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Chapter 5
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lymph nodes: 20-year follow-up of a
phase 3 randomised clinical trial
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Abstract

Importance — Trials of adjuvant high-dose chemotherapy (HDCT) have failed to
show benefit in unselected patients with breast cancer, but long-term follow-up is
lacking.
Objective — To determine -year efficacy and safety outcomes of a large trial of
adjuvant HDCT versus conventional-dose chemotherapy (CDCT) for patients with
stage III breast cancer.
Design, setting, and participants — This secondary analysis used data from a ran-
domised phase multicentre clinical trial of 885 women younger than years with

https://doi.org/10.1001/jamaoncol.2019.6276
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breast cancer and four or more involved axillary lymph nodes conducted from Au-
gust 1, 1993, to July 31, 1999. Additional follow-updatawere collected between June 1,
2016, and December 31, 2017, from medical records, general practitioners, the Dutch
national statistical office and nationwide cancer registries. Analysis was performed
on an intention-to-treat basis. Statistical analysis was performed from February 1,
2018, to October 14, 2019.
Intervention—Participantswere randomised to receive five cycles of CDCT con-
sisting of 5-fluorouracil, mgm , epirubicin, mgm , and cyclophosphamide,

mgm , or HDCT in which the first four cycles were identical to CDCT and the
fifth cycle was replaced by cyclophosphamide, mgm , thiotepa, mgm ,
and carboplatin, mgm , followed by haematopoietic stem cell transplant.
Main outcomes and measures — Main end points were overall survival and safety
and cumulative incidence risk of a second malignant neoplasm or cardiovascular
events.
Results — Of the women in the study (mean age years; standard deviation
[SD] ), were randomised to receive HDCT, and were randomised to re-
ceive CDCT.With years median follow-up (interquartile range [IQR] – ),
the -year overall survival was with HDCT and with CDCT (hazard
ratio [HR] ; confidence interval [CI] – ). The absolute improvement
in -year overall survival was (HR ; CI – ) for patients with

or more involved axillary lymph nodes and (HR ; CI – )
for patients with triple-negative breast cancer. The cumulative incidence risk of a
secondmalignant neoplasm at years or major cardiovascular events was similar in
both treatment groups ( -year cumulative incidence risk for second malignant neo-
plasm was in the HDCT group versus in the CDCT group; ),
although patients in the HDCT group more often had hypertension ( versus

; ), hypercholesterolaemia ( versus ; ), and dys-
rhythmias ( versus ; ).
Conclusions and relevance— High-dose chemotherapy provided no long-term sur-
vival benefit in unselected patients with stage III breast cancer but did provide im-
proved overall survival in very high-risk patients (i.e. with involved axillary
lymph nodes). High-dose chemotherapy did not affect long-term risk of a second
malignant neoplasm or major cardiovascular events.
Trial registration — ClinicalTrials.gov Identifier: NCT03087409.

5.1 Introduction

In the 1980s and 1990s, high-dose chemotherapy (HDCT) with autologous stem cell
support was investigated as treatment for breast cancer (BC) until phase 3 trials
showed no overall survival (OS) benefit compared with conventional-dose chemo-
therapy (CDCT).1 Since then, however, additional subgroup analyses suggested an
OS benefit after HDCT in subgroups of patients with or more involved axillary
lymph nodes (ALNs), human epidermal growth factor receptor 2 (HER2)-negative
BC and triple-negative BC (TNBC).1–3
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Lorem ipsum

Figure 5.1. CONSORT flow diagram showing the patients who were included in the
intention-to-treat analysis and safety population. Information on the number of patients
screened for eligibility was not collected and is thus not reported.

The potential benefit of HDCT is accompanied by toxic effects during and after
treatment, such as severe mucositis, myeloablation-causing transfusion dependency,
and prolonged neutropaenia with corresponding infection risk. Some studies with
high-dose alkylating agents showed an increased incidence of secondmalignant neo-
plasm and cardiovascular events.4–6 However, this increase was not seen in other
studies,7–12 and some studies even reported fewer patients with myeloid leukaemia
and/or myelodysplastic syndrome (MDS) with HDCT compared with CDCT.13,14

The importance of long-term follow-up of BC studies for efficacy has been well
established.15,16 Similarly, extended follow-up is important to establish long-term
safety, especially after HDCT. However, to our knowledge, only one of the studies
that compared HDCT with CDCT has reported follow-up at years.7,17 The largest
multicentre randomised clinical trial comparing HDCT with CDCT for women with
invasive BC was conducted in the Netherlands.2 We report an efficacy and safety
analysis of the Dutch trial with -year follow-up.
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5.2 Methods

