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BSTRACT

Purpose. This study aimed to develop a prognostic nomogram
in diffuse large B-cell ymphoma (DLBCL) and compare it with
traditional prognostic systems.

Materials and methods. We included 1,070 consecutive and
nonselected patients with DLBCL in the National Cancer
Center/National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences, between
2006 and 2012. A nomogram based on the Cox proportional
hazards model was developed.

Results. The entire group were divided into the primary
(n = 748) and validation (n = 322) cohorts. The 5-year over-
all survival (OS) rate was 64.1% for the entire group. Based
on a multivariate analysis of the primary cohort, seven inde-
pendent prognostic factors including age, Ann Arbor stage,
Eastern Cooperative Oncology Group performance status
score, lactate dehydrogenase, f2-microglobulin, CD5 expres-
sion, and Ki-67 index were identified and entered the nomo-
gram. The calibration curve showed the optimal agreement

between nomogram prediction and actual observation. In
addition, the concordance index (C-index) of the nomogram
for OS prediction was 0.77 (95% confidence interval [Cl],
0.73-0.81) in the primary cohort and 0.76 (95% ClI,
0.70-0.81) in the validation, superior to that of the interna-
tional prognostic index (IPl), revised IPI (R-IPI), and National
Comprehensive Cancer Network (NCCN)-IPI (range, 0.69-0.74,
p < .0001). Moreover, in patients receiving rituximab plus CHOP
(R-CHOP) or R-CHOP-like regimens, compared with IPI (C-index,
0.73; 95% Cl, 0.69-0.77), R-IPI (C-index, 0.70; 95% Cl,
0.66-0.74), or NCCN-IPI (C-index, 0.71; 95% Cl, 0.66-0.75), the
DLBCL-specific nomogram showed a better discrimination capa-
bility (p < .0001).

Conclusions. The proposed nomogram provided an accurate
estimate of survival of patients with DLBCL, especially for
those receiving R-CHOP or R-CHOP-like regimens, allowing
clinicians to optimized treatment plan based on individual-
ized risk prediction. The Oncologist 2019;24:e1251-e1261

Implications for Practice: A diffuse large B-cell lymphoma (DLBCL)-specific prognostic nomogram was developed based on
Chinese patients with DLBCL. As a tertiary hospital, National Cancer Center/Cancer Hospital, Chinese Academy of Medical
Sciences is the number 1 ranked cancer center in China, with more than 800,000 outpatients in 2018. Patients included in
this study were nonselected and came from 29 different provinces, municipalities, and autonomous regions in China. Thus,
the data is believed to be representative to an extent.

INTRODUCTION

Eastern Cooperative Oncology Group (ECOG) performance
status (PS) 22, and involvement of at least one extranodal

Since 1993, the international prognostic index (IPl) has long
been referred to for risk stratification, prognosis prediction,

treatment guiding in patients with diffuse large B-cell lymphoma
(DLBCL). The five factors in the IPI score include Ann Arbor stage
I11/1V, age >60 years, elevated lactate dehydrogenase (LDH),

site. Each factor scored one point, and the total allows for
patients to be stratified into four discrete groups with a
5-year overall survival (OS) ranging from 26% to 73% [1].
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Nomogram for DLBCL

However, the IPI was developed prior to the era of rituxi-
mab. Since the late 1990s, the addition of rituximab to conven-
tional CHOP or CHOP-like regimens for DLBCL has resulted in a
major improvement in survival across all risk groups [2, 3].
Nevertheless, the capacity of the IPI declined in risk stratifi-
cation, especially in the higher-risk patients. Analysis of
pooled data from three European trials (MInT, MegaCHOEP,
and RICOVER-60), which enrolled adult patients with DLBCL
treated with rituximab-containing regimens, demonstrated
a 5-year OS in the IPI-defined high-risk group of approximately
50%. As such, the Kaplan-Meier curves for OS showed a con-
vergence of high-intermediate and high-risk categories [4].

