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Abstract 

Background: 

In the era of immuno-chemotherapy, data on long-term prognosis of elderly patients diagnosed with 

a Diffuse Large B-Cell Lymphoma (DLBCL) are scarce. In this population and on the longer term, other 

cause mortality is an important competing risk that needs to be accounted for.  

Methods 

Using clinical trial data and relative survival approaches, we estimated 10-year net survival (NS) and 

we described the excess mortality hazard (EMH) due (directly or indirectly) to the DLBCL, over time 

and according to main prognosis factors using flexible regression modelling.  

Results 

The 10-year NS was 65% [59; 71]. From the flexible modelling, we showed that the EMH decreases 

steeply after diagnosis. The variables “performance status”, “number of extra-nodal sites” and the 

serum “Lactate Dehydrogenase” were strongly associated with the EMH, even after adjustment on 

other important variables.  

Conclusion 

EMH is very close to zero at 10 years for the whole population, so DLBCL patients do not experience 

an increased mortality compared to the general population in the long-term. The number of extra-

nodal sites was an important prognostic factor shortly after diagnosis; suggesting that it is correlated 

with an important but unmeasured prognostic factor that would lead to this selection effect over 

time. 
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Introduction 

Diffuse Large B-Cell Lymphoma (DLBCL) is the most common lymphoma as it represents 30-40% of all 

Non-Hodgkin lymphoma cases. Patients diagnosed with DLBCL may be cured in up to 50-60% of the 

patients who achieve a complete remission after frontline treatment. However elderly patients may 

display a worse prognosis(1), even in the era of chemo-immunotherapy(2,3), with elderly males having 

the worst overall survival (OS) of all patients’ subgroups. Data on the prognosis of DLBCL patients on 

the longer term and especially amongst an elderly population after frontline R-CHOP (rituximab 

associated with doxorubicin, cyclophosphamide, vincristine and prednisone) are scarce, even if 

approximately half of patients with DLBCL are older than 60 years old. A prospective long-term follow-

up program on data of the LNH03-6B trial(4), in which 60 to 80 years old patients were randomised, 

was implemented to collect vital status among patients alive at the end of the trial. In this recent 

report, the 10-year PFS and OS rates were 40.4% and 49.8%, respectively, slightly higher than those in 

the R-CHOP arm of the LNH-98.5 trial (10-year PFS and OS: 36.5% and 43.5%, respectively), which 

involved a similar population(5). Nevertheless, considering the treatment outcomes for this population 

of patients with a number of competing risks for death and only 3.7% of relapses beyond 5 years after 

frontline treatment, it is important to investigate long-term DLBCL-specific mortality hazard as 

compared with the expected mortality hazard in the general population. Indeed, when we are 

interested in estimating quantities specifically related to the disease under study, one important 

challenge is that the overall mortality hazard (and thus the overall survival) does not fully describe how 

DLBCL affects patients because of the role played by other cause mortality, especially on the longer 

term and for elderly patients(6–8), which could therefore bias the results. If we had accurate 

information on the cause of death, we could use competing risks methods, such as cause-specific 

hazard regression to mitigate such bias(9,10). However in the longer term and especially among the 

elderly,  the cause of death might be not available, inaccurate or difficult to measure due to 

multimorbidities (11–13). In this context, the so-called “relative survival approaches” circumvent this 

later issue by using the expected mortality hazard from the general population as a background 

mortality, in order to estimate an excess mortality hazard(14–16,7). This excess mortality hazard could 

be seen as the cancer-specific mortality hazard, and we could describe long-term association between 

prognostic factors and the excess mortality hazard. Additionally, we could provide net survival 

estimates up to 10 years after diagnosis in DLBCL cancer patients. Net survival is an epidemiological 

indicator which could be interpreted as the cancer survival after accounting for the other-cause 

mortality(15,7,8).  
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The aims of this work are (i) to estimate net survival according to the main prognostic factors among 

elderly DLBCL patients up to 10-year after frontline treatment and (ii) to gain insights into their 

relationship with the excess mortality hazard, including potential non-linear or time-varying effects.  

