered as another important tool for identifying those with poor prognosis, whereas serum IL-18 level should
be studied in larger prospective studies. Additionally, the most reliable prognostic factor or the best combination of
some prognostic factors for DLBCL should be further clarified in order to assist in selecting the most appropriate
immunotherapy-based treatment.

Future perspective
Our present findings have provided evidence for the utility of pretreatment serum levels of sIL-2R as potential
prognostic factors in DLBCL patients. However, the most reliable prognostic factor or the best combination of
some prognostic factors for DLBCL should be further clarified in order to assist in selecting the most appropriate
immunotherapy-based treatment.

Summary points

• Biologic prognostic factors including cytokines are increasingly investigated to stratify diffuse large B-cell
lymphoma (DLBCL) patients.

• This study aimed to assess the impact of pretreatment serum levels of IL-18 and sIL-2R on the clinical outcome of
patients with DLBCL treated with R-CHOP protocol.

• Being potentially effective and applicable, pretreatment serum level of sIL-2R in DLBCL patients deserves to be
considered as another important tool for identifying those with poor prognosis, whereas serum IL-18 level should
be studied in larger prospective studies.

Author contributions

All the authors contributed equally to the conception and design of the study, data acquisition, analysis and manuscript creation.

Acknowledgments

The authors would like to thank R Allam, NCI, Cairo University, who supervised the statistical work of this study. Special thanks are

addressed to M Samra, NCI, Cairo University and H Hamed, Faculty of Medicine, Ain Shams University, for valuable discussions.

The authors would like to thank all of their colleagues for sharing their reagents.

future science group www.future-science.com



Research Article Khaled, Abdelhamid, Abu-Taleb, El-Hifnawi & Waley

Financial & competing interests disclosure

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-

cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,

stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

The authors state that they have obtained appropriate institutional review board approval or have followed the principles outlined

in the Declaration of Helsinki for all human or animal experimental investigations. In addition, for investigations involving human

subjects, informed consent has been obtained from the participants involved.

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit http://creativecomm

ons.org/licenses/by/4.0/

References
Papers of special note have been highlighted as: • of interest; •• of considerable interest

1. Al-Hamadani M, Habermann TM, Cerhan JR et al. Non-Hodgkin lymphoma subtype distribution, geodemographic patterns and
survival in the US: a longitudinal analysis of the National Cancer Data B se from 1998 to 2011. Am. J. Hematol.90(9), 790–795 (2015).

2. EL-Bolkainy M, Akram M, Gouda I et al. Lymphoma In: Pathology of Cancer . 4th Edition. 200–204 (2013).

3. Shipp M. A predictive model for aggressive non-Hodgkin’s lymphoma. The international non-Hodgkin’s lymphoma prognostic factors
project. N. Engl. J. Med.329, 987–994 (1993).

• A landmark study that identified International Prognostic Index (IPI) as prognostic tool to stratify diffuse large B-cell
lymphomas (DLBCL) patients.

4. Sehn LH, Berry B, Chhanabhai M et al. The revised International Prognostic Index (R-IPI) is a better predictor of outcome than the
standard IPI for patients with diffuse large B-cell lymphoma treated with R-CHOP. Blood109, 1857–1861 (2007).

• First report questioning IPI prognostic value for DLBCL patients in rituximab era.

5. Goto N, Tsurumi H, Goto H et al. Serum soluble interleukin-2 receptor (sIL-2R) level is associated with the outcome of patients with
diffuse large B-cell lymphoma treated with R-CHOP regimens. Ann. Hematol.91(5), 705–714 (2012).

•• First demonstration of prognostic value of sIL-2R in R-CHOP-treated DLBCL patients.

6. Fukumoto H, Nishio M, Nishio K et al. Interferon-γ-inducing factor gene transfection into Lewis lung carcinoma cells reduces
tumorigenicity in vivo. Jap. J. Cancer Res.88(5), 501–505 (1997).

7. Kawabata T, Ichikura T, Majima T et al. Preoperative serum IL-18 level as a postoperative prognostic marker in patients with gastric
carcinoma. Cancer 92(8), 2050–2055 (2001).

8. Pagès F, Berger A, Henglein B et al. Modulation of IL-18 expression in human colon carcinoma: consequences for tumor immune
surveillance. Int. J. Cancer84(3), 326–330 (1999).

9. Takubo T, Kumura T, Nakao T et al. Comparative study on complete remission rate and overall survival in three groups classified based
on the serum IL-18 level in non-Hodgkin’s lymphoma patients. Acta Haematol.104(4), 220–222 (2000).

10. O’Shea JJ, Gadina M, Siegel RM. Cytokines and cytokine receptors in: clinical immunology, Fifth Edition. 127–155 (2019).

11. Wagner DK, Kiwanuka J, Edwards B et al. Soluble IL-2 receptor levels in patients with undifferentiated and lymphoblastic lymphomas:
correlation with survival. J. Clin. Oncol.5(8), 1262–1274 (1987).