Efforts to improve the IPI discrimination had focused on
regrouping the original IPI score or refined categorization of
predictive factors during the rituximab era. Sehn et al.
announced the revised IPI (R-IPI) which redistributed the IPI
factors into three risk groups from the British Columbia lym-
phoid cancer registry in 2007 [5]. The R-IPI identified three
prognostic groups with a very good outcome (patients with-
out any risk factors), good outcome (patients with one or
two risk factors), and poor outcome (patients with three to
five risk factors). After redistribution of the risk factors, the
R-IPI provided us with a more clinically useful risk prediction
tool. However, the predictive capacity remained limited in
the poor-risk group, with 5-year OS over 50%. Recognizing
that introduction of new treatment option can alter the pre-
viously widely used prognostic system, the National Compre-
hensive Cancer Network (NCCN)-IPI was built as an optimized
IPI with the goal of improving risk stratification in 2014, using
raw clinical data from the NCCN database collected during
the rituximab era [6]. Based on a similar set of clinical factors,
the NCCN-IPI applied a refined categorization of age and nor-
malized LDH to better capture the associated increased risk
of mortality. Compared with the IPI, the NCCN-IPI better dis-
criminated low- and high-risk subgroups (5-year OS: 96%
vs. 33%) than the IPI (5-year OS: 90% vs. 54%). Moreover,
unlike the original IPI, which built on patients with diffuse
aggressive lymphomas enrolled in clinical trials, the R-IPI
and NCCN-IPI derived from unselected patients with a con-
firmed diagnosis of DLBCL in the rituximab era.

The diversity in the clinical features, morphology, immuno-
phenotype, and the genetic and molecular alterations strongly
suggested that DLBCL is a heterogeneous group of aggressive
B-cell lymphomas rather than a single clinicopathologic entity
[7, 8]. Several clinical features have emerged as promising
prognostic factors over the past decades.

The visual format of nomogram indicates a statistical pre-
dictive model that can determine how many points are attrib-
uted for each variable value. In accordance with this, it has
been demonstrated in studies of several malignancies that
nomograms permit improved predictive accuracy for clinical
outcomes when compared with the former prognostic sys-
tems [9-11]. The intent of this study was to identify prognos-
tic factors for OS, develop and validate a newly applicable
prognostic nomogram for patients’ outcome prediction, and
to compare its predictive capacity with predefined risk strati-
fications. To our knowledge, this is the first study to develop a
DLBCL-specific prognostic nomogram based on a large cohort
of patients and the first prognostic nomogram based on a
DLBCL database in Chinese population.

© AlphaMed Press 2019

SuBJECTS, MATERIALS, AND METHODS

Patients and Study Design

A total of 1,742 patients with DLBCLs between 7 and
97 years were referred to interdisciplinary evaluation, and
their data were included in the institutional database
from June 2006 to December 2012. Patients who did not
have complete clinical information or immunohistochem-
istry (562 cases), were lost to follow-up immediately after
treatment (95 cases), or were 18 and younger or 80 and
older (15 cases) were excluded from this study. We subse-
quently included 1,070 patients with an age between
18 and 80 years who were diagnosed with DLBCL based
on typical histological and immunophenotypic features,
according to the World Health Organization classification
of Tumors of Haematapoietic and Lymphoid Tissue [12].
Computer-generated randomized numbers were used to
assign 748 patients to the primary cohort and 322 patients
to the validation cohort. This project was approved by the
Ethics Committee of Cancer Hospital, Chinese Academy of
Medical Sciences, and Peking Union Medical College.

Evaluation and Treatment

Pretreatment evaluations included patients’ demographic
characteristics; a careful physical examination; blood rou-
tine examination; computed tomography scans of the neck,
chest, abdomen, and pelvis or positron emission tomogra-
phy scans of whole body; and bone marrow examination.
All patients were staged according to the Ann Arbor stag-
ing system and immunohistochemically classified into ger-
minal center B-cell-like (GCB) and non-GCB, referring to
the Hans algorithm [13], and stratified according to the
original IPI, R-IPI, and NCCN-IPI [1, 5, 6].

The majority of patients with localized disease (n = 693,
64.8%) received initial chemotherapy with radiotherapy treat-
ment (n = 423, 61.0%) or chemotherapy alone (n = 229,
33.0%); 5.1% received surgery + chemotherapy + radio-
therapy (n = 35). Patients with disseminated disease (n =
377, 35.2%) received initial chemotherapy with radiotherapy
treatment (n = 66, 17.5%) or chemotherapy alone (n = 298,
79.0%). A total of 604 (56.4%) patients received rituximab
plus CHOP (R-CHOP) or R-CHOP-like regimens.

