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Correlation between progression-free and overall survival in patients with
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P. J. Bröckelmann1, H. Müller1, M. Fuchs1, S. Gillessen1, D. A. Eichenauer1, S. Borchmann1, A. S. Jacob1, K. Behringer1,
J. Momotow1, J. Ferdinandus1, B. Böll1, X. Yang2, C. Kobe3, H.-T. Eich4, C. Baues5, W. Klapper6, A. Engert1, P. Borchmann1 &
B. von Tresckow1,7�
1University of Cologne, Faculty of Medicine and University Hospital of Cologne, Department I of Internal Medicine, Center for Integrated Oncology Aachen Bonn
Cologne Düsseldorf (CIO ABCD) and German Hodgkin Study Group (GHSG), Cologne, Germany; 2Merck & Co., Inc., Rahway, USA; 3Department of Nuclear Medicine,
Faculty of Medicine and University Hospital Cologne, University of Cologne, Cologne; 4Department of Radiation Oncology, University Hospital of Muenster, Muenster;
5Department of Radiation Oncology, Ruhr-University Bochum, Medical Faculty, Marien Hospital, Herne; 6Hematopathology Section and Lymph Node Registry,
Department of Pathology, University Hospital Schleswig-Holstein, Campus Kiel, Kiel; 7Department of Hematology and Stem Cell Transplantation, West German Cancer
Center and German Cancer Consortium (DKTK Partner site Essen), University Hospital Essen, University of Duisburg-Essen, Essen, Germany
*Corresp
matology
German C
Essen, Uni
many. Tel:
E-mail: b

@B_v

5Note:
Annual Co
2023 in Fr
nant Lymp
0923-75

European S
CC BY-NC-

Volume 3
Available online 18 December 2024
Background: This study aimed to evaluate the correlation between progression-free (PFS) and overall survival (OS) after
first-line treatment of classical Hodgkin lymphoma (HL) and to assess the potential of PFS as a surrogate parameter for
OS.
Patients and methods: We analyzed individual patient data collected during and after treatment with
polychemotherapy in nine randomized phase III trials [German Hodgkin Study Group (GHSG) HD7-HD15] between
January 1993 and August 2018. The effects of 16 experimental treatments on PFS and OS at the trial level were
evaluated using Cox proportional hazards (PH) regression and linear weighted least squares regression. At the
patient level, marginal Cox PH models for multiple endpoints were applied using the WeieLineWeissfeld method.
Results: At least one PFS and OS event was recorded in 1682 and 1064 of 10 605 patients, respectively. At the trial level,
there was a strong correlation between treatment effects on PFS and OS (weighted Pearson r ¼ 0.72, R2 ¼ 0.54, P <
0.001). At the patient level, a moderate to strong correlation between treatment effects on PFS and OS was observed,
with Pearson r values ranging between 0.61 and 0.85 (each P < 0.001) and an overall r ¼ 0.74. A regression model that
accounted for different types of experimental treatments and historical progress across trial generations achieved a
very strong correlation (R2 ¼ 0.93). When applied to data from the contemporary first-line ECHELON-1 trial, this
model successfully predicted OS from PFS {prognosticated ln[HR(OS)] ¼ �0.68 as compared with observed ln
[HR(0.59)] ¼ �0.53}.
Conclusion: In first-line trials of HL, PFS and OS, as well as treatment effects and prognostic effects on these endpoints,
are strongly correlated. PFS serves as a strong predictor of treatment effects on OS, providing valuable insights many
years before OS can be reliably assessed.
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INTRODUCTION

Classical Hodgkin lymphoma (HL) accounts for w10%-15%
of all malignant lymphomas and occurs with two age peaks
(around the age of 25 and >60 years) at an incidence of 2-
3/100 000 per year. Approximately 80%-90% of patients
with HL are cured with adequate risk-adapted first-line
treatment.1-3 However, in case of refractory or relapsed
disease, w50% of patients receiving second-line therapy
relapse again and most of these patients eventually die
from their disease.4 Novel therapeutic approaches investi-
gating new compounds for the treatment of HL should
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hence at least maintain current cure and survival rates in
the first-line setting, while ideally reducing treatment-
related morbidity and mortality.5 For high-risk patients
and in the relapsed setting, however, improved efficacy
with prolonged progression-free (PFS) and overall survival
(OS) remains a major goal.6

