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The role of front-line anthracycline-containing chemotherapy
regimens in peripheral T-cell lymphomas
R Briski1, AL Feldman2, NG Bailey3, MS Lim3, K Ristow4, TM Habermann4, WR Macon2, DJ Inwards4, JP Colgan4, GS Nowakowski4,
MS Kaminski1, TE Witzig4, SM Ansell4 and RA Wilcox1

Peripheral T-cell lymphomas (PTCLs) are a heterogenous group of aggressive non-Hodgkin’s lymphomas that are incurable in the
majority of patients with current therapies. Outcomes associated with anthracycline-based therapies are suboptimal, but remain the
standard of care for most patients, even though the benefits of this approach remain uncertain. This study retrospectively examined
outcomes in a cohort of North American PTCL patients treated with both anthracycline- and nonanthracycline-containing regimens.
The incorporation of anthracycline-containing regimens was associated with improved progression-free survival (PFS) and overall
survival (OS). Patients treated with nonanthracycline-containing regimens were more likely to have high-risk features and were less
likely to undergo high-dose therapy and stem cell transplantation. However, anthracycline use remained an independent predictor
of improved PFS and OS when adjusting for these confounding variables. Anthracycline-based regimens and consolidation with
high-dose therapy and autologous stem cell transplantation in appropriately selected patients remains a viable option for patients
unable to participate in a clinical trial. Long-term disease-free survival is not optimal, highlighting the need for an improved
understanding of disease pathogenesis, and the development of novel therapeutic strategies.
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INTRODUCTION
Peripheral T-cell lymphomas (PTCLs) represent a heterogenous
group of aggressive non-Hodgkin’s lymphomas that are derived
from mature (post-thymic) T cells. PTCLs are associated with
significantly inferior outcomes when compared with diffuse
large B-cell lymphomas. Anthracycline-based regimens (usually
CHOP (cyclophosphamide/doxorubicin/vincristine/prednisone))
are considered the standard of care in the front-line treatment
of these patients. However, in contrast to diffuse large B-cell
lymphomas, few patients will enjoy long-term disease-free
survival with this approach. A survival advantage was not
observed with anthracycline-based regimens by the International
T-cell Lymphoma Project (ITCLP).1 Current strategies include
both the incorporation of additional agents with CHOP and
the development of nonanthracycline-containing regimens.
A paucity of randomized controlled trials addresses the relative
merits of these divergent approaches. Approximately 75% of
patients comprising the ITCLP are from Europe and Asia. Given
the significant geographic variation in the prevalence of PTCL
subtypes, including those who are multidrug resistant, this study
sought to report outcomes in North American PTCL patients
treated with anthracycline- and nonanthracycline-containing
regimens. In this multicenter study, to the best of our
knowledge the largest North American PTCL study organized
to date, superior survival rates were observed in patients
receiving anthracycline-based regimens. Despite the apparent
advantage associated with standard anthracycline-based
regimens, long-term survival rates are poor, and improved
therapeutic strategies are greatly needed.

MATERIALS AND METHODS
Consecutive patients X18 years of age with biopsy-confirmed PTCLs who
were evaluated at the Mayo Clinic (between 1994 and 2009; n¼ 196) or the
University of Michigan (between 1988 and 2011; n¼ 246) were included in
this study. Study approval was granted by the Institutional Review Board of
each respective institution, in accordance with the US federal regulations
and the Declaration of Helsinki Principles. Clinical characteristics, including
Ann Arbor stage, lactate dehydrogenase, performance status, extent of
extranodal disease and treatments received were retrospectively collected.
Whenever possible, diagnostic biopsy specimens were reviewed (by ALF,
NGB and MSL) and classified in accordance with the 2008 World Health
Organization classification. Out of the 442 cases examined, tissue
exhaustion precluded reclassification in 122 cases. Progression-free
survival (PFS) was calculated from the time of initial diagnosis to the time
of progression, relapse or death. Overall survival (OS) was calculated from
the time of initial diagnosis to the time of death. Patients who did not
experience any of these events were censored at the time of last contact.
PFS and OS were estimated using the Kaplan–Meier method and two-
tailed log-rank test.2 The Cox proportional hazards model was used to
evaluate dichotomized variables and to adjust for the International
Prognostic Index (IPI).3 Similar to previous studies, this study observed
that high–intermediate-risk patients (IPI 3) experienced a PFS and OS
closely resembling that observed in high-risk patients (IPI 4/5; data not
shown). Therefore, a cutoff of X3 was selected when the IPI was analyzed
as a dichotomized variable.4–9 All data were analyzed using JMP 8 software
(SAS, Cary, NC, USA).

