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A nomogram prognostic index for risk-stratification in
diffuse large B-cell lymphoma in the rituximab era:
a multi-institutional cohort study

Jun Cai'?, Xiaopeng Tian"?, Shuyun Ma'?, Liye Zhong?, Wenyu Li* Liang Wang @7, Linlang Guo®, Zhihua Li’, Yudan Wu’,
Guangzheng Zhong?, Huigiang Huang'?, Zhongjun Xia'®, Yi Xia'?, Panpan Liu'? Ning Su'? Yu Fang'?, Yuchen Zhang'? and

Qinggqing Cai'?

BACKGROUND: We aimed to establish a predictive prognostic risk-stratification model for diffuse large B-cell ymphoma (DLBCL) in

the rituximab era.

METHODS: The data of 1406 primary DLBCL patients from the Sun Yat-Sen University Cancer Center were analysed to establish a
nomogram prognostic index (NPI) model for predicting overall survival (OS) based on pre-treatment indicators. An independent
cohort of 954 DLBCL patients from three other hospitals was used for external validation.

RESULTS: Age, performance status, stage, lactate dehydrogenase, number of extranodal sites, BCL2, CD5 expression, B symptoms
and absolute lymphocyte and monocyte count were the main factors of the NPl model and could stratify the patients into four
distinct categories based on their predicted OS. The calibration curve demonstrated satisfactory agreement between the predicted
and actual 5-year OS of the patients. The concordance index of the NPl model (0.794) was higher than the IPI (0.759) and NCCN-IPI
(0.750), and similar results were obtained upon external validation. For CD5 + DLBCL patients, systemic treatment with high-dose
methotrexate was associated with superior OS compared to R-CHOP-based immunochemotherapy alone.

CONCLUSIONS: We established and validated an accurate prediction model, which performed better than IPI and NCCN-IPI for

prognostic stratification of DLBCL patients.

British Journal of Cancer (2021) 125:402-412; https://doi.org/10.1038/541416-021-01434-6

BACKGROUND
Diffuse large B-cell ymphoma (DLBCL) is one of the most common
types of non-Hodgkin lymphoma (NHL), accounting for ~32% and
~38% of NHL cases in western countries and China."” The R-CHOP
regimen (rituximab combination with cyclophosphamide, doxor-
ubicin, vincristine and prednisone) is the standard treatment for all
stages of DLBCL yet a considerable proportion of patients suffer
from a high risk of relapse despite primary treatment. The
prognosis of relapsed/refractory DLBCL patients is relatively poor,
with a 5-year overall survival (OS) < 40%, compared to 60-70% for
primary DLBCL patients.>* Thus, it is necessary to formulate ways
for the early identification of patients with a high risk of
recurrence.

The International Prognostic Index (IPl) consists of five
independent prognostic factors, namely: age, the Eastern Coop-
erative Oncology Group performance status (ECOG PS), Ann Arbor

stage, lactate dehydrogenase (LDH) and the number of extranodal
sites.> It is currently used as a guide for patients’ survival
prognostication at diagnosis, by classifying them into four risk
groups. In the rituximab era, the revised IPI (R-IPl) and National
Comprehensive Cancer Network (NCCN)-IPI models were pro-
posed. They use similar clinical and biochemical characteristics to
improve their discriminatory power of prognosis by regrouping
the original IPI score or stratifying age and LDH.>” However, as
they failed to fully identify the extremely high-risk population,®®
the IPI model is still used as the benchmark for determining the
prognosis of DLBCL patients.

In the past few years, significant achievements have been made
in the understanding of lymphoma biology and exploring the
genetic subtypes of DLBCL.'>'* Numerous novel markers with
potential prognostic significance have also been identified.
Laboratory hallmarks indicators, such as absolute lymphocyte
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count (ALC), absolute monocyte count (AMC)and histopathologic
characters, i.e. BCL2, MYC, CD5 expression and cell of origin, were
applied to develop new models with improved discrimination
power of prognosis.”>*> However, they still could neither
accurately predict OS or progression-free survival (PFS) nor had
a substantial impact on the treatment of DLBCL patients.?5%’
Considering that there is currently no effective way to combine
laboratory biomarkers and histopathologic features into the
current IPI score for OS prediction, the establishment of a more
robust and comprehensive prognostic nomogram incorporating
clinic histopathologic variables for DLBCL patients is imminent.

