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Abstract

Background
The prognosis of patients with relapsed or refractory diffuse large B-cell lymphoma (r/r DLBCL) is still
poor, and their treatment options are limited, which highlights the need for new treatments. This study
aimed to quantitatively evaluate the e�cacy, safety, and related factors of various therapeutic options for
patients with r/r DLBCL to provide necessary quantitative information for clinical practice.

Methods
A literature search was conducted using public databases. The parametric survival function was used to
describe the time course of overall survival (OS) and progression-free survival (PFS) in patients with r/r
DLBCL receiving various treatment regimens. A random-effects model in a single-arm meta-analysis was
used to analyze the objective response rate (ORR) and grade 3–5 adverse event rates based on various
treatment regimens.

Results
A total of 58 studies including 3124 subjects were included. Combination therapy had a signi�cant
bene�t in terms of OS, PFS, and ORR compared with monotherapy. ORR and PFS were signi�cantly
improved in the treatment regimen, including chemotherapy, but OS did not improve, and grade 3–5
adverse events signi�cantly increased. In terms of treatment strategy, the e�cacy of chemotherapy
combined with immunotherapy sequential autologous stem cell transplantation (ASCT), immunotherapy
combined with immunotherapy, chemotherapy sequential ASCT, chemotherapy combined with
immunotherapy, and chemotherapy combined with two types of immunotherapy is better. Speci�c to
each treatment regimen, R-inotuzumab ozogamicin, R-BEAM + ASCT, R-ESHAP-L, iodine-131
tositumomab + BEAM + ASCT, and chemotherapy + CAR-T had better e�cacy, with median OS of 48.2,
34.2, 27.8, 25.8, and 25 months, respectively. Moreover, there was a strong correlation between the 6-
month PFS and 2-year OS in the combination therapy.

Conclusions
Combination therapy and chemotherapy can signi�cantly improve the e�cacy of r/r DLBCL treatment.
The 6-month PFS can be used as a surrogate endpoint for the 2-year OS. This study provides the
necessary quantitative information for clinical practice and clinical trial design of r/r DLBCL.

Introduction
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Diffuse large B-cell lymphoma (DLBCL) is an aggressive (fast-growing) B-cell non-Hodgkin lymphoma
(NHL)1. It is the most common subtype of NHL, with an estimated incidence rate of 4.68 cases per
100,000 person-years2,3. Although rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) is the standard treatment for patients with DLBCL4–7, approximately 33% of
patients are refractory to or that relapse after frontline therapy, and the prognosis is usually poor8,9.

Autologous stem cell transplantation (ASCT) consolidation remains the treatment of choice for patients
with DLBCL. However, it can only be recommended to young, relatively healthy patients who respond to
chemotherapy, with a long-term survival rate of only 40%10–13. Chemosensitivity is a major factor that
determines the bene�ts of ASCT. Therefore, refractory patients who do not respond to chemotherapy
bene�t little from ASCT and have a poor prognosis14. For patients who are ineligible for ASCT or relapse
within 12 months after ASCT and for refractory patients who do not respond to chemotherapy, treatment
options are limited, and the e�cacy is poor15–18. Therefore, it is crucial to explore and evaluate new
therapeutic strategies for relapsed/refractory (r/r) DLBCL treatment19–21.

Various novel therapies are currently used to treat r/r DLBCL, including chimeric antigen receptor T cells,
bispeci�c T-cell engagers, immunomodulatory drugs, immune checkpoint inhibitors, monoclonal
antibodies, and antibody–drug conjugates22. A combination of drugs with different targets among
chemotherapy, targeted therapy, and immunotherapy may produce synergistic effects to improve the poor
e�cacy in patients with r/r DLBCL. However, no studies have systematically compared the e�cacy of
different regimens, and published meta-analyses have only evaluated the e�cacy of a single regimen23–

25. Furthermore, although the NCCN guidelines provide medication guidance for r/r DLBCL, they are only
qualitative descriptions, lack quantitative comparison of the e�cacy of different treatment regimens, and
cannot fully guide clinical medication26.

