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Abstract

Background: Disease progression after frontline therapy for DLBCL is a clinically significant 

event. Patients who experience early progression or have refractory disease have especially poor 

outcomes. Simple, clinically applicable prognostic tools are needed for selecting patients for 

consideration for novel therapies and prognostication in the R/R setting.

Patients and methods—Model building was performed in patients from the SEAL consortium 

with disease progression after frontline immunochemotherapy. The primary endpoint was overall 

survival (OS) measured from date of progression. Validation was performed in the University of 

Iowa/Mayo Clinic SPORE Molecular Epidemiology Resource (MER) and Danish LYFO cohorts. 

Model performance was assessed using time-dependent concordance indices (c-statistic) and 

calibration with metrics evaluated at two years from progression.

Results—1,234 of 5,112 patients treated with frontline immunochemotherapy in the SEAL 

consortium developed progressive disease. Time to progression on immunochemotherapy and age 

at progression were strongly associated with post-progression OS (both p<0.0001). A prognostic 

model was developed incorporating spline fit for both variables. The model had good concordance 

in the discovery (0.67) and validation sets (LYFO c=0.64, MER c=0.68) with generally good 

calibration.

Conclusions—Time to progression on frontline therapy is strongly associated with post-

progression OS in DLBCL. We developed and validated a simple to apply clinical prognostic 

tool in the R/R setting. The useful prediction of expected outcomes in R/R DLBCL and can inform 

treatment decisions such as considerations for CART therapy as well as trial designs. The model is 

available in smartphone-based point of care applications.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive lymphoma 

subtype in the western world with approximately 25,000 new cases diagnosed annually 

in the United States [1]. Standard frontline therapy of DLBCL consists of CD20 antibody 

therapy (e.g. rituximab) plus an anthracycline based multi-agent chemotherapy (R-CHOP) 

[2] [3] [4]. Nearly all DLBCL patients will have disease responsive to R-CHOP or similar 

immunochemotherapy (IC), and the approximately 80% patients in remission after IC move 

into a surveillance period without any further treatment. However 30-35% of patients 

with DLBCL will develop progressive disease within 5 years of starting frontline IC [5] 

[6]. These patients have poor subsequent outcomes, with only 20-30% achieving durable 
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remission to subsequent therapy [7]. Outcomes in relapsed or refractory (R/R) DLBCL are 

heterogeneous and patients with early relapsing or refractory disease after R-CHOP have 

particularly poor outcomes and represent an unmet clinical need [8] [9]. As a result, novel 

therapies for R/R DLBCL are a particularly active area of drug development. Many clinical 

trials in the R/R setting are single arm [10] [11] with widely varying eligibility criteria 

which may include age, transplant eligibility, and/or lines of prior therapy. The heterogeneity 

of outcomes in the R/R setting [12] and differences in inclusion/exclusion criteria makes 

it difficult to compare outcomes across these trials. Thus, risk assessment in the setting of 

R/R DLBCL has both clinical and research utility. The aims of this study were to evaluate 

clinical predictors of outcome at the time of first relapse or progression of DLBCL after 

frontline IC and then build and validate a clinically applicable risk model in this setting.

Patients and Methods

SEAL Cohort

Model building was performed on individual patient-level data from R/R DLBCL cases from 

the Surrogate Endpoint for Aggressive Lymphoma (SEAL) study. Details on the SEAL study 

[13] and the cohort [14] have been previously published. All patients from the SEAL cohort 

utilized in the analysis were enrolled on one of 13 randomized clinical trials [2] [3] [4] 

for newly diagnosed DLBCL and had disease which progressed or relapsed after frontline 

rituximab plus anthracycline based IC. Time to progression (TTP) on immunochemotherapy 

was defined as the date from study entry to the first relapse or progression. This study was 

approved by the Institutional Review Board at the Mayo Clinic; research was conducted in 

accordance with the Declaration of Helsinki.