Nomograms are prognostic models for predicting the outcomes
of individuals and have been increasingly used in oncology.?*°
However, their predictive value in DLBCL has not yet been
adequately explored. In this study, we aimed to develop and
validate an easy-to-use nomogram prognostic index (NPI) by
combining IPI, histopathologic and laboratory factors with
prognostic significance in DLBCL patients. We also aimed to
determine whether the NPI model could more accurately predict
OS compared to the IPI and NCCN-IPI models.

METHODS

Patients and treatments

We retrospectively collected the clinical data of primary DLBCL
adult patients (age =18 years) who underwent first-line R-CHOP-
based (rituximab plus other standard anthracycline-based che-
motherapy) immunochemotherapy regimens. Prophylactic inter-
ventions for central nervous system (CNS) relapse were allowed
for the following individuals: patients in the “high-risk” group
according to CNS-IPI, CD5 + DLBCL patients and extranodal DLBCL
like breast, uterus, paranasal sinuses, epidural, bone and bone
marrow involvement. Patients were excluded if they were
diagnosed with primary CNS lymphoma or “double-/triple-hit”
lymphomas.®’ Detailed inclusion and exclusion criteria are
described in the Supplementary Methods. Four institutions
participated in this study, namely (1) the Sun Yat-sen University
Cancer Center (SYSUCGC, Guangzhou, China), (2) Guangdong
General Hospital (Guangzhou, China), (3) Sun Yat-sen Memorial
Hospital of Sun Yat-sen University (Guangzhou, China) and (4)
Zhujiang Hospital of Southern Medical University (Guangzhou,
China). Cases from SYSUCC were used as the training cohort while
data from the other three hospitals were used for external
validation.

Clinicopathologic factors assessments and endpoints

Baseline clinical characteristics included age, gender, height,
weight, B symptoms (presence of at least one of the followings:
night sweat, weight loss>10% over six months and recurrent fever
>38.3°C), ECOG PS, stage (Ann Arbor stage I-IV, performed by '8F-
fluorodeoxyglucose ['®FDG] positron emission tomography [PET]
plus computed tomography according to the Lugano Classifica-
tion?), and the number of extranodal sites. The body mass index
(BMI) was calculated by dividing the body weight (measured in
kilograms) with the square of height (measured in metres). Low
BMI was defined as <25.0 kg/m?2.3* LDH was considered elevated if
its level was >245U/L in the plasma.® A decreased absolute
lymphocyte count (ALC) was defined as <1000/ul, and an elevated
absolute monocyte count (AMC) was defined as =630/uL in whole
blood." Plasma uric acid (UA) = 75th percentile was considered
elevated.® C-reactive protein (CRP) and -2 microglobulin (2M)
were considered elevated if their serum levels were >8 mg/L and
>3.2mg/L, respectively.'”* Pre-treatment biopsy samples, i.e.
lymph node biopsy, were collected for immunohistochemical
(IHQ) analysis, providing expression positivity for BCL2 (BCL2 +:
protein expression >50%), MYC (MYC+: protein expression
>40%), CD20 and CD5 (CD20 4, CD5 +: expression of protein in
at least a small population of the neoplastic cells),?'>* and cell of
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origin (GCB versus non-GCB) according to the Hans algorithm.3¢
The expression of MYC was not included in this study due to
insufficient data available. The primary endpoint was 5-year OS,
measured from the start of diagnosis to the date of last follow-up
or death from any cause.

Construction and validation of the NPl model

In the training cohort, risk factors selected for univariate analyses
were based on previous studies and were routinely available in
clinical practice. Performance of the NPl model was assessed using
the concordance index (C-index), the area under the curve (AUC)
of the receiver operating characteristic (ROC) curve and integrated
Brier score (IBS). Calibration curves were derived based on
regression analyses to determine whether the predicted prob-
ability was consistent with the actual survival of the patients.
Comparisons of the predictive ability between the NPl model, IPI
and NCCN-IPI were investigated by their C-indices, AUC and IBS. In
the validation cohort, applying the total scores as an independent
factor, each patient was stratified into risk groups according to the
NPI model, and the prediction accuracy of the NPl model was also
evaluated by ROC curve analysis, C-index and IBS.

