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lymphoma

Taina Reunamo?, llja Kalashnikov?3, Kreetta Lahtela®, Marjukka Pollari%*, Leevi Viisanen?3,
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Peripheral T-cell ymphomas (PTCLs) represent a heterogeneous group of rare malignancies with

poor survival; however, population-based long-term survival data remain limited. We conducted

a nationwide study to estimate overall survival (OS) and relative survival (RS) among 915 patients
diagnosed with PTCLs from 2002 - 2018 (57% males, median age 67 years) using the Finnish Cancer
Registry. The most common subtypes included PTCL not otherwise specified (PTCL NOS; 37%),
angioimmunoblastic T-cell ymphoma (AITL; 27%), and ALK-anaplastic large cell ymphoma (ALK-
ALCL; 12%). Age > 60 years at diagnosis, advanced stage, and male sex were associated with poorer
OS. Five-year OS and RS were better in patients with ALK + ALCL compared with PTCL NOS (5-year OS:
85% vs 30%). Patients with ALK- ALCL had a favorable 5-year OS compared to PTCL NOS (46% vs 30%),
while those with enteropathy-associated T-cell ymphoma (EATL) demonstrated worse OS (15%).
There was no improvement in RS from 2002 -2012 to 2013 -2018. OS was better in patients (excluding
ALK +ALCL) receiving high-dose chemotherapy (HDCT) compared to those for whom HDCT was not
planned (HR 0.61; 95% CI 0.47 - 0.80). We conclude that RS did not improve during the study period;
however, consolidation with HDCT for eligible patients resulted in favorable survival.

Peripheral T-cell lymphomas (PTCLs) are a heterogeneous group of rare lymphoid malignancies constituting
5-10% of all malignant lymphomas!3. In the recent WHO-HAEMS5 classification, mature T-cell and NK-
cell neoplasms are grouped into nine families on the basis of their cell of origin, differentiation state, clinical
findings, disease localization, and morphology and are further divided into more than 30 distinct subtypes®.
This recent WHO revision brings in a new family of nodal T-follicular helper (TFH) cell lymphomas that include
angioimmunoblastic T-cell lymphoma (AITL)*>. The incidence of various subtypes varies geographically', and in
Western countries, the most common subtypes are PTCL not otherwise specified (PTLC NOS), AITL,anaplastic
large cell lymphomas (ALCL), either ALK (anaplastic lymphoma kinase) negative (ALK-) or ALK positive
(ALK +) and enteropathy-associated T-cell lymphoma (EATL)">67,

Compared with B-cell lymphomas, PTCLs have dismal outcomes, with a 5-year overall survival (OS) of 34—
48%. An exception is the ALK + ALCL subtype, with a 5-year OS of 58-79%">%%°. Treatment of PTCL patients
is usually based on cyclophosphamide, doxorubicin, vincristine, and prednisolone (CHOP) combination
chemotherapy!®. The impact of adding etoposide to the CHOP regimen (CHOEP) is controversial. More
complete responses have been achieved with CHOEP than with CHOP*®, which, however, has not translated
to improved OS*!12except in ALK+ ALCL®*!3, Various new drugs have been studied to improve survival in
PTCL patients, but to date, only brentuximab vedotin combined with a CHP backbone (vincristine omitted) has
improved survival in CD30-positive PTCL patients, with 75% of the studied patients having the ALCL subtype!“..

Due to the poor survival rates of patients with PTCL, consolidation with high-dose chemotherapy and
autologous stem cell transplantation (HDCT/ASCT) is generally included in the treatment recommendations
for PTCL, excluding ALK + ALCL, which nevertheless has superior survival!®!>. The favorable impact of HDCT/
ASCT on the survival of patients with PTCL has only been demonstrated to date in prospective nonrandomized
phase II trials with a 5-year OS of approximately 50%!%!”. In the COMPLETE study, the survival benefit of
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HDCT/ASCT was observed in patients with AITL and those with advanced-stage disease or high IPI scores's.
Moreover, allogeneic transplantation did not improve survival compared with HDCT/ASCT™..

