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Summary
Several recently published trials investigate novel therapies for relapsed/refractory 
diffuse large B-cell lymphoma (R/R DLBCL). To estimate the benefit of these thera-
pies in the real-world setting, comprehensive data on patients treated in clinical rou-
tine are needed. We report outcomes for 736 R/R DLBCL patients identified among 
all curatively treated DLBCL patients in Sweden in the period 2007–2014. Survival 
and associations with disease characteristics, second-line treatment and fulfilment of 
chimaeric antigen receptor (CAR) T-cell trial criteria were assessed. Median overall 
survival (OS) was 6.6 months (≤70 years 9.6 months, >70 years 4.9 months). Early re-
lapse (≤12 months) was strongly associated with selection of less intensive treatment 
and poor survival. Among patients of at most 70 years of age, 63% started intensive 
second-line treatment and 34% received autologous stem cell transplantation (ASCT). 
Two-year OS among transplanted patients was 56% (early relapse ≤12 months 40%, 
late relapse >12 months 66%). A minority of patients 76 years (n = 178/506, 35%) fitted 
CAR T trial criteria. Median progression-free survival (PFS) for patients with early 
relapse fitting trial criteria was 4.8 months. In conclusion, most R/R DLBCL manifest 
early and are often ineligible for or cannot complete intensive regimens resulting in 
dismal survival. Real-world patients eligible for CAR T trials also did poorly, provid-
ing a benchmark for efficacy of novel therapies.
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I N TRODUC TION

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon lymphoid neoplasm in the western world and is char-
acterized by an aggressive clinical presentation.1–3 Most 
patients are cured with anthracycline-containing immu-
nochemotherapy,4–7 but approximately one in four experi-
ence primary refractory disease or relapse (R/R DLBCL) with 
subsequent poor prognosis.8 Intensive multi-agent induction 
chemotherapy followed by consolidation with high-dose 
therapy and autologous stem cell transplantation (ASCT) 
is standard treatment for young, fit patients (<65–70 years) 
with chemosensitive R/R DLBCL.9–13 Transplant-ineligible 
patients are usually treated with less intensive regimens and 
face a dismal prognosis.10

Current knowledge about outcomes of R/R DLBCL is 
mainly derived from patients treated in clinical trials or 
at academic centres with selected younger patient popu-
lations.11,14–16 Although previous studies have shown het-
erogeneity in treatment selection and outcomes,14,16,17 
comprehensive evaluations of outcomes in non-selected R/R 
DLBCL patients of all ages are missing. Several novel thera-
pies are being investigated or have been approved already for 
R/R DLBCL including chimaeric antigen receptor (CAR) T-
cell therapy,18–24 anti-CD19 antibodies,25 and bispecific an-
tibodies,26,27 all with encouraging response rates. However, 
these new therapies are expensive and, for CAR T in par-
ticular, logistically challenging. Therefore, identification of 
the patients who benefit most from these therapies versus 
those who are likely to do well with standard treatment is 
critical.28 Recent publications have raised concern that pa-
tients enrolled in CAR T trials are substantially different 
from real-world R/R DLBCL patients, threatening the gen-
eralizability of results to clinical routine.28,29 With recently 
presented pivotal phase 3 trials of CAR T against standard-
care second line for large B-cell lymphomas, there is a need 
for population-based outcome data to provide appropriate 
benchmarking and understand the impact of trial selection 
criteria on real-world outcomes.22–24

In this study, detailed outcomes of a large population-
based cohort of 736 R/R DLBCL patients treated in Sweden 
during the period 2007–2018 are reported and the impact of 
CAR T trial eligibility is assessed.

