% Universiteit
id; Leiden
The Netherlands

Comparison of outcomes between Hodgkin's lymphoma patients
treated in and outside clinical trials: a study based on the EORTC-

Dutch late effects cohort-linked data
Juul, S.J.; Kicinski, M.; Schaapveld, M.; Rossetti, S.; Aleman, B.M.P.; Liu, L.F.; ... ; Maraldo,
M.V.

Citation

Juul, S.J., Kicinski, M., Schaapveld, M., Rossetti, S., Aleman, B. M. P, Liu, L. F,, ...
Maraldo, M. V. (2022). Comparison of outcomes between Hodgkin's lymphoma patients
treated in and outside clinical trials: a study based on the EORTC-Dutch late effects cohort-
linked data. European Journal Of Haematology, 110(3), 243-252. d0i:10.1111/ejh.13899

Version: Publisher's Version
License: Creative Commons CC BY-NC-ND 4.0 license
Downloaded from: https://hdl.handle.net/1887/3564515

Note: To cite this publication please use the final published version (if applicable).


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://hdl.handle.net/1887/3564515

Received: 30 August 2022

Revised: 9 November 2022

W) Check for updates

Accepted: 10 November 2022

DOI: 10.1111/ejh.13899

ORIGINAL ARTICLE

European Journal of

Haematology WILEY

Comparison of outcomes between Hodgkin's lymphoma
patients treated in and outside clinical trials: A study based
on the EORTC-Dutch late effects cohort-linked data

Sidsel Jacobsen Juul* © |
Sara Rossetti* |
Flora E. van Leeuwen®
Cécile P. M. Janus® |

1Department of Oncology, Rigshospitalet,
Copenhagen, Denmark

2EORTC Headquarters, Brussels, Belgium

3Department of Psychosocial Research and
Epidemiology, The Netherlands Cancer
Institute, Amsterdam, The Netherlands

“Department of Haematology, Rigshospitalet,
Copenhagen, Denmark

>Department of Radiation Oncology, The
Netherlands Cancer Institute, Amsterdam, The
Netherlands

SDepartment of Radiation Oncology, Iridium
Network, University of Antwerp, Antwerpen,
Belgium

“Department of Radiation Oncology, Leiden
University Medical Centre, Leiden, The
Netherlands

8Department of Radiation Oncology, Erasmus
MC Cancer Institute, Rotterdam, The
Netherlands

Correspondence

Sidsel Jacobsen Juul, Department of Oncology,

Rigshospitalet, Copenhagen University
Hospital, Blegdamsvej 9, 2100 Copenhagen,
Denmark.

Email: sidsel.jacobsen.juul@regionh.dk

Funding information

Innovative Medicines Initiative Joint
Undertaking, Grant/Award Number: 115546;
European Union's Seventh Framework
Programme, Grant/Award Number:
FP7/2007/2013; The Danish Cancer Society

Michal Kicinski? ® |
Berthe M. P. Aleman® |
Paul Meijnders®
Martin Hutchings* |

Michael Schaapveld? |
Lifang Liu? |
| Augustinus D. G. Krol” |
Maja V. Maraldo®

Abstract

Studies have shown higher survival rates for patients with Hodgkin lymphoma
(HL) treated within clinical trials compared to patients treated outside clinical trials.
However, endpoints are often limited to overall survival (OS). In this retrospective
cohort study, we investigated the effect of trial participation on OS, the incidence of
relapse, second cancer, and cardiovascular disease (CVD). The study population con-
sisted of patients with HL, aged between 14 and 51 years at diagnosis, who started
their treatment between 1962 and 2002 at three Dutch cancer centres. Patients
were either included in the EORTC Lymphoma Group trials (H1-H9) or treated
according to standard guidelines at the time. After adjusting for differences in base-
line characteristics, trial participation was associated with longer OS (median OS:
29.4 years [95%Cl: 27.0-31.6] for treatment inside trials versus 27.4 years [95%Cl:
26.0-28.5] for treatment outside trials, p = .046), a lower incidence of relapse
(HR = 0.79, 95%Cl: 0.63-0.98, p = .036) and a higher incidence of CVD (HR = 1.49,
95%Cl: 1.23-1.79, p < .001). The trial effect for CVD was present only for patients
treated before 1983. No evidence of differences in the incidence of second cancer
was found. Consequently, essential results from clinical trials should be implemented

into standard practice without undue delay.