A model-based meta-analysis (MBMA) is a quantitative analysis method that combines mathematical
modeling and meta-analysis. By establishing a time course model and covariate model, MBMA can
deduce the in�uence of heterogeneity among different studies, thereby quantifying the time effect and
in�uencing factors of drugs, and has become an important method in model-informed drug development
strategies27,28. This study quantitatively analyzed the e�cacy characteristics (including overall survival
[OS] and progression-free survival [PFS]) and in�uencing factors of all current treatment regimens (single
and combination therapies) for the treatment of patients with r/r DLBCL through MBMA based on
extensive literature data. This study aimed to clarify the differences in the e�cacy of different treatment
regimens and analyze the incidence of adverse events, which can provide necessary quantitative
information for the clinical use of r/r DLBCL and development of new drugs.

Methods

Search strategy
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A comprehensive literature search was performed in the public databases of PubMed, Embase, and the
Cochrane Library for clinical trials of drug therapy in r/r DLBCL published between January 1, 2010, and
January 25, 2021. The search keywords included “relapsed,” “refractory,” and “diffuse large B-cell
lymphoma.” Only clinical trials were included, and the language was restricted to English. The detailed
search strategies are described in the Supplementary Material.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) diagnosis of relapsed/refractory DLBCL; (2) report on least one
of the e�cacy indicators of OS, PFS, or objective response rate [ORR]; and (3) interventions that include
chemotherapy, targeted therapy, and immunotherapy used alone or in combination.

The exclusion criteria were as follows: (1) other subtypes, DLBCL transformed from other subtypes, or
high-risk disease with undiagnosed r/r DLBCL and (2) sample size of < 10 per arm in order to reduce
sampling error.

Data extraction
Microsoft Excel (version 16.0.12130.20232) was used to categorize the relevant information from the
included studies. The collected information included literature characteristics (author, publication year,
clinical trial registration number), trial design (group, dose, administration frequency, administration
period, and sample size), participant characteristics (age, sex ratio, race, ECOG score, Ann Arbor stage, IPI
score, proportion of relapsed or refractory patients, time since diagnosis, medication history, percentage
of patients previously treated with rituximab, etc.), e�cacy outcomes (OS, PFS, ORR, and safety
outcomes (incidence of grade 3–5 hematologic and non-hematologic toxicities).

The abovementioned information was independently extracted by two researchers, and inconsistencies
were determined by a third researcher through consultation. When the data in the literature were
presented graphically, the data in the �gure were extracted using the Engauge Digitizer (version 4.1)
software.

OS and PFS analysis
Parametric survival models were used to analyze the OS and PFS data. The survival model is related to
hazard function h(t), which can be interpreted as an instantaneous hazard at time t. The relationship
between the survival model and hazard function was determined as follows29:

Survival model S(t) = exp( −
t
∫
0

h(t)dt) (1)

Four different hazard functions were evaluated, including the constant, Gompertz, Weibull, and lognormal
models (Equations 2–5):

Constant h(t) = λ (2)
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Gompertz h(t) = λ · exp(β ∙ t) (3)

Weibull h(t) = λ ∙ exp(β ∙ ln(t)) (4)

Lognormal h(t) =
σt√2π −1e −

1
2z2

1−∅( Z ) , (5)

In Equations 2–5, λ and β denote the hazard rate at time 0 and change in the regression coe�cient of the
hazard rate over time, respectively. h(t) in Eq. 5 conforms to a log-normal distribution, where µ and σ are
the median and standard deviation of the log-normal distribution, respectively. The best hazard model
was selected based on the minimum value of the objective function (OFV), standard error of the model
parameter estimation, and goodness-of-�t of the model.

The inter-trial variation (Eq. 6) and residuals (Eq. 7) were added to the model parameters to account for
the differences between the observed and model-predicted values. The inter-study variability (η) was
introduced into the model parameters in an exponential form, and the residual variability (ε) was de�ned
by an additive model:

Pi = Ppop × eηi

6

Obsj , i = Predj , i + SEj , i × ϵj , i

7

SEj , i =
Obsj , i × (1 − Obsj , i)

Nj , i

8

In Eq. 6, Pi is the individual value of the model parameter for study i, and Ppop is the typical population
value of the model parameter. η i is the inter-study variability of the model parameter, which conforms to

a normal distribution with a mean of 0 and variance of ωi
2. In Eq. 7, Obsj , i is the measured survival data

at time j in study i. Predj , i is the predicted survival data at time j of study i. ϵj , i is the residual error of

time j of study i, which conforms to a normal distribution with a mean of 0 and variance of σ2. ϵj , i is
weighed by the standard error of the survival data at time j of study i (SEj,i), which can be acquired by
Eq. 8, where Nj,i is the sample size of time j in study i.