Statistical analyses

Univariate analysis was used to identify potential prognostic
variables correlated to OS. Significant variables (P<0.1) in the
univariate analyses were selected for multivariable analyses using
the multivariable Cox proportional hazards model. The nomogram
was established with coefficients of the independent prognostic
factors weighted by the multivariate analysis. Survival curves were
compared using the log-rank test. Bootstraps with 1000 resamples
were used to calculate C-index. Statistical analyses to identify
independent prognostic variables were performed in the SPSS
25.0 for Windows, and the NPI model was formulated using the
Hmisc, rms and survival ROC packages in R, version 3.6.1 (http:/
www.r-project.org/). All statistical tests were two-sided, and P
value <0.05 was statistically significant.

RESULTS

Patient characteristics

The entire cohort comprised 3686 primary DLBCL patients who
were diagnosed between January 1, 2005 and December 30, 2015.
1326 patients were excluded from the analysis. A total of 2360
primary patients with DLBCL met all eligibility criteria and was
included in this study. The training and the validation cohort
consisted of 1406 and 954 patients (Supplementary Fig. 1). The
baseline characteristics of DLBCL patients in each cohort are listed
in Table 1. The median follow-up duration of the training and
validation cohort was 81.3 (IQR 62.4-103.7) and 785 (IQR
65.3-92.7) months, respectively. In total, 303 (21.6%) deaths in
the training cohort and 218 (22.9%) deaths in the validation
cohort were recorded, and the 5-year OS were 80.8% and 78.6%,
respectively.

Independent prognostic factors for OS in the training set

The results of univariate analyses are listed in Table 2. The five
variables in IPI (age, LDH, ECOG PS, Ann Arbor stage and
extranodal sites) were predictive factors significantly affecting OS
(P<0.001). Non-GCB type, BCL2+and CD5+, B symptoms,
increased AMC, CRP and 2M and decreased ALC were also
found to be associated with OS. All significant factors (P<0.1)
associated with survival in univariate analyses were included for
multivariate analysis. Apart from the five indicators of the IPI
model, BCL2 + (HR 1.663, 95% Cl 1.256-2.203, P < 0.001), CD5 +
(HR 2.072, 95% Cl 1.565-2.742, P < 0.001), B symptoms (HR 1.338,
95% Cl 1.043-1.717, P=0.022), ALC (HR 1430, 95% dl
1.093-1.872, P=0.009), and AMC (HR 1.867, 95% Cl
1.463-2.381, P<0.001) were also identified as independent
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Table 2. Univariate and multivariate analysis of the training and validation cohorts.

Univariate Multivariate
Variable Training cohort (n = 1406) Validation cohort (n = 954) Training cohort (n = 1406) Validation cohort (n = 954)