KEYWORDS
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Novelty statement

1. What is the new aspect of your work? In this retrospective cohort study of long-term
Hodgkin lymphoma survivors, we investigated the effect of trial participation on overall sur-
vival including endpoints not previously studied in this patient population (incidence of
relapse, second cancer and cardiovascular disease).
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2. What is the central finding of your work? Increased overall survival and a lower incidence of

relapse among trial patients.

3. What is (or could be) the specific clinical relevance of your work? Historical data and survi-

vorship research are important to ensure optimal treatment and care for future patients.

1 | INTRODUCTION

Between 1964 and 2004, the European Organization for Research
and Treatment of Cancer (EORTC) Lymphoma Group conducted a
series of phase Ill randomized clinical trials (referred to as the H1-H9
trials) with the aim of improving the efficacy of treatment for Hodgkin
Lymphoma (HL), while reducing treatment-related long-term
toxicity.1 2 The 10-year relative survival rate of patients with HL
(diagnosed in the same period) eventually improved, with an increase
from 72% to 93% for early-stage disease and from 63% to 78% for
advanced-stage disease.'® However, survival rates estimated from
population-based registries appeared to be lower, suggesting better
outcomes among patients treated within the clinical trials.»*#

Differences in baseline characteristics between the two popula-

1316 35 trial participants

tions could perhaps explain the survival gap,
often consist of a prognostically favourable subset of patients.!”
However, a recent study observed no differences in survival between
patients with HL treated in and outside of trials, adjusting for baseline
characteristics.! Consequently, it would be warranted to see how data
acquired from clinical trial series compare to data gained from
population-based registries, and hence the extent to which trial out-
comes may reflect prognoses for patients in general.2*

Among patients with HL, little is known about the effect of trial
participation on endpoints other than overall survival (OS). In this ret-
rospective cohort study based on the deterministic linkage of two
large databases, we investigated the effect of trial participation on
overall survival, the incidence of relapse, second cancer, and cardio-

vascular disease (CVD).

2 | MATERIAL AND METHODS

2.1 | Data collection and study population
The study population consisted of patients with HL between 14 and
51 years without a previous history of cancer, who started their treat-
ment between 1962 and 2002 at three Dutch cancer centres:
Netherlands Cancer Institute (NKI) Amsterdam, the Erasmus Medical
Cancer Center Institute Rotterdam (Daniel den Hoed Kliniek, DDHK),
and the Leiden University Medical Center (LUMC). These three cen-
tres were chosen because of their long-term involvement in the clini-
cal trials of the EORTC Lymphoma Group and because of their
contribution to the Dutch late-effects cohort.

The methods of data collection for this cohort have been
described elsewhere.’®2° |n short, information on baseline patient

demographics and treatment characteristics was extracted from

medical records. Information on the incidence of relapse, the develop-
ment of second malignancies, and CVD was acquired from mailed
questionnaires to the patient's general practitioner, by review of hos-
pital records, and record linkage with the Netherlands Cancer Regis-
try. End of the follow-up was between 2010 and 2015. The rationale
and procedure of the deterministic data linkage including the retro-
spective identification of patients treated in the EORTC clinical trials
have been described in detail elsewhere.! Of note, trial participants
were all primarily treated at the participating centres, whereas a smal-
ler number of non-trial participants could have been referred. Also,
the majority of the H1-H9 trials (7 out of 9) were conducted in stage
I-Il patients. Only H9 did not include lymphocytic predominant nodu-
lar subtype for randomization, otherwise, all HL subtypes were

included in both study groups.

2.2 | Criteria of evaluation

The overall survival duration was defined as the time from treatment
start until death from any cause. Time until relapse was defined as the
time between treatment start and the start of a second line-treatment
(as the date of relapse was not available for all patients). Time until
second cancer was defined as the time between treatment start and
the first diagnosis of second cancer. Time until CVD was defined as
the time between treatment start and the first diagnosis of CVD
(defined as angina pectoris, myocardial infarction, valve disease, car-

diomyopathy, or congestive heart failure).

