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Purpose: Patients with diffuse large B-cell lymphoma (DLBCL) are typically treated with rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). However, a standard of care for managing
adolescents and young adults (AYAs) with DLBCL is lacking. We examine treatment approaches and outcomes
of this population.
Methods: We included 90 AYAs (15–39 years) diagnosed with DLBCL between 2008 and 2018 in three
tertiary centers in Peru. Overall response rates (ORR) were available for all patients. Overall survival (OS) and
progression-free survival (PFS) rates were estimated using the Kaplan–Meier method.
Results: The median age at diagnosis was 33 years, 57% were males, 57% had good performance status
(Lansky/Karnofsky q90), and 61% were diagnosed with early-stage disease (Ann Arbor stages I–II). R-CHOP
(n = 69, 77%) was the most frequently used first-line regimen, with an ORR of 91%. With a median follow-up of
83 months, the 5-year OS and PFS among all patients were 79% and 67%, respectively. Among the patients
who received R-CHOP, the 5-year OS and PFS were 77% and 66%, respectively. Of the 29 (32%) patients with
relapsed/refractory (R/R) disease, 83% received second-line treatment and only 14% underwent consolidation
therapy with autologous transplantation. The 3-year OS for R/R DLBCL was 36%.
Conclusion: Our data show that AYAs with DLBCL who received conventional therapy had comparable
outcomes to those observed in studies conducted among the adult population. However, the prognosis for AYAs
with R/R disease was dismal, indicating the unmet need for developing and increasing access to novel treatment
modalities in AYAs.
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Introduction

Lymphoma is one of the most common malignancies among
adolescents and young adults (AYAs) and contributes

substantially to the worldwide cancer burden in this population.1

Among non-Hodgkin lymphoma (NHL) subtypes, diffuse large
B-cell lymphoma (DLBCL) and Burkitt lymphoma are the two
most prevalent after Hodgkin lymphoma in AYAs.2

Compared to the pediatric and adult populations, the
management of aggressive lymphomas in AYAs lacks stan-
dardization. Various treatment regimens have been proposed
by pediatric and adult working groups for AYAs with
DLBCL.3 Pediatric centers typically use the Berlin-Frankfurt-
Mü (BFM) and the French-American-British/Lymphome
Malins de Burkitt (FAB/LMB) protocols, while adult centers
administer shorter anthracycline-based regimens such as ri-
tuximab, cyclophosphamide, vincristine, doxorubicin, and
prednisone (R-CHOP).4 BFM and FAB/LMB can achieve
event-free survival (EFS) of 82% and 87%, respectively.5,6 In
contrast, the R-CHOP for adult population, 6-year EFS of
60%–80%.7

Population-based studies in DLBCL have shown differ-
ences in treatment approaches, disease biology, and co-
morbidities between age groups. There is a higher 5-year
overall survival in children (90.7%) compared to AYAs
(81.7%).8 However, survival outcomes between AYAs and
adults have reported disparate results in the literature.6,7,9–12

One study did not find differences between age groups (2-
year OS rate of 68.5% in AYAs and 78.7% in adults,
p = 0.193).9 On the contrary, a different study reported that
the 5-year relative survival rates (RSR) were 79% for AYAs
and 59% for adults with DLBCL, respectively.12

The limited representation of the AYAs population in
clinical trials has hindered the establishment of a standard of
care.13–17 Thus, real-world data may enhance our under-
standing of existing treatment practices to inform the design
of further studies aimed at developing a standardized proto-
col for this age group. This study reports our experience re-
garding treatment approaches and survival outcomes among
Latin American AYAs diagnosed with DLBCL in three ac-
ademic cancer centers.

Materials and Methods

Study design and population

We designed a multicenter retrospective cohort study of
patients diagnosed with DLBCL between January 2008 and
December 2018, with follow-up (FU) until December 2021.
Three tertiary cancer centers located in Lima, the capital city
of Peru, participated in this study: Hospital Nacional Edgardo
Rebagliati Martins; Instituto Nacional de Enfermedades
Neoplasicas; and Hospital Nacional Guillermo Almenara Ir-
igoyen. These centers concentrate over 73% of the cancer care
in the country,18 providing a fair representation of cancer care.

