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Abstract

Objective: To develop a prognostic model for Chinese patients with relapsed diffuse large B-cell

lymphoma (DLBCL) after initial R-CHOP therapy.

Methods: We retrospectively analyzed the characteristics and survival outcomes of 79 patients

with relapsed DLBCL initially treated with R-CHOP at Peking Union Medical College Hospital

from February 2012 to September 2016. We used the data to develop a novel prognostic model.

Results: The median age at the start of salvage therapy was 59 (17–85) years and median time

from diagnosis to relapse was 319 (49–1018) days. Multivariate analysis identified short time to

relapse (TTR) and B symptoms as independent prognostic factors for reduced progression-free

survival (PFS) and overall survival (OS). We created a new prognostic scoring system including

TTR, lactate dehydrogenase, absolute lymphocyte count at relapse, and B symptoms, referred to

as the TLLB model, which could separate patients into three risk groups with 2-year PFS and OS

rates of 70.7%, 40.0%, and 11.1%, and 87.5%, 53.7%, and 29.4%, respectively.

Conclusion: TTR and B symptoms can be used as important predictors of survival in patients

with DLBCL. The TLLB system provides a useful prognostic model compared with the previous

TTL system.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is
a heterogeneous and invasive entity with a
highly variable prognosis.1 Rituximab with
cyclophosphamide, doxorubicin, vincris-
tine, and prednisone (R-CHOP) has been
established as the standard initial therapy
for this disease, with about 60% of patients
being cured.2,3 However, many patients still
experience chemoresistance or relapse, and
there is currently no standard second-line
therapy. The outcome of DLBCL is also
diverse and there are no well-established
prognostic models.4,5 It is therefore difficult
for clinicians to inform patients about their
prognosis, and to identify patients with
anticipated poor outcomes to receive more
aggressive or innovative treatments.

Former studies have identified certain
factors which could predict outcome. For
example, the International Prognostic
Index (IPI) at relapse (IPI-R) was associat-
ed with clinical response in relapsed/refrac-
tory (R/R) patients in the PARMA trial.6

Moreover, a short time to relapse (TTR)
and low absolute lymphocyte count (ALC)
at relapse (ALC-R) have been also associ-
ated with poorer clinical outcomes in
DLBCL patients at first relapse.7,8

However, these studies were conducted
before the rituximab era, and contradictory
results have been obtained after the intro-
duction of rituximab-containing treat-
ments. The National Comprehensive
Cancer Network (NCCN) IPI was reported
as an independent valid predictor in R/R
patients.9 However, another study found

that IPI-R failed to predict the objective
response rate to second-line treatment.10

In 2017, Yamamoto et al.11 proposed a
simple prognostic model combining lactate
dehydrogenase (LDH) ratio, TTR, and
ALC-R, referred to as the TLL model,
which could separate patients into three
risk groups with different progression-free
survival (PFS) rates. However, this model
was based on a limited number of patients
and thus required verification. We therefore
aimed to validate the TLL model in a larger
cohort and to explore possible more suit-
able prognostic models for Chinese
patients.

Patients and methods

This was a single-center retrospective anal-
ysis of patients with DLBCL undergoing
salvage chemotherapy after initial treat-
ment with R-CHOP at Peking Union
Medical College Hospital. The study was
approved by Peking Union Medical
College Hospital Institutional Review
Board (approval number ZS-2181). All
patients provided written informed consent
for participation in the study.

Patients

We retrospectively evaluated patients diag-
nosed with relapsed DLBCL who were
treated at Peking Union Medical College
Hospital from February 2012 to
September 2016. The inclusion criteria
were patients with biopsies classified as
DLBCL (according to the World Health
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Organization classification); patients in first

relapse after initial treatment with R-CHOP

regimen; and patients with intact medical

records. Patients with meningeal or central

nervous system involvement were excluded.

All patients were re-staged by positron-

emission tomography combined with

computed tomography or computed

tomography. We re-assessed the laboratory

data and prognostic factors at the start of

the first salvage therapy. All patients were

followed up until 30 September 2017.

Treatment and response assessment

Patients with relapsed DLBCL mainly

received DICE (dexamethasone, ifosfa-

mide, cisplatin, etoposide)/DHAP (cisplat-

in, cytarabine, dexamethasone) (31.5%)

with/without rituximab. Other regimens

included MA (methotrexate, cytarabine)/

ESHAP (etoposide, cisplatin, methylpred-

nisolone, cytarabine), MINE (ifosfamide,

mesna, mitoxantrone, etoposide), and

GDP (gemcitabine, dexamethasone, cisplat-

in)/GEMOX (gemcitabine, oxaliplatin).