RESULTS
The median age at diagnosis for this cohort of 442 PTCL patients
was 57 years (range, 18–91 years). Median follow-up after
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diagnosis was 13 months for all patients (range, 0–206 months),
and 28 months for censored patients. The median PFS and OS
were 7 and 13 months, respectively, for the entire cohort. The
estimated 5-year overall survival was 35%. As summarized in
Table 1, peripheral T-cell lymphoma, not otherwise specified
(PTCL-NOS) was the most common subtype (39%), followed by
angioimmunoblastic T-cell lymphoma (AITL, 20%) and anaplastic
large-cell lymphoma (24%). The clinical characteristics of these
patients, including risk stratification by the IPI, are summarized in
Table 1. The majority of patients (65%) were initially treated with
anthracycline-based multiagent chemotherapy regimens, most
commonly CHOP (93%), and 9% of patients received nonanthra-
cycline-based regimens. Patients for whom treatment was

unknown (8%), who did not receive any treatment (11%), who
received palliative single-agent therapies or radiation (6%) were
excluded from subsequent analyses.

For the remaining cohort of 326 patients, front-line treatment
with an anthracycline-based regimen was associated with superior
PFS and OS when compared with those patients treated
with non-anthracycline-containing regimens (Figures 1a and b).
A median PFS of 12 months and 2-year PFS of 39% were observed
for anthracycline-treated patients. Median PFS (2 months) and
2-year PFS (23%) was poor for patients receiving non-anthracy-
cline-containing regimens (Figure 1a). The improved PFS observed
in anthracycline-treated patients was associated with a 30-month
improvement in median OS, and a 37% absolute improvement in
2-year OS (Figure 1b). Tissue exhaustion precluded pathologic
review in 28% of cases. When these cases were excluded,
anthracycline use was associated with significant improvements
in both PFS and OS (Supplementary Figures 1a and b). To evaluate
whether or not the inclusion of anaplastic large-cell lymphoma
patients (94% of whom received an anthracycline) in this analysis
may have biased the apparent survival advantage associated with
anthracyclines, PTCL-NOS and AITL cases (n¼ 191) were analyzed
in isolation. Among these patients, anthracycline use was also
associated with improved PFS and OS (Figures 1c and d), with a
median PFS and OS of 11 and 27 months, respectively. In contrast,
median PFS and OS were each o6 months in patients receiving
nonanthracycline-containing regimens. The improved PFS and OS
associated with anthracycline use was also observed when cases
for which pathologic re-review was not performed were excluded.
Among these patients, anthracycline use was associated with
a median PFS and OS of 12 and 29 months, respectively. Use of
a nonanthracycline-containing regimen was associated with a
median PFS of 7 months, and a median OS of 4 months
(Supplementary Figures 1c and d).

In order to identify other confounding variables, characteristics
of both anthracycline- and nonanthracycline-treated patients were
compared for all histologies (Table 2) and for PTCL-NOS/AITL cases
(Table 3). Nonanthracycline use was associated with higher risk
disease (Table 2), although this difference was diminished among
PTCL-NOS/AITL patients (Table 3). Therefore, a multivariate
analysis was performed. When adjusting for the IPI (X3 risk
factors), the association between nonanthracycline-based regi-
mens and poorer survival remained significant, both for the entire
cohort and for PTCL-NOS/AITL patients (Table 4). The IPI retained
its prognostic utility on multivariate analysis (Table 4), and was
able to risk-stratify patients receiving anthracycline-containing
regimens (Figures 2a and b). Furthermore, when only high-risk (IPI
X3) patients were analyzed, anthracycline-containing regimens
were associated with significantly improved PFS and OS (Figures
2c and d). The median PFS and OS were 10 and 18 months,
respectively, for anthracycline-treated patients. In contrast, the
median PFS and OS were each o2 months in nonanthracycline-
treated patients. Consequently, only 6% of these patients were
alive at 2 years, whereas the 2-year OS in high-risk patients
receiving an anthracycline was 43%.