The patients were identified through the electronic medical
record system at each participating center. Medical records
were manually reviewed, and clinical data were abstracted in
a standardized form. We included patients aged 15–39 years
according to the definition of AYAs working groups,1,13

those with an anatomopathological diagnosis of DLBCL
according to the World Health Organization Classification,14

and at least received three cycles of chemotherapy. We ex-

cluded individuals with lost medical records or with insuffi-
cient data for pathological characterization. The patients
were linked to The National Registry of Identification and
Civil Status (RENIEC, in Spanish) database to confirm their
vital status.

Study variables

We collected data for the following demographic and
clinical variables: sex, age, place of residence, performance
status, presence of B symptoms, histological subtype, clinical
stage, presence of extranodal disease, and treatment response.
‘‘Lima province,’’ refers to patients who come from the capital
city of Lima, and ‘‘Other provinces’’ refers to patients who
come from outside the capital city of Lima or countryside.

We stratified patients into early (15–24 years) and late
AYAs (25–39 years). Performance status was evaluated us-
ing the Lansky and Karnosky scales; the former was per-
formed in patients aged <16 years, and the latter in those aged
q16 years. A good performance status was defined as a
Lansky/Karnofsky q90%. We used the Murphy staging
system for lymphoma patients aged <16 years and the Ann
Arbor staging system for those aged q16 years.19,20 We
defined treatment abandonment as patients who were lost to
FU after completing three cycles of chemotherapy.

Treatment regimens

The treatment regimen used for the management of
DLBCL among AYAs in Peru is not standardized and follows
local institutional practices. At Hospital Nacional Edgardo
Rebagliati Martins, patients aged 15–17 years received the
pediatric FAB/LMB regimen, which categorizes patients
based on a risk stratification approach.3 The low-risk group
underwent two cycles of cyclophosphamide, vincristine,
prednisone, and doxorubicin. In the intermediate-risk group,
a low-dose cyclophosphamide, vincristine, and prednisone
(COP), followed by an induction therapy of cyclophospha-
mide, vincristine, prednisone, and doxorubicin, along with
high-dose methotrexate (HD-MTX 3 g/m2, COPADM) was
administered. Then received two consolidation cycles with
cytarabine and methotrexate.

For the high-risk group, a low-dose of COP, followed by an
induction therapy of two cycles of COPADM (HD-MTX
8 g/m2), and a consolidation high-dose continuous cytarabine
along with etoposide was administered. Rituximab was in-
corporated into all cases with clinical stage III–IV.6 On the
contrary, older patients received either the CHOP regimen
(cyclophosphamide, vincristine, doxorubicin, and predni-
sone) or etoposide-based regimens (dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide, and doxorubicin
[EPOCH] or etoposide, prednisone, vincristine, cyclophos-
phamide, and doxorubicin [CHOEP]) with or without ritux-
imab (R) every 3 weeks.21 At the Instituto Nacional de
Enfermedades Neoplásicas and the Hospital Nacional Guil-
lermo Almenara all patients received CHOP or etoposide-
based regimens with or without R.

Consolidation with radiotherapy was indicated after first-
line treatment when patients had early-stage disease (stages
I–II) or advanced-stage disease (stages III–IV) with a bulky
mass. In addition, radiotherapy could also be utilized in the
salvage or palliative care setting. For consolidation, a three-
dimensional conformal radiation therapy (3D CRT) approach
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was adopted at a dose of 30–36 Gy, while a 3D CRT tech-
nique at dose of 40–55 Gy was given for salvage or palliative
treatment.

The best treatment response was identified using the
Cheson criteria and was classified as complete response
(CR), partial response (PR), stable disease (SD), or pro-
gressive disease (PD) as previously described.22 Overall re-
sponse rate (ORR) was defined as the proportion of patients
with CR or PR.23

Study endpoints

The study endpoints were overall survival (OS), progression-
free survival (PFS) rates, and ORR. OS was defined as date of
first-line treatment to death from any cause. PFS was defined as
time from first-line treatment to relapse, disease progression, or
death from any cause, whichever occurred first.