12. Viviani S, Camerini E, Bonfante V et al. Soluble IL-2 receptors (sIL-2R) in Hodgkin’s disease: outcome and clinical implications. Br. J.
Cancer 77(6), 992 (1998).

13. Semenzato G, Foa R, Agostini C et al. High serum levels of soluble IL-2 receptor in patients with B chronic lymphocytic leukemia.
Blood70(2), 396–400 (1987).

14. Yasuda N, Lai PK, Ip SH et al. Soluble IL-2 receptors in sera of Japanese patients with adult T cell leukemia mark activity of disease.
Blood71(4), 1021–1026 (1988).

15. Kitagawa JI, Hara T, Tsurumi H et al. Serum-soluble IL-2 receptor (sIL-2R) is an extremely strong prognostic factor for patients with
peripheral T-cell lymphoma, unspecified (PTCL-U). J. Cancer Res. Clin. Oncol.135(1), 53–59 (2009).

16. Goto N, Tsurumi H, Takemura M et al. Serum IL-18Levels are associated with response to treatment and survival in patients with
aggressive non-Hodgkin’s lymphoma. (ASH Annual Meeting Abstracts). Blood 104, 4543 (2004).

17. Goto H, Tsurumi H, Takemura M et al. Serum-soluble IL-2 receptor (sIL-2R) level determines clinical outcome in patients with
aggressive non-Hodgkin’s lymphoma: in combination with the International Prognostic Index. J. Cancer Res. Clin. Oncol.131(2), 73–79
(2005).

Future Sci. OA (2019) 5(9) future science group

http://creativecommons.org/licenses/by/4.0/


IL-18 & soluble IL-2 receptor in R-CHOP treated diffuse large B-cell lymphomas Research Article

18. Goto N, Tsurumi H, Kasahara S et al. Serum interleukin-18 level is associated with the outcome of patients with diffuse large B-cell
lymphoma treated with CHOP or R-CHOP regimens. Eur. J. Haematol.87(3), 217–227 (2011).

•• First demonstration of prognostic value of IL-18 in R-CHOP-treated DLBCL patients.

19. Dlouhy I, Filella X, Rovira J et al. High serum levels of soluble interleukin-2 receptor (sIL2-R), interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF) are associated with adverse clinical features and predict poor outcome in diffuse large B-cell lymphoma. Leuk.Res.59,
20–25 (2017).

•• Recent demonstration of prognostic value of sIL-2R in R-CHOP-treated DLBCL patients.

20. Umino K, Fujiwara SI, Minakata D et al. Prognostic impact of serum soluble interleukin-2 receptor level at diagnosis in elderly patients
with diffuse large B-cell lymphoma treated with R-CHOP. Leuk. Lymphoma 59, 1–8 (2018).

•• Latest highlights of prognostic value of sIL-2R in R-CHOP-treated DLBCL patients.

21. Nicolaides C, Dimou S, Pavlidis N. Prognostic factors in aggressive non-Hodgkin’s lymphomas. Oncologist3(3), 189–197 (1998).

22. Charbonneau B, Maurer MJ, Ansell SM et al. Pretreatment circulating serum cytokines associated with follicular and diffuse large B-cell
lymphoma: a clinic-based case-control study. Cytokine60(3), 882–889 (2012).

23. Tomita N, Sakai R, Fujisawa S et al. SIL index, comprising stage, soluble interleukin-2 receptor, and lactate dehydrogenase, is a useful
prognostic predictor in diffuse large B-cell lymphoma. Cancer Sci.103(8), 1518–1523 (2012).

24. Raut L, Chakrabarti P. Management of relapsed-refractory diffuse large B-cell lymphoma. South Asian J. Cancer.3(1), 66 (2014).

25. Novick D, Schwartsburd B, Pinkus R et al. A novel IL-18BP ELISA shows elevated serum IL-18BP in sepsis and extensive decrease of
free IL-18. Cytokine14(6), 334–342 (2001).

26. Bufler P, Azam T, Gamboni-Robertson F et al. A complex of the IL-1 homologue IL-1F7b and IL-18-binding protein reduces IL-18
activity. Proc. Natl Acad. Sci. USA99(21), 13723–13728 (2002).

27. Soydinc HO, Guney N, Basaran M et al. Clinical significance of interleukin-4 and interleukin-18 levels in aggressive non-Hodgkin’s
lymphoma patients. Genet. Mol. Res. 15(3), doi: 10.4238/gmr.15038590 (2016).

•• Latest study probing utility of IL-18 in R-CHOP treated DLBCL patients.

28. Tomita N, Suzuki T, Miyashita K et al. The SIL index is a simple and objective prognostic indicator in diffuse large B-cell lymphoma.
Leuk. Lymphoma57(12), 2763–2770 (2016).

future science group www.future-science.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