In clinical HL research, PFS and OS are the two outcomes
predominating as measures for treatment efficacy. PFS is
one of the most relevant endpoints from the perspective of
HL patients7,8 and most randomized HL trials apply PFS as a
primary endpoint aiming at significant PFS differences (or
exclusion of those in noninferiority trials). Although OS is
considered an important outcome measure for regulatory
authorities9,10 and health technology assessment bodies,
evaluating OS differences in HL is often unfeasible: In
addition, in conditions with high cure rates such as HL, it is
not necessarily a disease-specific endpoint. Evaluation of
OS, especially at the time of initial trial analysis, is usually
constrained by limited statistical power and might be
influenced by subsequent therapies. Because of the overall
favorable prognosis, evaluation of OS after first-line treat-
ment for HL requires trials with extended duration spanning
decades and the recruitment of unrealistically high patient
numbers to achieve sufficient power, given the low OS
event rates. Conducting trials aimed at demonstrating OS
differences to measure the relative and cost-effectiveness
of new drugs in this setting would result in significant de-
lays or restrictions in access to effective and potentially life-
saving medicines. Harnessing strongly correlated endpoints
of similar relevance to patients, such as PFS, as surrogate
parameters for OS, hence appears relevant. The promises
and challenges associated with such approaches were
recently also discussed by an author group from the Food
and Drug Administration (FDA), highlighting the urgent
need for comprehensive studies in this area.11

The relationship between PFS with OS in HL is hence of
utmost importance, but has not been studied to date. Here,
we report the correlation of treatment effects on PFS and
OS, and the direct correlation between PFS and OS, in
10 605 patients with HL treated in randomized academic
clinical trials in the first-line setting.

METHODS

Patients

The aim of this study was to evaluate the correlation be-
tween PFS and OS in patients with HL undergoing first-line
treatment. For this purpose, we re-analyzed nine random-
ized controlled multicenter phase III trials involving patients
with histologically confirmed first-occurrence HL. These tri-
als, namely, the academic HD7-HD15 trials conducted by the
German Hodgkin Study Group (GHSG), were each designed
to address one of three well-established, clinically defined
risk groups: early-stage favorable, early-stage unfavorable,
or advanced-stage HL. All multicenter trials analyzed in this
study were initiated, coordinated, and conducted by the
GHSG using comparable methods and a consistent research
framework. The first patient was enrolled in January 1993,
394 https://doi.org/10.1016/j.annonc.2024.12.009
and the last validated follow-up data were collected in
August 2018. Recruitment for three consecutive trial gen-
erations, G3 (HD7-HD9), G4 (HD10-HD12), and G5 (HD13-
HD15), was conducted between 1993 and 1998, 1998 and
2003, and 2003 and 2009, respectively. Each generation
included trials for early-stage favorable (HD7, HD10, and
HD13), early-stage unfavorable (HD8, HD11, and HD14) and
advanced-stage HL (HD9, HD12, and HD15) patient groups.

Treatment arms of the randomized GHSG trials that were
prematurely closed, patients without histologically
confirmed classical HL (e.g. patients with nodular lympho-
cyte predominant HL), and patients who terminated trial
participation before starting study treatment were excluded
from this analysis. The primary analysis included individual
patient data from 10 605 participants in the GHSG HD7-
HD15 trials. Supplementary Table S1, available at https://
doi.org/10.1016/j.annonc.2024.12.009, provides an over-
view of the randomized trials and patient numbers. All trials
were approved by the review boards of the participating
sites and conducted in accordance with the Declaration of
Helsinki. Details on inclusion and exclusion criteria, patient
and study characteristics, and results and conclusions have
been published previously elsewhere.1,12-15
Definitions

PFS was calculated for each patient as the time between the
date of completion of initial staging examinations and the
date of first progression/relapse or death from any cause.
For patients with a continuing response, PFS was defined as
ending on the date of the last documented follow-up ex-
amination of tumor status and was right-censored. OS was
calculated for each patient as the time from the date of
completion of the initial staging examinations to either the
date of death from any cause or the date the patient was
last documented as alive; in the latter case, OS was right-
censored. Unless otherwise specified, correlation
measures (r) are weighted Pearson productemoment cor-
relations, and the reported P values are based on two-sided
tests. The strength of correlations was interpreted according
to widely accepted ranges for these correlation mea-
sures.16-18
Statistical analyses

Different methodological approaches to estimate PFSeOS
correlations were applied.