Population-based long-term data on systemic PTCLs are limited*®. We conducted a nationwide population-
based study in patients diagnosed with systemic PTCLs in Finland between 2002 and 2018 to determine OS
and relative survival (RS) rates. We also compared baseline characteristics and the impact of different first-line
chemotherapy regimens and consolidation with HDTC/ASCT on total mortality.

Methods

Data sources

The data were obtained from the Finnish Cancer Registry (FCR), which is a statistical and epidemiological
research institute in Finland. In accordance with special legislation, physicians, hospitals, and pathology and
hematology laboratories are obliged to report new cancer cases to the FCR without the consent of patients.
Thus, FCR includes nationwide data on the incidence of all cancers in Finland since 1953. The information on
death for cancer patients is received from Statistics Finland once per year and can be linked to the FCR data via
a unique personal identity code included in the registries.

Since 2007, the coding of cancer cases has followed the International Classification of Diseases for Oncology,
3rd Edition (ICD-O-3), which is consistent with the World Health Organization (WHO) Classification of
Tumors of Haematopoietic and Lymphoid Tissues, 4th edition®. In 2007, former codes based on the Manual
of Tumor Nomenclature and Coding were also converted to ICD-0-322, The FCR has high overall coverage,
the completeness for lymphoid cancers has been estimated to be 94%, and 99% of cases are morphologically
verified®..

Patients

We identified 1123 patients who were diagnosed with PTCL (ICD-O-3 morphology codes 9702, 9705, 9714, 9716,
9717, 9719 9590, 9591) between January 1 st, 2002, and December 31 st, 2018, with follow-up information until
December 31st, 2022, from the FCR. The diagnoses were verified by reviewing pathology and clinical reports
linked to the registry, but no new histopathological review was performed. Patients without clear confirmation
of systemic PTCL were excluded (n=49). Patients with only solitary skin involvement who were treated without
systemic chemotherapy were considered to have cutaneous T-cell lymphomas (n=81) and were excluded, as
were those with leukemic forms of T-cell lymphomas or other types of cancer (n=24). In addition, patients were
excluded if the diagnosis was confirmed the first time at autopsy or after the patient had died (n=54). After the
exclusions mentioned above, the study population consisted of 915 patients.

Clinical data on stage, extranodal disease involvement, information on first-line treatment, including the
given chemotherapy combination, the number of given chemotherapy cycles, and the response to first-line
treatment, were retrieved from the electronic medical records (EMR) of the three largest university hospitals
in Finland and were reported to the FCR. We grouped the patients according to the treatment data into no
treatment groups, which included treatment with corticosteroids and palliative radiation therapy only, CHOP-
based, CHOEP-based, and other types of chemotherapy. If a patient had received any number of CHOP cycles
without the addition of etoposide, we grouped the patient into the CHOP group. If the patient had received
at least one course of the CHOEP, we grouped the patient into a CHOEP group (intention to treat with the
CHOEP).

The data on treatments, response to first-line therapy, and the intention to consolidate with HDCT/ASCT
were based on data collected from the EMR. If HDTC/ASCT was not mentioned, we grouped the patient as not
scheduled for HDCT/ASCT.

This study was performed according to the Declaration of Helsinki. The study was approved by the National
Institute for Health and Welfare (Dnro THL/1441/5.05.00/2019), Statistics Finland (Dnro TK-53-1172-19),
and Helsinki University Hospital Institutional Review Board. Written informed consent was waived due to the
retrospective nature of the study and the de-identification of the patient information. All methods were carried
out following the WHO and ICD-O-3 guidelines and recommendations.