Although the improved survival observed in anthracycline-
treated patients remained statistically significant after adjusting
for the IPI, the increased prevalence of high-risk features observed
in nonanthracycline-treated patients may have led to treatment
selection bias. To further examine this possibility, we analyzed the
regimens that were employed among nonanthracycline-treated
patients. Thirteen patients (34%) received palliative regimens (for
example, methylprednisolone/nitrogen mustard, alkylating agent/
prednisone). In contrast, 53% of patients received conventional
nonanthracycline-containing regimens (for example, CVP, CEPP,
COEP, GemOx, PEGS), whereas 13% received regimens often
reserved for relapsed/refractory patients (for example, ICE, DHAP,
ESHAP). The use of high-dose chemotherapy and autologous (or
allogeneic) stem cell transplantation was examined in these

Table 1. Patient characteristics (n¼ 442)

Characteristic No. (%)

Age, years
460 194 44

Gender
Male 265 60

Vital status
Alive 192 43
Deceased 250 57

Histology
PTCL-NOS 172 39
AITL 88 20
ALCL, ALK (� ) 55 12
ALCL, ALK (þ ) 36 8
ALCL, ALK unknown 19 4
NK/T 23 5
HSPTCL 13 3
EATL 11 2
Othera 5 2
Unclassifiable 20 5

IPI
0–1 74 17
2–3 143 32
4–5 88 20
Missing 137 31

Ann Arbor stage
I 65 15
II 38 9
III 73 16
IV 241 54
Missing 25 6

Front-line treatment
Multiagent
Anthracycline based 288 65
Nonanthracycline 38 9

Other
Steroids 11 2
Radiation 11 2
Single-agent chemotherapy 10 2
Phototherapy/ECP 1 o1
None 49 11
Unknown 34 8

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplas-
tic large-cell lymphoma; ALK, anaplastic lymphoma kinase; EATL, entero-
pathy-associated T-cell lymphoma; ECP, extracorporeal phototherapy;
HSPTCL, hepatosplenic T-cell lymphoma; IPI, International Prognostic
Index; NK/T, natural killer/T cell; PTCL-NOS, peripheral T-cell lymphoma-
not otherwise specified. a’Other’ includes subcutaneous panniculitic T cell
lymphoma (SCPTCL), adult T-cell leukemia/lymphoma (ATLL) and T-cell
large granular lymphocytic (T-LGL) leukemia.
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patients. Among anthracycline-treated patients, 28% underwent
transplant (64% autologous), either in first remission (56%),
second remission (35%) or in the setting of primary refractory
disease (8%). Remission status at the time of transplant was
unknown in one patient. In comparison, 3 (8%) of the
nonanthracycline-treated patients were transplanted. The prefer-
ential use of transplant in anthracycline-treated patients may have
accounted, at least in part, for the improved OS observed in these
patients. To address this possibility, OS was analyzed in
anthracycline-treated patients dichotomized by transplant status.
As shown in Figure 3, the survival advantage associated with
anthracycline use persisted when transplanted patients were
excluded. The median OS (19 months) was superior to the dismal
median OS (4.5 months) observed in nonanthracycline-treated
patients.

DISCUSSION
The clinical characteristics observed in this cohort of T-cell and
natural killer/T-cell lymphoma patients, including the use of
anthracycline-based regimens in 65% of patients, are similar to
those observed in other large series, and confirms the
prognostic utility of the IPI in a uniformly treated cohort of
patients.1,4,6,10–21 In contrast to our study, B75% of patients
evaluated by the ITCLP were from Europe or Asia. Consequently,
AITLs, more prevalent in Europe, and adult T-cell leukemia/
lymphomas and natural killer/T cell lymphomas, which are more
prevalent in Asia, were all well represented in the ITCLP series,
representing B39% of the cases examined. In contrast, AITLs,
adult T-cell leukemia/lymphomas and natural killer/T cell

lymphomas collectively represented B26% of the cases we
examined, and 14% of the cases examined in another North
American study performed by the British Columbia Cancer
Agency (BCCA).4 PTCL-NOS, comprising B25% of cases reported
by the ITCLP, is the most common subtype observed in North
America, representing 39% of the cases we reviewed, and 59%
of those reported by the BCCA.