 

Material and Method 

Data  

The core of the data was obtained from the LNH03-6B trial(4) (NCT00144755), which compared two 

R-CHOP schemes for first line DLBCL 60-80 years-old patients. The patients and the treatments 

assessed in this trial were previously described(5). Briefly, this trial included patients diagnosed 

between 2003 and 2008, and followed up to the end of 2011. Long-term follow-up was set up for 

patients alive at the end of the trial and who were randomized in French centres. Data for the analysis 

performed in this paper were extracted in June 2020.   

Expected mortality rates in France were derived from the observed mortality rates available by sex, 

annual age, calendar year (1975 to 2017), and Département of residence and provided by the Institut 

National de la Statistique et des Etudes Economiques (INSEE). For a given sex and a given Département, 

these observed mortality rates were smoothed for ages above 15 using a Poisson regression model 

that included a bidimensional smoothing spline of year and age. Mortality rates were projected for the 

years 2018 to 2021 using this same model. This work has been done by the biostatistical unit of the 

Hospices Civils de Lyon, using the mgcv package in R software. 

Because long-term follow up was collected for patients randomised in French centers, we restricted 

our analysis on patients randomized in French centers. Our interest being on the first 10 years after 

randomisation, we limited the follow-up at 10 years so patients alive 10 years after treatment 

randomisation were censored at 10 years. 

 

Statistical analysis 

Relative survival approaches 

The main idea of relative survival approaches is to compare the mortality hazard observed in our 

population of patients diagnosed with DLBCL to the expected mortality hazard in the general 

population with identical demographic characteristics, this latter being obtained from lifetables and 

detailed according to some demographic characteristics (usually at least sex and age). This comparison 

allows getting an estimate of excess mortality, which could be interpreted as mortality due directly or 
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indirectly to the disease under study, i.e. DLBCL in our case. For this interpretation to hold, two main 

conditions need to be met. Firstly, the mortality hazard of the studied disease should represent a 

negligible part of the expected mortality hazard in the general population. Secondly, the other-cause 

mortality hazard of the general population is equal to the other cause mortality hazard in the 

population analysed, within levels defined by the demographic characteristics available in the lifetable. 

More details on the conditions and applicability of such approaches can be found in dedicated papers 

(16,7,17,18). 

 

Net survival  

In relative survival approaches, one measure of interest is the net survival. Net survival is interpreted 

as the survival probability of cancer patients once the other causes of death have been removed. We 

estimated net survival using the non-parametric Pohar-Perme estimator (16,19), and according to 

prognostic factors. The prognostic factors considered are sex, age (<70 vs. ≥70), Ann-Arbor stage (I-II 

vs. III vs. IV), Performance status ECOG (0-1 vs. ≥2), number of extra nodal sites (0-1 vs. ≥2), serum 

Lactate Dehydrogenase LDH (values below vs. above the upper limit of the normal range ULN, i.e. LDH 

≤ ULN vs. LDH > ULN)), and the International Prognostic Index IPI (0-2 vs. 3-5).  

 

Multivariable regression model for the excess mortality hazard 

We fitted a flexible regression model to estimate the excess mortality hazard (EMH) as a function of 

time and according to prognostic factors(20,21). We used cubic B-splines(22,23) with one knot located 

at the median event times for the baseline excess hazard and the time-dependent (TD) associations. 

For the non-linear functional form, we used quadratic splines with 1 knot located at 70 years for age 

and located at 2 for the number of extra nodal sites. Our model building strategy was based on 2 steps.  

First, we investigated if non-linear functional forms for modeling the association between the 

continuous variables (age at diagnosis and number of extra nodal sites) and the EMH were required. 