Construction and Validation of the Nomogram

In the design of the nomogram, we identified clinical features
that have previously been demonstrated to be associated
with survival and incorporated these as prognostic features.
These factors included gender, age, ECOG PS score, primary
site of tumor invasion (nodal or extranodal), Ann Arbor stage,
bulky disease, B symptoms, number of extranodal involve-
ment sites, Ki-67 expression, CD5 expression, Bcl-6 expression,
immunohistochemical classification referring to the Hans algo-
rithm [13], level of LDH, and serum P,-microglobulin ($,-MG).
We applied the multivariate Cox proportional hazards model
to predicting 5-year OS for each factor. Internal validation
was undertaken with a concordance index (C-index) being
estimated by analyzing the area under the curve of the
receiver operating characteristic curve. A calibration plot was
then used to show the concordance between predicted and
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observed probabilities for survival. Finally, we performed
external validation, in which the nomogram was applied to
assess each patient in the validation cohort. Cox regression
analysis was performed using each patient’s total score as
an independent factor. The regression analysis was used for
C-index and the calibration curve.

Statistical Analysis

OS was calculated from the start of initial treatment until the
time of death of any cause or until the last follow-up. To com-
pare the clinicopathological characteristics of patients, we used
the Student’s t test and the Chi-square test. Survival curves
were estimated with the Kaplan-Meier method and compared
with a log-rank test stratified according to the prognostic fac-
tors. The nomogram was constructed on the grounds of the
Cox model parameter estimates in the primary cohort. A back-
ward step-down selection process was applied to select the
final model. The construction and validation process were per-
formed following the lasonos’ guide [14]. Statistical analysis
was performed using IBM SPSS Statistics, Version 21.0 (IBM;
Armonk, NY) and the Hmisc, rms, survival ROC package in R,
version 3.0.2 (http://www.R-project.org). Unless otherwise
stated, p < .05 was considered significant.

RESULTS

Clinical Features and Survival

The baseline characteristics of patients with DLBCL are listed
in Table 1. The median age was 53 years (range, 18-80);
67.5% patients were aged under 60 years. The male/female
ratio was 1.23. Most patients presented with limited-stage
(64.8%), ECOG PS score 0 or 1 (82.2%), and their primary dis-
ease commonly located in nodal sites (63.0%). A total 18.6%
of patients had B symptoms at diagnosis, and 9.3% of patients
had bulky disease. Elevated LDH and elevated p,-MG were
observed in 55.8% and 26.5% of patients, respectively. A total
of 5.6% of patients had CD5 expression, whereas the propor-
tions of patients who had bcl-6 and high Ki-67 expression
(>90%) were 76.4% and 17.3%. GCB patients accounted for
27.8% in all the patients with complete histological results
[15]. Up to 54.9% of patients and 31.5% of patients were
scored as low-risk according to the IPI (0 or 1 score) and the
NCCN-IPI (0 or 1 score), respectively. A total of 24.9% of
patients were defined as in very good group according to the
R-IPI (Table 2). Comparable clinical characteristics were
observed in both cohorts. The median follow-up time was
57 months for surviving patients. The 5-year OS rate for
the entire group was 64.1% (95% Cl, 61.3%—67.0%; Fig. 1).

Nomogram Construction and Internal Validation

In the univariate analysis, the prognostic factors that affected
survival in the primary cohort were as follows: age, ECOG PS
score, disease stage, bulky disease, B symptom, number of
extranodal involvement sites, Ki-67 expression; CD5 expres-
sion, bcl-6 expression, classification according to the Hans algo-
rithm, LDH, and B,-MG level. Multivariate analysis established
that age >60 years, ECOG PS score 22, disease stage 2lI, ele-
vated LDH, high Ki-67 expression, positive CD5 expression and
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elevated ,-MG were independent risk factors associated with
poor outcomes (Table 3).