M ETHODS

Study population

The study base consisted of all patients diagnosed with 
primary DLBCL in the period 2007–2014 registered in the 
national Swedish Lymphoma Register who received curative-
intent treatment (defined as anthracycline-containing but 
also accepting replacement of anthracycline with etopo-
side). Medical charts for all 3549 patients were reviewed to 
identify refractoriness or relapse in 2007–2018, as previously 
described.8 Primary refractory disease was defined as stable 

or progressive disease (SD/PD) as best response to primary 
treatment. We identified 853 patients with R/R DLBCL and 
those who were alive were asked for informed consent for 
study participation. Fifteen patients (1.8%) did not consent 
and were excluded. Another 102 patients (12%) were ex-
cluded due to limited access to medical charts or missing 
information for several main variables. To ascertain that the 
final study cohort was representative of all identified R/R 
DLBCL patients, we compared median age and overall sur-
vival (OS) in the two cohorts and found these to be similar 
(Figure S1). The regional ethics committee in Stockholm ap-
proved the study (Dnr 2015/2028–31/2).

Clinical characteristics and outcome

Detailed information regarding clinical characteristics, sec-
ond and further treatment lines and treatment response was 
collected from medical charts and a secondary international 
prognostic index (IPI) score was calculated. During the 
study period, patients were evaluated with positron emission 
tomography–computed tomography (PET-CT) or CT.

Second-line treatments were categorized as intensive 
chemotherapy, remission-inducing chemotherapy, pallia-
tive therapy or no active antitumoural therapy. Intensive 
chemotherapy included DHAP (dexamethasone, high-dose 
cytarabine, cisplatin), ICE (iphosphamide, carboplatin, 
etoposide), GDP (gemcitabine, dexamethasone, cisplatin) 
and high-dose methotrexate and/or high-dose cytarabine). 
Remission-inducing chemotherapy included GemOx (gem-
citabine, oxaliplatin), IME (iphosphamide, methotrexate, 
etoposide) and bendamustine. Palliative therapy consisted 
of single-agent intravenous (IV) chemotherapy, oral chemo-
therapy or radiotherapy.

The Swedish health system ensures access to specialized 
health care in oncology/haematology to all residents. During 
the study period, standard of care in Sweden for R/R DLBCL 
patients with first relapse was, for patients under 70 years of 
age, platinum-based chemotherapy with the aim of consolida-
tion with ASCT. For patients older than 70 years standard of 
care was remission-inducing chemotherapy or palliative treat-
ment depending on performance status and comorbidities.

Information regarding cell of origin based on the Hans al-
gorithm was collected from pathology reports.30 The cohort 
was linked with the National Patient and Cancer Registers 
to add data regarding comorbidity and cancer history. The 
Charlson comorbidity index (CCI) was calculated based on 
registered disease codes during 10 years before R/R DLBCL.31

Eligibility to CAR T therapy in the clinical trial setting was 
retrospectively evaluated among patients at first R/R disease, 
based on inclusion and exclusion criteria in the ZUMA-7,22 
TRANSFORM23 and ZUMA-1 trials.19,21 To be considered 
eligible, patients should have started second-line intensive or 
remission-inducing therapy (the latter was allowed since this 
is standard for patients older than 70 years of age). Inclusion 
criteria used were Eastern Cooperation Oncology Group 
(ECOG) 0–1, neutrophils above 1 × 109, lymphocytes more 
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than 100/μl, thrombocytes above 50  × 109, glomerular fil-
tration rate (GFR) above 45 ml/min, no significant hepatic, 
renal, cardiac or pulmonary comorbidity or autoimmune 
condition requiring therapy. Organ function could not be 
addressed beyond existing comorbidity. Exclusion criteria 
were prior malignancy within 2 years, human immunodefi-
ciency virus (HIV), active hepatitis B/C virus (HBV/HCV), 
central nervous system (CNS) disease including CNS in-
volvement of lymphoma at relapse. To address eligibility to 
ASCT (as in ZUMA-7 and TRANSFORM), we considered 
patients aged 18–70 years separately. Since criteria related to 
time to relapse differed by trial, we evaluated R/R disease 
within and beyond 12 months separately.