Statistical analysis

We summarized demographic and clinical features with
descriptive statistics. Median FU was estimated with the re-
verse Kaplan–Meier method. Survival probabilities were es-
timated using the Kaplan–Meier methods, and the log-rank
test was used to identify differences between patient sub-
groups. Cox regression analyses were performed to evaluate
the association of clinical and demographic factors with OS
and PFS. Our models were adjusted to typical characteristics
associated with mortality or recurrence (age, sex, perfor-
mance status, extranodal involvement, clinical stage, and
treatment regimen), and to demographic variables deemed of
relevance (place of residence), regardless of their statistical
significance in the univariate analysis.9,10 The proportional
hazard assumption was checked with the goodness-of-fit test
and with log(-log [survival]) plots. There was no violation of
the hazard assumption. We present our results with Hazard
ratios (HRs) and 95% confidence intervals (CIs). p-Values
<0.05 were considered statistically significant. Analyses were
conducted in R version 4.1.1.

Ethical statement

The Institutional Review Board at each participating cen-
ter approved this study. Patient-identifiable data were cen-
sored, and each patient was assigned a numeric code (i.e., 1,
2, 3, and so on).

Results

We identified 90 patients diagnosed with DLBCL who
received a first-line regimen during 2008–2018 (Fig. 1).
Table 1 shows the clinical features of the overall cohort. The
median age at diagnosis was 33 years. Most of them were late
AYAs (25–39 years, 91%), had a slight male predominance
(57%), and were from ‘‘Other provinces’’ (54%). Most pa-
tients had good performance status (Lansky or Karnofsky
q90%, 57%), presented with B symptoms (58%), had

FIG. 1. Flowchart of AYAs with DLBCL who received a
first-line regimen. AYAs, adolescents and young adults;
DLBCL, diffuse large B-cell lymphoma.

Table 1. Demographic and Clinical Features

of Adolescents and Young Adults with Diffuse

Large B-Cell Lymphoma

Characteristics All patients, No. (%)

No. of patients 90
Median age at diagnosis, years 33
Age group

15–24 8 (9)
25–39 82 (91)

Males 51 (57)
Place of residence

Lima province 41 (46)
Other provinces 49 (54)

Performance statusa

<90 39 (43)
q90 51 (57)

Nodal involvement 70 (78)
Extranodal involvement 44 (49)
B symptoms 52 (58)
Clinical stage

I–II 55 (61)
III–IV 35 (39)

Frontline regimen
R-CHOP 69 (78)
R-EPOCH 7 (8)
CHOP 5 (6)
R-CHOEP 3 (3)
CHOEP 3 (3)
FAB/LMB 2 (2)
Unknown 1

Radiotherapyb 37 (41)
Relapse/refractory 29 (32)
Second-line regimen 24 (27)
HSCT after second line 4 (4)
Treatment abandonment 14 (16)

aPerformance status was evaluated by Lansky or Karnofsky scales.
bRadiotherapy treatment as a consolidation or palliative treat-

ment.
CHOP, cyclophosphamide, vincristine, doxorubicin and predni-

sone; CHOEP, cyclophosphamide, vincristine, doxorubicin, etopo-
side, and prednisone; FAB/LMB, French-American-British/
Lymphome Malins B regimen; HSCT, hematopoietic stem cell
transplantation; R-CHOP, rituximab, cyclophosphamide, vincris-
tine, doxorubicin, and prednisone; R-CHOEP, rituximab, cyclo-
phosphamide, vincristine, doxorubicin, etoposide and prednisone;
R-EPOCH, rituximab, etoposide, prednisone, vincristine, cyclo-
phosphamide, and doxorubicin.
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extranodal involvement (49%), and early-stage disease
(61%) at diagnosis. Treatment abandonment was reported for
16% (n = 14/90) of the overall population.