Anthracycline-based therapies, usually CHOP, have historically
been utilized in the treatment of most PTCL subtypes, including
PTCL-NOS and AITL. Durable remission rates are not optimal with
this approach. In a quest for improved therapies, investigators
have adopted various strategies to intensify treatment, building
on the CHOP backbone, or have developed nonanthracycline-
based alternatives.22–26 Results from the ITCLP would seem to
support the latter approach, as a comparison of outcomes in
anthracycline- and nonanthracycline-treated patients failed to
demonstrate a significant benefit with anthracycline use.1 In order
to further investigate this question, our study examined outcomes,
patient characteristics and future consolidation or salvage
therapies in both anthracycline- and nonanthracycline-treated
patients. In contrast to the ITCLP, our study observed a significant
survival benefit with the use of anthracycline-based regimens. The
majority of patients treated with a nonanthracycline-based
regimen had high-risk features. However, after adjusting for the
IPI on multivariate analysis, the association between anthracycline
use and improved survival remained statistically significant. When
only high-risk patients were analyzed, anthracycline use was
associated with a significant improvement in 2-year OS (43% vs
6%). The use of significantly less intense, and largely palliative,
regimens in nonanthracycline-treated patients may have
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Figure 1. Anthracycline-containing regimens are associated with improved survival in PTCLs. Progression-free survival (a, c) and overall
survival (b, d) for all patients (a, b) and PTCL-NOS/AITL patients (c, d) treated with (—) and without (---) an anthracycline.
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contributed to the apparent benefit associated with anthracycline
use. However, a minority of high-risk patients were treated with
such regimens (31%). The majority of high-risk patients received
regimens frequently utilized in patients for whom an anthracycline
would be contraindicated (55%) or received more intense
regimens usually reserved for salvage therapy after disease
relapse/progression (14%). Although it is difficult to conclude
that the inferior survival observed in nonanthracycline-treated
patients is explained by the selection of palliative regimens in
these patients, treatment selection bias may explain, at least
in part, the apparent survival advantage associated with
anthracycline use. In contrast, the observed disparity in the use
of high-dose therapy and stem cell transplantation was more
significant. Among the anthracycline-treated patients alive at 2

Table 2. Patient characteristics in anthracycline- and
nonanthracycline-treated patients (all histologies)

All histologies

Anthracycline
(n¼ 288)

Nonanthracycline
(n¼ 38)

P-value

No. (%)a No. (%)a

Age
p60 174 60 18 47

0.1460 114 40 20 53

LDH
Normal 102 35 6 16

0.0024Normal 121 42 26 68

ECOG PS
p1 131 45 10 26

0.00241 83 29 21 55

Extranodal site
p1 143 50 15 39

0.341 86 30 14 37

Ann Arbor stage
I/II 70 24 2 5

0.002III/IV 210 73 36 95

IPI
0–2 Risk factors 101 35 6 16

0.0013–5 Risk factors 122 42 29 76

Histology
PTCL-NOS 105 36 20 53

0.03AITL 59 20 7 18
ALCL (ALK þ ) 29 10 3 7
ALCL (ALK � ) 37 13 1 3
ALCL (ALK unknown) 16 6 1 3
Other 42 15 6 16

Front-line treatment
Multiagent 288 100 38 100 —
Nonanthracycline
Conventional therapyb — — 20 53
Salvage therapyc — — 5 13 —
Palliative therapyd — — 13 34

Anthracycline based
CHOP 266 92 — — —

Stem cell transplant
Autologous 52 18 2 5

0.004Allogeneic 29 10 1 3

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplas-
tic large-cell lymphoma; ALK, anaplastic lymphoma kinase; CHOP,
cyclophosphamide/doxorubicin/vincristine/prednisone; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; IPI, International
Prognostic Index; LDH, lactate dehydrogenase; PTCL-NOS, peripheral T-cell
lymphoma-not otherwise specified. aBecause of missing values, character-
istic totals do not always sum 100%. bConventional regimens included CVP,
CEPP, COEP, GemOx, PEGS and variations. cSalvage regimens included
ESHAP, ICE and DHAP. dPalliative regimens included methylprednisolone/
nitrogen mustard, and alkylating agent/prednisone.