Covariate models were used to examine potential factors affecting the model parameters. The examined
continuous covariates included age, sex ratio, race ratio, ECOG score, Ann Arbor stage, IPI score, number
of treatments received since diagnosis, and proportion of relapsed or refractory patients. The examined

( ) ( )

√
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categorical covariates included whether patients received chemotherapy or whether patients received
combination therapy. Missing covariate information was imputed using the median value of the entire
study population. Missing covariate proportions of > 30% were not tested. Continuous variables were
introduced using Equations 9–10, and categorical variables were introduced using Eq. 11:

Ppop = Ptypical + COV − COVmedian × θcov

9

Ppop = Ptypical × (
COV

COVmedian
)
θcov

10

Ppop = Ptypical + COV × θcov

11

In Equations 9–11, Ppop is the model parameter at different covariable levels, and Ptypical is the typical
population value of the model parameter when the categorical covariate is equal to 0 or continuous
covariate is equal to COVmedian. COV is the covariate value, COVmedian is the median value of this
covariable in the analysis dataset, and θCOV is the correction coe�cient of the covariable for the model
parameters.

Forward inclusion and backward elimination methods were used for covariate screening. The bound of
OFV decrease in the forward method was set at 3.84 (P < 0.05), while, in the backward method, the bound
was set at 6.63 (P < 0.01).

Model evaluation
The goodness of �t of the proposed model was assessed using the model diagnostic plot. Model
diagnostic plots included scatter plots of observed values versus population predicted values (PRED) and
individual predicted values, conditional weighted residuals versus time, and PRED. A visual predictive
check (VPC) was used to evaluate the predictive performance of the model by comparing the 95%
con�dence interval (CI) of the model predictions with the observed values. The bootstrap method was
used to assess the robustness of the model; that is, 1,000 new datasets were acquired from the original
dataset to obtain the median of the model parameter distribution and its 95% CI and compared with the
estimated values of the model parameters obtained from the original dataset; if they were closer, it
indicated that the model was robust and less in�uenced by individual studies30.

Model prediction
After the �nal model was established, Bayesian feedback was used to obtain model parameters and their
standard errors for each trial. A random-effects model in a one-arm meta-analysis was used to

( )



Page 7/24

summarize the model parameters under different treatment regimens. Finally, Monte Carlo simulations
(10,000 times) were used to obtain the typical OS and PFS time curves and their 95% CIs for each
treatment regimen31.

ORR and grade 3–5 adverse events
The ORR and incidence of common grade 3–5 adverse events were pooled using a random-effects model
in a single-arm meta-analysis to obtain the characteristics of ORR and safety under different treatment
regimens.

Correlation between ORR, PFS, and OS
Weighted linear regression analysis was used to evaluate the correlation among the e�cacy indicators:
(1) 6-month PFS and 2-year OS, (2) 1-year PFS and 2-year OS, (3) ORR and 6-month OS or PFS, (4) ORR
and 1-year PFS, and (5) ORR and 2-year OS. The Pearson correlation coe�cient (R2) was used to measure
the correlation between e�cacy indicators. R2 ≥ 0.8 was predetermined as a strong correlation, 0.6–0.8
as a moderate correlation, and < 0.6 as a weak correlation32.

Software
Model building and simulations were performed using NONMEM 7.3 (Level 1.0, Icon Development
Solutions, New York, USA), and model parameters were estimated using �rst-order condition estimates.
Meta-analysis and graphical visualization were performed using the R software (version 4.0.3, The R
Foundation of Statistical Computing, Vienna, Austria). Weighted linear regression analysis was
performed using SPSS (IBM SPSS Statistics 23).

Results
Characteristics of the included studies

Finally, 58 articles were included in the study (Supplementary Figure S1), with 68 trials and a total sample
size of 3124. Eleven types of treatment strategies are involved, including monotherapy (chemotherapy,
targeted therapy, and immunotherapy) and combination therapy (chemotherapy + immunotherapy,
chemotherapy + ASCT, targeted therapy + targeted therapy, immunotherapy + immunotherapy, targeted
therapy + immunotherapy, chemotherapy + targeted therapy + immunotherapy, chemotherapy +
immunotherapy + immunotherapy, and chemotherapy + immunotherapy + ASCT). A total of 63 speci�c
treatment regimens were used in this study. The number of studies, number of trials, and sample size for
each treatment regimen and the reported percentages of the three e�cacy indicators of OS, PFS, and ORR
for each treatment regimen are shown in Supplementary Figure S2. The median age of the included
studies was 66 years, the median male percentage was 61%, and the median number of treatments
received since diagnosis was 2.3 times. Details of the included trials are provided in Supplementary Table
S1.