We fitted 4 models with and without the non-linear functional form for each covariate and we retained 

the model with the lowest Akaike Information Criteria (AIC). The functional form used for modeling 

the number of extra nodal sites was a quadratic spline with one knot located at 2, while the one used 

for modeling age was a quadratic spline with one knot located at 70.  

In a second step and from the model retained above, we used martingale residual-based tests to 

investigate time-dependent associations for each variable(24), and we retained time-dependent 
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associations at the level of 10%. For the multivariable regression modeling, we analysed the Ann-Arbor 

stage variable using the conventional binary categorisation (I-II vs. III-IV). 

From the final multivariable model retained, we report the Excess Hazard Ratios (EHR) for variables 

with time-fixed (and linear) associations (if the variable is continuous). For time-dependent 

associations, we report graphically the changes of EHR according to time since diagnosis, and for non-

linear functional form of a continuous variable, we depict the change of the EHR according to the 

variable values.  

The R software was used for the analysis, with the package relsurv(19) for the non-parametric 

estimates of net survival and the package mexhaz(25) for the multivariable regression model.  

 

Results 

 

Description of the population 

By focusing on the French patients, we analysed 507 patients, 56% male and a mean age of 70 years 

old (Table 1). Patients were mostly diagnosed with a DLBCL of stage III or IV (89%) and with a good 

performance status at diagnosis (77% presented an ECOG of 0 or 1). Around half of the patients had 2 

or more extra nodal sites involved and 68% presented elevated LDH. We observed 230 deaths over the 

first 10 years of follow-up since randomisation. Using the reverse Kaplan-Meier approach(26), the 

median follow-up duration was 11 years; half of the patients would have had a follow-up greater than 

11 years after randomisation (had they not died).  

Non-parametric estimates of net survival  

On the whole population, overall survival estimates at 10 years was 49.9% (95% CI: 45.4;54.9), while 

net survival estimates at 10 years was 64.5% (95% CI: 58.5;71.1) (Figure 1). Net survival estimates 

according to the main prognostic factors are displayed in Figure 2. As expected, we observed a strong 

association between age and net survival (older patients having a lower net survival). More 

surprisingly, Ann-Arbor stage did not show a strong association with net survival on our population, 

while ECOG and LDH had a strong impact on net survival. Finally the International Prognostic Index 

well discriminated patients according to net survival estimates.   
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Regression modelling for the Excess Mortality Hazard 

Following our model building strategy, a non-linear functional form was not retained for age nor for 

the number of extra nodal sites (Table S1 in the appendix). Based on the martingale residual-based 

tests, only the number of extra nodal sites was retained for a TD effect (Figure S1 in the appendix). For 

the other prognostic factors, Excess hazard ratios are reported in Table 2. For one unit increase in age 

at diagnosis, the excess mortality hazard is increased by 6% (EHR=1.06, 95% CI 1.02;1.1), conditionally 

on the other covariates. There was no evidence of an associations between the EMH and either the 

Ann Arbor stage or sex. However, an ECOG equal or higher than 2 (compared to an ECOG of 0 or 1) 

was associated with a higher EMH (and so a lower net survival); the EHR was estimated to 1.91, (95% 

CI 1.3;2.81). It means that a patient with an ECOG equal or higher than 2 at diagnosis was exposed to 

an EMH 1.91 times higher compared to a patient with an ECOG value of 0 or 1 at diagnosis (conditional 

on all other covariates). A value of LDH above the upper limit of the normal range (compared to a value 

below) was also strongly associated with a higher EMH (EHR=2.73, 95% CI 1.57;4.75).  

The EHR for the number of extra nodal sites varies with time since randomisation. Thus, being 

diagnosed with one additional extra nodal site increases the EMH on the first year after randomisation, 

while this effect vanishes later on (Figure 3). This can be also seen on Figure 4 where the dynamic over 

time of the excess mortality hazard for patients with 0, 1 or 2 extra nodal sites involved are displayed 

(other variables being set to specific values, as detailed in the figure title). We can see that the EMHs 

for patients with 2 extra nodal sites involved is much higher shortly after diagnosis and up to 2 years 

after randomisation. From 2 years onward, the EMH of patients with 2 extra nodal sites involved is 

identical to the EMH of patients with no extra nodal site involved. We can also observe on these graphs 

that the EMH is very close to null at 10 years (Figure 4). 