Table 3. Patient characteristics in anthracycline- and
nonanthracycline-treated patients (PTCL-NOS/AITL histologies)

PTLC-NOS/AITL

Anthracycline
(n¼ 164)

Nonanthracycline
(n¼ 27)

P-value

No. (%)a No. (%)a

Age
p60 85 52 9 33

0.7
460 79 48 18 67

LDH
Normal 53 32 3 11

0.024Normal 82 50 18 67

ECOG PS
p1 87 53 10 37

0.141 50 30 12 44

Extranodal site
p1 65 40 12 44

0.4
41 58 35 7 26

Ann Arbor stage
I/II 26 16 1 4

0.05
III/IV 135 82 26 96

IPI
0–2 Risk factors 45 27 3 11

0.02
3–5 Risk factors 85 52 21 78

Histology
PTCL-NOS 105 64 20 74

0.3
AITL 59 36 7 26

Front-line treatment
Multiagent 164 100 27 100 —
Nonanthracycline
Conventional therapyb — — 13 48 —
Salvage therapyc — — 9 33 —
Palliative therapyd — — 5 19

Anthracycline based
CHOP 154 94 — — —
Non-CHOP 10 6 — —

Stem cell transplant
Autologous 27 16 0 0

0.03
Allogeneic 14 9 2 7

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; CHOP, cyclo-
phosphamide/doxorubicin/vincristine/prednisone; ECOG PS, Eastern Coop-
erative Oncology Group Performance Status; IPI, International Prognostic
Index; LDH, lactate dehydrogenase; PTCL-NOS, peripheral T-cell lymphoma-
not otherwise specified. aBecause of missing values, characteristic totals
do not always sum 100%. bConventional regimens included CVP, CEPP,
COEP, GemOx, PEGS and variations. cSalvage regimens included ESHAP,
ICE and DHAP. dPalliative regimens included methylprednisolone/nitrogen
mustard, and alkylating agent/prednisone.

Table 4. Multivariate analysis for progression-free and overall survival

Progression-free survival Overall survival

HR (95% CI) P-value HR (95% CI) P-value

All histologies
IPI X3 2.5 (1.8–3.5) o0.0001 3.9 (2.7–5.9) o0.0001
Nonanthracycline 2.2 (1.4–3.3) 0.001 2.9 (1.9–4.4) o0.0001

PTCL-NOS/AITL histologies
IPI X3 3.0 (1.5–5.1) o0.0001 4.5 (2.6–8.6) o0.0001
Nonanthracycline 1.8 (1.0–3.1) 0.04 2.9 (1.7–4.8) 0.0004

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; CI, confidence
interval; HR, hazard ratio; IPI, International Prognostic Index; PTCL-NOS,
peripheral T-cell lymphoma-not otherwise specified.
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years, 21% had been transplanted, and three out of the four
nonanthracycline-treated patients alive at 2 years had been
similarly treated. The improved survival observed in this study in
transplanted patients further highlights the utility of this approach
in PTCLs and is consistent with the outcomes recently reported in
a large phase II study in which the 5-year PFS and OS were
51% and 44%, respectively, following high-dose therapy and

autologous stem cell transplantation.27 Despite the survival
benefits associated with transplantation, improved survival was
observed in anthracycline-treated patients after excluding patients
who had undergone transplant. Given the limitations of a
retrospective analysis, it is difficult to determine the extent to
which treatment selection bias may have contributed to the
improved survival observed in anthracycline-treated patients.
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Figure 2. Anthracycline-containing regimens are associated with improved survival in high-risk PTCL. Progression-free survival (a) and overall
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But, this may certainly explain, in part, the poorer survival
observed in nonanthracycline-treated patients.

In contrast to the observations in our study, the ITCLP did
not observe a similar benefit with the use of anthracycline-
based therapies. At least for PTCL-NOS patients, the
ITCLP observed that anthracycline use was associated with
improved overall survival that approached, but did not
reach, statistical significance. The significant geographic
variation in PTCL subtypes and their considerable heterogeneity
may suggest that geographic differences in the prevalence
of poorly characterized PTCL subtypes, currently classified
(by exclusion) as PTCL-NOS, may explain, at least in part,
the apparent discrepancy between our study and that of
the ITCLP.

This is the largest study of PTCL in North America and further
highlights the need for improved therapeutic strategies for these
aggressive lymphomas. The introduction of promising novel
agents is encouraging, and participation in well-designed clinical
trials should be encouraged.28–34 Nonetheless, CHOP (and CHOP-
like regimens22), consolidated with high-dose therapy and
autologous stem cell transplantation in appropriately selected
patients, is associated with durable remissions in many patients,
and remains a rational therapeutic option.
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