Statistics

The primary outcome was overall survival (OS) defined 
as time from date of R/R disease until date of death of any 
cause or end of follow-up (March 31 2019). OS was estimated 
using the Kaplan–Meier method overall and separately by 
clinical characteristics and fulfilment of trial criteria. Cox 
regression models were used to assess the association be-
tween clinical characteristics and OS. Multivariable models 
were adjusted for the assumed causal structure relating the 
respective characteristics/exposures to outcome (Table  S1). 
The proportional-hazards assumption was assessed 
using the Schoenfeld residuals. Secondary outcomes were 
progression-free survival (PFS, defined as time from date 
of R/R disease until progression, death or end of follow-up), 
and selection to intensive second-line chemotherapy and 
ASCT, evaluated using multivariable logistic regression and 
Cox regression models, respectively. The proportion of pa-
tients not older than 70 years of age who received ASCT was 
estimated non-parametrically using the Aalen–Johansen 
method in the presence of the competing risk of death. The 
Kaplan–Meier method was further used to estimate OS and 
PFS from ASCT among patients not older than 70 years of 
age. The statistical analyses were performed using STATA 
version 16 (Stata Corp., College Station, TX, USA).

R E SU LTS

Patient characteristics and treatment

A total of 736 R/R DLBCL patients were included. Median 
age was 71 years (range 18–99), and 60% (n  =  438) were 
men (Table  1). The majority of patients relapsed within 
12  months of primary diagnosis (n  =  457, 62%), and 208 
(28%) were primary refractory. A majority (57%) had stage 
IV disease and 37% had secondary IPI 3–5 with similar dis-
tributions in patients aged not older than 70 vs. over 70 years 
of age. Germinal centre B (GCB) subtype (n = 278, 38%) was 
more common than non-GCB (n = 158, 22%) (information 
was however missing for the remaining patients). Among 
patients no more than 70 years old, 63% (n  =  220) started 

intensive second-line regimens, mostly DHAP/DHAO (41%, 
n = 90) or ICE (37%, n = 81), whereas 18% (n = 64) received 
remission-inducing regimens and 19% (n = 66) palliative or 
no active treatment (Figure S2). Overall, 41% (n = 296) also 
received anti-CD20 antibody at relapse [63% (n = 161) among 
intensively treated patients]. Among patients not older than 
70 years who received intensive second-line treatment, the 
overall response rate (ORR) was 56% [30% complete re-
mission (CR; n = 65), 26% partial remission (PR, n = 57)], 
whereas 5% (n = 10) had SD and 26% (n = 57) PD. Response 
was not evaluated in 31 patients (14%), most of whom died 
within 6 months, indicating lack of response.

Among patients over 70 years old, 9% (n  =  35) were 
selected for intensive regimens whereas 36% received 
remission-inducing therapy (n = 140) and 55% (n = 211) pal-
liative or no active treatment (Table 1). Among those who re-
ceived remission-inducing therapy, ORR was 42% [24% CR 
(n = 34), 18% PR (n = 25)]. Five patients more than 70 years 
old could receive ASCT consolidation.

Survival

Overall, outcomes were poor with a median OS of 6.6 months 
[95% confidence interval (CI): 5.8–7.9] and 2-year OS of 
27% (95% CI: 24–30) (Figure  1A). Median PFS for all pa-
tients was 3.9 months (95% CI: 3.5–4.6) and 2-year PFS was 
19% (95% CI: 16–22) (Figure S3). Among patients not older 
than 70 years old, median OS was 9.6 months (95% CI: 8.0–
11.8) and 2-year OS was 35% (95% CI: 30–40) and among 
patients older than 70 years median OS was 4.9 months 
(95% CI: 4.1–5.7) and 2-year OS was 19% (95% CI: 16–23) 
(Figure 1A). When stratified by time from primary diagno-
sis to R/R disease, the 2-year OS ranged from 19% (95% CI: 
14–24) for patients with R/R disease within 6 months, to 55% 
(95% CI: 47–63) for patients relapsing after more than 2 years 
(Figure  1B). For patients with primary refractory disease, 
median OS was 4.4 months (95% CI: 3.8–5.0) and the 2-year 
OS was 14% (95% CI: 10–19) (Figure S4). When stratified by 
secondary IPI (Figure 1C), 2-year OS was only 7% (95% CI: 
3–14) for high-risk (4, 5), vs 50% (95% CI: 40–59) for low-risk 
IPI (0–1). In multivariable analyses, time to relapse, stage, 
performance status and secondary IPI were independent 
predictors of survival overall and among patients aged not 
older than 70 and more than 70 years of age (Table S2).