5.2.1 Study design

This multicentre randomised controlled trial was conducted between August 1, 1993,
and July 31, 1999, in 10 hospitals in the Netherlands. Full trial details were pub-
lished in 2003.2 In brief, women younger than years with BC involving four
or more ALNs who underwent breast surgery plus complete axillary clearance
were included. Patients were randomised to receive CDCT consisting of five
cycles of 5-fluorouracil, mgm , epirubicin, mgm , and cyclophosphamide,

mgm (FEC) or to receive HDCT in which the first four cycles were identical to
CDCT and the fifth cycle was replaced by cyclophosphamide, mgm , thiotepa,

mgm , and carboplatin, mgm , supported with autologous haematopoi-
etic stem cell transplantat (HSCT). All patients received radiotherapy according to
the local standard as well as two years of tamoxifen treatment. After the Early Breast
Cancer Trialists’ Collaborative Group demonstrated a benefit to tamoxifen in oestro-
gen receptor (ER)-positive BC,18 patients with ER-positive tumours were offered five
years of tamoxifen treatment. Informed consent was obtained from all patients in the
trial, and the medical ethical review board at each of the participating centres ap-
proved the trial. The medical ethical review boards of the Netherlands Cancer Re-
gistry, the nationwide network and registry of histopathology and cytopathology in
the Netherlands (PALGA), and Statistics Netherlands approved this follow-up ana-
lysis, which is registered with ClinicalTrials.gov (NCT03087409; trial protocol in sup-
plementary method 5.2).

5.2.2 Collection of data

The characteristics of the patients, the date of diagnosis, the histologic features of
the primary tumour, ALN involvement, treatment data, follow-up data, and adverse
events were recorded during follow-up of the original trial. The frequency and dur-
ation of follow-up visits more than three years after the end of treatment were at the
discretion of the treating physician.

Follow-up data beyond three years were collected between June 1, 2016, and
December 31, 2017, from patients’ medical records using case record forms. Ques-
tionnaires were sent to the general practitioner of each patient and to medical spe-
cialists if the patients had received treatment for cancer or cardiovascular disease. To
complete and verify follow-up data, we linked the data set with patient-level data
from the population-based municipal Personal-Records Database, the Netherlands
Cancer Registry, PALGA, and Statistics Netherlands (supplementary method 5.1).
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Figure 5.2. (preceding page)Overall survival in all patients and subgroups. A. All patients. B. Pa-
tients with triple-negative breast cancer. C. Patients with ten or more involved axillary lymph
nodes. D. Patients with four to nine involved axillary lymph nodes. For the OS analysis for all
patients and subgroups, 20-year estimates with corresponding 95% CIs and HR with corres-
ponding 95%
apy; HDCT, high-dose chemotherapy; HR, hazard ratio; OS, overall survival.

5.2.3 Statistical considerations

Statistical analyses were performed from February 1, 2018, to October 14, 2019. The

isation to death from any cause.19 For patients last known to be alive, OS data were
censored at last follow-up visit, last date known to be alive according to the ques-
tionnaire(s), or at last linkage to the Personal-Records Database – whichever was

19 In the original trial, subgroup analyses
were pre-planned based on the number o�nvolved ALNs ( 4–9 versus ≥ 10). For
this update, we performed pre-planned subgroup analyses based on the number of
involved ALNs and BC subtype (ER-positive and HER2-negative, HER2-positive, or
TNBC).

All randomised patients were included in the intention-to-treat population. Ef-

intention-to-treat population. Supplementary method 5.3 contains details on statist-
ical analyses. All P values were from two-sided tests, and the results were deemed

. Analyses were performed with R, version 3.5.3
(R Project for Statistical Computing).

5.3 Results

Of 885 patients included (mean age 44.5 years; standard deviation [SD] 6.6), 442 were
randomised to receive HDCT and 443
acteristics were well-balanced between groups (supplementary table 5.1), as were the
subgroups based on the number o�nvolved ALNs in BC subtypes (supplementary
table 5.2). Treatment details are described in the original study.2 For this long-term
update, follow-up data on vital status, cause of death, and occurrence of second ma-
lignant neoplasms were complete for 99% or more of patients. Data on incidence of
cardiovascular events and risk factors were complete for 86% of patients (759 of 885).

Overall survival

After a median follow-up of 20.4 years (interquartile range [IQR] 19.2–22.0), the 20-
year OS estimate was 45.3% for those receiving HDCT and 41.5% for those receiv-
ing CDCT (hazard ratio 0.89; 95% 0.75–1.06
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For patients with 10 or more involved ALNs, the absolute in 20-year OS
was 14.6% (HR 0.72; 95% CI 0.54–0.95) in favour of HDCT compared with a 2.2%

(HR 1.01; 95% CI 0.81–1.27) for patients with four to nine involved ALNs
(  =  0.05 for interaction; 5.2C and D, and 5.3). For patients with TNBC,
the absolute in 20-year OS was 15.4% (HR 0.67; 95% CI 0.42–1.05), whereas
for patients with ER-positive and HER2-negative disease, the 20-year absolute
ence was 7.0% (HR 0.80; 95% CI 0.63–1.02) 5.2B and 5.3).