Model establishment and evaluation
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The results show that the lognormal model can better describe the characteristics of PFS and OS data
than the other three hazard functions; the OFV is the smallest, and the relative standard error (RSE) % of
the model parameters is also smaller. Therefore, a lognormal hazard model was selected to �t the OS and
PFS data.

The model parameters are presented in Table 1. The results showed that the RSE% of the �nal model
parameters of OS and PFS were both within 30%, indicating that the estimated values of the model
parameters were relatively stable. The 1,000-time bootstrap-replaceable repeated sampling method
successfully converged 997 times and 962 times, respectively, with 95% CIs that are extremely close to
the parameter estimates of the �nal models of OS and PFS, indicating that the �nal models are robust
and relatively less affected by individual study data (Table 1). The goodness-of-�t plots and individual �t
plots of the �nal model showed that the model �ts the measured data well (Supplementary Figure S3)
and no systematic bias was observed. The VPC chart of the �nal model shows that the measured data
generally fell within the 95% CI predicted by the model, indicating that the model had good predictability
(Figure 1).

The results of the covariate analysis showed that patients who received monotherapy or combination
therapy had a signi�cant impact on OS. Combination therapy was associated with a 1.67-fold reduction
in the 1-year risk of death for OS compared to monotherapy. Furthermore, combination therapy and
chemotherapy had a signi�cant impact on PFS. The 1-year PFS risk of combination therapy was 2.56
times lower than that of monotherapy, and the 1-year PFS risk of patients who received chemotherapy
was 2.34 times lower than that of patients who did not receive chemotherapy.

Typical value of OS

Based on the �nal model, the effects of monotherapy or combination therapy on OS were simulated. The
results showed that the typical median OS rates were 8.8 (95% CI, 6.9, 11.4) months and 14 (95% CI, 10.6,
19.6) months for monotherapy and combination therapy, respectively (Figure 2A). The 1-year OS for
monotherapy and combination therapy were 38.5% (95% CI, 29.9%, 47.9%) and 57.2% (95% CI, 44.9%,
65.9%), respectively.

The typical OS curves for each type of treatment strategy are shown in Figure 3A. Among them,
chemotherapy + immunotherapy + ASCT, immunotherapy + immunotherapy, chemotherapy + ASCT,
chemotherapy + immunotherapy and chemotherapy + immunotherapy + immunotherapy have better
e�cacy, and the median OS were 28.5, 16.5, 15.5, 14 and 13.9 months, respectively (Figure 4).

Speci�c to each treatment regimen, R-inotuzumab ozogamicin, R-BEAM+ASCT, R-ESHAP-L, iodine-131
tositumomab + BEAM + ASCT, and chemotherapy + CAR-T had the best e�cacy on OS, and the median
OS was > 2 years, and 1-year OS rate was > 80% (Figure 5).

Moreover, we summarized the median OS of the different targets of targeted therapy and immunotherapy,
and the results are shown in Supplementary Figure S5.
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Typical value of PFS

Based on the �nal model, PFS can be simulated in four scenarios depending on whether patients received
combination therapy and whether patients received chemotherapy. Since there were only two studies on
chemotherapy used alone, it simulates only three scenarios: monotherapy without chemotherapy,
combination therapy and chemotherapy, and combination therapy without chemotherapy. The results
(Figure 2B) showed that the median PFS were 2.7 (95% CI, 2.3, 3.3) months, 7.3 (95% CI, 4.4, 12.4)
months and 5.0 (95% CI, 3.3, 7.7) months for monotherapy without chemotherapy, combination therapy
and chemotherapy, and combination therapy without chemotherapy, respectively. The 1-year PFS were
3.4% (95% CI, 1.64%, 6%) months, 35.6% (95% CI, 22.3%, 51.8%) months, and 21.5% (95% CI, 11.7%,
34.5%) months for monotherapy without chemotherapy, combination therapy and chemotherapy, and
combination therapy without chemotherapy, respectively.