LYFO Cohort

The model was validated in a retrospective cohort from the Danish National Lymphoma 

Register (LYFO), which includes information on nearly all (~95%) lymphoma patients 

in Denmark [15]. All haematology centers in Denmark prospectively report data to the 

register, including clinicopathologic information, treatment, disease response, relapse, and 

vital status. Complete follow-up on vital status is ensured by merging with the Danish 

Civil Registration System [16]. Patients included in this study were diagnosed in the period 

2006-2017 and registered with progression or relapse following frontline IC for DLBCL. 

Patients with only low-grade disease at relapse were excluded. The use of data from LYFO 

was approved by the Danish Data Protection Agency (record no: 2008-58-0028).

MER Cohort

Validation was also performed in patients prospectively enrolled within 9 months of initial 

diagnosis into the University of Iowa/Mayo Clinic SPORE Molecular Epidemiology Cohort 

(MER). All patients provided informed consent on enrollment in the cohort. Details on 

the MER have been previously published [17]. Patients included in this study had disease 

progression, relapse, or initiation of second line therapy after frontline IC for DLBCL. 

Patients with low-grade only disease at relapse[18] were excluded.
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Statistical methods

The primary outcome for R/R DLBCL was overall survival (OS), defined as the date of 

first progression/relapse to date of death due to any cause. Age and TTP were the only 

clinical variables available at the time of progression; all other clinical variables were from 

the time of initial diagnosis only. Cox models were used to evaluate associations between 

clinical variables and OS from progression; restricted cubic splines were used to model 

the functional form of both variables. Survival outcomes were also evaluated graphically 

using Kaplan-Meier curves. Clinical application of the model was a primary goal in model 

building, recognizing that complete data from the time of initial diagnosis may not always 

be available at the clinical assessment of progression. Thus, the primary model strategy 

focused on variables available at progression. Model performance was assessed using the 

concordance index (c-statistic) [19] and calibration with metrics evaluated at 24 months 

from progression (OS24). Analyses were performed using SAS/Rv3.6.1.

Results

SEAL Patient Characteristics

5,112 patients were treated with frontline IC in the SEAL cohort. At a median follow-up of 

34 months from initiation of frontline IC (range 0 – 191), 1,234 of the 5,112 (24%) patients 

had disease progression, which comprised the discovery dataset, table 1. The median age at 

progression was 68 years (IQR 57-74) with 55% being male and 50% having an IPI of 3-5 at 

diagnosis. At a median follow-up from initial progression of 11 months (range 0-167), 795 

patients (64%) had died. The 24 month OS from progression was 35% (95% CI: 32-38).

Model development and discovery results

Cox models were used to evaluate the univariate association between clinical variables at 

the time of progression with post-progression survival (ppOS). TTP was strongly associated 

with ppOS (per-month linear HR=0.97, 95% CI: 0.96 – 0.98). OS24 ranged from 18% 

in patients with TTP < 6 months compared to 69% in patients with relapse than 3 years 

after starting IC treatment, Figure 1A. Examination of the functional form (Figure 1B) 

shows a continuous association between TTP and ppOS that is monotonic over the range 

of TTP, with inflection points at around 2 and 4 years after initiation of treatment. Age 

at the time of progression was also strongly associated with ppOS (per-year HR = 1.01, 

95% CI: 1.01-1.02). Outcomes were modestly different using a typical age-60 split (Figure 

1C); however, the functional form shows a monotonic linear association above age 50 

(Figure 1D). The proposed R/R-IPI model was then built in a Cox model incorporating 

on the functional forms (splines) of TTP and age at progression. Model parameters were 

determined using a subset of patients (N=1234) between ages 40-80 years and with TTP 

between 0-60 months due to sparse data outside these intervals and concerns about model 

extrapolation. A nomogram representation of the R/R-IPI model is shown in Figure 2. 

Uncorrected model concordance was 0.67 and the calibration curve is shown in Figure 3A.
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Model Dissemination

An electronic calculator of the model to facilitate quick and accurate model implementation 

is currently available at https://qxmd.com/calculate/calculator_682/prognosis-calculator-for-

relapsed-refractory-dlbcl as well as in the QxMD Calculate smartphone apps for point-of-

care clinical use.