We then developed a nomogram to predict 5-year OS
upon the results from the multivariate analysis (Fig. 2). Age,
ECOG PS score, stage, LDH, Ki-67 expression, CD5 expres-
sion, and f,-MG entered the nomogram. The predictive
accuracy for 5-year OS as measured by the C-index was 0.77
(95% ClI, 0.73-0.81) in the internal validation (Fig. 3A). The
calibration plot for the probability of 5-year OS showed a
good correlation between the actual observed outcome and
the prediction by the nomogram (Fig. 3B).

External Validation of Nomogram

We further validated this nomogram externally by the cali-
bration plot in Figure 3C and D and by computing the boot-
strap C statistic in an independent validation cohort of 322
patients. The C-index for the prediction of the 5-year OS was
0.76 (95% Cl, 0.70-0.81) in the external validation step (Fig. 3C)
and an optimal agreement between the actual observation
and the nomogram prediction in 5-year OS (Fig. 3D), which
indicated this nomogram is a model with favorable validity, reli-
ability, and discriminative ability.

Comparison of the Predictive Accuracy for OS
Between the Nomogram and Current Prognostic
Scoring Systems

Nomogram and current prognostic scoring systems were
applied (Fig. 4). The Kaplan-Meier survival curves showed a
convergence in high-intermediate and high-risk groups in vali-
dation IPI cohorts (Fig. 4B). Referring to the NCCN-IPI, the
convergence was found in both in primary cohort (Fig. 4C)
and validation cohort (Fig. 4D). Furthermore, the R-IPI was
unsatisfactory for stratifying between good and very good
patient groups in the validation cohort (Fig. 4F).

When compared with IPI, R-IPI, and NCCN-IPI, the nomo-
gram displayed better levels of accuracy for predicting survival
in both cohorts. The C-index of the nomogram in the primary
cohort (0.77; 95% Cl, 0.73—0.81) was higher than the IPI (0.73;
95% Cl, 0.70-0.76), R-IPI (0.72; 95% Cl, 0.68-0.75), and NCCN-
IPI (0.71; 95% Cl, 0.67-0.74; Fig. 3E). Similarly, in the validation
cohort, the C-index of IPI (0.71; 95% Cl, 0.66-0.77), R-IPI (0.69;
95% Cl, 0.63-0.74), and NCCN-IPI (0.72; 95% Cl, 0.66—0.77)
were lower than that of the nomogram (0.76; 95% ClI,
0.70-0.81; Fig. 3F). The DLBCL-specific nomogram showed a
more accurate for the prediction of OS (p <.0001 in primary
cohort and p = .0023 in validation cohort).

Subgroup Analysis in Patients with DLBCL Under
R-CHOP or R-CHOP-Like Regimens

To further assess the utility of the nomogram for R-CHOP or
R-CHOP-like regimens, we took subgroup analysis. The C-index
of the nomogram for the 5-year OS prediction was 0.78 (95%
Cl, 0.73-0.82) in the patients under R-CHOP or R-CHOP-like
regimen (Fig. 5A) and 0.76 (95% Cl, 0.71-0.80) in the CHOP or
CHOP-like regimen subgroup (Fig. 5C), which demonstrated
that it remained a promising model with powerful discrimina-
tive ability in spite of the addition of rituximab. The calibration
curve shows good agreement between the predictions from
the nomogram and the actual outcomes for the actual out-
comes (Fig. 5B, 5D).

© AlphaMed Press 2019
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Table 1. Clinical characteristics of 1,070 patients with diffuse large B-cell lymphoma

Characteristics All patients, ratio (n) Primary cohort, ratio (n) Validation cohort, ratio (n) p value

Total 1,070 748 322

Gender .318
Male/female 1.23 (590/480) 1.21 (419/347) 1.42 (187/132)

Age 51.05 + 16.69 445
<60 y/>60 y 1.91 (703/367) 1.92 (504/262) 2.09 (216/133)

ECOG PS score .087
0-1/22 4.63 (880/190) 5.22 (643/123) 3.91 (254/65)

Primary site .056
Nodal/exnodal 1.70 (674/396) 1.84 (485/263) 1.42 (189/133)

Ann Arbor stage .605
=H/1=1V 1.84 (693/377) 1.89 (489/259) 1.73 (204/118)