Treatment effects on PFS and OS and their correlation at
the trial level. First, we examined the correlation between
the effects of 16 experimental treatments on PFS and OS
at the trial level using a two-step approach. We then esti-
mated the experimental treatment effectsdrelative to the
respective standard treatmentsdusing Cox proportional
hazards (PH) regression, with the treatment effects
expressed as the natural logarithm of the estimated hazard
ratios [ln(HR)]. These effects were then visualized and
analyzed using meta-analytic techniques to compute cor-
relation measures, including point estimates and their 95%
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confidence intervals. We estimated the weighted Pearson
correlation of the treatment effects on PFS and OS [ln(HR)]
using linear weighted least squares regression. The corre-
sponding r was adjusted for age and sex, based on their
prognostic relevance in the international prognostic score,19

when calculating the ln[HR]. This represents a weighted
population estimate derived through Fisher z trans-
formation with bias correction. In addition, a multiple
regression model incorporating three additional covariates
was developed to account for additional factors and
enhance the prediction of treatment effects from PFS to OS.
As detailed in Supplementary Appendix S1, available at
https://doi.org/10.1016/j.annonc.2024.12.009, this model
was applied to an external contemporary trial.

Marginal Cox PH model of treatment effects on PFS and
OS and their correlation at the patient level. Moreover, we
analyzed the treatment effects on PFS and OS at the patient
level by applying a marginal Cox PH model for multiple
failure time data (WeieLineWeissfeld method, WLW20,21)
within each trial. This analysis was conducted separately for
early (early-stage favorable and unfavorable) and advanced
HL stages and for the total sample.

Correlation of PFS and OS themselves with copula models
at the patient level. Finally, we applied copula models to
estimate Kendall’s tau and other correlation measures of
PFS and OS at the patient level.22,23 The marginal empirical
cumulative distribution function was applied to transform
PFS and OS, followed by fitting Archimedean copulas within
each trial. The three Archimedean copulas (Clayton, Frank,
and Gumbel) differ in their weighting of earlier versus later
survival times. Model fit, parameter estimates, and Ken-
dall’s tau with 95% confidence intervals are reported. The
model with the lowest Akaike information criterion and the
lowest SchwartzeBayes criterion was selected as the best
fit and used to compute correlation measures, including
Kendall’s, Pearson’s, and Spearman correlations. Results
from individual trials were pooled across the same sub-
groups of trials as already noted (e.g. early versus advanced
stages).
RESULTS

Patient characteristics and events

Individual patient data from 10 605 participants in the
randomized GHSG HD7-HD15 trials were analyzed (Table 1).
Although the risk profile differed markedly between early-
stage favorable, early-stage unfavorable, and advanced-
stage HL, the variations within each GHSG risk group over
time and across trial generations were minimal (e.g. the
percentage of patients with Ann Arbor stage IV disease in
advanced stages ranged between 33% and 35% for the HD9,
HD12, and HD15 trials). The median observation time (OT)
for PFS and OS was 87.5 and 100.1 months, respectively. In
addition, OT for PFS ranged from 53.9 to 150.7 months
across trials, and OT for OS ranged from 60.1 to 180.9
months (Supplementary Table S2, available at https://doi.
Volume 36 - Issue 4 - 2025
org/10.1016/j.annonc.2024.12.009). We recorded at least
one PFS event and one OS event in 1682 and 1064 of the
10 605 patients, respectively (Supplementary Table S3,
available at https://doi.org/10.1016/j.annonc.2024.12.009).

Treatment effects on PFS and OS and their correlation at
the trial level

To evaluate the correlation of treatment effects at the trial
level, we estimated ordinary Cox PH regression coefficients
in separate statistical analyses of PFS and OS (Table 2).
These estimated Cox regression coefficients were subse-
quently analyzed using an inverse variance-weighted linear
regression model adjusted for sex and age �45 years to
account for key patient variables influencing PFS and OS.19

At the trial level, the analysis revealed a high and significant
correlation between treatment effects on PFS and OS
(r ¼ 0.72, R2 ¼ 0.54, P < 0.001; Figure 1).18