Validation (LYFO)

3,421 patients between ages 40 and 80 years of age with DLBCL were treated with frontline 

IC between 2006 and 2017 in the LYFO cohort. At a median follow-up of 77 months 

from diagnosis(range 0-155), 592 of the 3,421(17%) patients had disease progression and 

comprised the validation cohort. The median age at progression was 68 years (IQR 61-74) 

with 61% being male and 63% having an IPI of 3-5 at diagnosis. At a median follow-up 

from initial progression of 79 months (range 0-151), 450 patients (76%) had died and 2-year 

OS was 35% (95% CI: 31-39), Supplemental Figure S1B. The predicted 2-year survival in 

the cohort (calibration in the large) was 32%. Concordance of the R/R-IPI model was 0.64, 

and the calibration curve is shown in Figure 3B.

Validation (MER)

1304 patients with DLBCL were treated with frontline IC between 2002 and 2015 in the 

MER cohort. At a median follow-up of 85 months from initiation of frontline IC (range 

0-204), 305 of the 1304 (23%) patients initiated 2nd line therapy for DLBCL and comprised 

the validation cohort. The median age at progression was 63 years (IQR 57-71) with 62% 

being male and 50% having an IPI of 3-5 at diagnosis. At a median follow-up from initial 

progression of 77 months (range 4-177), 213 patients (70%) had died and 2-year OS was 

45% (95% CI: 0.40-0.51), Supplemental Figure S1C. The predicted 2-year survival in the 

cohort (calibration in the large) was 32%. Concordance of the R/R-IPI model was 0.68, and 

the calibration curve is shown in Figure 3C.

Sensitivity Analysis

We explored the addition of diagnostic clinical variables to the model. Inclusion of sex 

and non-age IPI variables from diagnosis resulted in a modest increase in prognostic 

performance in the SEAL Cohort at increased complexity. Based on these results we did 

not include additional diagnostic variables as part of the R/R-IPI model. We evaluated the 

R/R-IPI model in patients between the ages of 40-65 to assess performance in patients who 

would likely be candidates for stem cell transplant. Results in this age group were consistent 

with the overall results (Supplemental Figure S3).

Discussion

In this study we present the R/R-IPI, an international prognostic risk calculator for 

relapsed/refractory DLBCL. The model was developed and subsequently validated in large 

independent cohorts of international patients and is simple to apply in the clinic. In addition 

to its clinical utility, the R/R-IPI has potential benefit to the research community. R/R 

DLBCL is a highly heterogeneous group of patients, and the clinical trials in this space are 

predominantly single-arm with widely varying eligibility criteria. The R/R-IPI can provide 
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insight on the clinical makeup and expected outcomes of the patients on these studies to 

assist cross-trial comparability evaluation. Thereby, the R/R IPI can provide benchmarks for 

decision making in early clinical development and for assessment of real-world effectiveness 

of approved agents.

There are important limitations of the model that must be considered when applying in 

clinical practice. The SEAL cohort provides a large dataset for modeling but is limited by 

the lack of several key data elements that would potentially aid in model development and 

interpretation. Details at the time of progression not available in the SEAL frontline clinical 

trial based cohort. OS data were submitted by each trial to the SEAL consortium and long-

term follow-up was limited to a few older trials. Most importantly, details on second line 

therapy were not available in the SEAL cohort. The model underestimated actual survival in 

the MER cohort and overestimated survival in high-risk patients in the LYFO cohort. It is 

difficult to pinpoint the precise cause of this due to unavailable clinical details in the SEAL 

cohort but selection bias of relapsed/refractory patients is unlikely due to all patients being 

followed from frontline therapy. However, there is likely a wide variation in management 

and therapy selection in the relapsed/refractory setting between the cohorts. Outcomes in 

relapsed/refractory DLBCL are heterogeneous [20] and long-term second remissions are 

historically obtained almost exclusively through high dose chemotherapy and autologous 

stem cell transplant. Significant patient selection is involved in the choice of second-line 