Number of extranodal sites .245
0-1/>2 3.31 (822/248) 3.50 (582/166) 2.93 (240/82)

Bulky disease .034
Presence/absence 0.10 (99/971) 0.09 (60/688) 0.14 (39/283)

B symptoms .038
Presence/absence 0.23 (199/871) 0.20 (127/621) 0.29 (72/250)

Pathological classification .146
GCB/ non-GCB 0.39 (293/760) 0.37 (197/536) 0.43 (96/224)

Ki-67 index .348
<90%/>90% 4.78 (885/185) 5.03 (624/124) 4.28 (261/61)

CD5 expression .551
Negative/positive 16.83 (1010/60) 16.0 (704/44) 19.1 (306/16)

Bcl-6 expression .110
Negative/positive 0.31 (252/818) 0.29 (166/582) 0.36 (86/236)

LDH .118
Normal/elevated 1.26 (597/473) 1.34 (429/319) 1.10 (168/154)

B2-MG .329

Normal/elevated

2.77 (786/284)

2.65 (543/205)

3.08 (243/79)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; GCB, germen center B-cell-like; LDH, lactate dehydrogenase;

B2-MG, B2-microglobulin.

Table 2. Traditional prognostic systems of patients with diffuse large B-cell lymphoma

Prognostic systems All patients, n (%) Primary cohort, n (%) Validation cohort, n (%) p value
IPI 712
Low 587 (54.9) 415 (55.5) 172 (53.4)
Low-intermediate 251 (23.5) 178 (23.8) 73 (22.7)
High-intermediate 131 (12.2) 88 (11.8) 43 (13.4)
High 101 (9.4) 67 (9.0) 34 (10.6)
R-IPI .280
Very good 266 (24.9) 195 (26.1) 71 (22.1)
Good 572 (53.5) 398 (53.2) 174 (54.0)
Poor 232 (21.7) 155 (20.7) 77 (23.9)
NCCN-IPI 313
Low 337 (31.5) 241 (32.2) 96 (29.8)
Low-intermediate 523 (48.9) 371 (49.6) 152 (47.2)
High-intermediate 190 (17.8) 124 (16.6) 66 (20.5)
High 20 (1.9) 12 (1.6) 8 (2.5)

Abbreviations: IPI, international prognostic index; NCCN, National Comprehensive Cancer Network; R-IPI, revised IPI.

© AlphaMed Press 2019
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100 Table 3. Multivariate analysis of 748 patients in the
primary cohort
Overall survival N
75 - — omogram
Covariate level HR (95% Cl) p value score
_ Age
;’,5: 50 | >60 y 1.43 (1.05-1.95)  .023 25
© <60y 0
o5 | ECOG PS score
>2 1.80 (1.35-2.39) <.001 60
5-year OS: 64.1%, 95%Cl (61.3%—-67.0%) Oor1 0
0 . : 1 | 1 : : Ann Arbor stage
0 10 20 30 40 50 60 1\ 3.217 (2.03-5.10) <.001 100
Time, months I} 1.93 (1.16-3.23) .012 67
Numbers at risk: 1,070; 1,031; 944; 865; 816; 785; 755; 738; 673; 599; 493 I 1.37 (0.88-2.13)  .159 33
Figure 1. Kaplan-Meier OS curve for all 1,070 patients included I 0
in the analysis. CD5 express
Abbreviations: Cl, confidence interval; OS, overall survival. Positive 232 (1.54-350)  <.001 81
Negative 0
The discrimination performance of the DLBCL-specific Ki-67 index
nomogram was favorable in patients who received R-CHOP or >90% 1.56 (1.13-2.15) 006 46
R-CHOP-like regimens (C-index, 0.78; 95% Cl, 0.73-0.82). Com- <90% 0
pared with IPI (C-index, 0.73; 95% Cl, 0.69-0.77), R-IPI (C-index,
0.70; 95% Cl, 0.66-0.74) or NCCN-IPI (C-index, 0.71; 95% ¢,  -DH level
0.66-0.75), the DLBCL-specific prognostic nomogram showed a Elevated 157 (1.16-2.14) 004 44
better discrimination capability (p < .0001; Fig. 5E). Similarly, in Normal 0
the CHOP or CHOP-like regimens subgroup, the C-index of IPI $2-MG level
(0.73; 95% Cl, 0.69-0.78), R-IPI (0.70; 95% Cl, 0.67—0.75), and Elevated 175 (1.28-2.38)  <.001 54
NCCN-IPI (0.71; 95% Cl, 0.66—0.75) were lower than that of the Normal 0