2.3 | Statistical analysis
Unadjusted survival curves among patients treated in and outside clin-
ical trials were described using the Kaplan-Meier approach?! and
compared with the log-rank test.?2 Confidence intervals were esti-
mated using the normal approximation of the distribution of log(—log
(survival)) and the Greenwood variance formula.?® Unadjusted hazard
ratio of death was obtained using Cox regression.2* The cumulative
incidence of disease progression, second cancer, and CVD among
patients treated in and outside clinical trials was described using the
Aalen-Johansen estimator?® and compared with the Gray test.?® The
unadjusted sub-distribution hazard ratio was estimated by a propor-
tional sub-distribution hazards model.?”

The inverse probability of treatment weighted (IPTW) Kaplan-
Meier method and a weighted log-rank test was used to describe and
compare adjusted survival curves.?® Additionally, the adjusted sub-

distribution hazard ratios were estimated using IPTW proportional
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sub-distribution hazard models.?”*? Patients without events were
censored at the time of the last update. Death was considered as a
competing event in the analyses of disease progression, second can-
cer, and CVD.

Whether the effect of trial participation changed over time was
investigated by testing the interaction between trial participation and
log(time) modelled with restricted cubic splines with three knots
located at the 5th, 50th, and 95th percentiles (using a Wald test with
two degrees of freedom).*° In case of evidence of non-proportional
hazards, the interaction between trial participation and log(time) was
introduced to the model. Log(time) was modelled using the splines in
the case of evidence of a nonlinear association between log(HR) and
log(time) (tested using a Wald test with one degree of freedom) or
using log(time) term only otherwise.

The estimates of the probabilities of trial participation were based
on a logistic regression model with age (continuous), sex, disease stage
(I'vs. Il vs. 1l vs. 1V), date of treatment start (continuous), and hospital

TABLE 1 Characteristics of the study population

Trial participants

Haematology
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used as covariates. The model included all first-order terms and inter-
actions. To allow for non-linear effects, age and date of treatment
start were modelled using restricted cubic splines with three knots
located at the 5th, 50th, and 95th percentiles.

To examine the robustness of the conclusions from the main analy-
sis, a sensitivity analysis was made using an individual matching
approach. Trial patients were matched one to one by age (+2 years), sex,
stage, and date of treatment start (+5 years) with non-trial patients.

All tests were performed at a two-sided significance level of 0.05.
Details about the statistical analyses (including sensitivity and explor-

atory analyses) are available in the supplement.

3 | RESULTS

A total number of 2864 patients with HL treated between 1962 and
2002 at three Dutch hospitals were included in the analyses. Of these,

Non-trial participants

N (%) Median (range) N (%) Median (range) p-value*
Total no. of patients 1123 (100) 1741 (100)
Sex
Male 616 (54.9) 1018 (58.5) .056
Female 507 (45.1) 723 (41.5)
Age 28.0(15.1-51.0) 29.0 (14.8-50.9) 011
Treatment year 1986 (1964-2002) 1980 (1962-2000) <.001
Center
NKI 370(32.9) 625 (35.9) .079
DDHK 520 (46.3) 732 (42.0)
LUMC 233(20.7) 384 (22.1)
Stage
| 304 (27.1) 318(18.3) <.001
I 633 (56.4) 44 (37.0)
1] 125(11.1) 376 (21.6)
\Y 9(5.3) 285 (16.4)
Missing 2(0.2) 118 (6.8)
Chemotherapy in primary treatment
No 401 (35.7) 636 (36.5) .653
Yes 721 (64.2) 1101 (63.2)
Missing 0(0.0) 4(0.2)
Radiotherapy in primary treatment
No 56 (5.0) 308 (17.7) <.001
Yes 1067 (95.0) 1430 (82.1)
Missing 0(0.0) 3(0.2)
Splenectomy
No 856 (76.2) 1205 (69.2) .004
Yes 249 (22.2) 456 (26.2)
Missing 18 (1.6) 80 (4.6)

*p-value of the chi-square test is given for the categorical variables and of the Wilcoxon-Mann-Whitney test for the continuous variables.
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1123 (39.2%) participated in the EORTC H1-H9 trials (for detailed
trial information see supplement). The median follow-up time for the
whole cohort was 28.2 years.