Breast  survival

BC was the cause of death for most patients in both groups (HDCT group, 204 of 244
[83.6%]; CDCT group, 238 of 261 [91.2%]; table 5.1). Mortality from a second malig-
nant neoplasm and cardiovascular disease was comparable between groups. Five of
442 patients (1.1%) receiving HDCT died within six months after completion of treat-
ment. Fifteen patients, of whom 14 were in the HDCT group, died of other causes.
Twenty-year BCSS estimates were 52.3% among those who received HDCT versus
45.4% among those who received CDCT (supplementary 5.1). Subgroup ana-
lyses for BCSS showed comparable as seen for OS.

5.3.2 Long-term safety analyses

Thirty months after randomisation, fewer patients in the HDCT group remained
pre-menopausal compared with the CDCT group (26 of 442 [5.9%] versus 93 of 443
[21.0%]; supplementary table 5.1). During follow-up, 58 patients in the HDCT group
(13.1%) developed 65 malignant neoplasms, while 74 patients in the CDCT group
(16.7%) developed 81 malignant neoplasms. BC was the most common second ma-
lignant neoplasm  (supplementary table 5.3). The cumulative incidence of a second
malignant neoplasm at 20 years was 12.1% (95% CI 11.8%–12.4%) after HDCT and
16.2% (95% CI 15.9%–16.6%) after CDCT (  =  0.10; supplementary 5.2). The
incidence of major cardiovascular events did not between treatment groups,
but more patients in the HDCT group than in the CDCT group developed hyperten-
sion, hypercholesterolaemia, and dysrhythmia (supplementary table 5.4).
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Subgroup CDCT ( n = 443)  HDCT (n = 442)       Hazard ratio OS (95% CI) 
P for 

interaction 

number of events / total number of patients 

Axillary lymph nodes 0.05 

4 -   9 

10 

150/284 

111/159 

154/284 

90/158 

1.01 

0.72 

(0.81-1.27) 

(0.54-0.95) 

Subtype 0.08 

ER+ / HER2  - 

HER2+ 

Triple negative 

140/231 

60/109 

46/72 

131/242 

57/96 

32/68 

0.80 

1.13 

0.67 

(0.63-1.02) 

(0.79-1.62) 

(0.42-1.05) 

Menopausal status at baseline  0.73 

Premenopausal 

Postmenopausal 

213/360 

35/61 

198/365 

36/57 

0.87 

1.07 

(0.72-1.06) 

(0.67-1.71) 

All  patients 261/443 244/442 0.89 (0.75-1.06) 

0.25 0.50 1.00 2.00

Figure 5.3.
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Figure 5.3. Stratified overall survival analysis in subgroups. CDCT,
conventional-dose chemotherapy; HDCT, high-dose chemotherapy; HR, hazard ratio; OS,
overall survival.

Table 5.1. Causes of death among study patientsa

Cause of death HDCT group
( )

CDCT group
( )

Breast cancer ( ) ( )
Nonbreast cancer malignant neosplasm ( ) ( )
Cardiovascular disease ( ) ( )
Treatment-related ( months after
randomisation)

( ) ( )

Other b ( ) ( )
Unknown ( ) ( )

a Values are given as . CDCT, conventional-dose chemotherapy; HDCT, high-dose chemotherapy.
b Other causes include: infection ( ; – years after completion of chemotherapy), suicide ( ;

and years after completion of chemotherapy), accidents ( ; and years after completion
of chemotherapy), idiopathic pancreatitis ( ; years after completion of chemotherapy), liver
cirrhosis ( ; years after completion of chemotherapy), dementia without signs of a central
nervous system relapse ( ; years after completion of chemotherapy), epilepsy without sign of
a central nervous system relapse ( ; years after completion of chemotherapy), pneumothorax
with bleeding ( ; year after completion of chemotherapy), and acute vascular disorder of the
intestines ( ; years after completion of chemotherapy).

5.4 Discussion

Although initial studies of HDCT for BC showed promising early results, later data
from randomised studies failed to confirm large enough benefits of HDCT compared
with CDCT to outweigh its toxic effects in unselected patients with BC.2,5,8–11,13,20–22
Interest in HDCT decreased, and long-term follow-up of the HDCT studies was not
performed. Our analysis with -year follow-up data from, to our knowledge, the
largest randomised clinical trial of HDCT for BC suggests that selected subgroups
may benefit from this treatment.

Our analysis confirms earlier results thatHDCThas no significantOS benefit com-
pared with CDCT for unselected patients with stage III BC.1,2 However, we found a

improvement in -year OS estimates with HDCT in the predefined subgroup
of patients with or more involved ALNs. This result obtains the highest grade,
namely an ”A”, on the European Society of Medical Oncology Magnitude of Clinical
Benefit Scale (ESMO-MCBS), which is considered a clinically meaningful benefit.23
In addition, our data suggest an OS benefit for patients with TNBC, with a ab-
solute difference in -year OS estimates between groups. However, this latter sub-
group analysis was not planned when the trial was designed and therefore was not
graded on the ESMO-MCBS.