Hazard ratio (95% Cl) P Hazard ratio (95% ClI) P Hazard ratio (95% ClI) P Hazard ratio (95% Cl) P
Sex (male) 1.112 (0.884-1.398) 0.364 1.050 (0.800-1.377) 0.727
Age >60 (years) 2478 (1.978-3.106) <0.001 2.065 (1.582-2.696) <0.001 2.380 (1.893-2.992) <0.001 1.770 (1.339-2.340) <0.001
LDH > ULN (U/L) 3.223 (2.549-4.074) <0.001 3.183 (2.412-4.199) <0.001 1.576 (1.197-2.077) 0.001 1.633 (1.184-2.252) 0.003
ECOG PS>2 3.952 (2.908-5.371)  <0.001 4.701 (3.340-6.616) <0.001 2.754 (2.008-3.776) <0.001 2.165 (1.487-3.153) <0.001
Ann Arbor stage, lll-IV  3.638 (2.835-4.667) <0.001 2.692 (2.022-3.584) <0.001 1.693 (1.257-2.280) 0.001 1.364 (0.965-1.929) 0.079
No. of extranodal 3.941 (3.115-4.986) <0.001 3.479 (2.643-4.581) <0.001 1.755 (1.336-2.306) <0.001 1.779 (1.282-2.468) 0.001
sites >2
BMI < 25 kg/m? 1.113 (0.827-1.497) 0.480 1.052 (0.738-1.499) 0.779
BCL2 + 1.815 (1.382-2.385)  <0.001 2.599 (1.831-3.689) <0.001 1.663 (1.256-2.203) <0.001 1.939 (1.352-2.782) <0.001
CD5 + 2302 (1.753-3.025) <0.001 2.489 (1.842-3.362) <0.001 2.072 (1.565-2.742) <0.001 1.587 (1.154-2.183) 0.005
COO (GCB subtype) 0.736 (0.584-0.927) 0.009 0.948 (0.725-1.240) 0.696 0.921 (0.728-1.165) 0.491
B symptoms 2.084 (1.645-2.639) <0.001 2.465 (1.867-3.255) <0.001 1.338 (1.043-1.717) 0.022 1.392 (1.023-1.894) 0.035
ALC <£1000/pL 2.164 (1.686-2.778) <0.001 2.614 (1.975-3.460) <0.001 1.430 (1.093-1.872) 0.009 1.608 (1.199-2.158) 0.002
AMC > 630/uL 2.710 (2.162-3.399) <0.001 2.229 (1.707-2.913)  <0.001 1.867 (1.463-2.381) <0.001 1.707 (1.298-2.245)  <0.001
CRP >8mg/L 2.166 (1.726-2.716)  <0.001 1.763 (1.351-2.302) <0.001 1.128 (0.880-1.447) 0.342 1.002 (0.751-1.337) 0.988
Bf2GM > 3.2 mg/L 1.546 (1.234-1.937)  <0.001 1.589 (1.216-2.076) 0.001 1.030 (0.817-1.298) 0.804 0.991 (0.747-1.314) 0.950
UA > 75th percentile 1.061 (0.820-1.373) 0.652 0.997 (0.733-1.357) 0.984
LDH lactate dehydrogenase (ULN: 245 U/L), ULN upper limit of normal, ECOG PS Eastern Cooperative Oncology Group Performance Status, COO cell of origin,
BMI body mass index, ALC absolute lymphocyte count, AMC absolute monocyte count, UA uric acid, CRP C-reactive protein, 82M (-2 microglobulin.

prognostic factors for OS (Table 2); unlike non-GCB type, CRP and
B2M (P> 0.05).

Development of the NPl model

The risk-stratification NPl model (Fig. 1a) was established by
incorporating the ten independent prognostic factors from
multivariate analysis. ECOG PS was the most significant factor
for OS among all the parameters, followed by age and CD5
expression, whereas, B symptoms and ALC had a moderate impact
on survival. Based on the NPl model, the estimated survival
probability could be easily determined by adding the total score
of the ten prognostic factors. The calibration curves of the NPI
model for 5-year OS prediction demonstrated promising agree-
ment between the predicted and actual outcome (Fig. 1b).

After sorting the NPl model based on total score, four risk
groups with distinct OS were identified in the training cohort.
They were classified as the low-risk (points: 0-186.4; 55.0%),
intermediate-risk (points: 186.4-279.4; 22.7%), high-risk (points:
279.4-377.2; 15.4%) and extremely high-risk (points: >377.2; 6.9%)
groups, which corresponded to the 5-year OS rate of 94.3% (95%
Cl 93.5%-95.1%, P<0.001), 79.7% (95% Cl 77.4%-82.0%, P<
0.001), 56.9% (95% Cl 53.6%-60.2%, P < 0.001) and 30.4% (95% Cl
25.8%-35.0%, P<0.001) (Fig. 2a). The 5-year OS prediction
accuracy determined by the C-index was 0.794 (95% Cl
0.770-0.817) in the training cohort. Additional analysis showed
that the NPI model had higher prognostic accuracy for OS
prediction than the ten independent indicators alone (Fig. 2c and
Supplementary Figs. 2 and 3).