Characteristics of the study population are presented in
Table 1. Among patients treated in trials, 54.9% were male, the
median age was 28.0 years (range: 15.1-51.0 years) and the median
treatment year was 1986 (range: 1964-2002). Most of the trial par-
ticipants were treated for stage | or Il disease (27.1% and 56.4%,
respectively), and only 16.4% for stage Ill or IV disease (11.1% and
5.3%, respectively). The vast majority had been treated with radio-
therapy as part of their primary treatment (95.0%) whereas chemo-
therapy as part of the primary treatment only applied for 64.2%.
Unlike patients treated in trials, a greater proportion of the non-trial
participants had stage Il or IV disease (21.6% and 16.4%, respec-
tively). Also, only 82.1% had been treated with radiotherapy as part
of their primary treatment and the median treatment year was 1980
(range: 1962-2000). Otherwise, the two groups were generally
comparable. In the weighted samples, the distribution of all baseline
characteristics (age, sex, disease stage, date of treatment start, and
hospital) was also balanced between trial and non-trial participants

(data not shown).

(A) Unadjusted

JUUL ET AL

3.1 | Comparison of outcomes by trial
participation

Unadjusted analysis showed longer overall survival for patients trea-
ted in clinical trials (median OS 31.1 years [95% Cl: 29.4-32.4] for
treatment in trials versus 25.2 years [95% Cl: 24.0-26.3] outside tri-
als, p < .001, Figure 1A). After adjustment for baseline characteristics,
trial participation was still associated with a longer overall survival
time (median OS 29.4 years [95% Cl: 27.0-31.6] for treatment in trials
versus 27.4 years [95% Cl: 26.0-28.5] outside trials, p = .046), albeit
to a smaller degree (Figure 1B). The effect of trial participation on the
hazard of death decreased over time, with differences most apparent
in the first years after diagnosis (Table 2). No evidence of effect modi-
fication by disease stage (p = .92) or time of treatment (p = .29) was
found. Like the main analysis, the sensitivity analysis using matching
showed that trial participation was associated with a small rise in OS
time (p = .016), see supplement.

Results also showed a significantly lower incidence of relapse for
patients treated in clinical trials (sub-distribution HR 0.50, 95% ClI:
0.43-0.57, p < .001). The cumulative incidence at 40 years was 25.1%
(95% Cl: 22.6%-27.8%) for treatment in trials versus 44.2% (95% ClI:

100 — :92.3 (90.6-93.7) — Trial
: :872(85.1-89.0) ! —— Non-trial
80 — : 173.6 (708-76.2)
5 80.4 (78.4-82.2)
S 60 : 1704 (68.2-72.5)
2 :
< 40 7 :
{ 24,0 (19.5-28.8)
20 — -
0 - pvalue: <0001 : : § 204 (17.4-23.8)
[ [ [ I [ | [ | I | |
0 5 10 15 20 25 30 35 40 45 50
Time, years
N at risk

Trial 1123 1029 962 866 574 375 237
Non-trial 1741 1373 1186 1045 797 554 337

(B) Adjusted

100 — : :
:90.6 (87.6-92.9)
80 :82.3(78.7-85.4)
‘{83.7 (81.7-85.6) :68.2 (64.1-71 .8)
X 60 §75.5 (73.2-77.7)
5 ‘ : :
=2 40 :63.8 (61.1-66.3)
< =1 $
20
0 - p-value: 0.C:D46

111 46 16
184 69 10

— Trial
— Non-trial
- FIGURE 1  Overall survival
22.2 (18.6-26.0) among trial and non-trial patients
A (A) and by trial participation

“19.2 (14.2724.> adjusting for baseline

| T T T | I T
0 5 10 15 20 25 30

Time, years

characteristics (B). Estimates at

5, 10, 20, and 40 years with 95%
confidence intervals are indicated
on the plots.

I I I |
35 40 45 50
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TABLE 2 Associations between trial participation and patients
outcomes in the adjusted and unadjusted analyses

Unadjusted analysis Adjusted analysis

HR (95% CI) HR  (95% Cl)

Overall survival

0-1 year 0.26 (0.19-0.34) 0.50 (0.30-0.81)
> 1-5 years 049 (042-0.56) 0.73 (0.57-0.93)
> 5-10 years 0.64 (0.57-0.71) 0.86 (0.72-1.02)
> 10-20 years 0.84 (0.75-0.95) 1.02 (0.86-1.19)
> 20-40 years 111 (0.94-131) 120 (0.96-1.50)
Relapse 0.50 (0.43-0.57) 0.79 (0.63-0.98)