The typical PFS curves for each treatment strategy are shown in Figure 3B. Among them, chemotherapy +
immunotherapy + ASCT, chemotherapy + immunotherapy + immunotherapy, immunotherapy +
immunotherapy, chemotherapy + ASCT, and chemotherapy + immunotherapy have better e�cacy, with
median PFS of 23, 9, 6.5, 5.9 and 4.9 months, respectively (Figure 4).

Speci�c to each treatment regimen, yttrium-90 ibritumomab tiuxetan + BEAM + ASCT, R-ESHAP-
lenalidomide, R-BEAM + ASCT, iodine-131 tositumomab + BEAM + ASCT, and tafasitamab + lenalidomide
had the best e�cacy, and the median PFS was > 10 months (Figure 5).

Furthermore, we summarized the median PFS rates for different targets of targeted therapy and
immunotherapy, and the results are shown in Supplementary Figure S5.

ORR

The ORR of combination therapy was signi�cantly higher than that of monotherapy, which were 49%
(95% CI, 41%, 58%) and 23% (95% CI, 17%, 29%), respectively (Supplementary Figure S4). The e�cacy of
different types of treatment strategies can be roughly divided into three categories, among which
chemotherapy + immunotherapy + ASCT, chemotherapy + ASCT, and chemotherapy + immunotherapy +
immunotherapy have higher ORR, which was > 70%; chemotherapy + immunotherapy, chemotherapy
used alone, chemotherapy + immunotherapy + targeted therapy, and immunotherapy + immunotherapy
have moderate ORR, which range from 41% to 58%; immunotherapy used alone, targeted therapy +
targeted therapy, targeted therapy + immunotherapy, and targeted therapy used alone have lower ORR,
which range from 15% to 20%. These results suggest that chemotherapy is involved in two categories
with better e�cacy, indicating that the ORR is higher in regimens with chemotherapy than in those
without chemotherapy.

Speci�c to novel treatment options, such as CAR-T cell therapy, HDC+ASCT, R+ADC, CD3/CD19-targeting
bispeci�c antibodies, and ADCs, the ORR were 82% (95% CI, 75%, 89%), 70% (95% CI, 60%, 79%), 48%
(95% CI, 32%, 67%), 43% (95% CI, 22%, 64%), and 33% (95% CI, 19%, 46%), respectively.
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Moreover, we summarized the ORR of different targets of targeted therapy and immunotherapy, and the
results are shown in Supplementary Figure S5.

Grade 3–5 adverse events

A total of 25 trials reported the incidence of grade 3–5 adverse events, and the results showed that the
incidence of grade 3–5 neutropenia, leukopenia, and thrombocytopenia was higher in chemotherapy
used alone, chemotherapy + immunotherapy, chemotherapy + immunotherapy + immunotherapy, and
chemotherapy + targeted therapy + immunotherapy and the incidence rate was > 30%. (Figure 4).

Correlation between ORR, PFS, and OS

The correlations between the ORR, PFS, and OS are shown in Figure 6. The results showed that 6-month
PFS was moderately correlated with 2-year OS (R2 = 0.746), and the equations were as follows: y =
0.8005x + 0.0192; that is, for every 10% increase in 6-month PFS, 2-year OS would increase by 8.0%.
Subgroup analysis showed a strong correlation between the 6-month PFS and 2-year OS with
combination therapy (R2 = 0.948).

Moderate correlations were found between 1-year PFS and 2-year OS (R2 = 0.743) and between ORR and
2-year OS (R2 = 0.754). Moreover, weaker associations were found between ORR and 6-month PFS (R2 =
0.684) and between ORR and 1-year PFS (R2 = 0.623). 

Discussion
r/r DLBCL remains an unmet medical �eld33,34. New therapies have emerged recently; however, there has
been no comprehensive quantitative comparison of the e�cacy of current emerging therapies for r/r
DLBCL. This study comprehensively analyzed 11 types of treatment strategies and 63 treatment
regimens under three e�cacy indicators (PFS, OS, and ORR) to determine the most effective types of
treatment strategies and treatment regimens and the factors in�uencing their e�cacy, providing key
quantitative information for clinical medication guidelines.