Intensive second-line therapy and ASCT

Among patients of at most 70 years of age, R/R disease 
within 6  months ago, ECOG 2–4, high secondary IPI (4, 
5), age 61–70 years and CCI score 1 were associated with a 
lower probability of receiving intensive second-line therapy 
(Figure  2A). Among those starting intensive second-line, 
47% (n = 103/220) proceeded to ASCT, with relapse within 
12 months, age 61–70 and secondary IPI 2–3 (but not higher) 
predicting a lower probability of ASCT (Figure 2B).
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T A B L E  1   Clinical characteristics of all patients with relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) and separately by age ≤70 years 
and >70 years at relapse

All R/R patients, 
n = 736

Patients aged ≤70 years 
at relapse, n = 350

Patients aged >70 years 
at relapse, n = 386

Sex

Men 438 (60) 211 (60) 227 (59)

Women 298 (40) 139 (40) 159 (41)

Age at relapse

≤50 52 (7) 52 (15) –

51–60 92 (12) 92 (26) –

61–70 206 (28) 206 (59) –

71–80 247 (34) – 247 (64)

>80 139 (19) – 139 (36)

Time to relapse

≤6 months 239 (32)a 127 (36) 112 (29)

>6–12 months 218 (30) 98 (28) 120 (31)

>12–18 months 84 (11) 40 (11) 44 (11)

>18–24 months 53 (7) 22 (6) 31 (8)

>24 months 142 (19) 63 (18) 79 (20)

Charlson Comorbidity Index (CCI)

0 341 (46) 204 (58) 137 (36)

1 122 (17) 46 (13) 76 (20)

2+ 273 (37) 100 (29) 173 (45)

LDH at relapse

Elevated 330 (45) 182 (52) 148 (38)

Normal 248 (34) 104 (30) 144 (37)

Missing 158 (22) 64 (18) 94 (24)

Stage at relapse

I 66 (9) 28 (8) 38 (10)

II 98 (13) 56 (16) 42 (11)

III 72 (10) 37 (11) 35 (9)

IV 421 (57) 199 (57) 222 (58)

Missing 79 (11) 30 (9) 49 (13)

Extranodal sites at relapseb

0 310 (42) 151 (43) 159 (41)

1 297 (40) 136 (39) 161 (42)

2 or more 128 (18) 62 (18) 66 (17)

Missing 1 (0.0) 1 (0.3) 0 (0)

Performance status at relapse

0 243 (33) 128 (37) 115 (30)

1 289 (39) 139 (40) 150 (39)

2 65 (9) 30 (9) 35 (9)

3 32 (4) 7 (2) 25 (6)

4 15 (2) 6 (2) 9 (2)

Missing 92 (12) 40 (11) 52 (14)

IPI at relapse

0 19 (2.6) 19 (5.4) 0 (0)

1 89 (12.1) 47 (13.4) 42 (10.9)
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Among all patients of at most 70 years of age, 34% completed 
ASCT (early relapse: 22%, late relapse: 57%) (Figure 3). Median 
age among ASCT-treated patients was 59 years. Most patients 
had their transplant in second line (93%), whereas eight patients 
were transplanted in later lines. Most received carmustine, 
etoposide, cytarabine and melphalan (BEAM) as conditioning 
regimen (74%). Two-year OS from transplantation was 56% (95% 
CI: 46–64) (Figure 4), median PFS was 16.4 months (10.8–35.8) 

and 2-year PFS was 48% (38–57) (Figure S5). Survival follow-
ing ASCT differed significantly by time to relapse and second-
ary IPI, but not age, stage or cell of-origin (Figure 4, Table S3). 
For patients transplanted for early relapse, 2-year OS was 40% 
(95% CI: 26–53) and median PFS 5.0 months (95% CI: 3.8–12.9), 
whereas patients transplanted for late relapse had a 2-year OS of 
66% (95% CI: 54–76) and a median PFS of 30.6 months (95% CI: 
15.9–49.4) (Figure 4B, Figure S5).