Interestingly, in cases involving significantly superior
experimental treatment regimens with different backbones
[e.g. HD14B, bleomycin, etoposide, doxorubicine, cyclo-
phosphamide, vincristin, procarbazine and prednisone
(BEACOPP)-based versus doxorubicine, bleomycin, vin-
blastin, dacarbazine (ABVD)-based], the effects on OS were
less predictable from treatment effects on PFS compared
with cases with similar yet nonsuperior experimental
treatments (e.g. HD12D, comparisons of BEACOPP-based
approaches; Figure 1).24 To account for these factors, we
developed a multiple regression model that included the
type of compared treatments (equivalent or not equivalent,
e.g. ABVD-based versus ABVD-based considered equivalent
and BEACOPP-based versus ABVD-based considered not
equivalent) and historic effects across the GHSG trial gen-
erations (G3-G5) as additional predictors. This model ach-
ieved a very strong correlation (R2 ¼ 0.93, P < 0.001;
Table 3).

As an example of how our model (Table 3) can be used in
an external dataset, we applied it to the more recent
ECHELON-1 phase III trial results that compared two ABVD
variants (6� ABVD versus 6 � AVD þ brentuximab vedotin)
in patients with advanced-stage HL.3 ECHELON-1 reported
an HR of 0.68 for the treatment effect on PFS and 0.59 for
the treatment effect on OS. Our model prognosticated an
ln(HROS) of �0.68 which is very close to the actually
observed ln[HROS(0.59)] of �0.53 (Figure 2 and
Supplementary Table S4, available at https://doi.org/10.
1016/j.annonc.2024.12.009 and Appendix 1). Therefore
our prognostic model is not only applicable to the GHSG
dataset it was developed from, but is also able to predict OS
from PFS in a contemporary randomized first-line trial
(ECHELON-1) with reasonable accuracy.

Marginal Cox PH model of treatment effects on PFS and OS
and their correlation at the patient level

The statistical analysis at the patient level confirmed a
strong correlation between treatment effects on PFS and OS
(Table 4 and Supplementary Table S5, available at https://
doi.org/10.1016/j.annonc.2024.12.009 summarizes the
https://doi.org/10.1016/j.annonc.2024.12.009 395
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Table 1. Patient characteristics

HD7 HD8 HD9 HD10 HD11 HD12 HD13 HD14 HD15 Total
(N [ 10 872)

Early-stage
favorable
(n ¼ 267)

Early-stage
unfavorable
(n ¼ 1104)

Advanced
stage HL
(n ¼ 770)

Early-stage
favorable
(n ¼ 1098)

Early-stage
unfavorable
(n ¼ 1345)

Advanced
stage HL
(n ¼ 1513)

Early-stage
favorable
(n ¼ 1142)

Early-stage
unfavorable
(n ¼ 1607)

Advanced-
stage HL
(n ¼ 2026)

Sex
Female 105 (39) 559 (51) 312 (41) 435 (40) 691 (51) 599 (40) 484 (42) 854 (53) 810 (40) 4849 (45)
Male 162 (61) 545 (49) 458 (59) 663 (60) 654 (49) 914 (60) 658 (58) 753 (47) 1216 (60) 6023 (55)

Age �45 years
No 199 (75) 861 (78) 598 (78) 748 (68) 1049 (78) 1159 (77) 715 (63) 1319 (82) 1597 (79) 8245 (76)
Yes 68 (25) 243 (22) 172 (22) 350 (32) 296 (22) 354 (23) 427 (37) 288 (18) 429 (21) 2627 (24)

Ann Arbor stage
Missing 0 0 0 3 0 1 0 0 0 4
I 115 (43) 93 (8) 5 (1) 368 (34) 81 (6) 1 (0) 378 (33) 77 (5) 0 (0) 1118 (10)
II 152 (57) 986 (89) 113 (15) 727 (66) 1264 (94) 255 (17) 761 (67) 1525 (95) 329 (16) 6112 (56)
III d 25 (2) 401 (52) d d 726 (48) 3 (0) 1 (0) 998 (49) 2154 (20)
IV d d 251 (33) d d 530 (35) d 4 (0) 699 (35) 1484 (14)

Treatment group
A (standard) d 552 (50) 248 (32) 276 (25) 342 (25) 370 (24) 564 (49) 811 (50) 669 (33) 3832 (35)
B 267 (100) 552 (50) 264 (34) 276 (25) 341 (25) 386 (26) d 796 (50) 684 (34) 3566 (33)
C d d 258 (34) 269 (24) 330 (25) 379 (25) 578 (51) d 673 (33) 2487 (23)
D d d d 277 (25) 332 (25) 378 (25) d d d 987 (9)