This study shows that combination therapy has a signi�cant bene�t in OS, PFS, and ORR compared with
monotherapy, suggesting that multiple-drug therapy has a multi-target coordination effect, which is the
general trend of the current r/r DLBCL treatment. In addition, patients who received chemotherapy had
signi�cantly improved ORR and PFS compared to patients who did not receive chemotherapy, but there
was no apparent bene�t in OS. For example, the median survival times under chemotherapy + 
immunotherapy + immunotherapy and immunotherapy + immunotherapy treatment regimens were 16.8
months and 16.5 months, respectively; the former was only 0.3 months longer than the latter. However, in
terms of safety, the incidence of grade 3–5 neutropenia, leukopenia, and thrombocytopenia was > 30% in
combination therapies containing chemotherapy, such as chemotherapy + immunotherapy,
chemotherapy + immunotherapy + immunotherapy, and chemotherapy + targeted therapy + 
immunotherapy. However, grade 3–5 adverse events of combination therapy without chemotherapy, such
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as targeted therapy + targeted therapy, immunotherapy + immunotherapy, and targeted therapy + 
immunotherapy, were mainly neutropenia, with a low incidence of < 27.1%. These results suggest the
need for careful evaluation of the bene�t-to-risk ratio of combination therapy with or without
chemotherapy. Previous studies have shown a synergistic effect of rituximab, gemcitabine, and
oxaliplatin. Furthermore, gemcitabine and oxaliplatin also showed synergistic effects in human colon
cancer cell lines, and the feasibility and safety of this combination have been demonstrated in various
solid tumors and lymphoma35.

In terms of the type of treatment strategy, we found that chemotherapy + immunotherapy + ASCT had the
best e�cacy, with the best performance in ORR, PFS, and OS. Since the publication of PARMA trial
results, ASCT has become the gold standard for r/r DLBCL treatment36. However, the population receiving
this therapy must be chemosensitive and aged < 60 years and have no comorbidities. Many studies have
shown that chemo-insensitive patients treated with ASCT tend to have poor e�cacy and prognosis37. It
was also found that, compared with chemotherapy + ASCT, chemotherapy + immunity + ASCT had
signi�cantly prolonged PFS and OS, with a median PFS of 5.9 months and 23 months, respectively, and a
median OS of 15.5 months and 28.5 months, respectively. In terms of safety, the incidence of grade 3–5
adverse events was similar between the chemotherapy + ASCT and chemotherapy + immunotherapy + 
ASCT groups. The abovementioned results suggest that immunotherapy before chemotherapy + ASCT
can achieve a better bene�t-to-risk ratio. In contrast to traditional treatment methods, immunotherapy,
such as PD-1 and PD-L1, can restore the immunity of patients with immune de�ciency by mobilizing the
natural antitumor ability of the human body and preventing immune suppression caused by surgery,
radiotherapy, or chemotherapy38. In addition, after entering the body, monoclonal antibodies targeting B
cells can bind to antigen targets, such as CD20 and CD19, resulting in the speci�c death of tumor cells.
Therefore, immunotherapy before chemotherapy + ASCT can achieve better remission for patients so that
more patients can receive ASCT.

In terms of speci�c treatment regimens, we found that yttrium-90 ibritumomab tiuxetan + BEAM + ASCT,
R + BEAM + ASCT, R-ESHAP-lenalidomide, and R-inotuzumab ozogamicin had outstanding e�cacy.
Among them, yttrium-90 ibritumomab tiuxetan + BEAM + ASCT showed the longest PFS. A meta-analysis
showed that yttrium-90 ibritumomab tiuxetan + chemotherapy + ASCT was more effective in r/r DLBCL
treatment, which is consistent with the results of our study23. In addition, some studies have shown that
preconditioning regimens containing radioimmunotherapy are safer than conventional regimens
containing whole-body radiotherapy or chemotherapy alone and may be superior to conventional
regimens in patients with multiple relapses or drug resistance39. However, this study showed that, in
terms of OS, the median OS of yttrium-90 ibritumomab tiuxetan + BEAM + ASCT was even lower than that
of R + BEAM + ASCT, with median OS of 12.2 months and 34.2 months, respectively. These results
suggest that a preconditioning regimen containing radioimmunotherapy may effectively control disease
progression but has no signi�cant effect on OS. Lenalidomide, an immunomodulatory agent, has been
shown to have various effects on the immune system and alters the tumor microenvironment by
affecting the production and activity of cytokines involved in the maintenance of tumor growth and
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survival. In terms of the mechanism of action, the combination of lenalidomide and rituximab can have a
synergistic effect, such as sensitizing tumor cells to rituximab and enhancing NK cell-mediated
ADCC40,41. This study showed that the ORR of R-ESHAP-lenalidomide regimen was 79%, the median PFS
was 21.6 months, and the median OS was 27.8 months, which was close to the e�cacy of regimen
containing ASCT. Inotuzumab ozogamicin (INO) is an antibody-targeted chemotherapy agent composed
of a humanized anti-CD22 antibody conjugated to calicheamicin, a potent cytotoxic agent42. In this study,
the R-INO regimen had the longest median OS with a median OS of 48.2 months, which seemed to be the
most promising treatment for patients with r/r DLBCL, but, in another R-INO + ASCT regimen, the median
OS was only 12.5 months43. Nonetheless, the R-INO regimen is a good option for patients not suited for
intensive multiagent therapies42.

