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Abstract 

Population-based data comparing the outcomes of patients with transformed follicular lymphoma (t-FL) and de novo 
diffuse large B-cell lymphoma (DLBCL) are lacking. The objective of this study was to compare the survival of patients 
with t-FL and de novo DLBCL diagnosed in the United States between 2010–2018. We hypothesized that patients 
with t-FL would have an inferior survival compared to patients with de novo DLBCL. The study outcomes were rela-
tive survival (RS), overall survival (OS), and lymphoma-specific survival (LSS) compared between t-FL and de novo 
DLBCL. Flexible parametric survival models were used to estimate the study outcomes. There were 569 cases of t-FL 
and 44,706 cases of de novo DLBCL. Patients with t-FL had an estimated 5-year RS of 54% [95% confidence interval 
(CI), 49–59%) compared to 67% (95% CI, 66–67%) for those with de novo DLBCL (adjusted hazard ratio, 1.29; 95% CI, 
1.11–1.50; P = 0.001). The corresponding 5-year OS estimates were 49% (95% CI, 44–53%) and 57% (95% CI, 57–58%), 
respectively (adjusted hazard ratio, 1.23; 95% CI, 1.07–1.42; P = 0.004). The corresponding 5-year LSS estimates 
were 54% (95% CI, 50–59%) and 66% (95% CI, 65–66%), respectively (adjusted hazard ratio, 1.34; 95% CI, 1.15–1.56; 
P < 0.001). This population-based registry analysis shows that patients with t-FL continue to have an inferior survival 
in the modern era and should be prioritized for enrollment in clinical trials.
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To the Editor,
The treatment of B-cell lymphomas has advanced consid-
erably over the past decade. However, only a few studies 
have reported the survival of transformed follicular lym-
phoma (t-FL) during this time period. Hence, we sought 
to compare the outcomes of t-FL and de novo diffuse 
large B-cell lymphoma (DLBCL) in the US population. 

We hypothesized that patients with t-FL would have 
an inferior survival compared to patients with de novo 
DLBCL.

We conducted a population-based, multiple cohort 
study of patients with t-FL and de novo DLBCL in 
the US using the Surveillance, Epidemiology, and End 
Results (SEER)-18 database. The SEER-18 database cov-
ers approximately 27.8% of the U.S. population based on 
the 2010 US Census. We included adults with FL who 
met the following inclusion criteria: (1) age 18–84 years 
at the time of diagnosis of FL, (2) diagnosed with FL 
between 2010–2014, (3) microscopic confirmation of 
their disease, and (4) FL was their first malignant primary 
tumor. The upper age limit was restricted to 84 years of 
age to allow for adequate follow-up time. We excluded 
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individuals who met the following exclusion criteria: (1) 
diagnosed by autopsy or death certificate and (2) pri-
mary central nervous system (CNS) lymphomas. We 
identified patients with t-FL by following patients from 
their diagnosis of FL to their subsequent diagnosis of 
DLBCL through the end of 2018. All patients with t-FL 
had biopsy-proven rather than clinically suspected trans-
formed disease.

We included adults with de novo DLBCL who met the 
following inclusion criteria: (1) age 18–99  years at the 
time of diagnosis of DLBCL (2) diagnosed with DLBCL 
between 2010–2018, (3) microscopic confirmation of 
their disease, and (4) DLBCL was their first malignant 
primary tumor. We excluded individuals who met the 
following exclusion criteria: (1) diagnosed by autopsy or 
death certificate and (2) primary CNS lymphomas. FL 
and DLBCL were identified using the SEER Lymphoid 
Neoplasm Recode 2021 Revision variable. Primary CNS 
lymphomas were identified by using the International 
Classification of Disease for Oncology topology codes 
C700-701, C709-729, and C751-753. Patients with com-
posite DLBCL and FL (i.e., DLBCL and FL present in the 
same biopsy at initial diagnosis) were grouped with the 
de novo DLBCL patients by SEER.

The study outcomes were relative survival (RS), overall 
survival (OS), and lymphoma-specific survival (LSS). RS 
was defined as the ratio of all-cause to expected survival 
following diagnosis of lymphoma. Expected survival was 
estimated by matching patients with lymphoma to those 
in the general population by age, sex, year, and race using 
data from SEER. OS was defined as the probability of death 
from any cause following diagnosis of lymphoma. LSS was 
defined as the probability of survival when lymphoma was 
considered the only possible cause of death. Covariates 
were age at diagnosis, year of diagnosis, sex, race (White, 
Black, and Other), Ann Arbor stage (stage I-II and stage 
III-IV), B symptoms, and geographic region (Northeast, 
Midwest, South, and West). Age and year were modelled 
as continuous variables using restricted cubic splines with 
3 knots. Age was also treated as a binary variable for spe-
cific analyses (< 65 years and ≥ 65 years).