Validation of the NPl model

Using the external validation cohort, good agreement between the
predicted and actual 5-year OS of the NPl model was observed
(Fig. 1c). In total, 52.6% of the patients from the validation cohort
were classified as low-risk, 24.5% as intermediate-risk, 13.6% as
high-risk and 9.2% as extremely high-risk group, with 5-year OS
rate corresponding to 93.8% (95% Cl 92.7-94.9%, P < 0.001), 77.6%

(95% CI 75.0-80.2%, P <0.001), 53.4% (95% Cl 49.1-57.7%, P <
0.001), and 29.6% (95% Cl 24.6-34.6%, P <0.001), respectively
(Fig. 2b). The C-index of the NPI model for predicting the 5-year OS
in the validation cohort was 0.791 (95% Cl 0.764-0.817). Similarly,
upon external validation, the NPI model demonstrated higher
prognostic accuracy for OS prediction than the ten independent
indicators alone (Fig. 2d and Supplementary Figs. 4 and 5).

Comparison of OS between models

The predictive power of the 5-year OS prediction of the NPl model
was compared to the current IPl and NCCN-IPI risk-stratification
models. The NPl model displayed better predictive accuracy for OS
prediction than the IPI and NCCN-IPI in both the training
(Supplementary Fig. 6) and validation cohorts (Supplementary
Fig. 7). ROC analysis showed that the NPl model had higher
prognostic accuracy for OS than the IPI (AUC in the training
cohort: 0.829 versus 0.785, P = 0.035; AUC in the validation cohort:
0.830 versus 0.768, P =0.014) and NCCN-IPI (AUC in the training
cohort: 0.829 versus 0.770, P = 0.004; AUC in the validation cohort:
0.830 versus 0.744, P < 0.001) (Fig. 3a, b).

For the training cohort, the C-index for the NPI model was 0.794
(95% Cl 0.770-0.817), higher than that for the IPI (0.759; 95% Cl,
0.734-0.784, P <0.001) and NCCN-IPI (0.750; 95% Cl, 0.724-0.776,
P <0.001). In the validation cohort, the C-index for the NPl model
prediction (0.791, 95% Cl 0.764-0.817) was also greater than for
the IP1 (0.738; 95% Cl, 0.705-0.770, P < 0.001) and NCCN-IPI (0.741;
95% Cl, 0.710-0.772, P<0.001) (Fig. 3c). IBS of the NPI for OS
prediction demonstrated better performance than the IPI and
NCCN-IPI (Fig. 3c). These results indicated that the NPl model
could be a useful predictive model with the good discriminative
ability and clinical utility for DLBCL patients in the rituximab era.

R-CHOP-based immunochemotherapy plus systemic high-dose
methotrexate (HD-MTX) improves survival in CD5 + patients

In the training cohort, 1261 (89.7%) patients received R-CHOP
therapy, and 115 (8.2%) patients received CNS prophylaxis using
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extranodal sites, B symptoms, ALC, AMC, BCL2 and CD5. ECOG PS Eastern Cooperative Oncology Group Performance Status, LDH lactate
dehydrogenase, ALC absolute lymphocyte count, AMC absolute monocyte count. b, ¢ Calibration curve for predicting overall survival (OS) at 5
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A nomogram prognostic index for risk-stratification in diffuse large...