Chimeric antigen receptor (CAR) T cells are a novel tumor immunotherapy that is rapidly emerging as a
promising cellular immunotherapy for r/r DLBCL. In this study, we found the ORR of CAR-T cell therapy
was the best of all treatments, with a value of 82%. Moreover, their median OS was longer (25.4 months).
However, when two CAR-T cell therapies targeting CD19 and CD20 were used in combination, the median
OS was only 8 months. This may be the result of immune escape, lack of patient-originated memory CAR-
T cells, or failure of continued CAR-T cell expansion44. These results suggest that the e�cacy of the two
CAR-T cell combinations may not be superior to that of CAR-T alone. In addition, 89–95% of patients
treated with CAR-T had grade 3 or worse adverse events, the most common of which was cytokine
release syndrome (58–93%).

In the past few decades, the identi�cation of valid or potential surrogates for clinical endpoints (e.g., OS
and PFS) has been of great interest in the �eld of oncology to facilitate the expeditious development of
new promising therapies. We analyzed the correlations between early available indicators (e.g., ORR and
6-month PFS) and clinical endpoints (e.g., 1-year PFS and 2-year OS). The results showed a moderate
correlation between 6-month PFS and 2-year OS for r/r DLBCL (R2 = 0.746), especially in combination
therapy, with a high correlation between 6-month PFS and 2-year OS (R2 = 0.948). It is suggested that 6-
month PFS can be used as a potential surrogate endpoint for 2-year OS in r/r DLBCL treatment so that
the clinical endpoint can be predicted in advance at the early stages of clinical trials. These �ndings are
similar to those in the literature32,45, which indicate that, in newly diagnosed DLBCL, the 6-month PFS is a
potential surrogate endpoint for 2-year OS. Furthermore, a literature study on the correlation of e�cacy
indicators in patients with hepatocellular carcinoma treated with immune checkpoint inhibitors also
found that the correlation between PFS and OS was more signi�cant in combination therapy46.

However, this study found that the correlation between ORR and PFS or OS was weak. For response
assessment, computed tomography (CT), the traditional method of measuring tumor size, is unable to
discriminate viable tumor masses from residual scar tissue and is therefore unreliable in the early
treatment period when tumor volume reduction is actively ongoing. In contrast, functional nuclear
imaging using positron emission tomography with 2-[18F] �uoro-2-deoxy-D-glucose (FDG-PET), which
provides metabolic tissue characterization, is potentially more useful for response assessment.
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Therefore, FDG-PET has been included in the post-treatment evaluation of malignant lymphoma47–50.
Most clinical studies included in this review utilized CT scans without FDG-PET to assess tumor
response, which may be one of the reasons why the ORR cannot predict OS and PFS.

This study has several limitations. The analysis data of this study are obtained from the literature, and
some factors that may affect the e�cacy, such as race, Ann Arbor stage, ECOG performance status, and
genotype, have a high missing rate (> 30%), which cannot perform the covariate test. Furthermore, owing
to data limitations, this study did not account for the heterogeneity of dose and treatment cycles among
different treatment regimens. Finally, this study only included studies published in English in the past 10
years, and there was a certain publication bias.