First-line treatment

The most common first-line approach was R-CHOP (78%).
The R-EPOCH regimen was the second most common in 8%

of the patients, while only 2% of AYAs receiving the
FAB/LMB protocol (Table 1). Table 2 describes the first-line
chemotherapy regimen and treatment responses. Of all AYAs,
the ORR was 92% (n = 83/90), and 8% (n = 7/90) had PD.
Patients who received R-CHOP achieved an ORR of 91%
(CR = 68%). Although limited in sample size, patients re-
ceiving R-EPOCH, R-CHOEP, CHOEP, or FAB/LMB regi-
mens had an ORR of 100%.

Table 2. First-Line Treatment Responses of Adolescents and Young Adults

with DIFFUSE Large B Cell Lymphoma

Treatment responses, No. (%)

ORR (CR+PR) CR PR SD PD

Overall, row % 83 (92) 61 (68) 22 (24) — 7 (8)
Frontline regimen, row %

R-CHOP 63 (91) 47 (68) 16 (23) — 6 (9)
R-EPOCH 7 (100) 2 (29) 5 (71) — —
R-CHOEP 3 (100) 3 (100) — — —
CHOP 4 (80) 4 (80) — — 1 (20)
CHOEP 3 (100) 2 (67) 1 (33) — —
FAB/LMB 2 (100) 2 (100) — — —
Unknown 1 — — —

CR, complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.

FIG. 2. Kaplan–Meier
curves for OS (A), PFS (B),
for the overall AYAs popu-
lation with DLBCL. OS
(C) and PFS (D) according to
chemotherapy regimens of
AYAs. OS, overall survival;
PFS, progression-free sur-
vival.
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A total of 31 patients received consolidation radiotherapy,
23 (74%) with early-stage disease, and 8 (26%) with
advanced-stage disease.

Survival outcomes

After a median FU of 83 months (95% CI 76–104), 18 pa-
tients were reported as deceased after first-line treatment. The
5-year OS and PFS were 79% (95% CI 71%–88%) and 67%
(95% CI 58–78) for all patients, respectively (Fig. 2A, B). The
median OS and PFS were not reached. The 5-year OS and PFS
for patients that received R-CHOP (n = 69) were 77% (95% CI
67–88) and 66% (95% CI 56–78), respectively.

For the subgroup of patients (n = 10) who received either
R-EPOCH or R-CHOEP, the 5-year OS and PFS rates were
80% (95% CI 59–100) and 70% (95% CI 47–100), respec-
tively. Patients treated with CHOP or CHOEP (n = 8) had 5-
year OS and PFS rates of 88% (95% CI 67–100) and 75%
(95% CI 50–100), respectively (Fig. 2C, D). The multivari-
able Cox analysis did not reveal any statistically significant
OS or PFS advantage for any regimen when compared to
R-CHOP (Supplementary Table S1).

Supplementary Figure S1 illustrates the 5-year OS and PFS
rates by demographic factors such as age group (15–24 years
vs. 25–39 years), biological sex (male vs. female), place of
residence (Lima province vs. Other provinces), performance
status (Lansky/Karnofsky scale <90 vs. q90), and clinical
stage (stages I–II vs. III–IV). Overall, there was no statisti-
cally significant difference in survival outcomes by demo-
graphic and clinical variables. Supplementary Table S1
shows that no variable was a significant predictor for OS or
PFS in the univariable or multivariable Cox regression ana-
lyses.

Treatment approaches and outcomes of R/R disease

Thirty-two percent (n = 29) of the population had R/R
disease, 22 after achieving a CR or PR, and 7 with PD (Fig. 1
and Supplementary Table S2). Of them, 83% (n = 24/29) re-
ceived second-line treatment (Supplementary Table S2). Five
patients were not eligible for second-line treatment because
of poor performance status and only received palliative care.
In the salvage setting, the preferred regimen was rituximab,
ifosfamide, carboplatin, and etoposide (R-ICE) in 46% of the
patients, followed by rituximab, etoposide, methylpredni-
sone, cytarabine, and cisplatin (R-ESHAP) in 34% of the
patients. Consolidation with hematopoietic stem cell trans-
plantation (HSCT) after salvage second-line treatment was
performed in 17% (n = 4/24) of R/R patients (Supplementary
Table S2). Radiotherapy was used as palliative care in six
patients.