Large mediastinal
mass
Missing 1 0 0 2 0 14 0 2 16 35
Mediastinal mass
limited

266 (100) 893 (81) 554 (72) 1096 (100) 1074 (80) 1058 (71) 1136 (99) 1300 (81) 1390 (69) 8767 (81)

Large mediastinal
mass

d 211 (19) 216 (28) d 271 (20) 441 (29) 6 (1) 305 (19) 620 (31) 2070 (19)

Extranodal disease
Missing 3 0 0 1 0 6 0 1 0 11
No extranodal
disease

264 (100) 1020 (92) 496 (64) 1097 (100) 1209 (90) 1185 (79) 1137 (100) 1478 (92) 1629 (80) 9515 (88)

Extranodal
disease

d 84 (8) 274 (36) d 136 (10) 322 (21) 5 (0) 128 (8) 397 (20) 1346 (12)

�3 lymph nodes
affected
Missing 2 0 0 1 0 6 0 1 0 10
0-2 lymph node
areas

265 (100) 397 (36) 114 (15) 1097 (100) 439 (33) 249 (17) 1087 (95) 532 (33) 293 (14) 4473 (41)

�3 lymph node
areas

d 707 (64) 656 (85) d 906 (67) 1258 (83) 55 (5) 1074 (67) 1733 (86) 6389 (59)

High erythrocyte
sedimentation rate
Missing 3 3 2 2 2 39 2 14 67 134
Normal
erythrocyte
sedimentation
rate

264 (100) 551 (50) 240 (31) 1096 (100) 639 (48) 428 (29) 1134 (99) 755 (47) 609 (31) 5716 (53)

Increased
erythrocyte
sedimentation
rate

d 550 (50) 528 (69) d 704 (52) 1046 (71) 6 (1) 838 (53) 1350 (69) 5022 (47)
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Table 1. Continued

HD7 HD8 HD9 HD10 HD11 HD12 HD13 HD14 HD15 Total
(N [ 10 872)

Early-stage
favorable
(n ¼ 267)

Early-stage
unfavorable
(n ¼ 1104)

Advanced
stage HL
(n ¼ 770)

Early-stage
favorable
(n ¼ 1098)

Early-stage
unfavorable
(n ¼ 1345)

Advanced
stage HL
(n ¼ 1513)

Early-stage
favorable
(n ¼ 1142)

Early-stage
unfavorable
(n ¼ 1607)

Advanced-
stage HL
(n ¼ 2026)

Albumin <4 g/dl
Missing 55 180 140 192 196 307 61 244 80 2818
No 169 (80) 605 (65) 315 (50) 777 (86) 695 (60) 528 (44) 891 (82) 825 (61) 862 (44) 4842 (60)
Yes 43 (20) 319 (35) 315 (50) 129 (14) 454 (40) 678 (56) 190 (18) 538 (39) 1084 (56) 3212 (40)

Hb <10.5 g/dl
Missing 2 12 10 13 4 8 6 3 10 1672
No 258 (97) 1019 (93) 632 (83) 1076 (99) 1260 (94) 1225 (81) 1130 (99) 1499 (93) 1648 (82) 8248 (90)
Yes 7 (3) 73 (7) 128 (17) 9 (1) 81 (6) 280 (19) 6 (1) 105 (7) 368 (18) 952 (10)

Leukocytes
<15 000/mm3

Missing 2 10 7 10 4 7 6 4 3 1656
No 259 (98) 973 (89) 608 (80) 1070 (98) 1182 (88) 1208 (80) 1108 (98) 1426 (89) 1591 (79) 7999 (87)
Yes 6 (2) 121 (11) 155 (20) 18 (2) 159 (12) 298 (20) 28 (2) 177 (11) 432 (21) 1217 (13)

Stage IV
Missing 0 0 0 1 0 1 0 0 0 1609
No 267 (100) 1104 (100) 516 (67) 1097 (100) 1345 (100) 979 (65) 1142 (100) 1607 (100) 1327 (65) 7777 (84)
Yes d d 254 (33) d d 533 (35) d d 699 (35) 1486 (16)

Lymphocytes low
Missing 7 50 29 53 41 56 62 60 86 1991
No 255 (98) 998 (95) 688 (93) 1036 (99) 1246 (96) 1331 (91) 1072 (99) 1507 (97) 1790 (92) 8416 (95)
Yes 5 (2) 56 (5) 53 (7) 9 (1%) 58 (4) 126 (9) 8 (1) 40 (3) 150 (8) 465 (5)

Data are presented as n or n (%).
HL, Hodgkin lymphoma.