Although HDCT did not improve OS in the overall population, it did improve
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BCSS. This discrepancy can be attributed to excess mortality in the HDCT group
owing to non-cancer and non-cardiovascular deaths. Of 15 ”other deaths”, which

14 occurred in the HDCT group. Most other deaths
occurred ten to twenty years after completion of treatment. Given the wide variety

HDCT is not immediately evident. Two patients who died owing to other causes did
not receive the HDCT to which they were allocated. Nevertheless, given the number
of non-BC deaths, BCSS results should be interpreted with caution, and we focus
mainly on the OS results in this update analysis.

In our 20-year follow-up analysis, there was no increase in cumulative risk for
a second malignant neoplasm or for incidence of major cardiovascular events after
HDCT. Dysrhythmia, hypertension, and hypercholesterolaemia occurred more fre-
quently in the HDCT group. Part of the increased incidence of hypertension and hy-
percholesterolaemia may be owing to a more frequent induction of menopause in
women receiving HDCT.2 Furthermore, carboplatin may cause vascular endothelial
dysfunction possibly related to long-term circulating platinum residuals, making hy-

24 Because the type of dysrhythmia

tion fraction change after HDCT or CDCT.12 Consequently, assessment of cardiovas-
cular risk factors, monitoring, and, if necessary, treatment according to guidelines
should be considered after HDCT.

5.4.1 Limitations

cause-of-death data in the Netherlands enabled us to perform the present analysis on

a unique long-term follow-up. However, this unplanned follow-up analysis does

gimen used in the control group: taxanes, platinum, and capecitabine were not used;
HER2-blockade was not yet available for HER2-positive BC; and the type (e.g. tamox-
ifen and aromatase inhibitor) and duration of endocrine therapy for ER-positive BC

HDCT is smaller when compared with contemporary control treatment.

not be ruled out based on our data because fewer patients in the HDCT group com-
pared with the CDCT group remained pre-menopausal 30 months after randomiza-
tion (5.9% [26 of 442] versus 21.0% [93 of 443]; supplementary table 5.1). In a post hoc
subgroup analysis based on baseline menopausal status, we found a stronger hazard
ratio with HDCT for pre-menopausal versus post-menopausal women but no signi-

because of the inclusion criterion of age being younger than 56 years, the subgroup
of post-menopausal patients was small. However, HDCT appeared to be particularly
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solely responsible f
similar between BC subtypes (supplementary table 5.5).

A third limitation of our analysis is that some data were collected retrospectively 
(e.g. incidence of cardiovascular disease), resulting in missing incidence dates and

were available. Fourth, apart from the number of involved ALNs, other subgroup 
analyses by BC subtypes were not planned when the original trial was designed in 
1993, and these results must be interpreted with caution. In addition, the group of 
patients with TNBC is small, resulting in wide CIs.

tially Improving the Cure Rate of High-risk BRCA1-like Breast Cancer Patients With

current standard treatment containing dose-dense doxorubicin-cyclophosphamide, 
paclitaxel-carboplatin, and a PARP (poly–adenosine diphosphate ribose polymerase) 
inhibitor for patients with stage III BC. Patients with residual disease at surgery will

HDCT in the present analysis was 15.4% for patients with TNBC and 9% for patients 
with HER2-negative BC (both ER-positive and HER2-negative and TNBC; supple-

tumours with a BRCA1-like signature.25–27

5.5 Conclusion

However, HDCT did improve long-term BCSS of unselected patients as well as the 
long-term OS in a subgroup of patients with 10 or more involved ALNs, resulting in
20 14.6%.

Acknowledgements

We thank all patients and their families. Sjoerd Rodenhuis, the Netherlands Cancer Insti-
tute, provided valuable comments. Gerrie Steursma, University Medical Centre Groningen,
performed the logistics and data handling of this study in the University Medical Centre
Groningen. Tony van de Velde, Netherlands Cancer Institute, and the Netherlands Cancer In-

Institute, supported the statistical analyses. We sincerely thank all data managers from BRP,
NCR, PALGA, and Statistics Netherlands; general practitioners; cardiologists; and oncologists

outcome of the patients in this trial. All individuals above received no compensation; the NCR,
PALGA, and Statistics Netherlands charged standard service fees.



5

Funding

This follow-up study had no funding. The original trial was supported by grant OG 94-051
from the Dutch Health Insurance Council.