All R/R patients, 
n = 736

Patients aged ≤70 years 
at relapse, n = 350

Patients aged >70 years 
at relapse, n = 386

2 192 (26.1) 95 (27.1) 97 (25.1)

3 179 (24.3) 88 (25.1) 91 (23.6)

4 86 (11.7) 30 (5.6) 56 (14.5)

5 9 (1.2) 3 (0.9) 6 (1.6)

Missing 162 (22.0) 68 (19.4) 94 (24.4)

Molecular subtype

GCB 278 (38) 145 (41) 133 (34)

Non-GCB 158 (22) 85 (24) 73 (19)

Unclassifiable/missing 300 (41) 120 (34) 180 (47)

Second-line treatment type

Intensive regimens 255 (35) 220 (63) 35 (9)

DHAP/DHAO 98 (38) 90 (41) 8 (23)

ICE 89 (35) 81 (37) 8 (23)

GDP 11 (4) 8 (4) 3 (9)

HD-Mtx and/or HD-AraC 50 (20) 37 (17) 13 (37)

Other intensive 7 (3) 4 (2) 3 (9)

Remission-inducing regimens 204 (28) 64 (18) 140 (36)

GemOx 7 (3) 1 (12) 6 (4)

IME/MIME/IMVP-16 109 (53) 46 (72) 63 (45)

Bendamustine 51 (25) 8 (12) 43 (31)

CHOP 21 (10) 6 (9) 15 (11)

VAdriaC 10 (5) 0 (0) 10 (7)

Other remission-inducing 6 (3) 3 (5) 3 (2)

Palliative treatment 147 (20) 29 (8) 118 (31)

Only radiotherapy 76 (52) 17 (59) 59 (50)

Palliative IV chemotherapy 26 (18) 6 (21) 20 (17)

Palliative oral chemotherapy 45 (31) 6 (21) 39 (33)

No active treatment 130 (18) 37 (11) 93 (24)

Immunotherapyc

Yes 296 (40) 142 (41) 221 (57)

No 363 (49) 183 (52) 113 (29)

Missing 77 (10) 25 (7) 52 (14)

Palliative IV chemotherapy included single-agent regimens such as cyclophosphamide, gemcitabine or vinblastine. Palliative oral chemotherapy included mainly 
trophosphamide and chlorambucil. Proportions may add up to 99% or 101% due to rounding.
Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; DHAP/O, dexamethasone, high-dose cytarabine, cisplatin/oxaliplatin; GCB, germinal 
centre B; GDP, gemcitabine, dexamethasone, cisplatin; GemOx, gemcitabine, oxaliplatin; HD-Mtx and/or HD-AraC, high-dose methotrexate and/or high-dose cytarabine; 
ICE, iphosphamide, carboplatin, etoposide; IME, iphosphamide, methotrexate, etoposide; IPI, International prognostic index; IV, intravenous; LDH, lactate dehydrogenase; 
VAdriaC, vincristine, doxorubicin, cyclophosphamide.
a208 patients were primary refractory with stable or progressive disease as best response to primary therapy.
bIn the whole cohort 118 patients had involvement of the central nervous system at relapse.
cA majority received rituximab, and three received ofatumumab.