nomogram (0.76; 95% Cl, 0.71-0.80) in the CHOP or CHOP-like
regimens cohort (p = .0006; Fig. 5F). These results suggested
that the nomogram was a more powerful tool for the progno-
sis of patients with DLBCL, especially for the patients under
R-CHOP or R-CHOP-like regimens.

Discussion

For the past decades, the IPI has been the basis for initial
risk stratification for patients with DLBCL, paving the way
for guiding treatment selection, balancing within clinical tri-
als, and comparing among studies. However, its capacity to
discriminate among risk groups has declined with the addi-
tion of rituximab to CHOP or CHOP-like regimens.

Efforts to characterized the biological basis for prognosis
in DLBCL using immunohistochemical or molecular tech-
niques have identified a variety of biomarkers and gene sig-
natures with prognostic significance [15-20]. For the most
part, these novel prognostic markers are independent of the
clinically based IPI but add little to its prognostic power
[21]. This is largely the result of intrinsic limitations in the
application of these markers related to technical limitations
or poor reproducibility.

The DLBCL-specific prognostic nomogram aimed to esti-
mate the probability of 5-year OS based on a multivariate Cox
proportional hazards model that included seven clinical vari-
ables measured at presentation. Based on a large patient pop-
ulation, the nomogram has been validated as a reliable tool to
predict survival in these patients, independent of treatment,
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Abbreviations: Cl, confidence interval; ECOG PS, Eastern Coopera-
tive Oncology Group performance status; HR, hazard ratio; LDH,
lactate dehydrogenase; f2-MG, f2-microglobulin.

and has been shown to be superior to IPI, R-IPl, and NCCN-IPI.
Furthermore, the clinical variables that we have incorporated
into the nomogram will be documented by any physician car-
ing for patients with DLBCL, enhancing its practical utility.

The final nomogram model consisted of seven variables
from routine clinical practice: age, ECOG PS score, Ann
Arbor stage, LDH, Ki-67 expression, CD5 expression, and
B>-MG. The most significant factor with regard to prognos-
tic relevance to OS in the multivariate analysis was the
Ann Arbor stage. In contrast to the IPI, R-IPI, and NCCN-IPI,
the DLBCL-specific prognostic nomogram included Ki-67
expression, CD5 expression, and ,-MG as novel indepen-
dent predictive factor for OS and excluded the number of
extranodal involvement site.

Ki-67, a surrogate marker of proliferation, has been inves-
tigated in various neoplasms and found to be a powerful
prognostic factor for survival outcomes [22, 23]. Patients with
highly proliferative tumors show much poorer survival than
those with tumors characterized by low proliferation [24]. In a
previous study, patients with DLBCL with high Ki-67 expres-
sion received limited survival benefits from R-CHOP therapy
[25]. In accordance with previous studies, our results indi-
cated that high Ki-67 expression was associated with adverse
clinical behaviors for DLBCL.

© AlphaMed Press 2019
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ECOG PS score I !
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Stage [ Stage 111

>90%
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S-year Survival (0.9 0.850.80
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0.70 0.6 0.50.40.30.2 0.1

Figure 2. Nomogram for patients with diffuse large B-cell lymphoma. To use the nomogram, the value attributed to a patient is
located on each variable axis, and a line is drawn upwards to determine the number of points received for each variable value.
The sum of these numbers is located on the total points axis, and a line is then drawn downwards to the survival axis to deter-

mine the 5-year overall survival likelihood.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; f,-MG,

B2-microglobulin.

CD5-positive DLBCL, composing about 5%—10% of DLBCL
[26], had been suggested to be recognized as a subtype of
DLBCL with aggressive clinical behavior [27]. In Japanese
patients with DLBCL, CD5 positivity was found to correlated
with old age, short survival, advanced stage, elevated serum
LDH, poor performance status, high IPI, CD10 negativity, and
non-GCB subtype [28]. Similar to former studies, our study
on Chinese patients with DLBCL proved the prognostic value
of CD5 and included this marker in the nomogram.