Finally, to check the quality of the fit from the final model, we compared non-parametric net survival 

estimates with model-based net survival estimates derived on the whole population (appendix Figure 

S3) and for specific subgroups (appendix Figure S4). The model-based estimates of net survival nicely 

recover the pattern of the non-parametric net survival overall and within subgroups, thus indicating a 

good fit of the flexible model for the EMH. 
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Discussion 

In this work we estimated net survival and the excess mortality hazard up to 10 years after treatment 

and according to known prognostic factors on a elderly population of DLBCL patients treated with 

frontline R-CHOP. It corresponds to important indicators for public health researchers(6) and in that 

regards, high quality data with important prognostic factors as obtained from randomised clinical trial 

are useful. We utilised a relative survival approach in order to provide “DLBCL-specific” quantities, that 

is the excess mortality hazard and the net survival, overall and according to prognostic factors. The 

excess mortality hazard, which can be interpreted as the DLBCL-specific mortality hazard, is 

continuously decreasing over time since randomisation, suggesting that DLBCL patients are not 

exposed to an increased mortality as compared to the general population in the longer term. In this 

population of patients aged between 60 and 80 at diagnosis, age was strongly associated with the 

EMH, but a non-linear functional form for age was not supported by the data. A simple linear 

association was retained, that is, being 1-year older when you compare patients aged 60 and 61 affects 

the excess mortality hazard in the same way than if you compare patients aged 78 and 79, conditionally 

on the other prognostic factors. As previously shown on Swedish data(27), we found that age remains 

a strong prognostic factor of the EMH, even after adjusting on clinical factors such as Ann-Arbor stage, 

ECOG or the LDH. Performance status of patients at diagnosis was also strongly associated with the 

EMH, while Ann-Arbor stage was not an important prognostic factor, after adjusting on the other 

variables such as performance status and the LDH. This surprising result for stage is explained by the 

the very low proportion of stage I-II in our population. We also showed that the “number of extra nodal 

site involved” plays a role on the excess mortality hazard shortly after diagnosis but this role disappears 

in the longer term. This time-varying association might be due to the fact that the variable “number of 

extra nodal site involved” is correlated with an unmeasured strong predictor, such as the total 

metabolic tumor volume (TMTV) for DLBCL patients prognosis(28). It leads to a selection effect of less 

frail patients, i.e. those with a low level of TMTV. Using TMTV as an additional predictor would be a 

very interesting work to conduct. Our model building strategy relied on the use of the residuals. To 

complement our model building strategy, we investigated if additional time-dependent  effects could 

lead to a better prediction using the AIC. It shows that the model with one time-dependent effect for 

the “number of extra nodal site involved” has the lowest AIC (appendix Table S2), thus reinforcing our 

results. Time-dependent effects for the other covariates can also be displayed (appendix Figure S2) but 

such time-dependent effects are not supported by the data and were not kept in our final model.   

Regarding the statistical analysis, we aimed to investigate longer-term DLBCL-specific mortality hazard 

instead of the overall mortality hazard, even though it has been shown to be challenging (29). We 

analysed the continuous variables in their original form, in order to avoid categorisation (30) and used 
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spline function if needed to avoid potential local biases obtained from a linear function (31). We also 

accounted for potential time-dependent effect for the prognostic factors, as it has been shown that 

mismodeling of covariates may induces residuals confounding (32). We limited our work to estimating 

the excess mortality over time since randomisation. Future work will investigate how intercurrent 

events, such as progression or the diagnosis of a second cancer affect the prognosis of DLBCL patients 

in the longer term using either multi-state modeling approaches(33,10) or conditional survival(34,35), 

while accounting for prognostic factors available. 