Some patients received autologous stem

cell transplantation after high-dose chemo-

therapy. According to the International

Working Group criteria,12 the disease

status at the start of salvage therapy was

classified as relapse, progression, or prima-

ry refractory. Response to salvage therapy

was assessed by conventional diagnostic

methods after the second or third chemo-

therapy course.

Statistical analysis

PFS was defined as the time from the start

of salvage therapy to disease progression or

death. Overall survival (OS) was defined as

the time from the start of salvage therapy to

death or date of last follow-up for patients

who were alive and censored. Statistical

analysis was performed using SPSS

Statistics for Windows, Version 20.0

(SPSS Inc., Armonk, NY: IBM Corp).
The Kaplan–Meier method coupled with

the log-rank test was used for univariate
analysis and to generate survival curves.

All factors with a P value <0.10 in univar-
iate analysis were included in the multivar-

iate analysis using the Cox proportional
hazards model. All reported P-values were

two-sided, and a P-value <0.05 was consid-
ered significant. Receiver operating charac-

teristic (ROC) and area under the curve
(AUC) analyses were used to determine

the ALC-R cutoff value.

Results

Patient characteristics

Seventy-nine patients were included in this
study, of whom 76 received salvage therapy.

The clinical characteristics of the patients at
diagnosis and at first relapse are summa-

rized in Table 1. Most patients were stage
III/IV and nearly half of all patients were in

the high-intermediate or high-risk groups
according to the NCCN-IPI.

Response to salvage therapy

Most patients with relapsed DLBCL in our
center received DICE/DHAP (34.2%) or

MA/ESHAP (19.0%) as salvage therapy,
while other regimens included MINE

(15.2%) and GDP/GEMOX (12.7%)
(Table 1). The choice of regimen was

based on comprehensive consideration and
depended on the individual patient’s status.

The patients’ overall responses to salvage
therapy are summarized in Table 2. Three

patients were lost during follow-up, leaving
76 patients for analysis.

The overall response rate (i.e. complete
response plus partial response) for the

whole cohort was 61.8%. Forty-seven
patients responded to salvage treatment

and 29 did not. We classified the whole
population into two groups based on
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response, and analyzed the associations

between prognostic factors and clinical out-

come. The factors that significantly affected

the overall response rate included specific

extranodal sites, such as the bone marrow,

liver/gastrointestinal tract, or lung

(involved vs. not involved, P¼0.020), B

symptoms (yes vs. no, P¼0.024), TTR

(�12 vs. >12 months, P¼0.018), and

ALC-R (�985 vs. >985/mL, P¼0.039).

Refined LDH categorization failed to add

any extra benefit for predicting prognosis

Table 1. Patient characteristics.

Characteristic At diagnosis (n, %) At relapse (n, %)

Sex, male/female 46/33

Age �60 years 40 (50.6) 41 (51.9)

Median age (range), years 58 (16–86) 59 (17–86)

Ann Arbor stage III/IV 69 (87.3) 65 (82.7)

Bulky disease 4 (5.1) 4 (5.1)

B symptoms 34 (43.0) 18 (43.0)

Bone marrow involvement 10 (12.7) 4 (5.1)

Cell type origin, GCB 21 (26.6)

Extranodal sites >1 36 (45.6) 19 (24.1)

Specific extranodal site 43 (54.4) 28 (35.4)

Median ALC (range) (/mL) 1135 (100–2620) 940 (60–3790)

Median AMC (range) (/mL) 450 (110–1860) 380 (90–1130)

Median LDH (range) (U/L) 416 (121–3325) 261 (121–3118)

IPI HI/H 50 (63.3) 28 (35.4)

NCCN-IPI HI/H – 40 (50.6)

Initial radiotherapy 14 (17.7)

Initial ASCT therapy 8 (10.1)

Median TTR (range), days 319 (49–1018)

Disease status at salvage therapy

Relapse from CR (after R-CHOP) 32 (40.5)

Progression from PR (after R-CHOP) 47 (59.5)

First salvage therapy

MA/ESHAP 15 (19.0)

MINE 12 (15.2)

DICE/DHAP 47 (34.2)

GDP/GEMOX 10 (12.7)

R� lenalidomide 8 (10.1)

Radiotherapy 1 (1.3)

Other (MTX, EA, CTX) 6 (7.6)

Response to first salvage therapy

CR/PR 47 (61.8)

<PR 29 (38.2)

GCB, germinal center B-cell like; ALC, absolute lymphocyte count; AMC, absolute monocyte count; LDH, lactate

dehydrogenase; TTR, time from diagnosis to relapse; IPI, International Prognostic Index; HI, high-intermediate; H, high;