P2-MG is synthesized in almost all nucleated cells and
constitutes the light chain subunit of the human leukocyte
antigen-l (HLA-1), which is distributed on cellular mem-
brane [29]. Investigators conducting studies in DLBCL [30]
speculated that higher serum f,-MG levels correlated with
the absence of HLA-I expression, which could lead to a
defective recognition of tumor-specific antigens by T cells.
In accordance with previous studies, elevated P,-MG was
proved to be associated with adverse clinical behaviors in
DLBCL and included in the nomogram.

Primary nodal or extranodal involvement is a controver-
sial issue in lymphoma [31]. Patients with purely nodal or
extranodal involvement are easily classified. The cases with
extensive disease, involving both nodal and extranodal areas,
are difficult to categorize. With the involvement of treatment

© AlphaMed Press 2019

measure, whether it remained a potent prognostic marker
was uncertain. With regard to our study, multiple extranodal
involvement did not show independent predictive value
when standard variables were evaluated in multivariate
analysis.

The effects of several clinical variables are integrated by
the nomogram to give an individualized risk assessment for
each patient. Validated internally and externally, and com-
pared with the IPI, R-IPI, and NCCN-IPI, this newly developed
nomogram showed favorable ability of survival prediction.
Moreover, in patients treated with R-CHOP or R-CHOP-like
regimens, the predictive accuracy remained satisfactory. The
C-index of the nomogram for OS prediction was superior to
the predictive power of the IPI, R-IPl, and NCCN-IPI.

Based on the data in our DLBCL database collected from
June 2006 to December 2012, the newly DLBCL-specific prog-
nostic nomogram developed upon a large cohort of patients
under CHOP or CHOP-like regimens with or without rituximab.
In order to assess the accuracy of the nomogram for R-CHOP
or R-CHOP-like regimens, we took subgroup analysis. The
C-index of the nomogram for the prediction of the 5-year OS
was 0.78 in the R-CHOP or R-CHOP-like regimen subgroup,
which demonstrated that it is a model with a good level of dis-
criminative ability. When compared with IPI, R-IPI, and NCCN-IPI,
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Figure 3. Internal and external validation of the nomogram to predict OS likelihoods in patients with diffuse large B-cell lymphoma
in the primary cohort. (A): The AUC was 0.77 in the internal validation. (B): The nomogram-predicted probability of OS is plotted
on the x-axis; the actual OS is plotted on the y-axis in the internal validation. (C): The AUC was 0.76 in the external validation. (D):
The nomogram-predicted probability of OS is plotted on the x-axis; the actual OS is plotted on the y-axis in the external validation.
The AUC for the prediction of 5-year OS in different modal in primary (E) and validation cohort (F).

Abbreviations: AUC, area under the ROC curve; IPI, international prognostic index; NCCN, National Comprehensive Cancer Net-
work; OS, overall survival; R-IPI, revised IPl; ROC, receiver operating characteristic.

the nomogram displayed significantly better levels of accuracy CHOP or CHOP-like regimens with or without rituximab, the
for predicting survival in R-CHOP or R-CHOP-like regimens newly DLBCL-specific prognostic nomogram is a comprehensive
subgroup. Because of the involved data of patients under  evaluation tool. This DLBCL-specific prognostic nomogram has
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Figure 4. Kaplan-Meier survival curves of the primary cohort according to the IPI (A), NCCN-IPI (E) and R-IPI (C); and the validation

cohort according to the IPI (B), NCCN-IPI (F) and R-IPI (D).

Abbreviations: IPI, international prognostic index; NCCN, National Comprehensive Cancer Network; R-IPI, revised IPI.

guiding sigificance both for the patients treated with CHOP or
CHOP-like regimens with or without rituximab.

Previous research has shown that biological behavior of
DLBCL differs between the East and the West. A study involving
98 patients in China with histologically and immunohistochemi-
cally diagnosed DLBCL was divided by Hans immunophenotyp-
ing into 21 GCB cases (21.4%) and 77 non-GCB cases (78.6%)
[32], whereas the proportion of subtypes in Western patients
was 42% and 58%, respectively [33]. The DLBCL-specific prog-
nostic nomogram is the first study based on a large cohort of
patients and the first prognostic nomogram based on a DLBCL
database in Chinese population. It can help to characterize a

© AlphaMed Press 2019

prognosis of DLBCL with practical guiding significance, espe-
cially for Chinese patients.