T A B L E  1   (Continued)



272  |      OUTCOMES OF RELAPSED/REFRACTORY DLBCL

Fulfilment of CAR T trial criteria

In the retrospective assessment of CAR T therapy trial 
eligibility, age limits were set to 18–76 years (n  =  506, 
69%) (Figure  S6). In this group, 379 patients (75% of all 
≤76 years) started an IV second-line therapy, of whom 178 
patients (35% of all ≤76 years) also fulfilled the selected 
trial inclusion and exclusion criteria (Figure  S6). Fewer 
patients with early relapse fitted trial criteria (n = 94/320, 

29%) compared with patients with late relapse (n = 84/186, 
45%). Younger patients (≤70 years) fitted trial criteria more 
often (n = 130/350, 37%). Among patients not older than 
76 years old with early relapse, median PFS was 4.8 months 
(95% CI: 2.9–6.3) for those who fitted trial criteria, and 
3.1 months (95% CI: 2.6–3.8) for all patients who started 
any IV second-line therapy (Figure  5). Similarly, only 
small differences in PFS were seen in other patient sub-
groups by age and early/late relapse comparing those who 

F I G U R E  1   Overall survival among all relapsed/refractory diffuse large B-cell lymphoma patients (R/R DLBCL) (n = 736). (A) Stratified by age 
of at most 70 and older than 70 years at relapse. (B) Stratified by time to first relapse. (C) Stratified by secondary IPI score. * (D) Stratified by cell of 
origin. ** GCB, germinal centre B; IPI, international prognostic index. *, Based on age, stage, Eastern Cooperative Oncology Group performance status, 
lactate dehydrogenase level and number of extranodal sites at time of relapse/refractoriness. **, Information regarding cell of origin was based on 
immunohistochemistry mostly from primary diagnosis and categorized using the Hans algorithm [Colour figure can be viewed at wileyonlinelibrary.
com]
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fitted trial criteria with all who could start any IV second-
line therapy (Figure 5). The 2-year OS for those who fitted 
trial criteria was 27% (95% CI: 18–36).

DISCUSSION

This is the largest population-based study of R/R DLBCL 
patients reported to date. Results confirm generally 
poor outcomes in the era prior to cellular therapies but 
also point to substantial outcome variation, highly rel-
evant for clinicians facing difficult treatment decisions 

for R/R DLBCL patients. Importantly, patients with pri-
mary refractory disease had a 2-year survival of 14% as 
compared with 66% in patients not older than 70 years old 
with late relapse treated with intensive second-line ther-
apy and ASCT. In unselected older R/R DLBCL patients 
(>70 years), seldom in focus in previous studies, the 2-
year OS was only 19%, underscoring the high need of new 
therapies for this group in particular. In a novel approach 
addressing eligibility of CAR T therapy in second line, we 
note that fulfilment of trial criteria among patients not 
older than 76 years old with early relapse was not associ-
ated with a clear PFS benefit. This is relevant information 

F I G U R E  2   Disease characteristics and probability of receiving intensive second-line treatment and going through autologous stem cell 
transplantation. (A) Associations between disease characteristics and probability of receiving intensive second-line treatment among patients with 
relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) of at most 70 years of age, estimated using multivariable logistic regression [odds ratios 
and 95% confidence intervals (CI)]. (B) Associations between disease characteristics and probability of going through ASCT after intensive treatment, 
among patients with relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) of at most 70 years of age, estimated using Cox regression (hazard 
ratios, 95% CI). CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; IPI, international prognostic index; LDH, lactate 
dehydrogenase [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  3   Proportion of patients with relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) of at most 70 years of age who received 
autologous stem cell transplantation (ASCT). (A) Among all patients. (B) Among patients with age under 60 years at relapse. (C) Among patients with 
age 60–70 years at relapse. (D) Among patients with relapse within 12 months. (E) Among patients with relapse later than 12 months. Proportions were 
estimated in the presence of the competing risk of death as first event. CI, confidence interval [Colour figure can be viewed at wileyonlinelibrary.com]
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when estimating the potential value of CAR T therapies in 
the broader real-world setting and assessing the external 
validity of recently published CAR T phase 3 trials.22,24