ASCT, autologous stem cell transplantation; CR, complete response; PR, partial response; MA, methotrexate, cytarabine;

ESHAP, etoposide, cisplatin, methylprednisolone, cytarabine; MINE, ifosfamide, mesna, mitoxantrone, etoposide; DICE,

dexamethasone, ifosfamide, cisplatin, etoposide; DHAP, cisplatin, cytarabine, dexamethasone; GDP, gemcitabine, dexa-

methasone, cisplatin; GEMOX, gemcitabine, oxaliplatin; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine,

and prednisone; R, rituximab; MTX, methotrexate; EA, etoposide, cytarabine.
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compared with dichotomized LDH, with

similar P-values for both factors. Notably,

ALC-R was significantly lower in unre-

sponsive patients (P¼0.039). The cutoff

values of ALC and lymphocyte–monocyte

ratio (LMR) were determined by ROC and

AUC analyses.

Survival analysis based on therapeutic

response

The whole cohort was followed until 30

September 2017. After a median follow-up

of 386 (19–1840) days, 35 (44.3%) patients

were still alive and 36 patients had died

(45.6%). Among all 79 patients, 53

(67.1%) patients experienced disease pro-

gression or relapse. The median time from

the start of salvage therapy to relapse was

134 (13–1339) days. The calculated 2-year

PFS and 2-year OS rates were 12.7% and

22.8%, respectively. The Kaplan–Meier

survival curves showed that patients who

responded to salvage therapy had better

prognoses than those who failed to

respond, with significant differences

between the groups in terms of 1-year PFS

(57.4% vs. 0%) and OS (76.6% vs. 27.6%)

(both P¼0.001) (Figure 1). It was expected

that a better response to salvage therapy

would be associated with a better

prognosis.

Survival analysis based on prognostic

factors

We conducted a Cox proportional hazards

regression analysis to determine how the

prognostic factors could predict the clinical

outcome. We conducted univariate analysis

Table 2. Patient responses to salvage therapy.

Characteristic

Response to first salvage therapy

P-value<PR (n¼29, %) CR/PR (n¼47, %)

Sex, male 18 (62.1) 25 (53.2) 0.484

Age �60 years 12 (41.4) 24 (51.1) 0.482

ECOG PS 2–4 4 (13.8) 2 (4.3) 0.364

Ann Arbor Stage: III-IV, n, % 24 (82.8) 38 (80.9) 1

Extranodal sites >1 8 (27.6) 11 (23.4) 0.784

LDH abnormal 18 (62.1) 20 (42.6) 0.098

LDH ratio 0.082

�1 11 27

>1–3 15 18

>3 3 2

Relapse in situ 25 (86.2) 41 (87.2) 0.898

Specific extranodal site 15 (51.7) 12 (25.5) 0.020

B symptoms 10 (34.5) 6 (12.8) 0.024

TTR �12 months 21 (72.4) 21 (44.7) 0.018

ALC-R �985/mL 20 (69.0) 21 (44.7) 0.039

LMR-R �1.727 9 (31.0) 7 (14.9) 0.094

IPI-R HI/H 12 (41.4) 15 (31.9) 0.402

NCCN-IPI-R HI/H 17 (31.9) 20 (42.6) 0.173

CR, complete response; PR, partial response; ECOG, Eastern Cooperative Oncology Group; PS, performance status;

ALC-R, absolute lymphocyte count at relapse; TTR, time from diagnosis to relapse; LMR-R: lymphocyte/monocyte ratio

at relapse; IPI-R, IPI at relapse. Extranodal specific site: bone marrow, central nervous system, liver/gastrointestinal

tract, or lung.
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and generated survival curves using the

Kaplan–Meier method coupled with the

log-rank test. Univariate analysis

(Table S1) identified TTR, LDH level, B

symptoms, Eastern Cooperative Oncology

Group (ECOG) performance status (PS),

NCCN-IPI, and extranodal specific sites

as significantly associated with PFS, while

multivariate analysis (Table S2) confirmed

a short TTR and B symptoms as significant

predictors of reduced PFS. Regarding OS,

ECOG PS, B symptoms, extranodal specific

sites, LDH level, ALC-R, LMR at relapse

(LMR-R), and TTR significantly affected

OS in the univariate analysis, and short

TTR and B symptoms also predicted

reduced OS in multivariate analysis

(Table S2).