Second cancer

0-1 year 042 (0.22-0.78) 0.30 (0.11-0.80)
> 1-5 years 0.73 (0.54-0.98) 0.64 (0.45-0.91)
> 5-10 years 092 (0.77-1.10) 0.87 (0.67-1.13)
> 10-20 years 117 (1.01-1.35 105 (0.86-1.29)
> 20-40 years 148 (1.17-1.87) 113 (0.73-1.75)

Cardiovascular disease  1.67 (1.45-1.92) 149 (1.23-1.79)

Note: The effect of trial participation on the hazard of death changed over
time (p < .001 for the unadjusted and p = .042 for the adjusted analysis).
The effect of trial participation on the sub-distribution hazard of second
cancer changed over time (p = .011 for the unadjusted analysis and

p = .030 for the adjusted analysis). There was no evidence of non-
proportional hazards either in the adjusted or in the unadjusted analyses
of relapse or cardiovascular disease. Hazard ratio is provided for overall
survival and the sub-distribution hazard ratio for relapse, cardiovascular
disease, and second cancer.

Abbreviation: HR, Hazard ratio.

41.8%-46.6%) for treatment outside trials (Figure 2A). Adjusting for
baseline characteristics, trial participation was still associated with a
lower incidence of relapse, but the trial effect was weaker (sub-
distribution HR 0.79, 95% Cl: 0.63-0.98, p = .036). In the adjusted
analysis, a cumulative incidence of relapse at 40 years was 30.4% (95%
Cl: 25.6%-35.8%) for treatment in trials versus 37.9% (95% Cl: 35.4%-
40.4%) for treatment as a part of the routine clinical practice
(Figure 2B). An additional adjustment for radiotherapy use in the pri-
mary treatment resulted in a somewhat lower effect of trial participa-
tion (sub-distribution HR 0.83 95% Cl: 0.65-1.03). There was no
evidence of non-proportional hazards (p = .34 for unadjusted analysis
and p = .077 for adjusted analysis), nor effect modification by disease
stage (p = .97) or time of treatment (p = .48). The sensitivity analysis
using matching showed a somewhat greater effect of trial participation
on the cumulative incidence of relapse compared to the main analyses
(sub-distribution HR = 0.71, 95% Cl: 0.60-0.84, see supplement).
Evaluating the incidence of second cancer, no evidence of differ-
ences between patients treated in and outside clinical trials was
observed (Figure 3A). This was also applied after adjustment for base-
line characteristics (Figure 3B) including sensitivity analysis using
matching (p = .68, see supplement). Results from the adjusted analysis
showed a cumulative incidence of second cancer at 40 years of 41.2%
(95% Cl: 35.3%-47.2%) for patients treated in clinical trials versus

Haematology
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40.5% (95% Cl: 37.1%-44.0%) outside trials, p = .89 (Figure 3B). No
evidence of effect modification by disease stage (p = .33) or time of
treatment (p = .83) was found.

Finally, the incidence of CVD was investigated. In the unadjusted
analysis, patients treated in clinical trials showed a higher incidence of
CVD than those treated as part of the routine clinical practice (sub-
distribution HR = 1.67, 95% Cl: 1.45-1.92, p < .001). Adjusting for
baseline characteristics, trial participation was still associated with a
higher incidence of CVD (HR = 1.49, 95% CI: 1.23-1.79, p < .001).
The cumulative incidence of CVD at 40 years adjusting for baseline
characteristics was 50.8% (95% Cl: 43.6%-57.4%) for treatment in
clinical trials versus 37.3% (95% Cl: 33.7%-41.0%) for treatment as a
part of the routine clinical practice (Figure 4B). After additional adjust-
ments for radiotherapy use as part of primary treatment, the
estimated trial effect on the incidence of CVD was weaker (sub-
distribution HR 1.37, 95% Cl: 1.14-1.66). There was no significant
evidence of effect modification by disease stage (p = .08), and results
from a cause-specific IPTW hazard model were consistent with the
main analysis (cause-specific HR for CVD 1.34, 95% Cl: 1.13-1.58).
The sensitivity analysis using matching also indicated a smaller but
statistically significant association between trial participation and
CVD (HR 1.34, 95% Cl: 1.14-1-58, see supplement). No evidence of
non-proportional hazards was apparent (p = .33 for unadjusted analy-
sis and p = .28 for adjusted analysis). However, the association
between trial participation and the incidence of CVD was different for
patients treated before and after 1982 (p-value for interaction = .024,
sub-distribution HR = 1.76, 95% Cl: 1.26-2.45 for <1982 corre-
sponding to patients treated in the H1-H5 trials and sub-distribution
HR = 1.09, 95% CI: 0.85-1.40 for 21983 corresponding to patients
treated in the H6-H9 trials).