J Cai et al.
408
a Survival from the training cohort b Survival from the validation cohort
by NPI (n = 1406) by NPI (n = 954)
1.00 1.00
0.75
= _ 075
2 o
= B
= 050 2 0.50
o ) S
2 — Low risk o — Low risk
O —— Intermediate risk (e} —— Intermediate risk
0251 __ Lighni 0.25 -
High risk — High risk
—— Extremely high risk —— Extremely high risk
0.00 Log-rank P < 0.001 0.00 Log-rank P < 0.001
0 365 730 1095 1460 1825 0 365 730 1095 1460 1825
Days Days
No. at risk No. at risk
— 773 768 758 741 712 654 — 502 491 475 465 451 407
— 319 302 284 269 256 220 — 234 210 196 180 174 153
— 217 191 157 136 125 108 — 130 99 76 69 65 59
—_— 97 72 54 44 32 24 — 88 59 37 27 22 15
c Training cohort (n = 1406) d Validation cohort (n = 954)
overall survival overall survival
Q Q
E ©
(9] (]
= =2
‘B ‘@
o o
(o8 o
() (9]
2 2
[ =
Ll Ll Ll Ll Ll Ll L) ) ) ) T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate False positive rate
AUC at 5 years (95% Cl) P value AUC at 5 years (95% Cl) P value
— NPI 0.802 (0.787-0.817) — NPI 0.810 (0.793-0.827)
— Age 0.617 (0.601-0.634) <0.001 —  Age 0.601 (0.582-0.621) <0.001
—— LDH 0.670 (0.654-0.686) <0.001 —— LDH 0.675 (0.657-0.694) <0.001
ECOG PS 0.575 (0.562—0.589) <0.001 ECOG PS 0.575 (0.562-0.589) <0.001
—— Ann Arbor stage 0.676 (0.661-0.691) <0.001 ——  Ann Arbor stage 0.634 (0.616—-0.653) <0.001
—— Extranodal sites 0.643 (0.628-0.659) <0.001 ——  Extranodal sites 0.633 (0.615-0.651) <0.001
BCL2 0.574 (0.560-0.588) <0.001 BCL2 0.597 (0.581-0.613) <0.001
CD5 0.558 (0.545-0.571) <0.001 CD5 0.579 (0.563-0.596) <0.001
—— B symptoms 0.589 (0.574-0.605) <0.001 —— B symptoms 0.602 (0.584-0.621) <0.001
—— ALC 0.581 (0.566-0.595) <0.001 — ALC 0.601 (0.583-0.619) <0.001
—— AMC 0.639 (0.622—0.655) <0.001 —— AMC 0.612 (0.592-0.631) <0.001

Fig.2 NPI model to predict overall survival in DLBCL patients. a, b Subgroups of patients with different NPI model scores (low-risk: 0-184.6;
intermediate-risk: 186.4-279.4; high-risk: 279.4-377.2 and extremely high-risk: >377.2) showed distinct overall survival (OS) in the training (n =
1406) and the validation cohort (n = 954). ¢, d Receiver operating characteristic (ROC) curves and the area under the curve (AUCs) at 5 years to
assess the prediction performance of NPI compared with the ten clinicopathological risk indicators in the training (n=1406) and the
validation cohort (n = 954).
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Fig. 3 Comparison of the predictive performance between NPI, IPI and NCCN-IPI models. a, b ROC curves and AUCs for predicting 5-year
overall survival (OS) of NPI model, IPl and NCCN-IPI in the training (n = 1406) and the validation cohort (n = 954). ¢ C-indexes and IBS of NPI, IPI
and NCCN-IPI models in the training (n = 1406) and the validation cohort (n = 954).

HD-MTX. In the validation cohort, 877 (91.9%) patients received
R-CHOP therapy, and 92 (9.6%) patients received HD-MTX
(Table 1 and Supplementary Tables 1 and 2). Based on the
regimens made no significant difference in the 5-year OS, in
either the training cohort (81.1% versus 80.2%, P=0.993;
extremely high-risk group: 32.2% versus 16.7%, P=0.981;
Supplementary Fig. 8a, c) or the validation cohort (78.5% versus
82.7%, P = 0.454; extremely high-risk group: 29.7% versus 28.6%,
P =0.796; Supplementary Fig. 8b, d) between the R-CHOP or R-
EPOCH (rituximab, etoposide, prednisone, vincristine, cyclopho-
sphamide and doxorubicin) immunochemotherapy. Systemic
HD-MTX did not provide additional benefit in either the whole
cohort (training cohort: 5-year OS: 78.0% versus 81.1%, P=
0.428; validation cohort: 5-year OS: % 78.6 versus 78.7%, P = 819;
Supplementary Fig. 8e, f) or the extremely high-risk group
(training cohort: 5-year OS: 71.4% versus 27.6%, P=0.088;
validation cohort: 5-year OS: 50.0% versus 27.8%%, P=0.079;
Supplementary Fig. 8g, h).