Declaration of interests

Steenbruggen reported receiving grants from theDutchHealth InsuranceCouncil (OG 94-051)
during the conduct of the study; and a grant for development of a podcast for women treated
for breast cancer fromMemidis Pharma outside the submittedwork. Van der Hoeven reported
receiving travel, accommodations, and/or expenses fromRoche and Pfizer, all unrelated to the
current study. Tjan-Heijnen reported receiving grants from Dutch Health Insurance Council
during the conduct of the study; and receiving honoraria fromPfizer; serving in a consulting or
advisory role for Pfizer, Lilly, and Roche; receiving research funding for her institution from
Roche, Eisai, Pfizer, and Novartis; and receiving travel, accommodations, and/or expenses
from Pfizer, Novartis, and Roche, all unrelated to the current study. Linn reported being an
inventor of a BRCA1-like patent; receiving grants from Health Insurance Council during the
conduct of the study; grants fromAmgen andEurocept Pharmaceuticals outside the submitted
work; grants, non-financial support, and institutional research support from AstraZeneca out-
side the submitted work; serving as an advisory board member for Cergentis and IBM outside
the submitted work; grants and non-financial support from Genentech, Novartis, and Roche
outside the submitted work; grants and institutional research support from Pfizer outside the
submitted work; research funding fromAstraZeneca, Roche, Genentech, Amgen, Sanofi, BMS,
and Tesaro; and consultation fees from Novartis, IBMHealth, AstraZeneca, Roche, and Sanofi,
all unrelated to the current study. Schaapveld reported receiving grants from theDutchHealth
Insurance Council during the conduct of the study. De Vries reported institutional research
support fromSynthon, Pfizer, Sanofi, TheNational Surgical Adjuvant Breast and Bowel Project,
and Daiichi Sankyo; and grants fromNovartis, Amgen, Roche, Genentech, Regeneron, Chugai,
Synthon, AstraZeneca, Radius Health, CytomX Therapeutics, Nordic Nanovector, Bayer, and
G1 Therapeutics outside the submitted work. Sonke reported receiving institutional research
support from AstraZeneca, Merck, Novartis, and Roche outside the submitted work. Gietema
reported receiving grants from Abbvie, Roche, and Siemens outside the submitted work. No
other disclosures were reported.



5

High-dose chemotherapy in high-risk breast cancer

References

1. Berry, D. a. High-dose chemotherapy
with autologous stem-cell support as ad-
juvant therapy in breast cancer: overview of
15 randomized trials. 29, 3214–
23. doi:10 . 1200 / JCO . 2010 . 32 . 5910 (Aug.
2011).

2. Rodenhuis, S. High-dose chemotherapy
with hematopoietic stem-cell rescue for high-
risk breast cancer. 349, 7–16.
doi:10.1056/NEJMoa022794 (3rd July 2003).

3. Rodenhuis, S. Efficacy of high-dose
alkylating chemotherapy in HER2/neu-
negative breast cancer. 17, 588–
96. doi:10.1093/annonc/mdl001 (Apr. 2006).

4. Basser, R. L., Abraham, R., To, L. B., Fox, R. M.
& Green, M. D. Cardiac effects of high-dose
epirubicin and cyclophosphamide in women
with poor prognosis breast cancer.
10, 53–8. doi:10 . 1023/a : 1008390203340 (Jan.
1999).

5. Cardinale, D. Myocardial injury revealed
by plasma troponin I in breast cancer treated
with high-dose chemotherapy. 13,
710–5. doi:10 . 1093 / annonc / mdf170 (May
2002).

6. Tallman, M. S. Conventional adjuvant
chemotherapy with or without high-dose
chemotherapy and autologous stem-cell
transplantation in high-risk breast cancer.

349, 17–26. doi:10 . 1056 /
NEJMoa030684 (3rd July 2003).

7. Hanrahan, E. O. Randomized trial
of high-dose chemotherapy and autologous
hematopoietic stem cell support for high-risk
primary breast carcinoma: follow-up at 12
years. 106, 2327–36. doi:10.1002/cncr.
21906 (June 2006).

8. Leonard, R. C. F. Conventional adjuvant
chemotherapy versus single-cycle, autograft-
supported, high-dose, late-intensification
chemotherapy in high-risk breast cancer pa-
tients: a randomized trial.
96, 1076–83. doi:10 . 1093 / jnci / djh188 (July
2004).

9. Nitz, U. A. Comparison of rapidly
cycled tandem high-dose chemotherapy plus
peripheral-blood stem-cell support versus
dose-dense conventional chemotherapy for
adjuvant treatment of high-risk breast cancer:
results of a multicentre phase III trial.

366, 1935–44. doi:10 . 1016 / S0140 - 6736(05 )
67784-7 (Dec. 2005).

10. Coombes, R. C. High dose chemother-
apy and autologous stem cell transplanta-
tion as adjuvant therapy for primary breast
cancer patients with four or more lymph
nodes involved: long-term results of an inter-
national randomised trial. 16, 726–
34. doi:10.1093/annonc/mdi166 (May 2005).

11. Peters, W. P. Prospective, random-
ized comparison of high-dose chemotherapy
with stem-cell support versus intermediate-
dose chemotherapy after surgery and ad-
juvant chemotherapy in women with high-
risk primary breast cancer: a report of CALGB
9082, SWOG 9114, and NCIC MA.