Statistical analysis

OS was defined as the time from the date of diagnosis to death from any cause or the last follow-up on December
31th, 2022. OS was estimated with the Kaplan-Meier method, and hazard ratios (HRs) were calculated with a
95% confidence interval (CI) Cox regression model. The log-rank test was applied for group comparisons when
appropriate. Patients with missing data were excluded from the analysis. Relative survival (RS) was estimated
via the Ederer IT method with internal age standardization (age groups: 0—44, 45— 54, 55— 64, 65—74, and>75
years)?. The follow-up time was split into monthly intervals. Age-specific RS was estimated for three age groups
on the basis of the age at diagnosis (0 - 54, 55— 74, and 275 years). A complete analysis was based on all person-
time and deaths from 1995-2018, and period analyses were carried out for 2002 —-2012 and 2013 -2018,
separately, with left-truncated data for the later period*!. The baseline demographics of the different subtype
groups were compared with the Bonferroni-adjusted Chi-square test or analysis of variance. The statistical
analysis was conducted with SPSS version 27 (IBM Armonk) and R, version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria), with the packages survival 3.1-12, rstpm?2 1.5.2, Epi 2.44, and popEpi 0.4.8.

Scientific Reports |

(2025) 15:27077 | https://doi.org/10.1038/s41598-025-12596-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Results

Patient characteristics

Altogether, 915 patients were identified with newly diagnosed PTCLs in Finland between 2002 and 2018
with follow-up information until the end of 2022; the median follow-up for surviving patients was 11.6 years
(interquartile range (IQR) 8.0-14.9 years).

The clinical characteristics and distributions of the different subtypes are presented in Table 1. PTCL NOS
was the most common entity (37%), followed by AITL (27%), ALK- ALCL (12%), and EATL (10%). In 38 (19%)
patients with ALCL, the ALK status was unknown (ALCL ALKu).

The median age for the whole cohort was 67 years (IQR 57-77, range 4.3-94.5), with patients with
ALK+ ALCL being significantly younger (median 36 years at diagnosis, IQR 20-51, range 4.3-81.4), except
when compared with hepatosplenic T-cell lymphoma patients (HSTCL). On the other hand, patients with AITL
were significantly older than patients with ALK-ALCL and extranodal NK/T-cell lymphoma (ENKTL).

There was a slight male predominance (57%) present in all the subgroups. Overall, 75% of the patients had
advanced-stage disease (Ann Arbor stages III-1V), with a significantly greater proportion of PTCL NOS (82%)
and AITL (90%) patients than ALCL patients. Extranodal disease was present in 73% of the patients. Bone
marrow, spleen, gastrointestinal, skin, and lung involvement were present in 20%, 20%, 14%, 14%, and 9% of the
patients, respectively. B-symptoms were present in 52% of the patients. Data on lactate dehydrogenase (LDH)
levels and performance statuses were not available; therefore, the International Prognostic Index (IPI) could not
be calculated.

Overall survival by different subtypes and clinical characteristics

We recorded 679 deaths during the follow-up period (74%). The median overall survival (mOS) for the whole
cohort was 1.6 years, and the 5-year OS was 36% (Table 1). Survival was significantly longer in patients with
ALK+ ALCL than in those with all other entities, with a 5-year OS of 85%. This superior survival was also
observed in the Cox multivariable analysis (Table 2). In addition, survival in patients with ALK-ALCL was
significantly longer than that in patients with PTCL NOS and AITL. Survival was significantly shorter in patients
with EATL and AITL than in those with PTCL NOS (Fig. 1 and Table 2). However, in the Cox multivariable
analysis, survival was significantly longer in patients with the AITL subtype than in those with the PTCL NOS
when sex and age were also considered.