4 | DISCUSSION

Demonstrating a potential gap in the outcomes for patients with HL
treated in and outside clinical trials has important implications. Supe-
rior outcomes for patients treated within the trials would suggest that
more attention is needed to timely incorporate novel strategies in rou-
tine clinical practice.

To the best of our knowledge, this study is the first to describe
the relative effectiveness of HL treatment in versus outside clinical tri-
als for outcomes other than OS and with a median follow-up time of
>28 years. Our findings showed that trial participation was associated
with longer OS, a lower incidence of relapse and a higher incidence of
CVD (the latter only applicable to those treated before 1983). How-
ever, after adjustment for baseline characteristics, the trial effect
became smaller but remained statistically significant.

The survival gap between trial and non-trial participants could
thus be explained, partly, by the imbalance in the baseline characteris-
tics between the two populations, which is in line with previous find-
ings.1'Y” However, the results suggest an additional benefit of trial
participation (up to 10 years), which might be explained by extended
and more structured follow-up, improved and better staging, as well
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(A) Unadjusted
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FIGURE 2 Incidence of
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as the availability of new and more effective anti-cancer treatments
offered within a trial setting.»3!

Also, a lower incidence of relapse was observed among trial par-
ticipants. It would be plausible to think that this was due to the pre-
dominance of better prognostic groups treated in the trials; however,
the difference in the incidence of relapse remained substantial in the
analysis adjusted for baseline characteristics including disease stage.
The difference is therefore more likely due to more effective treat-
ment regimens in the trials (and a delay in the implementation of these
more effective treatment regiments into the routine clinical practice).
By extension, we observed an important variation in median treat-
ment year between the two groups (6 years), suggestive of an overa-
bundance of trial patients in the second half of the study period,
where HL treatment is significantly improved. However, selection bias
cannot be excluded.

We found no evidence of differences in the incidence of second
cancer between patients treated in and outside clinical trials, nor did
we see effect modification by the period of treatment. Since radio-
therapy has consistently been reported as the main risk factor for sec-
ond solid cancers,2°3233 the first was rather unexpected (due to the

greater use of radiotherapy in the primary treatment in the H1-H9

trials). On the other hand, it is well known that chemotherapy also
leads to a raised risk of second cancers,* and we must assume that
patients treated outside trials have received alkylating-based treat-
ment to a greater extent than anthracycline-based treatment, tested
within the trials, which likewise carries a higher risk of developing sec-
ond cancer®?34% (for detailed description of the standard treatment
of HL in the Netherlands during the study period, see supplement).

To see no effect modification by the time of treatment was also
rather unexpected since efforts to reduce treatment toxicity were ini-
tiated within the trial setting from the late 1980s onwards.*¢ This was
due to prior studies revealing that the main complications (CVD and
secondary malignancies) were caused by the amount of radiotherapy
used.® It is difficult to explain why we did not see a trial effect after
the reduction of radiation exposure in the later trials. Maybe the
exposure reduction was too small. Maybe the results were biased by
an increase in smoking rates among women during the same period,
leading to an increased incidence of lung cancers among female survi-

3237 or maybe the advantage of using smaller radiotherapy vol-

vors
umes disappeared, as a result of the increased usage of
anthracyclines.*®? Also, because of the long latency to second can-

cers, the lack of trial effect could simply be due to a shorter
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observation time.2° According to Schaapveld et al., the risk of second
cancer is still elevated 35 years or more after treatment.>2 The current
standard of care in radiation oncology (including involved-node or
involved-site radiotherapy, 3D-conformal treatment planning, and
radiation doses of less than 36 Gy) was not used in our study
population.? However, clinical information confirming the reduced
risks of late toxicities from modern radiotherapy is slowly accumulat-
ing.*® The expectation is therefore that these significant treatment
improvements (along with less toxic chemotherapy regimens) may
lead to a reduced risk of second cancers among the patients treated
after 200232741 |n general, the incidence of all radiotherapy-
induced late morbidity is expected to fall as current treatment
(including treatment tailoring) gains traction.*°

The greater use of radiotherapy as a primary treatment in the
H1-H9 trials could be a possible explanation for the observed higher
incidence of CVD. However, the association was still found after
adjustment for radiotherapy use in the exploratory analyses, so this
would only explain part of the association. Also, since only surviving
patients could suffer from long-term treatment toxicities, another
possible explanation was a lower incidence of competing events.