P.J.Bröckelm
ann

et
al.

A
nnals

of
O
ncology

Volum
e
36

-
Issue

4
-

2025
https://doi.org/10.1016/j.annonc.2024.12.009

397

https://doi.org/10.1016/j.annonc.2024.12.009
https://doi.org/10.1016/j.annonc.2024.12.009


Table 2. Treatment effects on PFS and OS

Trial N PFS OS

Arm Estimate, ln(HR) SE Estimate, ln(HR) SE

HD8 1104 B 0.03404 0.11750 �0.12337 0.13609
HD9 770 B �0.32484 0.14510 �0.19896 0.17158

C �0.54328a 0.15387 �0.31415 0.17714
HD10 1098 B 0.02068 0.25443 0.09532 0.32116

C 0.14816 0.24658 0.11697 0.31650
D �0.03641 0.25917 �0.26256 0.34881

HD11 1345 B 0.40784 0.17861 0.19469 0.24878
C 0.05329 0.19080 �0.00117 0.25414
D 0.07225 0.19085 0.08136 0.25038

HD12 1513 B 0.17742 0.18842 0.13631 0.21679
C 0.15597 0.19053 0.10266 0.22130
D 0.37012 0.18255 0.17175 0.21670

HD13 1142 C 0.47130 0.20496 0.23998 0.31764
HD14 1607 B �0.71568 0.18401 �0.10627 0.24687
HD15 2026 B �0.40353 0.15063 �0.52930 0.19439

C �0.08574 0.14069 �0.26999 0.18269

Regression estimates with SE, separate Cox PH regression of PFS and OS adjusted for
sex and age �45 years.
HR, hazard ratio; OS, overall survival; PH, proportional hazards; PFS, progression-free
survival; SE, standard error.
aAssumption of PH violated.
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treatment effects). Within the trials, the weighted Pearson r
ranged between 0.61 and 0.85 (each P < 0.001), and with
two exceptions, all correlations were r > 0.70. Overall, the
weighted Pearson r was 0.74, with correlations being higher
in advanced-stage HL (r ¼ 0.78) than in early-stage disease
HD9 B
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Figure 1. Sixteen separately estimated treatment effects on PFS and OS at the trial l
cHL, classical Hodgkin lymphoma; CI, confidence interval; HR, hazard ratio; OS, overal
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(r ¼ 0.72; Supplementary Table S6, available at https://doi.
org/10.1016/j.annonc.2024.12.009).
Correlation of PFS and OS themselves with copula models
at the patient level

To assess the direct correlation between PFS and OS at the
patient level, we applied copula models. Across all trials,
the Gumbel copula provided the best fit, as indicated by the
lowest Akaike information criterion and Bayesian informa-
tion criterion, compared with the Clayton and Frank copulas
(Supplementary Table S7, available at https://doi.org/10.
1016/j.annonc.2024.12.009). Observed correlations
derived from Gumbel copula models of PFS and OS at the
patient level showed a weighted Pearson r ranging between
0.72 and 0.83 (each P < 0.001, Supplementary Table S8,
available at https://doi.org/10.1016/j.annonc.2024.12.009).
The strength and the homogeneity of these correlations are
remarkably similar to other results observed at the patient
level.
DISCUSSION

To the best of our knowledge, this is the first analysis
examining correlations between PFS and OS in HL. Our
study analyzed nine large randomized trials evaluating 16
experimental treatments in >10 000 patients with newly
diagnosed HL. The findings revealed strong correlations
Colors mark trial setting:
White: early favorable cHL
Yellow: early unfavorable cHL
Red: advanced cHL
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Table 3. Multiple linear regression model of the estimated treatment
effects of PFS on OS at the trial level (R2 [ 0.93, P < 0.001)

Variable b beta P

Intercept �0.122 0 0.0013
1. Treatment effects on PFS 0.346 0.550 0.0001
2. Type of standard chemotherapy �0.425 �0.770 <0.0001
3. Trial generation G4 (versus G3) 0.152 0.337 0.0067
4. Trial generation G5 (versus G3) 0.237 0.523 0.0010