PTCL, NOS | AITL ALCL ALK- | ALCLALK+ | EATL ALCL ALKu | ENKTCL | HSCTL | ALL
Number of patients (%) 339 (37) 249 (27) 106 (12) 61 (7) 89 (10) |38(4) 26 (3) 5(1) 915 (100)
Median age 68 70 65¥ 36% 65 71 57$ 46 67
(IQR) (59-78) (62-78) | (57-73) (20-51) (58-72) | (60-82) (47-67) | (35-57) | (57-77)
Males (%) 197 (58) 128 (51) 60 (57) 40 (66) 51(57) | 25(66) 15 (58) 5(100) | 523 (57)
Age > 60 years (%) 241 (71) 197 (79) 63 (59) 9 (15) 71 (80) | 28(74) 12 (46) 1(20) 624 (68)
Advanced stage (I or IV) (%) | 155 (82) ® | 115 (90) £ | 50 (65) 22 (59) 21(53) |5 (45) 12(57)  |4(100) | 385(75)
Stage not available (%) 149 (44) 121 (49) 29 (27) 24 (39) 49 (55) |27 (71) 5(19) 1(20) 405 (44)
Extranodal disease (%) 147 (73) 97 (72) 48 (63) 20 (54) 43 (100) |10 (71) 20 (100) |4 (100) |391(73)
Not available (%) 138 (41) 114 (46) |30 (28) 24 (39) 46 (52) | 24(63) 6(23) 1(20) | 383 (42)
BM (%) 49 (24) 35 (26) 11 (14) 2(5) 2(5) 1(7) 1(5) 3(75) | 104 (20)
Lung (%) 21 (10) 11(8) 9(12) 3(8) 0(0) 1(7) 1(5) 0(0) 46 (9)
Skin (%) 24 (12) 24 (18) 12 (16) 5(14) 1(2) 4(29) 6 (30) 0 (0) 76 (14)
Spleen (%) 44 (22) 38 (28) 11 (14) 3(8) 3(7) 1(7) 0(0) 3(75) 104 (20)
GI (%) 19(9) 2(1) 3(4) 2(5) 43 (100) |3 (21) 1(5) 0(0) 74 (14)
CNS (%) 5(2) 0(0) 0(0) 1(3) 1(2) 0(0) 1(5) 0(0) 8(2)
Kidney (%) 2(1) 1(1) 2(3) 0(0) 0(0) 0(0) 0(0) 0(0) 5(1)
Liver (%) 14 (7) 8(6) 9(12) 0(0) 1(2) 0(0) 0(0) 3(75) 35(7)
Bone (%) 7(3) 5(4) 10 (13) 6 (16) 0(0) 0(0) 1(5) 0 (0) 29 (5)
B-symptoms (%) 93 (55) 67 (54) 38 (51) 16 (43) 22(59) | 5(45) 5(28) 3(75) 250 (52)
Not availabe (%) 169 (50) 124 (50) 32 (30) 24 (39) 52(58) |27(71) 8(31) 1(20) 437 (48)
5-year OS (%) 30 34 46 85 15 32 29 0 36
Median OS in years 1.1 2.0 34 NR 0.6 1.5 1.4 0.4 1.6
5-year RS (%) 33 42 46 79 21 39