23, 2191–200. doi:10 . 1200 / JCO . 2005 .
10.202 (Apr. 2005).

12. Meinardi,M. T. Prospective evaluation of
early cardiac damage induced by epirubicin-
containing adjuvant chemotherapy and lo-
coregional radiotherapy in breast cancer pa-
tients. 19, 2746–53. doi:10.1200/
JCO.2001.19.10.2746 (May 2001).

13. Bergh, J. Tailored fluorouracil, epirubi-
cin, and cyclophosphamide compared with
marrow-supported high-dose chemotherapy
as adjuvant treatment for high-risk breast can-
cer: a randomised trial. Scandinavian Breast
Group 9401 study. 356, 1384–91. doi:10.
1016/s0140-6736(00)02841-5 (Oct. 2000).

14. Wilking, N. Long-term follow-up of the
SBG 9401 study comparing tailored FEC-
based therapy versus marrow-supported
high-dose therapy. 18, 694–700.
doi:10.1093/annonc/mdl488 (Apr. 2007).

15. Colleoni, M. Annual hazard rates of re-
currence for breast cancer during 24 years
of follow-up: results from the International
Breast Cancer Study Group trials I to V.

34, 927–35. doi:10.1200/JCO.2015.62.
3504 (Mar. 2016).

16. Pan, H. 20-year risks of breast-cancer re-
currence after stopping endocrine therapy at
5 years. 377, 1836–1846. doi:10.
1056/NEJMoa1701830 (2017).



5

17. Hortobagyi, G. N. Randomized trial of
high-dose chemotherapy and blood cell auto-
grafts for high-risk primary breast carcinoma.

92, 225–33. doi:10 . 1093 /
jnci/92.3.225 (Feb. 2000).

18. Early Breast Cancer Trialists’ Collaborative
Group. Tamoxifen for early breast cancer: an
overview of the randomised trials. 351,
1451–67 (May 1998).

19. Hudis, C. A. Proposal for standardized
definitions for efficacy end points in adjuvant
breast cancer trials: the STEEP system.

25, 2127–32. doi:10.1200/JCO.2006.10.
3523 (May 2007).

20. Colleoni, M. The effect of endocrine
responsiveness on high-risk breast cancer
treated with dose-intensive chemotherapy:
results of International Breast Cancer Study
Group Trial 15-95 after prolonged follow-up.

20, 1344–51. doi:10.1093/annonc/
mdp024 (Aug. 2009).

21. Roche, H. High-dose chemotherapy for
breast cancer: the French PEGASE experi-
ence. 10, 42–47. doi:10 . 1177 /
107327480301000105 (2003).

22. Retting, R. A., Jacobson, P. D., Farquhar, C. M.
& Aubry, W. M.

1st ed. 355 pp. (Ox-
ford University Press, New York, 2007).

23. Cherny, N. I. ESMO magnitude of clin-
ical benefit scale version 1.1. 28,
2340–2366. doi:10.1093/annonc/mdx310 (Oct.
2017).

24. Cameron, A. C., Touyz, R. M. & Lang, N. N.
Vascular complications of cancer chemother-
apy. 32, 852–62. doi:10.1016/j.
cjca.2015.12.023 (2016).

25. Vollebergh, M. A. Genomic patterns
resembling BRCA1- and BRCA2-mutated
breast cancers predict benefit of intensified
carboplatin-based chemotherapy.

16, R47. doi:10 . 1186 / bcr3655
(May 2014).

26. Vollebergh, M. A. An aCGH classifier de-
rived from BRCA1-mutated breast cancer and
benefit of high-dose platinum-based chemo-
therapy in HER2-negative breast cancer pa-
tients. 22, 1561–1570. doi:10.1093/
annonc/mdq624 (July 2011).

27. Schouten, P. C. BRCA1-like profile pre-
dicts benefit of tandem high dose epirubicin-
cyclophospamide-thiotepa in high risk breast
cancer patients randomized in the WSG-
AM01 trial. 139, 882–9. doi:10 .
1002/ijc.30078 (Aug. 2016).

28. Senkus, E. Primary breast cancer: ESMO
clinical practice guidelines for diagnosis,
treatment and follow-up. 26, v8–
v30. doi:10 . 1093 / annonc / mdv298 (Sept.
2015).

29. Van der Sanden, G. A., Coebergh, J. W.,
Schouten, L. J., Visser, O. & van Leeuwen, F. E.
Cancer incidence in the Netherlands in 1989
and 1990: first results of the nationwide Neth-
erlands Cancer Registry. coordinating com-
mittee for regional cancer registries.

31A, 1822–1829. doi:10 . 1016 / 0959 -
8049(95)00355-m (Oct. 1995).