Type of standard chemotherapy ¼ 1 with significant treatment effects on PFS and
the same type of treatment (i.e. in the HD15 trial), ¼ 0 otherwise.
Trial generation G4 ¼ 1 in the HD10-12 trials, ¼ 0 otherwise.
Trial generation G5 ¼ 1 in the HD13-15 trials, ¼ 0 otherwise.
b, regression coefficient; beta, standardized regression coefficient; P, significance;
OS, overall survival; PFS, progression-free survival.
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between treatment effects on PFS and OS and between the
survival measures of PFS and OS themselves.

The principal findings from this analysis are as follows: (1)
treatment effects on PFS and OS were highly correlated at
the trial level, with a regression model incorporating known
moderating factors achieving a very strong correlation; (2) a
strong correlation between treatment effects on PFS and OS
was also confirmed at the patient level; (3) Gumbel copula
models applied at the patient level demonstrated strong
correlations between PFS and OS themselves.

At the trial level, we observed a strong overall correlation
(r ¼ 0.721, 95% confidence interval 0.350-0.896; R2 ¼ 0.54,
P < 0.001) between randomized treatment effects on PFS
and OS. In meta-analyses, correlations with R2 > 0.50 are
Prognosticated

Es
tim

at
ed

Figure 2. Prognosticated and observed treatment effects on OS using the regressi
with ‘Eche B’ in the lower left corner.
cHL, classical Hodgkin lymphoma; HR, hazard ratio; OS, overall survival.

Volume 36 - Issue 4 - 2025
typically considered large,18 indicating strong to very strong
correlations in this context. With respect to treatment
effects at the patient level, our study revealed moderate
to strong correlations with r between 0.61 and 0.85 across
all HL stages, risk groups, and a wide range of
polychemotherapy-based treatment approaches. Consis-
tently, correlations between PFS and OS themselves (r ¼
0.72-0.83) at the patient level were also strong. These
findings underscore the remarkably strong and consistent
nature of the observed correlations, despite the inclusion of
all risk groups and a wide range of treatments. Neverthe-
less, heterogeneity in treatment effects was observed at the
trial level when the experimental treatment was superior
and based on a different backbone compared with the
standard treatment.

In this context, we identified additional variables pre-
dictive of treatment effects on OS: the type of standard
chemotherapy in the trials (equivalent to experimental
treatments or not) and trial generation (more recent G4 and
G5 versus G3). This aligns with published factors influencing
the relationship between PFS and OS, including the type of
treatment and the trial recruitment period.24 Incorporating
these factors into the regression model at the trial level
resulted in a very high (strong) correlation (R2 ¼ 0.93),
surpassing even ambitious surrogacy criteria (e.g. R2 � 0.6
or R2 � 0.8).25-27 However, as the model and the surrogacy
margin were not prespecified in our study, further pro-
spective validation is required to conclusively establish PFS
Colors mark trial setting:
White: early favorable cHL
Yellow: early unfavorable cHL
Red: advanced cHL
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Table 4. Pearson productemoment correlations (r) of treatment effects
on PFS and OS at the patient level (marginal Cox model, WLW)