Figure 3 illustrates the Kaplan–Meier curves for R/R dis-
ease. With a median FU of 30 months (95% CI 22.8–61.2),
the 3-year OS rate was 36% (95% CI, 22%–59%) and the
median OS was 12 months (95% CI, 7 months–not reached).

Discussion

Few studies have described real-world treatment patterns
and outcomes of AYAs with DLBCL in Latin America. We
conducted a multicenter cohort study in three academic
cancer centers in Peru. Our study identified that AYAs with

DLBCL were mostly treated with CHOP-like regimen (with
or without rituximab), and their survival outcomes were
comparable to those observed in previous trials among the
adult population. However, we found a dismal prognosis for
those with R/R disease, highlighting an unmet need to de-
velop approaches and increased access to novel treatments to
improve outcomes in this setting.

Although our study does not aim to compare the survival
between AYAs and the adult population, it seems to be
similar between those groups. Studies have reported con-
flicting results regarding survival outcomes between AYAs
and the adult populations. Similar to our study, other studies
have not found differences between both groups. Suzuki et al.
studied 798 patients with DLBCL where 95% were adults
(n = 756) and 5% were AYAs (n = 42 patients). The median
FU was 23.6 months and found that survival outcomes were
similar to adults aged 40–60 years. The 2-year PFS rates in
AYAs compared to adults were 61.9% and 65.3%
( p = 0.9191), and the 2-year OS rates in AYAs were 68.5%
and 78.7% ( p = 0.193), respectively.9

Similarly, Coso et al. matched 54 AYAs with 162 adults,
and there were no differences between groups regarding EFS
(68% vs. 69%, p = 0.900) and OS (75% vs. 73%, p = 0.800).10

A more recent study by Basxcı et al. found that the median PFS
and OS rates were not reached without any difference be-
tween age groups (18–39 years, n = 40 vs. q40 years,
n = 80).11 The 5-year OS rate for AYAs and non-AYAs were
75% and 65% ( p = 0.700), respectively.

Other studies have demonstrated improved outcomes in
AYAs compared to adults.7,12 In the MabThera International
Trial found 6-year OS rates of 80% versus 90% in AYAs with
DLBCL treated with chemotherapy vs chemotherapy plus
rituximab, respectively.7 In the United States, Blum et al.
reported 2- and 5-year RSR of 82.7% and 79% in AYAs with
DLBCL, and 65% and 59% in adults with DLBCL, respec-
tively.12 It is likely that comorbidities, age-related factors,
and tumor biology may explain these disparities between age

FIG. 3. Kaplan–Meier curves in R/R for OS in AYAs with
DLBCL. R/R, relapsed/refractory.
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groups.24 Other studies reported that AYAs hold poor out-
comes probably related to the inclusion of primary medias-
tinal B cell lymphoma patients.2,6 Likewise, others have
reported worse outcomes in AYAs as result of increased
susceptibility to therapy-related toxicity, suboptimal com-
pliance to prescribed regimens, and lower rates of clinical
trial enrollment.13,16,25

It is a common clinical practice to allot early AYAs (15–24
years) to pediatric approaches while late AYAs (25–39 years)
to adult regimens.26–28 Pediatric regimens such as the BFM
and FAB/LMB are the most used,3 with favorable outcomes
in AYAs with DLBCL.10 The EFS for these regimens are
82% and 87%, respectively.5,6 In contrast, in adult patients,
the standard regimen for DLBCL is R-CHOP, achieving a 6-
year EFS of 60%–80%.7 In a recent publication, Gupta et at.
analyzed 176 AYAs with B cell lymphomas, where 73.3%
had DLBCL. Patients who received pediatric protocols had
better EFS (82.3 vs. 66.7%, p = 0.02) and OS (85.5%
vs.71.1%, p = 0.03) than those receiving adult protocols.29

Interestingly, a higher number of patients receiving adult
protocols also received rituximab compared to patients on
pediatric protocols.29 In our study, we found that most pa-
tients were managed with adult protocols (98%). We also
found that those who received intensive regimens achieved
higher ORR. However, direct comparisons are limited to the
low sample size in each treatment modality. Therefore, these
findings need to be confirmed prospectively and with larger
sample sizes.