Conclusions
In this study, the e�cacy and safety of different treatment regimens for r/r DLBCL were comprehensively
evaluated. Combination therapy had a signi�cant bene�t in terms of OS, PFS, and ORR compared with
monotherapy. Although the ORR and PFS were signi�cantly improved in patients receiving chemotherapy,
there was no signi�cant bene�t in OS or signi�cant increase in grade 3–5 adverse events. Yttrium-90
ibritumomab tiuxetan + BEAM + ASCT, R + BEAM + ASCT, and R-ESHAP-lenalidomide were the most
effective regimens. In addition, this study found a high correlation between the 6-month PFS and 2-year
OS, suggesting that it can be used as a surrogate endpoint for early evaluation of the e�cacy of new
treatments.
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 Final model Bootstrap (997/1000)

  Estimate RSE% 95% CI Median 2.5th – 97.5th percentile

Parameter    

SIGM-Monotherapy 1.26 (4.7) 1.14-1.38 1.26 1.14-1.37

SIGM-Combine 1.51 (5.0) 1.36-1.66 1.51 1.36-1.66

MU-Monotherapy 2.18 (5.7) 1.94-2.42 2.17 1.94-2.45

MU-Combine 2.78 (5.8) 2.46-3.10 2.78 2.46-3.1

Inter-study variability    

SIGM,% 26 (14.2) 19-34 25 18.4-33

MU,% 60 (10.9) 47-73 58 44.2-70

Residual error     

Added error 0.63 (11.3) 0.49-0.77 0.62 0.495-0.77

 

Table 1b Parameter estimations of PFS
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Final model Bootstrap (962/1000)

  Estimate
RSE%

95% CI Median 2.5th-97.5th

percentile

Parameter

SIGM-Monotherapy without

Chemotherapy

1.01 (6.1) 0.89-
1.13

1.01 0.90-1.16

SIGM-Combine without Chemotherapy 1.37 (6.3) 1.20-
1.54

1.37 1.18-1.50

SIGM-Combine with Chemotherapy 1.59 (9.4) 1.30-
1.88

1.61 1.27-2.00

MU-Monotherapy without Chemotherapy 0.884 (11.2) 0.69-
1.08

0.89 0.70-1.08

MU-Combine without Chemotherapy 1.67 (13.1) 1.24-
2.10

1.66 1.20-2.00

MU-Combine with Chemotherapy 2.18 (11.8) 1.68-
2.68

2.20 1.67-2.99

Inter-study variability

SIGM,% 29.6 (14.7) 21-38 28 18-37

MU,% 62 (12.3) 47-77 56 42-73

Residual error 

Added error 1.049 (8.3) 0.88-
1.22

1.02 0.87-1.20

 

Figures
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Figure 1

Visual predictive check of the �nal model of OS(A) and PFS(B). Solid points represent observed e�cacy
data. Points linked by a line are from the same arm. Blue lines are the model-predicted 5th, 50th, and 95th
percentiles of e�cacy. With Chemotherapy: patients received chemotherapy. Without Chemotherapy:
patients did not receive chemotherapy.
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Figure 2

The predicted distribution of typical response of OS (A) and PFS (B). The dotted lines represent the
typical e�cacy, and the shaded areas are their 95% CIs. With chemotherapy: patients received
chemotherapy. Without chemotherapy: patients did not receive chemotherapy.

Figure 3

Predicted typical time course of OS (A) and PFS (B) of different treatment strategies. Immuno:
Immunotherapy; Chemo: chemotherapy; Target: Targeted therapy; ASCT: Autologous Stem Cell
Transplant.
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Figure 4

The ORR, median PFS, median OS and grade 3-5 adverse events of different treatment strategies. The
length of the box represents the 95% con�dence interval of the model prediction. Immuno:
Immunotherapy; Chemo: chemotherapy; Targeted: Targeted therapy; ASCT: Autologous Stem Cell
Transplant; NR: not reported.

Figure 5
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The ORR, median PFS and median OS of different treatment regimens. The length of the box represents
the 95% con�dence interval of the model prediction. R: Rituximab; GemOX: Gemcitabine and oxaliplatin;
INO: Inotuzumab ozogamicin; Pina: pinatuzumab vedotin; Pola: polatuzumab vedotin.

Figure 6

Correlations between (A) 6-month PFS and 2-year OS and (B) 12-month PFS and 2-year OS and (C) ORR
and 6-month PFS,12-month PFS and 2-year OS. Yellow solid points represent monotherapy, blue solid
points represent combination therapy. Symbol size is proportional to the number of patients included in
the trial. The solid line represents the linear �t and the shaded area represents the 95% con�dence
interval. OS: overall survival rate, PFS progression-free survival, ORR: overall response rate. 
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