We found a difference in the CNS relapse rates between CD5 +
and CD5- DLBCL. In the training cohort, 52 (3.7%) patients
experienced CNS relapse. The CNS-relapse rates were 1.6% and
2.1% for CD5+ and CD5- DLBCL, respectively. In the validation
cohort, 38 (4.0%) patients experienced CNS relapse. The CNS relapse
rates were 1.7% and 2.3% for CD5 + and CD5- DLBCL, respectively.

Comparison of baseline characteristics between CD5+ and
CD5- DLBCL is shown in Supplementary Table 3. In the training
cohort, ECOG PS=2, BCL2+, GCB type, AMC=630/uL, CNS
involvement, and received HD-MTX were more frequent in CD5 +
DLBCL than those in the CD5- DLBCL. While, in the validation
cohort, ECOG PS > 2, more than one extranodal site involvement,
BCL2 +, B symptoms, ALC < 1000/pL, and higher IPI score were
more frequent in CD5 + DLBCL patients.

To elucidate the effect of HD-MTX on survival outcomes for
CD5 + and CD5- DLBCL patients, we further analysed the CNS
relapse rates for these patients that received R-CHOP-based
immunochemotherapy with or without HD-MTX. In the training
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Fig. 4 Kaplan-Meier survival analysis of overall survival stratified by treatment. a, b R-CHOP-based therapy alone versus R-CHOP-based
therapy combined with systemic high-dose methotrexate (HD-MTX) for CD5 + patients in the training (n = 171) and the validation cohort (n =

137).

cohort, the CNS relapse rates of patients with or without HD-MTX
therapy were 0.2% and 3.5%, respectively. In total, 61 (4.3%) CD5
+ patients without HD-MTX therapy died, of which 21 (34.4%)
cases died from CNS relapse. In the validation cohort, CNS relapse
rates of patients with or without HD-MTX therapy were 0.6% and
3.4%, respectively. 56 (5.9%) CDS5 + patients without HD-MTX
therapy died, of which 15 (26.8%) cases died from CNS relapse. In
CD5 + DLBCL patients, R-CHOP-based immunochemotherapy plus
systemic HD-MTX was associated with significantly longer OS in
both the training (5-year OS rate: 84.7% versus 60.8%, P = 0.006)
and validation cohorts (5-year OS rate: 80.4% versus 56.7%, P =
0.049; Fig. 4a, b), compared with R-CHOP-based immunochem-
otherapy alone.

DISCUSSION

Based on the data from four medical institutions in China, we
established and validated an NPI model that incorporated pre-
treatment clinical, molecular, and pathological factors to predict
the survival outcomes of DLBCL patients. The NPl model consisted
of ten variables, namely age, ECOG PS, LDH, Ann Arbor stage,
extranodal sites, B symptoms, ALC, AMC, BCL2 and CD5
expression, showing higher predictive performance than the IPI
and NCCN-IPI models.

Decreased ALC was included in our NPl model as an
independent risk factor of overall survival, and it seemed to be
more important in the era of rituximab as compared to the era of
CHOP chemotherapy alone.'>'® Contrary to ALC, elevated AMC
had a negative impact on the prognosis of DLBCL.3>” A low ratio of
ALC:AMC was found to have the most significant prognostic value
in DLBCL patients® in the rituximab era. However, the cut-off
point of the ratio varies between studies and remains contro-
versial,®*° so 1000/uL and 630/uL were chosen as the cut-off
points for ALC and AMC as they have the considerable predictive
ability and were more convenient to use.'® The poor prognosis of
patients with BCL2 +, MYC + and CD5 + have been reported in
several studies of DLBCL.2>® Similar to our observations, the
outcomes of BCL2 + and CD5 + patients were worse than those
BCL2- and CD5- patients. Although MYC expression was prog-
nostic for OS in DLBCL, we could not assess MYC expression
because of insufficient data. Nowadays, the introduction of
targeted drugs targeting specific proteins in DLBCL may gradually
change the first-line treatment model for DLBCL, the inhibition of

BCL2 combined with the R-CHOP regimen demonstrated promis-
ing anti-tumour activity in patients with BCL2 + DLBCL,*' suggest-
ing that these molecular pathological alterations could not only be
used as biomarkers for predicting prognosis but also become
potential therapeutic targets.