Table 1. Baselines and clinical characteristics by different subtypes in the entire cohort. Data from two patients
with PTLD (posttransplantation lymphoproliferative disorder) are not shown. ¥ p<.05 vs ALCL ALK+ and
AITL; * p <.05 vs all subtypes except HSCTL; $ p<.05 vs AITL and ALCL ALK+;. 1t p<.05 vs other expect AITL
and HSCTL; £ p<.05 vs other expect PTCL and HSCTL. BM, bone marrow; CNS, central nervous system; GI,
gastro-intestinal tract; HSTCL, hepatosplenic T-cell lymphoma; IQR, interquartile range; NR, not reached; OS,
overall survival; RS, relative survival.
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OS univariate HR (95% CI) | p-value | OS multivariate HR (95% CI) | p-value
Age 1.04 (1.03-1.05) <0.001 | 1.06 (1.04-1.07) <0.001
Age over 60 years at diagnosis | 2.49 (2.08-3.00) <0.001 | 1.61(1.08-2.40) 0,019
Male gender 1.10 (0.95-1.28) 0.21 1.27 (1.01-1.60) 0.041
B-symptoms 1.41 (1.13-1.75) 0.002 | 1.19 (0.94-1.51) 0.156
Ann Arbor III-IV 2.00 (1.54-2.61) <0.001 | 1.85(1.34-2.56) <0.001
Extranodal involvement 1.77 (1.38-2.25) <0.001 |1.13(0.27-1.57) 0.434
BM 1.39 (1.09-1.78) 0.01 1.26 (0.93-1.72) 0.137
Spleen 1.01 (0.78-1.31) 0.94 not included
GI 224 (1.72-2.92) <0.001 | 1.52 (0.85-2.70) 0.16
Skin 1.07 (0.81-1.42) 0.64 not included
Lung 1.43 (1.02-2.00) 0.05 1.43 (0.97-2.11) 0.074
CNS 2.67 (1.26-5.65) 0.027 | not included
Liver 1.13 (0.75-1.71) 0.57 not included
Bone 0.54 (0.31-0.94) 0.016 | 0.68 (0.38-1.21) 0.19
Kidney 2.94 (1.21-7.13) 0.042 | 2.77 (1.01-7.56) 0.05
PTCL NOS 1.00 reference 1.00 reference
ALCL ALK- 0.63 (0.48-0.82) <0.001 |0.88 (0.62-1.25) 0.48
ALCL ALK+ 0.11 (0.06-0.21) <0.001 |0.31(0.12-0.77) 0.011
ALCL ALK unknown 0.97 (0.67-1.39) 0.862 | 1.54(0.73-3.22) 0.26
AITL 0.86 (0.71-1.03) 0.09 0.62 (0.47-0.82) 0.001
EATL 1.31 (1.03-1.68) 0.033 | 1.59 (0.85-2.98) 0.151
ENKTCL 0.78 (0.48-1.26) 0.29 1.91 (1.03-3.56) 0.041
HSCTL 1.87 (0.77-4.52) 0.21 4.09 (1.46-11.47) 0.007

Table 2. Multivariable Cox model for overall survival in patients whose baseline and disease characteristics
are known (n=443). BM, bone marrow; CNS, central nervous system; GI, gastrointestinal tract; OS, overall
survival; CI, confidence interval; HR, hazard ratio.

Cox regression analyses of the effects of clinical characteristics and subtypes on survival are shown in Table
2. B-symptoms and extranodal disease were associated with inferior survival, although in the multivariable
analysis, age and advanced-stage disease were the only variables significantly associated with inferior survival
(HR 1.065 95% CI 1.04-1.07 and HR 1.85; 95% CI 1.34-2.56, respectively). In addition, in the RS (Fig. 2) and
Cox multivariable models, male sex had an inferior impact on survival (HR 1.27; 95% CI 1.01-1.6). Kidney
involvement was associated with inferior survival (HR 2.77, 95% CI 1.01-7.56), although it was present in only
five patients.

Relative survival

The 5-year RS for the entire cohort was 39% (95% CI, 36-42). The RS decreased with age; the 5-year RS for
patients aged 0-54 years at diagnosis was 62% (95% CI, 55-68), that for patients aged 55-74 years was 36% (95%
CI, 32-41), and that for patients aged 75 years or older was 24% (95% CI, 17-31). The RS was superior for the
ALK+ ALCL subgroup, at 79% (95% CI, 49-93). There was no improvement in the RS of patients diagnosed in
the later calendar period of 2013-2018 compared with 2002-2012 (Table 1 and Fig. 2).

First-line treatment

Data on first-line treatment were available for 66% of the patients (n=608). Of them, 48% (n=292) received
CHOP, 24% (n=147) received CHOEP, and 14% received other chemotherapies (n=86). Eighty-three patients
(14%) received only corticosteroids or palliative radiotherapy (n=10) as best supportive care (Supplementary
Table S1). The median OS for patients receiving best supportive care was 1.5 months (range 0-120 months).