In this study, we did not find differences in survival be-
tween early and late AYAs, probably related to the low
number of patients in the early AYAs group. Hohloch et al.
allocated patients in three age groups (18–25, 26–30, and 31–
35 years).30 The majority of patients had DLBCL (71%).
There were no differences in EFS and OS rates between age
groups (EFS: 69%, 71%, and 72%, p = 0.955; OS: 89%, 85%,
and 88%, p = 0.527; respectively).30 Also, there was no dif-
ference in the three age groups regarding the rituximab use.

We found that patients living in ‘‘Other province’’ had
comparable survival outcomes to those living in Lima. Sev-
eral reports have suggested that patients who reside in places
far away from health care centers have worse outcomes.9,31,32

Our findings might be explained by how the Peruvian public
health care system works which provides free health care
access with social support (e.g., coverage for travel expenses
and lodging during their cancer care); and rapid access to
medical care with appointments scheduled in a timely man-
ner, especially for those deemed as high-risk.

Approximately, one-third of our population (34%) expe-
rienced R/R disease which is higher compared to previous
studies.11,33 Cairo et al. reported that 9.4% (n = 104) of in-
dividuals had R/R disease,33 while Basxcı et al. found that
22.4% (n = 9) had R/R after first-line treatment.11 The dif-
ferent study design and patient populations between our co-
hort and these two studies may explain the higher rate of R/R
disease. Cairo et al. conducted a multicentric trial, whereas
Basxcı et al. performed a single-center cohort study. Further-
more, the typical more stringent eligibility criteria in the
multicentric trial and the potential for loss to FU in the single-
center study may suggest an underestimation of R/R disease
in these experiences.11,33

The 3-year OS rate of 36% of R/R patients in our cohort is
similar to a previous study.33 Cairo et al. reported 1- and 2-

year OS rates of 31.5% and 22.3%, respectively, for AYAs
with B cell NHL who relapsed or progressed to first-line
chemotherapy regimens.33 These outcomes underscore the
importance of identifying potential biomarkers to identify
patients at higher risk for R/R disease and develop novel
treatment strategies to improve the outcomes of these pa-
tients. Notably, only a small proportion (4%) of our patients
underwent HSCT after second-line treatment. In Peru, access
to HSCT is limited and few centers have the infrastructure to
perform this treatment modality. The low percentage of
HSCT use in our cohort represent an unmet need to increase
access to transplantation in Peru. Similarly, novel therapies
such as chimeric antigen receptor T cell therapy, is not yet
available in Peru.

This study has limitations. We could not compare pediatric
to adult regimens because only a small proportion of patients
received pediatric protocols (2%). This is partially explained
by the heterogeneity and the lack of consensus on the optimal
treatment regimen for AYAs. Treatment-related toxicities,
comorbidities, and second-line treatment responses were not
consistently recorded in the medical records, thus, we were
unable to estimate the effect of these factors on the observed
outcomes. Because of the limited availability of HSCT in
Peru and low sample size of patients who received this
treatment in our cohort (n = 4), the assessment of post-
transplantation survival outcomes among R/R patients was
not conducted. We also lacked data on HIV status because
screening is not routinely performed in some centers.

Finally, genetic profiling and tumor molecular assessment
are not routinely performed in Peruvian centers, thus, we
could not evaluate their impact on survival outcomes. Despite
these limitations, this multicenter study includes a longer FU
period and larger sample size compared to previous real-
world reports on AYAs with DLBCL.9,11

Conclusion

This multicentric study provides real-world data on the
treatment patterns and outcomes of AYAs diagnosed with
DLBCL in Peru. Our findings suggest similar outcomes to
those reported internationally after first-line treatment. Al-
though we found good outcomes with less intensive proto-
cols, future prospective studies should determine the best
treatment approach for this patient population. Patients who
experienced R/R disease had a dismal prognosis, with a high
mortality rate within 2 years of R/R diagnosis, underscoring a
significant unmet need in this setting. Greater efforts should
be made to identify high-risk patients and increase access to
novel treatments to improve outcomes in R/R patients.
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