30. Harteloh, P., de Bruin, K. &Kardaun, J. The re-
liability of cause-of-death coding in the Neth-
erlands. 25, 531–538. doi:10.
1007/s10654-010-9445-5 (Aug. 2010).

31. De Vries, S. Comparing causes of death
of Hodgkin lymphoma and breast cancer pa-
tients between medical records and cause-of-
death statistics. 10, 1523–1531.
doi:10.2147/CLEP.S161359 (2018).

32. Gray, R. J. A class of K-sample tests for com-
paring the cumulative incidence of a compet-
ing risk. 16, 1141–1154. doi:10 .
1214/aos/1176350951 (Sept. 1988).



5

High-dose chemotherapy in high-risk breast cancer

Supplementary information

Supplementary methods

Supplementary method 5.1. Trial protocol

The trial protocol may be found online at doi:10.1001/jamaoncol.2019.6276.

Supplementary method 5.2. Additional details on data sources and collection of
data

Central review of ER, PR and HER2 Central review of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2)
on all available pathological specimens was performed in 2006.3 Tumours were con-
sidered positive for hormone receptors if of the tumour cells showed nuclear
staining. ER-positivity was used to define breast cancer subtypes. Tumours were con-
sidered HER2-positive in case of strong homogeneous positive staining (3+) by im-
munohistochemistry or gene amplification by hybridisation in case of 2+ by
immunohistochemistry analysis.28

Collection of data Collected data included duration of endocrine therapy, includ-
ing start of an aromatase inhibitor, occurrence, localisation and date of relapse,
treatment for relapse, date and cause of death, occurrence and date of second ma-
lignancies, treatment for second malignancies, history of cardiac disease before
breast cancer diagnosis, occurrence and date of diagnosis of major cardiovascu-
lar events (i.e., coronary artery disease, myocardial infarction, transient ischaemic
attack, cerebrovascular accident, cardiac valve dysfunction), minor cardiovascular
events (i.e., dysrhythmias, pericarditis, peripheral vascular events), cardiovascular
risk factors (i.e., hypertension, hypercholesterolaemia, diabetes mellitus type 2, body
weight, smoking status), andmedication at last follow-up. Secondmalignancieswere
classified according to International Statistical Classification of Diseases and Related
Health Problems (ICD-10). Myelodysplastic syndrome was included as second ma-
lignancy, carcinoma was not. Database cut-off was set on 16 September 2018.

The general practitioners (GP) of each patient was sent a questionnaire, request-
ing medical correspondence regarding disease recurrence, second malignancies, car-
diovascular outcomes, and vital status. In addition, physicians in referral hospitals
received questionnaires and were requested to submit medical correspondence if pa-
tients had received treatment for cancer or cardiovascular disease in hospitals other
than the ten hospitals participating in the original trial. Response rates from GPs
and treating physicians were and , respectively, without difference between
treatment arms. Data on BC recurrence status and incidence of cardiovascular events
(and risk factors) was deemed complete if information was available from 2016 on-
wards or until death.

Additionally, all patients were linked via unique, pseudo-anonymised patient
identification numbers with the population-based municipal Personal Records Data-
base for vital status and with Statistics Netherlands for the cause of death. To com-

https://doi.org/10.1001/jamaoncol.2019.6276
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plete and verify receptor status from the primary tumour and data on second malig-
nancies (including contralateral BC), patient-level data from the Netherlands Can-
cer Registry (NCR) and the nationwide network and registry of histopathology and
cytopathology in the Netherlands (PALGA) were extracted in December 2017.

Personal Records Database The Personal Records Database records vital status of
everyone born in the Netherlands, or who enters the country and will remain longer
than four months. Personal Records Database data were used to acquire the exact
date of death. Patients who did not receive active follow-up at database cut-off were
censored for overall survival at the last Personal Records Database update, which
was 1 February 2017.