The cell of origin (COO) measured by IHC was not significant in
our study after incorporating factors into multivariate analysis. The
prognostic significance of COO is controversial, as conclusions
were various in different studies. Although some retrospective
studies showed a survival advantage for GCB-type DLBCL
distinguished by gene expression profiling (GEP),**** the Hans
algorithm commonly used in clinical practice only coincides with
GEP for COO phenotype classification at approximately 79%.3°
Accordingly, we speculate that it may affect the prognostic value
of COO to some extent.

No survival benefit was observed from R-EPOCH therapy in
DLBCL patients classified as an extremely high-risk group by the
NPI, this indicates that intensive chemotherapy might be of not
benefit to these patients, and future studies should focus on novel
targeted agents with less toxic and more efficacious. Interestingly,
we found that CNS progression rates in CD5 + DLBCL patients
were slightly higher than that of CD5- DLBCL in both the training
and validation cohorts, and the overall survival of CD5 + patients
who received HD-MTX was superior to those who didn’t. Studies
have shown that CD5 + DLBCL often have some distinct clinical
characteristics which could be associated with worse survival and
a high incidence of CNS relapse. As HD-MTX is a chemother-
apeutic drug that can cross the blood-brain barrier, the combined
use of standard treatment with HD-MTX may bring survival
benefits for CD5 + DLBCL.**** In contrast, a considerable propor-
tion of the CD5 + patients who did not receive HD-MTX died of
CNS relapse. Recently, a Phase 2 clinical study showed that CD5 +
DLBCL patients could benefit from DA-EPOCH-R combined with
systemic HD-MTX, which is consistent with our findings. HD-MTX is
often used in the treatment of primary CNS DLBCL or as a
preventive treatment after systemic therapy in high-risk patients.
However, no consensus has been reached concerning the
treatment of preventive interventions, and how to accurately
identify patients with high-risk for CNS progression remains a
challenge. The CNS-IPI Consists of six factors: five factors from IPI,
and involvement of the kidney and/or adrenal glands. It has been
widely used to estimate the risk of CNS recurrence/progression
and guide therapeutic intervention in primary DLBCL patients in



the rituximab era. According to the CNS-IPI, the high-risk
population has a 10% risk of CNS recurrence, and preventive
interventions should be considered.*®

Although the NPI model did not identify patients who might
benefit from HD-MTX, its prognostic predictive power cannot be
ignored. Based on the proposed NPl model, ~9% of DLBCL
patients were classified into the extremely high-risk group and
had an extremely poor prognosis. The NPI model not only helps to
predict survival outcomes but also contributes to future clinical
trials design. It might be meaningful to explore novel therapies
with less toxicity but more effective for these “highest risk” cases.
At present, new therapies such as lenalidomide, ibrutinib and
bortezomib combined with R-CHOP immunochemotherapy are
undergoing clinical trials. Although no survival benefits for OS
have been observed in the entire group or subgroup of those
patients, the potential efficacy of those new drugs in extremely
high-risk patients is not yet clear and worth exploring. In the
future, prospective trials are needed to establish more effective
therapies as a standard treatment for extremely high-risk DLBCL
patients based on the NPl model.

Although the NPI model showed good accuracy in predicting
prognosis, it still had the following limitations. First, considering
clinical utility, the prognostic factors we used were limited to
common clinical and histological features, and genetic markers
were not included as they are not routinely available. Second, the
results of IHC staining could be differ across laboratories, including
differences between technicians, laboratory methods and anti-
body manufacturers, which could have to a certain extent affect
the degree of antibody binding. Third, since the current research
was mainly conducted in endemic areas of China, it remains
unclear whether the NPI could be applied to patients in other
regions. Lastly, this research was based on retrospective clinical
data, and the predictive ability of the NPl model should be further
validated in larger and prospective studies.

In summary, we developed and validated an NPI model for the
risk-stratification of primary DLBCL patients and could be used as
a useful tool for pre-treatment clinical evaluation of patients’
survival. Although the NPl model does not contain genetic
indicators such as whole exome or whole genome variables,
future treatment of precision therapy will be based on the
combination of the NPI model (which contains clinical, laboratory
and histopathological information) and genetic indicators to guide
the selection of different R-CHOP-combined therapy.
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