Patient characteristics were analyzed using descriptive 
statistics. Differences between categorical and continu-
ous variables were tested using Pearson’s chi-squared test 
and the Wilcoxon rank-sum test, respectively. Median 
follow-up time was estimated using the reverse Kaplan–
Meier method [1]. The study outcomes were estimated 
using flexible parametric survival models with 6 knots for 
the baseline cumulative hazard [2]. Multivariable mod-
eling was used to compare outcomes between patients 
with t-FL and de novo DLBCL by using histologic trans-
formation as the key independent variable and adjusting 
for the study covariates. Histologic transformation was 

modelled as a time-dependent variable using restricted 
cubic splines with 3 knots. Missing data were handled 
using multiple imputation with chained equations. [3] 
P-values less than 0.05 were considered significant. Anal-
yses were performed using Stata/IC version 16.1 (College 
Station, TX).

Among the 12,038 patients with FL who were included 
in the study, 569 (4.7%) patients developed biopsy-
confirmed histologic transformation (HT) at a median 
follow-up of 6.3  years. A total of 44,706 patients with 
de novo DLBCL were also included in the study. Table 
S1 shows the key patient characteristics for t-FL and 
de novo DLBCL. Patients with t-FL had an estimated 
5-year RS of 54% (95% CI, 49–59%) from their diagnosis 
of HT compared to 67% (95% CI, 66–67%) for de novo 
DLBCL (adjusted hazard ratio, 1.29; 95% CI, 1.11–1.50; 
P = 0.001). The corresponding 5-year LSS estimates 
were 54% (95% CI, 50–59%) and 66% (95% CI, 65–66%), 
respectively (adjusted hazard ratio, 1.34; 95% CI, 1.15–
1.56; P < 0.001). The corresponding 5-year OS estimates 
were 49% (95% CI, 44–53%) and 57% (95% CI, 57–58%), 
respectively (adjusted hazard ratio, 1.23; 95% CI, 1.07–
1.42; P = 0.004). The estimated median OS for patients 
with t-FL was 4.6  years (95% CI, 2.9–6.3) compared 
to 8.8  years (95% CI, 8.4–9.3) for those with de novo 
DLBCL. Table S2 shows the results of the multivariable 
modeling for each study outcome. Figure 1 shows the dif-
ference in RS based on age and stage at diagnosis.

We found that patients with t-FL had significantly 
lower survival compared to those with de novo DLBCL 
diagnosed between 2010–2018. This difference in sur-
vival was significant across study outcomes. Our results 
show that patients with t-FL were more likely to die from 
lymphoma compared to de novo DLBCL, which was sup-
ported using both cause-specific and relative survival 
frameworks. The differences in survival were larger for 
younger patients and those with limited stage disease. 
These findings stand in contrast to those from smaller 
cohort studies that did not observe a difference in sur-
vival between patients with t-FL and de novo DLBCL 
[4–7]. Possible explanations for our findings include 
differences in the disease biology (t-FL versus de novo 
DLBCL) and receipt of treatment regimens. Patients with 
t-FL may have more aggressive disease biology or may 
be less likely to receive anthracycline-based chemoim-
munotherapy regimens if they already received them for 
follicular lymphoma. An additional factor to consider is 
the exclusion of these t-FL patients from the majority of 
the clinical trials that are primarily intended for FL or de 
novo DLBCL.

The cumulative incidence of biopsy-proven HT in 
our study was 4.7% (569/12,038). This was lower than 
the cumulative incidence of 5.5% (147/2652) reported 
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by the National LymphoCare study [8]. The patients in 
that study were enrolled between 2004–2007 compared 
to 2010–2014 in our study. The lower cumulative inci-
dence in our study may be due to differences in biopsy 
practices across locations and time, a declining rate of 
HT in the US population, or shorter follow-up duration 
(6.3 years in our study vs 6.8 years in the National Lym-
phoCare study). Although we did not include patients 
with clinically suspected HT, these patients were shown 
to have the same survival as those with biopsy-proven 
disease [9].