therapy, with younger and healthier patients being considered for stem cell transplant. Age 

is an imperfect clinical indicator for transplant eligibility, and criteria for pursuing a salvage 

therapy and transplant approach varies by country and provider. The treatment landscape 

in relapsed/refractory DLBCL is rapidly evolving with recent approval of chimeric antigen 

receptor T-cell (CAR-T) and targeted agents. It is likely that any model based on historical 

data, including our proposed model, will underestimate survival when applied to current 

patients who may have access to recently approved effective therapies. Future evaluation and 

recalibration of the model in patients treated in the current treatment era will be needed.

These limitations should not overshadow the strengths of the study. Modeling was 

performed in over 1000 patients with relapse or progression of DLBCL, which to our 

knowledge is the largest cohort of patients for outcome modeling in this setting All patients 

used in modeling were followed from diagnosis which greatly limits potential selection 

bias compared to a retrospective identification of patients with relapsed/refractory disease. 

The model was validated in two independent, international cohorts from Europe and the 

United States also followed from diagnosis. The fact that this study utilized international 

data from both clinical trials and a real-world setting also strengthens the external validity of 

the model as it can be applied to patients enrolled in clinical trials as well as an often more 

fragile patient population treated in the real-world setting. The model provides prognostic 

concordance [21] [22] that is comparable to the IPI [23], the standard prognostic index at the 

time of initial diagnosis in DLBCL. Importantly the model is simple to apply in the clinic. 

Age and time of progression from frontline therapy are readily available clinical details to 

any clinician globally seeing a patient with progressive DLBCL. While not novel, these 

variables are established prognostic factors[9] and highly unlikely to be spurious findings in 

these data. We have made the model freely available in an easy point of care calculator via 
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the QxMD Calculate app and future iterations of the model can be easily incorporated into 

the existing framework.

Characterizing the outcomes of R/R DLBCL is becoming increasingly important as more 

treatment options now exist. High dose therapy with autologous stem-cell transplant is still 

considered the standard of care and curative treatment approach for transplant eligible 

patients, whereas elderly and frail patients historically were limited to more palliative 

therapies. The treatment landscape of R/R DLBCL has changed significantly with the 

introduction of CAR-T, as well as recent approvals of targeted agents in this setting such as 

tafasitamab and polatuzumab vedotin. CAR-T therapies are complex cellular therapies with 

limited access and high costs. Decision support tools applicable to daily clinical practice 

are very useful to better identify patients that may do well with conventional approaches 

and those who should be considered for the more complex and costly CAR-T therapy 

immediately.

In summary, we present the first externally validated prognostic model for relapsed/

refractory DLBCL. The model was developed and validated in large international cohorts of 

patients from the clinical trial as well as real world setting making external validity high. 

Age and frontline time to progression are simple clinical variables yet provide comparable 

prognostic information to the IPI in the newly diagnosed setting. The model is available via 

point of care smartphone for easy implementation in the clinic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Age and time to progression on frontline therapy are strong prognostic factors 

in relapse/refractory DLBCL

• The R/R-IPI model has good concordance in relapsed/refractory DLBCL but 

may underestimate survival when applied in the current treatment era

• The R/R-IPI model is available via web and smartphone applications for 

clinical utilization
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Figure 1: 
(A) Kaplan Meier Curve of Overall Survival from First Progression by Time to Progression 

(Months) on Frontline Immunochemotherapy (IC) in SEAL Cohort. (B) Functional Form 

of the Association Between Time to Progression on IC (Continuous Months) and Overall 

Survival in SEAL Cohort (C) Kaplan Meier Curve of Overall Survival from First 

Progression by Age at Progression in SEAL Cohort. (D) Functional Form of the Association 

Between Age at Progression (Continuous Years) and Overall Survival in SEAL Cohort
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Figure 2: 
Nomogram for the R/R IPI Model
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Figure 3: 
Calibration Curve (A) SEAL Cohort (Discovery) (B) LYFO Cohort (Validation) (C) MER 

Cohort (Validation)
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