One of the main limit of the study is that we analysed data of patients included in randomised clinical 

trial so these patients are probably not representative of the whole population. For example these 

patients may have no comorbidities even though this has been shown to be associated with the EMH 

in different geographical areas (36,37). Other characteristics, such as patients’ socio economic 

position, marital status or the deprivation of the area where the patients was living were not available 

despite being potentially associated with prognosis for DLBCL patients in France(38). However, this 

lack of representativeness as compared to population-based data is counterbalanced by the availability 

of important prognostic factors, such as stage, performance status in a homogeneous population of 

patients treated all with R-CHOP.  

To conclude, using high-quality data from a clinical trial coupled with a long-term follow-up program, 

we quantified the association between important prognostic factors and the EMH associated with 

DLBCL (directly or indirectly) and we showed that the EMH is almost null 5 years after the start of the 

treatment, even for those with a poor prognosis. Thus, DLBCL patients do not experience an increased 

mortality compared to the general population in the long-term 

  



10 

Table 1: Demographic and clinical characteristics of patients at baseline, and summary of follow-up 
information 

 Level Overall 

Sample size  507 

Sex (%) Male   285 (56.2)  
 Female   222 (43.8)  

Age (mean (SD)) 70.01 (5.15) 

Age in category (%) < 70 238 (46.9) 

 ≥ 70 269 (53.1) 

Stage in category (%) I-II    57 (11.2)  
 III    84 (16.6)  

 IV   366 (72.2)  

Performance status in category (%) 0-1   391 (77.1)  
 ≥ 2   116 (22.9)  

IPI in category (%) 0-2   122 (24.1)  
 3-5   385 (75.9)  

Number of extra nodal sites involved (mean (SD))  1.75 (1.37) 

Number of extra nodal sites in category (%) 0-1   249 (49.1)  
 ≥ 2   258 (50.9)  

LDH in category (%) ≤ ULN   161 (31.8)  
 > ULN   346 (68.2)  

Survival time in years (mean (SD))  5.72 (3.68) 

Vital status at 10 years (%) Alive   277 (54.6)  
 Dead   230 (45.4)  

SD: Standard Deviation; IPI: International Prognostic Index; LDH: lactate dehydrogenase 

 

Table 2: Excess hazard ratios (EHR) with 95% confidence interval (95% CI) for prognostic factors with 
time-fixed regression coefficients, estimated from the final multivariable model  

Prognostic factor Level Adjusted EHR (95% CI) 

Age For 1-unit increase 1.06 (1.02;1.10) 
Stage I-II Ref 
 III-IV 1.00 (0.53;1.91) 
Perf. Status 0-1 Ref 
 ≥ 2 1.91 (1.30;2.81) 
Sex Male Ref 
 Female 0.88 (0.62;1.26) 
LDH ≤ ULN Ref 
 > ULN 2.73 (1.57;4.75) 
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List of figures: 

Figure 1: Non-parametric overall and net survival (with 95% confidence intervals) estimated on the 

whole cohort. 
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Figure 2: Non-parametric net survival estimates (solid lines) with 95% confidence intervals (dashed 

lines) according to each prognostic factor. 
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Figure 3: Excess hazard ratio for one unit increase of the number of extra nodal site involved, as 

estimated using a model with time-fixed effect for the number of extra-nodal sites involved (dashed 

line) or a time-dependent effect (solid line). The shaded area corresponds to the 95% confidence 

interval for the time-dependent effect. 
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Figure 4: Excess mortality hazard according to time since diagnosis for a High risk group (A), male aged 

70 years at diagnosis, stage III-IV, ECOG >=2, LDH > ULN and with 0, or 1, or 2, or 3 extra-nodal sites 

involved, and for a low risk group (B), male aged 70 years at diagnosis, stage I-II, ECOG 0-1, LDH ≤ ULN 

and with 0, or 1, or 2, or 3 extra-nodal sites involved.  
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