However, results from a cause-specific IPTW hazard model were

8 (0.3-15):3.3 (2.4-4.5)
| I

10

i I [ I | [ |
15 20 25 30 35 40 45 50

Time, years

consistent with the main analysis, suggesting that this was not the
case. Unfortunately, we were not able to adjust for other risk factors
associated with CVD, such as hypertension, hypercholesterolemia,
diabetes, or smoking.*? Likewise, the results could have been influ-
enced by the different chemotherapy regimens (with varying risk pro-
files for CVD) used during the study period.}??° The trial effect for
CVD, however, was present only for patients treated before 1983.
The finding, therefore, has no clinical implications as data originated
from patients treated with outdated treatment protocols.

A possible trial effect has previously been difficult to quantify
because of methodological difficulties with most published work.2”-?
The main strength of our study is the unique dataset; a large sample
size consisting of thousands of HL survivors, treated across a period
of four decades and with a median follow-up time of almost 30 years,
which enables the evaluation of long-term effects of trial participa-
tion. Also, the trial effect was studied by direct linkage of clinical trial
data with its source population, which minimizes misclassification of
trial participation, thus improving the validity of the results.! There
are, however, certain limitations. Some are inherent in the retrospec-
tive design, such as lack of information regarding relevant baseline

characteristics (including HL-specific prognostic factors, comorbidities,
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socioeconomic status, and family history). By extension, patients with
worse performance scores and poor compliance are often excluded
from clinical trials and we do not know the exact reasons why non-trial
patients were not included in a protocol. Also, the exact treatment
information was unknown for non-trial patients. These factors could
potentially confound the association between trial effect and patient
outcomes.! The observed trial effect was, however, rather strong, sug-
gesting that confounding is unlikely to explain the entire effect. Fur-
thermore, we cannot rule out the possibility of some patients being
misclassified as non-trial participants. However, if this were the case,
an underestimation of the trial effect would likely have occurred. In
addition, a ‘hospital trial participation effect’” may exist, meaning that
all patients treated in the included institutions receive above-average
quality care.*** Finally, detection bias, that is, different standards of
measurement of outcomes in and outside clinical trials, may have
skewed the results.>* As an example, an underestimation of the trial
effect for the incidence of relapse is expected, due to more stringent
disease evaluation within the trial setting.

Historically, the treatment of HL has improved over time based
on well-conducted clinical trials. It is also well established that dis-

semination of trial results and subsequent implementation into

T T T ]
35 40 45 50

standard practice have resulted (with some time lag) in non-trial
patients benefitting too." In this cohort, we observed not only a lon-
ger OS time associated with treatment within a randomized clinical
trial for HL but also a beneficial effect on the incidence of relapse.
No evidence of differences in the incidence of second cancer was
found, nor for the risk of CVD after 1982. However, as our study
period does not reflect the era of novel treatment agents, our find-
ings may not be directly applicable to patients treated with more
contemporary regimens. Nevertheless, our results have shown no
harmful outcomes for trial patients in this cohort, despite treatment
de-escalation within the trial setting during the study period. This
supports the value of continuously carrying out clinical trials in this
patient population with the aim of maintaining high cure rates while
minimizing long-term toxicity. Also, the finding of a longer OS time
truly underscores the importance of implementing significant results
from clinical trials into standard practice without undue delay. Fur-
thermore, the importance of thorough long-term care and follow-up
cannot be emphasized enough, as potential late effects related to
new treatments may be unknown at the time of study evaluation
(as exemplified by the higher incidence of CVD among trial patients
treated in the earlier study period). The historical findings of
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unexpected consequences of treatment thereby highlight the
importance of continuously carrying out survivorship research. Only
by doing so, optimal treatment and care for future patients will be

ensured.
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