Our study is limited by the lack of granularity per-
taining to the treatment and molecular data as well as 
information on variables necessary to calculate Inter-
national Prognostic Index scores. As we did not have 
access to the month of diagnosis for each patient, we 
were also unable to estimate the exact time-to-transfor-
mation. Lastly, it could be possible that a small num-
ber of patients with composite FL and DLBCL were 
included in the de novo DLBCL group; however, the 

number of patients with composite disease would not 
be large enough to alter the main findings of this study.

In conclusion, this is the largest study ever reported for 
t-FL. This is also the first population-based study to com-
pare the outcomes of t-FL and de novo DLBCL. Patients 
with t-FL should be prioritized for clinical trials given 
the relatively inferior prognosis of these patients. Future 
observational studies should incorporate treatment infor-
mation and molecular data to better understand the 
underlying mechanism driving the differential outcome 
of t-FL and de novo DLBCL observed in our study.
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Additional file 1: Supplementary Appendix. Table S1. Characteristics 
of adults diagnosed with de novo DLBCL and t-FL in the United States, 
SEER-18 database, 2010-2018. Table S2. Flexible parametric survival mod-
els for adults diagnosed with t-FL and de novo DLBCL in the United States, 
SEER-18 database, 2010-2018

Fig. 1 Relative survival of patients with de novo DLBCL and t-FL by age and stage. A Age < 65 years. B Age ≥ 65 years. C Limited stage. D Advanced 
stage. The start of each survival curve corresponds to the date of diagnosis of DLBCL, either transformed or de novo. 95% confidence intervals are 
shown but are not visible for de novo DLBCL due to the larger sample size

https://doi.org/10.1186/s40364-023-00525-1
https://doi.org/10.1186/s40364-023-00525-1


Page 4 of 4Vaughn and Epperla  Biomarker Research           (2023) 11:84 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Acknowledgements
Not applicable.

Authors’ contributions
JLV: Conceptualization, Methodology, Formal Analysis, Writing—Original Draft. 
NE: Conceptualization, Writing—Review & Editing.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki. This 
study was exempt from Institutional Board Review.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 July 2023   Accepted: 13 September 2023

References
 1. Shuster JJ. Median follow-up in clinical trials. J Clin Oncol. 1991;9(1):191–2.
 2. Royston P, Parmar MK. Flexible parametric proportional-hazards and 

proportional-odds models for censored survival data, with application 
to prognostic modelling and estimation of treatment effects. Stat Med. 
2002;21(15):2175–97.

 3. Rubin DB. Multiple imputation for nonresponse in surveys. New York: 
Wiley; 1987. p. 258 xxix.

 4. Desai S, Chaturvedi M, Hameed R, Baez-Sosa V, Shenoy AG. Single-
center analysis of characteristics and outcomes of de novo, concur-
rent, and transformed diffuse large B-Cell Lymphoma. Oncologist. 
2021;26(9):e1660–3.

 5. Sorigue M, Garcia O, Baptista MJ, Sancho JM, Tapia G, Mate JL, et al. 
Similar prognosis of transformed and de novo diffuse large B-cell lym-
phomas in patients treated with immunochemotherapy. Med Clin (Barc). 
2017;148(6):243–9.

 6. Guirguis HR, Cheung MC, Piliotis E, Spaner D, Berinstein NL, Imrie K, et al. 
Survival of patients with transformed lymphoma in the rituximab era. 
Ann Hematol. 2014;93(6):1007–14.

 7. Behdad A, Boddy CS, Fought AJ, Taxter T, Falkiewicz MK, Ayers E, et al. 
Survival outcomes of diffuse large B-cell lymphoma by association with 
concurrent or antecedent follicular lymphoma and double hit status. 
Leuk Lymphoma. 2019;60(13):3266–71.

 8. Wagner-Johnston ND, Link BK, Byrtek M, Dawson KL, Hainsworth J, 
Flowers CR, et al. Outcomes of transformed follicular lymphoma in the 
modern era: a report from the National LymphoCare Study (NLCS). Blood. 
2015;126(7):851–7.

 9. Al-Tourah AJ, Gill KK, Chhanabhai M, Hoskins PJ, Klasa RJ, Savage KJ, et al. 
Population-based analysis of incidence and outcome of transformed 
non-Hodgkin’s lymphoma. J Clin Oncol. 2008;26(32):5165–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Survival of patients with transformed follicular lymphoma in the United States: a multiple cohort study
	Abstract 
	To the Editor,
	Anchor 4
	Acknowledgements
	References