Trial N Treatment group Pearson r LL 95% CI UL 95% CI

HD8 1104 B 0.795 0.773 0.816
HD9 770 B 0.772 0.729 0.810

C 0.790 0.749 0.824
HD10 1098 B 0.762 0.715 0.802

C 0.735 0.684 0.779
D 0.714 0.660 0.761

HD11 1345 B 0.688 0.636 0.734
C 0.723 0.675 0.764
D 0.730 0.684 0.771

HD12 1513 B 0.849 0.822 0.871
C 0.841 0.814 0.865
D 0.813 0.782 0.841

HD13 1142 C 0.609 0.571 0.644
HD14 1607 B 0.727 0.703 0.749
HD15 2026 B 0.753 0.725 0.778

C 0.739 0.709 0.765

CI, confidence interval; LL 95% CI, lower limit of 95% confidence interval; OS, overall
survival; PFS, progression-free survival; UL, upper limit of 95% CI; WLW, WeieLine
Weissfeld method.
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as a surrogate for OS in first-line HL trials. In line with our
findings, such validation must account for the influence of
historic advancements and a core design factor: the types of
systemic treatments being compared. This suggests that
PFS, particularly when derived from data spanning multiple
studies over longer periods, is not a simple surrogate for OS.
Both historical progress and the choice of standard treat-
ment can influence OS independently of PFS. This distinc-
tion arises because PFS is a composite endpoint marking the
first event, whereas OS represents the final event. Thus in
the era of our study, the increasing availability of new
treatment options for relapsed HL may have extended OS
after relapses without influencing PFS. As OS is influenced
by all relapses/progressions and their treatment, its evalu-
ation at a later stage, after potentially numerous salvage
treatments, can obscure the shortcomings of a new
experimental first-line treatment. In addition, the availabil-
ity of effective salvage options in HL reduces the number of
OS events recorded within reasonable time frames. This, in
turn, results in reduced statistical power and necessitates a
large, unfeasible number of patients and decades-long
follow-up periods for first-line trials conducted in this rare
disease when OS is used as the primary endpoint. Impor-
tantly, PFS reflects both primary cure and survival, making it
regularly reported as the most important endpoint from a
patient’s perspective.7,8,28

Our analysis has several potential limitations. The most
important limitation of the WLW method in the context of
our study is its inability to disentangle the different causal
pathways affecting OS. As a result, the correlation of two
one-parametric effect estimates may oversimplify the true,
more complex relationships between treatments, pro-
gressions/relapses, and OS. Although this represents an
important and fundamental restriction of the method, it
aligns with common statistical practices in oncology, where
the effects of new experimental treatments on PFS and OS
are frequently summarized using single estimates, such as
400 https://doi.org/10.1016/j.annonc.2024.12.009
hazard ratios. Another potential limitation is the assump-
tion of PH, which is the basic requirement of Cox PH
models. In our study, tests for the assumption of PH were
conducted in all Cox PH regression analyses and revealed
nonrandom deviations only in the PFS data for arm C of
the HD9 trial. Additionally, we used the robust variance
estimates proposed by Wei et al.20 to account for potential
violations of the PH assumption. Moreover, the Archime-
dean copulas applied in our analysis are a frequently used
and simple one-parametric family of copulas, which may,
once again, oversimplify the relationship between PFS and
OS. Another limitation of our study is the wide range of
treatments and OTs. Although these variations do not
affect the treatment effects within the trials, they do in-
fluence the overall results, especially the prognostic
model, making it sensitive to these confounding factors.
Although we used elaborated statistical methods to ac-
count for the aforesaid factors, achieving perfect statistical
control over all these confounding factors is not entirely
feasible.

An additional potential limitation of this study is that it
focused solely on traditional polychemotherapy-based first-
line treatments. New therapeutic agents, such as brentux-
imab vedotin, nivolumab, or pembrolizumab, were not
investigated in the clinical trials analyzed. However, as
shown in Figure 2 and Supplementary Table S4, available at
https://doi.org/10.1016/j.annonc.2024.12.009 and
Appendix 1, our findings are applicable to a trial investi-
gating the only approved targeted agent for first-line
treatment of HL, brentuximab vedotin. Specifically, our
regression model demonstrated the ability to predict the
treatment effect on OS from PFS with reasonable accuracy
in the ECHELON-1 trial dataset, despite the typically wide
95% confidence interval in HL PFS and OS estimates due to
the low number of events, even in large trials.

Altogether, high cure rates are achieved with state-of-
the-art therapies at the first diagnosis of HL. Therefore
recent, current, and future first-line trials in HL are often
designed as noninferiority trials, where OS events are usu-
ally very rare and occur very late. In these trials, PFS is an
earlier, more sensitive, and more specific endpoint than
OS.29 The effects of reduced treatment efficacy on OS may
take years or even decades to become apparent due to
confounding factors, such as the availability of increasingly
effective salvage therapies for progressive and relapsed
disease. Therefore, in the context of present and future
non-inferiority trials for newly diagnosed HL, OS appears to
be a less practical primary endpoint compared with PFS.

In summary, PFS and OS, along with their respective
treatment and prognostic effects, are highly correlated in
first-line trials of HL. Given the high cure rates achieved with
first-line treatments, PFS serves as a more sensitive and
practical endpoint compared with OS, providing a reliable
prediction of treatment effects on OS many years before OS
can be accurately evaluated. Our findings strongly support
the use of PFS as the primary endpoint in clinical trials for
newly diagnosed HL.
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