Validation of TLL prognostic model in our

patients

Yamamoto et al.’s,11 TLL model included

three prognostic factors: TTR, LDH cate-

gorized ratio, and ALC-R. This model

included a maximum of 5 points: TTR

>12 months¼0 points, �12 months¼1

point; categorized LDH ratio �1¼0

points, >1–3¼1 point, >3¼2 points; and
ALC-R �1100/mL¼0 points, <1100/mL¼1

point. This model separated patients in to
low- (0 points), intermediate- (1 point), and

high- (�2 points) risk groups with 2-year

PFS rates after first salvage therapy of
100%, 68.6%, and 4.8%, respectively

(P<0.0001). However, their study only
included 31 patients, and the model there-

fore required validation. We therefore
tested this model in our group of 79

patients. Twelve patients were classified as

low-risk (0 points), 21 as intermediate-risk
(1 point), and 43 as high-risk (�2 points).

The 2-year PFS rates of these three sub-
groups were 72.9%, 38.1%, and 10.4%,

(P<0.001) and the 2-year OS rates were

88.9%, 48.3% and 29.0% (P<0.001),
respectively (Figure S1). These results con-

firmed that the TLL model could efficiently
discriminate between low-risk and high-risk

populations. Considering that some

patients failed to respond to salvage treat-
ment, which would affect their survival

rates, we also applied this model in
responding patients (Figure S2).

Responding patients had obviously better
PFS and OS. For responding patients, a

Figure 1. Impact of first salvage therapy on response in patients with relapsed diffuse large B-cell lym-
phoma. Impacts of first salvage therapy on (a) progression-free survival (PFS) and (b) overall survival (OS).
The 1-year PFS (57.4% vs. 0%) and OS (76.6% vs. 27.6%) rates were significantly higher in patients who
responded to salvage therapy (P¼0.001).
CR, complete response; PR, partial response.
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higher TLL score was also associated with

poorer PFS and OS outcomes.

Proposed new prognostic model

The current study identified B symptoms as

an independent prognostic factor for both

PFS and OS. In addition, although LDH

level was significantly associated with PFS

and OS in univariate analysis, its function

was not confirmed in multivariate analysis,

and a refined categorization of LDH value

offered no prognostic advantage over mere

LDH abnormality. We therefore developed

the TLLB prognostic model combing TTR

(>12 months¼0 points; �12 months¼1

point), ALC-R (�985/mL¼0 points; <985/

mL¼1 point), LDH abnormality (� upper

limit of normal (ULN)¼0 points, >ULN¼1

point), and B symptoms (no¼0 points;

yes¼1 point), with a maximum of 4

points. We tested this model by classifying

patients into three groups based on the

scores using Kaplan–Meier curves: low-

risk (0 points, n¼11), intermediate-risk (1

point, n¼20), and high-risk (�2 points,

n¼45). After 2 years of the first salvage

therapy, the PFS rates for these three

subgroups were 70.7%, 40.0%, and 11.1%

(P<0.001) and the OS rates were 87.5%,

53.7%, and 29.4% (P<0.001), respectively

(Figure 2.). The TLLB model could effi-

ciently discriminate between low-risk and

high-risk populations, similar to the TLL

model. However, because we used LDH

abnormality instead of more detailed

LDH categorization, the TLLB model was

easier to apply. Also, as an independent

prognostic factor, B symptoms were includ-

ed as an eligible factor for predicting

outcome.

Discussion

The current study validated the TLL model

proposed by Yamamoto et al.11 in a larger

cohort and confirmed its utility for predict-

ing the outcome of patients with R/R

DLBCLs after initial treatment with R-

CHOP. We also proposed a new model,

referred to as the TLLB model. This

model was easier to use, by including

LDH as simply normal or abnormal. We

also included B symptoms as an indepen-

dent prognostic factor (P¼0.004) for out-

come, as reported in a previous Chinese

Figure 2. Survival probabilities of patients with relapsed diffuse large B-cell lymphoma (DLBCL) based on
TLLB scoring system. (a) Progression-free survival (PFS) and (b) overall survival (OS) of first-relapse DLBCL
patients using TLLB scoring system: low-risk (TLLB¼0), intermediate-risk (TLLB¼1), and high-risk (TLLB
�2). The 2-year PFS and OS rates after salvage therapy were 70.7%, 40%, and 11.1% and 87.5%, 53.7%, and
29.4%, respectively (all P<0.001).
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study.13 We interpreted this as indicating

that B symptoms reflected typical charac-

teristics of Chinese patients with DLBCL,

suggesting that the TLLB model was more

suitable for Chinese patients.
Despite progress in the upfront treat-

ment of DLBCL, patients still experience

relapses. There are currently no optimized

salvage chemotherapy regimens for R/R

DLBCL, and the outcomes of these patients

thus vary. Patients who respond to second-

line regimens followed by transplantation

could achieve long-term survival, while

patients resistant to salvage therapy have

poor outcomes.4 The values of new thera-

pies, such as novel agents or chimeric anti-

gen receptor T-cell therapy for patients with

R/R DLBCL need further study.14–16 It is

therefore necessary to identify patients

likely to be resistant to chemotherapy

before making a treatment plan.
Some previous studies addressed the pos-

sible prognostic factors for R/R DLBCLs.