Of the patients receiving chemotherapy, 76% (n=321) completed at least four cycles and 24% (n=99) 1-3
cycles. Data on responses to first-line therapy were available for 78% of the patients showing the overall response
rate (ORR) of 78%.

CHOEP is generally recommended only for fit patients, who are usually aged less than 65 years at diagnosis.
In our cohort, 20 patients aged over 65 years received CHOEP. Overall, median OS was longer for patients treated
with CHOEP compared to CHOP (5-y OS 53% vs 43%, HR 0.64; 95% CI 0.50-0.83), but when considering only
patients under 65 years, the difference was not significant (5-y OS 54% vs 50%, HR 0.78; 95% CI 0.56-1.08). The
complete response rate (CRR) was higher with CHOEP (59% vs 49%, p = 0.006), but no significant difference in
CRR rate was seen in patients under 65 years (61% vs 54%, p=0.11).

Twelve percent (n=62) of the patients received radiation therapy as part of their first-line therapy, and 65%
of these patients had stage I or II disease (n=40).
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Fig. 1. Overall and relative survival according to different T-cell lymphoma subtypes. A OS according
to histological subtypes of PTLC NOS, AITL, ALCL ALK +, and ALCL ALK- patients; B OS according to
histological subtypes of HSCTL, EATL, NKTCL, and ALCL ALKu patients;C RS according to the main
subtypes of PTCL NOS, AITL, ALCL ALK+, ALCL ALK- and EATL.
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Fig. 2. Relative survival in patients diagnosed with systemic T-cell lymphoma in Finland from 2002-
2018.A Ten-year age-standardized relative survival (RS) for 2002-2018; B Ten-year age-standardized RS for
2002-2012 and 2013-2018; C Ten-year age-specific RS; D Ten-year age-standardized RS by sex.

Consolidation with autologous stem cell transplantation

HDCT/ASCT was planned as consolidation in the first-line therapy for 195 patients (56%) under 70 years at
diagnosis with 135 (70%) completing it. For the remaining 60 (30%) patients consolidation was not given due
to progression (n=29), infections or other comorbidities (n=16), mobilization failures (n="7), patient choice
(n=7), or unknown reasons (n=1). HDCT/ASCT was not planned in 44% (n=155) of the patients less than 70
years.

When analyzing the impact of HDCT/ASCT on survival, patients with ALK+ ALCL were excluded as only
15% (n=>5) of them received HDCT/ASCT and they nevertheless had superior survival. HDCT/ASCT recipients
(n=130) had better survival (5-y OS 60%) than patients for whom HDCT/ASCT was not planned (n=130) (5-y
OS 32%, HR 0.42; 95% CI 0.31-0.58). Patients for whom HDCT/ASCT was planned but not completed, had the
poorest survival (5-y OS 20%, HR 2.36; 95% CI 1.72-3.25), even compared to those patients who never intended
to proceed to HDCT/ASCT (HR 1.41; 95% CI 1.0-1.98) (Fig. 3).

We then excluded patients with OS <6 months, no induction chemotherapy, or if HDCT/ASCT was not
performed although planned. In the remaining 114 patients, the favorable impact of HDCT/ASCT consolidation
on survival was maintained compared to 85 patients not receiving HDCT/ASCT consolidation (HR 0.57; 95% CI
0.40-0.82). This was confirmed in multivariable Cox regression analysis (HR 0.53; 95% CI 0.34-0.83) adjusted
with age, advanced stage, extranodal disease, and addition of etoposide to the CHOP-backbone (Table 3).

Among the 260 patients who achieved CR after first line treatment, 117 were intended for HDCT/ASCT.
There was a trend toward improved survival in the HDCT/ASCT group (HR 0.73; 95% CI 0.51-1.05). When
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Fig. 3. Survival according to HDCT/ASCT consolidation.