There is a lack of population-based studies of R/R 
DLBCL outcomes encompassing the entire spectrum of 
time to relapse and age group. Whereas previous stud-
ies have focused on patients younger than 65–70 years 
old,11,14 the majority of the patients in our cohort were over 
70 years of age at first relapse. This group was unlikely to 
receive curative-intent salvage therapy and, as expected, 
their median OS was short, 4.9 months. Few clinical tri-
als have targeted older patients but in a phase 2 study of 
transplant-ineligible patients (median 72 years), Cazelles 
et al. reported a median OS of 10 months following treat-
ment with rituximab (R)-GemOx.32 In a randomized study 
comparing polatuzumab vedotin and R-bendamustine 
against R-bendamustine alone in patients 30–86 years old, 
median OS was 12.4 months in the experimental arm vs 
4.7 months in the standard arm.15 In the recent ZUMA-
722 and TRANSFORM23 randomized phase 3 trials com-
paring CAR T products with standard second-line therapy 
for large B-cell lymphoma, subgroup analyses showed that 
CAR T was more efficacious than standard therapy for 
both elderly (aged ≥65) and younger patients. In the single-
arm trials of CAR T in third or later lines including patients 
up to 76 years old18,19 ORRs for patients above and below 
65 years were also similar, again suggesting that CAR T 
therapy is safe and effective regardless of patient age unlike 
standard ASCT salvage therapy. In a study by Nastoupil 
et al. reporting on real-world outcomes of patients treated 
with CAR T in third or later lines, patients aged 60 years 
or older even had better outcomes than younger patients.33 
Taken together, these findings highlight the enormous po-
tential for CAR T and other new treatments among older 
patients with R/R DLBCL (representing the majority of R/R 
DLBCL patients).

The first pivotal CAR T trials for R/R DLBCL in 
third or later lines reporting CR rates of 40%–60%18–20 

were single-arm trials without comparators, and there-
fore, the external generalizability of the results has been 
questioned.29 In a real-world study of 69 CAR T-treated 
patients and 146 patients treated with standard of care 
in third-line, Sermer et al. reported that some patients 
indeed achieve long-term remissions with standard ther-
apy.28 Others have also identified the need of robust real-
world data for comparison of trials of novel agents in R/R 
DLBCL.14,34 In this nationwide study of consecutive R/R 
DLBCL patients, we defined subpopulations of patients 
using typical CAR T trial criteria to enhance compara-
bility with trial results. In ZUMA-7, a superior median 
event-free survival (EFS) of 8.3 months in the CAR T arm 
was reported versus 2  months in the standard arm (me-
dian PFS 14.7 vs 3.7 months).22 In an interim analysis of 
TRANSFORM, median EFS was 10.1 months in the CAR 
T arm vs 2.3 months with standard of care (median PFS 
14.8 vs 5.7 months).23 In contrast, the BELINDA trial did 
not report any benefit of CAR T (median EFS 3  months 
in both arms); however the groups were not completely 
balanced.24 Interestingly, median PFS among patients 
not older than 76 years of age with early relapse fulfilling 
trial criteria in our study (representing 35% of all patients 
≤76 years) was in the same range (4.8 months) as those re-
ported for the standard-care arms in the phase 3 CAR T 
trials. Furthermore, fulfilment of trial criteria was not as-
sociated with any notable PFS advantage when compared 
with all patients 18–76 years old that could start any IV 
second-line therapy (median PFS 3.1 months). This sug-
gests that patient selection for the CAR T trials has not 
led to enrolment of patients that are widely different from 
those treated in a routine clinical setting and that the ex-
ternal generalizability of the studies is likely to be high. 
The short PFS in both these groups underscores the poten-
tial for improved outcomes with CAR T and other novel 
agents in second line for early relapse in routine care.