IPI has been relatively well-studied. IPI was

first established in 1993 for CHOP and

CHOP-like regimens before the rituximab

era, and is currently used because of its

validity and convenience.17 However, its

use has been questioned, given that most

trials were conducted before the introduc-

tion of rituximab. Ziepert et al.18 reported

that IPI was still valid in 1037 untreated

patients, but Panizo et al.10 found that

IPI-R failed to predict the overall

response.10. In accordance with this

report, our study showed that IPI-R was

not significantly associated with PFS or

OS. NCCN-IPI was better able to discrim-

inate between low- and high-risk subgroups

of untreated DLBCL patients in the ritux-

imab era,9 but has not been tested in

relapsed DLBCL patients. The current

study showed that a high NCCN-IPI score

was significantly associated with shorter

PFS but not OS. TTR has also been iden-

tified as an indicator of outcome, and

patients with a TTR >1 year had good
outcomes.7

In addition to DLBCL, TTR has proved
effective in many kinds of non-Hodgkin’s
lymphomas, and could be used to stratify
patients at time of first relapse of interme-
diate to high-grade non-Hodgkin’s lympho-
ma in the PARMA trial.19 Moreover,
disease progression within 2 years was asso-
ciated with poorer outcomes in patients
with follicular lymphoma,20 and early
relapse remained a marker of poor progno-
sis in patients with myeloma, despite use of
novel agents.21 In the current study, TTR
was a strong predictor of both PFS and OS,
and could reflect aggressive tumor biologi-
cal characteristics as well as chemosensitiv-
ity. Much attention has also been paid to
the tumor microenvironment. ALC-R is
used as a surrogate marker of host immu-
nity and tumor growth, and several studies
have addressed the prognostic value of
ALC-R in relapsed DLBCL patients.
Panizo et al.10 reported that low ALC-R,
rather than IPI, was the only prognostic
factor that could predict OS after second-
line treatment, and Porrata et al.8 also
found that ALC-R predicted survival.8

The LMR has also been evaluated, and
lower LMR-R was found to be an adverse
prognostic factor for PFS and OS in
patients with relapsed DLBCL.22,23 In
accordance with these studies, the current
study showed that ALC-R and LMR-R sig-
nificantly affected OS but not PFS.

Based on the above findings, IPI-R/TTR
and IPI-R/ALC-R have been proposed as
prognostic models.7,8 However, these
models were not developed in the rituximab
era, which limits their clinical use. The TLL
model was developed for R/R DLBCL after
initial therapy with R-CHOP, and could
effectively classify patients into three risk
groups with different outcomes; however,
it was only tested in 31 patients, and we
confirmed the efficacy of the TLL model
in our cohort of 79 patients. Given that B

8 Journal of International Medical Research



symptoms were also strongly related to PFS

and OS in our study, we added B symptoms

to the TLL model to create the TLLB

model. In addition, because LDH categori-

zation was not superior to simple dichoto-

mization in our study, we used normal or

abnormal LDH levels in our model, making

it easier for clinicians to use.
This study had some limitations. The

patients received different salvage regimens,

which was also the case in Yamamoto

et al.’s11 study. Neither study compared

these treatment in uni- or multivariate anal-

yses, because no evidence has indicated the

superiority of any specific second-line ther-

apy. For instance, the most widely used sal-

vage therapies, R-DHAP and R-ICE, had

similar impacts on DLBCL at first relapse,

according to the CORAL study.24

The other limitations of the current study

were principally those typically associated

with observational and retrospective studies.

Because the information was collected retro-

spectively, the intactness and homogeneity

of the information could not be ensured.

The results were also limited by the relatively

small sample size. Moreover, increasing evi-

dence25,26 has shown that tumor biological

characteristics affect the prognosis, and our

study did not include information on immu-

nohistochemical or molecular markers, such

as Bcl-2, Bcl-6, Myc, and p53, and we did

not evaluate the effect of double-expressor

or double-hit lymphomas.27

Despite these limitations, this study sum-

marized the reliable prognostic factors that

might aid the early identification of patients

at high risk of poorer outcomes, who

should be targeted for clinical trials. The

results suggest that future clinical trials

might identify novel agents with greater

efficacy in patients with R/R DLBCL.
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