HR (95% CI) p-value
Age 1.03 (1.01-1.05) | 0.007
Advanced stage disease 1.50 (0.89-2.52) | 0.127
Extranodal disease 1.63 (1.02-2.60) | 0.04
Etoposide in induction treatment | 1.11 (0.68-1.80) | 0.676
Other chemo regimen 1.66 (0.93-2.96) | 0.085
HDCT/ASCT completed 0.53 (0.34-0.83) | 0.005

Table 3. Cox regression multivariable model for overall survival. Patients over 70 years at diagnosis, patients
who were ALCL-ALK +, patients who received no treatment or patients who lived less than 6 months from
diagnosis were excluded, leaving a population of 199 patients. HDCT/ASCT, high-dose chemotherapy and
autologous stem cell transplantation; CI, confidence interval; HR, hazard ratio.

restricting the analysis to patients who actually underwent HSCT (n =95), the survival benefit reached statistical
significance (HR 0.58; 95% CI 0.40-0.87). There was no significant difference in overall survival (OS) among
patients who underwent HDCT/ASCT between the early study period (2002-2012) and the later period (2013-
2018).

Discussion

This is a large, population-based study showing the prevalence of PTCL patients in the entire Finnish population
over a 17-year time period. The largest subtypes in this cohort were PTCL NOS (37%) and AITL (27%), which
is in concordance with the results from the International Peripheral T-cell Lymphoma Project (ITLP) from
Europe!. A previous similar cohort from Sweden? reported a lower proportion of AITL patients (only 14%),
but otherwise, the frequencies of different PTCL subtypes were reported to be similar in both Nordic countries.

The median age of all patients was 67 years, with the exception of ALK+ ALCL patients, who presented with
a significantly lower median age at diagnosis. As previously shown?', male sex was also associated with inferior
OS and RS in our population (Fig. 2). The IPI score has also been shown to predict survival in patients with
PTCL!268, Unfortunately, we were not able to calculate the IPI scores of the patients due to a lack of information
on performance status and LDH. However, we show that advanced stage disease, age over 60 years at diagnosis,
and extranodal disease, which are factors associated with the IPI score, have unfavorable impacts on survival.

The 5-y OS in the whole group was 36%, similar to that reported in the Swedish population (34%)2 The
outcome of the ALK + ALCL subtype, with respect to both OS and RS, was superior to that of the other subtypes,
as also shown previously!>%825, In addition, the survival of patients with the ALK-ALCL subtype was significantly
better than that of PTCL NOS patients, as suggested previously™!°. In our cohort, the AITL subtype also seemed
to translate to better outcomes than PTCL NOS when adjusted for age, stage, and extranodal disease, as the
patients with AITL were mostly older and had advanced-stage disease more often (Tables 1 and 2).

In our cohort, 14% of the patients never received any chemotherapy, which is comparable to the 16% reported
in the Swedish study?. These patients naturally had a detrimental median survival of only 1.5 months. CHOEP
is generally recommended in Finland as a treatment for nodal PTCLs in fit patients, who are usually aged less
than 60-65 years and have advanced-stage disease. The positive effect of CHOEP has been mostly shown in
ALK + ALCL patients>®*!112, Unlike in a recent Dutch study®, we did not record differences in ORR or survival
in favor of the addition of etoposide when focusing only on patients aged less than 65 years or those with the
ALK+ ALCL subtype alone, which might be due to a more liberal definition of CHOEP-based treatment, as we
included in this group any patient receiving at least one cycle of CHOEP, whereas in the Dutch study, the patients
were excluded from the CHOEP group if they had received both CHOP and CHOEP courses.