Although the nomogram model demonstrated good levels
of accuracy for the prediction of OS, there are some limita-
tions to our model. First, our study was based on a general
population of patients with DLBCL instead of randomized clini-
cal studies. However, this result should be validated prospec-
tively in routine patient care and applied for treatment plan
guiding. Second, the current study was performed on the
basis of a single center database in China. Thus, it remains
unclear whether this nomogram can be applied to patients
from other geographical regions or nonendemic areas.

Oncologist



Han, Yang, Liu et al. e1259

A 1.00 4 B -C—"_ ]Hllll‘lll -
R-CHOP or R-CHOP-like / R-CHOP or R-CHOP-like I
regimens subgroup ’ regimens subgroup 1 =

2 T-7
075 8 II
5 o <1

z S 31

7 > _.

‘S 0507 0

n 8

<
025 « s
AUC =0.78 -
000 » s .-
000 025 050 075 1.00 070 0_|2 0|4 O_IS O_IS 1Io
1-specificity Predicted Probability of 5-year OS

C1_on- Do_ T T T um I T
CHOP or CHOP-like regimens - CHOP or CHOP-like regimens
subgroup / subgroup 1

075 °
n o~ i I
) I
2 - © | L~
= 8 ° o |
E 0.50 > o~
p =R 4
[77] = <
g 1
0254 < } e
ool AUC =0.76 o]
D.;JO 0.'25 D.ISO 0.'75 l.(’JD B T T T T T
1-s eciﬁcity 0.0 02 . 04 . 06 08 10
P Predicted Probability of 5-year OS
E -
1.00 4 1.00
R-CHOP or R-CHOP-like / CHOP or CHOP-like regimens
regimens subgroup - subgroup -
7 -
0.75 0.75

2 2

E 0.50 | E 0.50

= =

=} =}

3] 3]

5] 5]

0.25 - 0.25
p <.0001 p =.0006
000 0.00 4
0.00 025 050 075 1.00 0.00 025 050 075 1.00
1-specificity L-specificity

ROC curve (AUC) ROC curve (AUC)
— Nomogram (0.78) ——— IPIScore (0.73) ——— Nomogram (0.76) IPI Score (0.73)
— — NCCN IPI Score (0.71) — — R-IPI Score (0.70) —-— NCCN IPI Score (0.71) — — R-IPI Score (0.70)

Figure 5. Subgroup analysis in patients with diffuse large B-cell lymphoma under CHOP or CHOP-like regimens with or without
rituximab. Validation of the nomogram to predict OS likelihoods in patients with R-CHOP or R-CHOP-like regimens in the entire
cohort; (A) the AUC was 0.78; (B) the nomogram-predicted probability of OS is plotted on the x-axis; the actual OS is plotted on
the y-axis. Validation of the nomogram to predict OS likelihoods in patients with CHOP or CHOP-like regimens in the entire
cohort; (C) the AUC was 0.76. (D) the nomogram-predicted probability of OS is plotted on the x-axis; the actual OS is plotted on
the y-axis. The AUC for the prediction of 5-year OS in different modal in R-CHOP or R-CHOP-like regimens (E) and CHOP or CHOP-
like regimens group (F).

Abbreviations: AUC, area under the ROC curve; IPI, international prognostic index; NCCN, National Comprehensive Cancer Net-
work; OS, overall survival; R-IPI, revised IPI; ROC, receiver operating characteristic.
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CoNcLusION

The DLBCL-specific prognostic nomogram is a technically robust
and clinically useful tool to stratify survival of DLBCL patients
based on a large cohort in China. The nomogram described
here, which well demonstrated the incremental value of clinical-
pathologic risk factors for individualized OS estimation, may
serve as a potential tool to aid clinicians in prognosis prediction
and treatment planning interpretation of clinical trials in patients
with DLBCL, although this will require further external validation
before widespread implementation in clinical practice.
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