In our study, we further confirmed the strong associ-
ation between short time to relapse and low probability of 

F I G U R E  4   Overall survival (OS) for all relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) patients of at most 70 years at relapse who 
underwent autologous stem cell transplantation (ASCT). (A) Among all patients. (B) Among patients with early relapse (≤12 months from primary 
diagnosis) and late relapse (>12 months) separately. (C) Among patients aged less than 60 or 60–70 years separately. Patients were followed from date of 
ASCT until death of any cause [Colour figure can be viewed at wileyonlinelibrary.com]
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receiving standard second-line therapy and ASCT (among 
patients ≤70 years), and short survival (all ages). Overall, 
2-year OS ranged from 19% among patients with R/R dis-
ease within at most 6 months versus 55% for patients with 
relapse after more than 2 years. The CORAL trial reported 
similar patterns with 3-year OS varying from 39% to 64% 
if relapse manifested within or after 12 months.11 Another 
study of 331 patients with early R/R DLBCL treated at 15 US 
academic centres (75% <65 years) reported that only 40% 
could proceed to ASCT consolidation after intensive salvage 
therapy,35 compared with 34% among patients of 70 years old 
or youger in our study. In a single-centre US study, Farooq 
et al. reported that less than 50% of 244 patients treated for 
R/R large B-cell lymphomas could receive ASCT consolida-
tion, but outcomes were encouraging among those who did, 
with a 4-year post-ASCT survival of 51% for late relapses,16 
compared with 66% in our study. Therefore, it seems fair to 
conclude that standard-of-care intensive second-line ther-
apy with ASCT consolidation still has a role for young fit 
patients with late relapses.

The most evident explanation for the prognostic impor-
tance of time to relapse is an underlying tumour biology 
associated with reduced chemosensitivity resulting in short 
remissions or even no response to first-line immunoche-
motherapy. The bio-CORAL study demonstrated that the 
ABC subtype had worse outcome, implying prognostic im-
portance of cell of origin also in the relapse setting.36 In our 
study, we detected no difference in outcome for non-GCB 
compared with GCB, although missing data limited inter-
pretation. Several additional studies have not shown a prog-
nostic value of cell of origin in the relapse setting.16,37,38 In 
the past few years, landmark studies have suggested new mo-
lecular DLBCL subgroups based on comprehensive genetic 
sequencing and functional aspects with prognostic implica-
tions at primary diagnosis.39–42 If these also have prognostic 
value at relapse is however yet to be shown.

Strengths of our study include the large sample size and 
truly population-based design combined with detailed data 
from a comprehensive medical chart review. The Swedish 
system with unique personal identification numbers and 

F I G U R E  5   Progression-free survival among all relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) patients of 76 years of age or 
younger who received any intravenous (IV) second-line treatment (i.e. received at least 2 treatment lines) and among those who fulfilled chimaeric 
antigen receptor (CAR) T-cell trial criteria. (A) Among all patients of at most 76 years who received at least two treatment lines (solid line) and among 
those who fulfilled CAR T-cell trial criteria (dashed line). (B) Among patients of at most 70 years with early relapse. (C) Among patients of 71–76 years 
with early relapse. (D) Among all patients of at most 76 years who received at least two treatment lines (solid line) and among those who fulfilled CAR 
T-cell trial criteria (dashed line). (E) Among patients of 71–76 years with late relapse. (F) Among patients of 71–76 years with late relapse. [Colour figure 
can be viewed at wileyonlinelibrary.com]
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national health care registration further ensured complete 
follow-up regarding survival. A weakness is that data were 
collected retrospectively and thus information was some-
times missing in the medical charts, e.g. on biological charac-
teristics such as cell of origin. Also, we could not distinguish 
high-grade B-cell lymphoma with MYC, BCL2 and/or BCL6 
rearrangements since this subgroup was not defined in rou-
tine care during the entire study period. This also means 
that patients were treated according to what was considered 
standard of care in 2007–2018 and that the results do not 
reflect recently approved agents in the R/R DLBCL setting.

In summary, in this large study of consecutive R/R 
DLBCL patients, we illustrate the vast heterogeneity in tol-
erance and outcomes with standard second-line regimens 
and note good standard-care outcomes among young pa-
tients with late relapse. The lack of outcome benefit for pa-
tients fulfilling the trial criteria underscores the enormous 
potential for novel therapies, primarily for early relapse and 
among older patients.
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