In patients aged less than 70 years at diagnosis, HDCT/ASCT was planned as part of their first-line therapy
for 56% of the patients, which is similar to the Swedish cohort (51%). In our study, 70% of the patients actually
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received HDCT/ASCT, which is in line with the data from the NLG T-01 trial and the Swedish cohort®®. The
main reasons for omitting HDCT/ASCT were progressive disease, serious infection, or other comorbidity-
related problems, resulting in overall dismal survival for this group of patients (intended but not receiving
HDCT/ASCT). Consolidation with HDCT/ASCT is not generally recommended for patients with ALK+ ALCL,
because they have superior survival even without it, and this group was also excluded from our analysis
regarding the impact of HDCT/ASCT on survival. In this cohort, only five patients (15%) with ALK+ ALCL
received HDCT/ASCT as consolidation, whereas 35-46% of the patients with other nodal PTCLs had HDCT/
ASCT consolidation (Supplementary Table S1). When ALK+ ALCL patients were excluded, consolidation with
HDCT/ASCT translated to superior survival, also in the intention to treat with HDCT/ASCT group compared
to the group with no consolidation planned. As the clinical data were collected retrospectively from the medical
records, documentation on the intention to consolidate with HDCT/ASCT may be missing in some cases,
especially in patients who are highly symptomatic with rapidly progressing PTCL, causing potential bias in this
study.

In the most recent Dutch study®, which evaluated the impact of HDCT/ASCT on the outcome of PTCL
patients, a landmark analysis of 9 months was used. On the other hand, we speculated that induction therapy and
consolidation with HDCT/ASCT are mostly completed within 6 months of diagnosis. Therefore, we excluded
patients with a dismal prognosis, namely, patients with an OS of less than 6 months, patients who received no
chemotherapy at all, and patients who intended to be consolidated with HDT/ASCT but failed to receive it.
In this cohort, the positive effect of HDCT/ASCT consolidation on survival also remained significant in the
multivariate model with age at diagnosis, advanced-stage disease, and the addition of etoposide to the treatment
regimen.

On the basis of data from the ECHELON-2 trial'4, brentuximab vedotin has been the first-line treatment
option for CD30-positive ALCL patients in Finland for only a few recent years. In our cohort, with the data
collected up to 2018, there were naturally no brentuximab-based first-line treatment regimens used, and no
significant improvement in RS during the study period was recorded (Fig. 2). In the ECHELON-2 trial, 70% of
the patients were diagnosed with the ALCL subtype, and both the ALK +and ALCL- ALCL patients had superior
OS compared with the other subtypes. Thus, new therapeutic approaches for PTCL subtypes other than ALCL
are urgently needed.

The strengths of this study include its population-based design and the use of high-quality nationwide cancer
registry data spanning an extensive period of 17 years. Furthermore, all diagnoses were reviewed from the
original pathology reports at the Finnish Cancer Registry, with most cases diagnosed in one of Finlands five
university hospitals or reviewed by an expert hematopathologist. However, some limitations require careful
consideration. First, we could not perform a central pathology review to confirm the diagnosis. Second, clinical
data were collected retrospectively from medical records and were not available for all patients. Consequently,
data on frontline therapy and responses were available for 66% and 78% of patients, respectively, while ALK status
was unknown for 19% of patients with ALCL. Additionally, the information on HDCT/ASCT consolidation
was obtained from electronic medical records, and there were no standardized criteria for proceeding with
consolidation. This lack of harmonization may have introduced selection bias, potentially favoring patients with
a better initial prognosis.

In conclusion, this large nationwide population-based cohort study with long-term follow-up demonstrated
similar incidences of different PTCL subtypes and survival rates, as previously reported, including superior
survival of ALCL subtypes, especially ALK+ cases. Consolidation with HDCT/ASCT was associated with
improved survival and remains a feasible approach when treating PTCL patients, apart from those with
ALK+ ALCL. However, we recognise that a randomised trial is required to establish the benefit of HDCT/ASCT
for PTCL patients. No significant positive effect was observed with the addition of etoposide to the CHOP
regimen, leaving the benefit of adding etoposide questionable. Furthermore, overall RS did not improve during
the study period, underscoring the urgent need for more effective and innovative therapies for patients with
PTCL as well as integrative studies that combine clinical and molecular data to better understand survival
disparities in PTCL patients.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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