Statistics Netherlands Statistics Netherlands registers the underlying cause of
death for each decedent in the Netherlands. Detailed information on methods of re-
gistration of causes of death in the Netherlands has been published previously.29 In
short, for each deceased person, attending physicians or medical examiners are ob-
liged to fill out a death certificate, which is sent to Statistics Netherlands. Statistics
Netherlands codes the death certificates and an underlying cause is selected accord-
ing to the 10th revision of the International Statistical Classification of Diseases and
Related Health Problems (ICD-10). A maximum of four diseases can be coded per
decedent. The ICD-10 defines the underlying cause of death as: (1) the disease or
injury that initiated the train of morbid events leading directly to death or (2) the
circumstances of the accident or violence that produced the fatal injury. Volume 2 of
ICD-10 provides several instructions for the application of definition 2. According to
Statistics Netherlands, four patients died due to breast cancer although no relapse of
breast cancer was known at last follow-upwhen patients’ records were reviewed. For
these four patients, the missing date of first relapse was substituted by the median
time between relapse and death within the sample set, for the ER-negative and ER-
positive subsets separately. The primary cause of death was based on information ac-
quired during medical record abstraction. The cause of death was categorized as (1)
breast cancer, (2) non-breast malignancy, (3) related to the protocol treatment and
within six months after completion of protocol treatment, (4) cardiovascular disease,
or (5) other causes. To obtain cause-of-death data for patients no longer under med-
ical surveillance, causes of death throughDecember 2016were obtained through link-
age with Statistics Netherlands, classified according to International Classification of
Diseases, 9th or 10th revision, depending on date of death.30 Linkage of deceased pa-
tients was successful in 98% (495/505) of cases. Cases with inconsistently reported
causes of death were discussed within the study team and consensus was reached
based on all information available from the medical records. A recent study showed
95% concordance between the registered cause of death by Statistics Netherlands and
the cause of death obtained from the medical records in patients previously treated
for breast cancer.31
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Netherlands Cancer Registry (NCR) and the nationwide network and registry of
histopathology and cytopathology in the Netherlands (PALGA) The NCR has al-
most complete nationwide coverage ( ) of invasive malignant neoplasms and
ductal carcinoma in situ of the breast occurring in the Netherlands since 1989.29 Data
was used to complete data on incidence of second malignancies. PALGA is a nation-
wide network of all pathology laboratories in theNetherlandswith national coverage
since 1991. Patient-level data obtained through linkage with the PALGA used to con-
firm and complete data on the ER, PR and HER2 status from the primary tumour.
Additionally, pathology data were used to eliminate uncertainties about second ma-
lignancies or distantmetastases. In case of discrepancies regarding date of recurrence
or second malignancy, the date obtained from the NCR was used, or, if unavailable,
the earliest date as reported in the other data sources.

Supplementary method 5.3. Additional details on statistical analysis

The reverse Kaplan-Meier method was used to determine median follow-up and its
interquartile range (IQR). The Kaplan-Meier method was used to calculate OS, and
BCSS probabilities, and these were compared with log-rank test. Hazard ratios (HR)
with 95% confidence intervals (CI) are based on fitted Cox proportional hazardmod-
els, including -values for interaction tests for the pre-planned subgroup analyses for
this update.The cumulative incidence of second malignancies between the two treat-
ment arms was compared, treating death as competing risk. The -value was based
on the k-sample test.32 For cardiovascular events the event dates were not available
for all patients. Therefore, occurrence of cardiovascular events between groups was
evaluated using chi-squared test.

Supplementary tables

Supplementary table 5.1. Baseline characteristicsa

Variable HDCT group
( )

CDCT group
( )

Age at randomisation (years) [ – ] [ – ]
Tumour size classification

T1 ( ) ( )
T2 ( ) ( )
T3 ( ) ( )
Unknown ( ) ( )

Involved axillary lymph nodes
– nodes ( ) ( )

nodes ( ) ( )
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Variable HDCT group
( )

CDCT group
( )

Histologic grade
I ( ) ( )
II ( ) ( )
III ( ) ( )
Unknown ( ) ( )

Breast cancer subtype
ER–positive/HER2–negative ( ) ( )
HER–positive ( ) ( )
Triple negative ( ) ( )
Unknown ( ) ( )

( ) ( )
Length of tamoxifen therapyb

Never or discontinued within years,
with relapse within years

years (without relapse within
years)

( ) ( )

and years ( ) ( )
years ( ) ( )

Never (without relapse within
years)

( ) ( )

Unknown ( ) ( )
Menopausal status at randomisation

Premenopausal ( ) ( )
Postmenopausal ( ) ( )
Uncertain ( ) ( )

Menopausal status months after
randomisation

Premenopausal ( ) ( )
Postmenopausal ( ) ( )
Uncertain ( ) ( )
a Values are given as (%), ormedian [interquartile range]. ER, oestrogen receptor; CDCT, conventional-
dose chemotherapy; HDCT, high-dose chemotherapy; HER2, human epidermal growth factor receptor
2.

b Data are for approximate duration of adjuvant tamoxifen. In total, 14 patients also received adjuvant
aromatase inhibitor (AI) after tamoxifen: and started AI after years of tamoxifen in
the HDCT and CDCT group, respectively; started AI after and years of tamoxifen in
the CDCT group; started AI after years of tamoxifen (without relapse) in the CDCT group.
Data of adjuvant AI treatment were missing in and patients in the HDCT and CTCT groups,
respectively.
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Supplementary table 5.2. Distribution number of overall survival events in breast cancer sub-
types split for number of involved axillary lymph nodes and between treatment groupsa

Subgroups HDCT group
( )

CDCT group
( )

ER-positive/HER2-negative
– nodes involved

nodes involved
HER2-positive

– nodes involved
nodes involved

Triple negative
– nodes involved

nodes involved
a Values are given as (%). ER, oestrogen receptor; HER, human epidermal growth factor receptor
2; CDCT, conventional-dose chemotherapy; HDCT, high-dose chemotherapy. Breast cancer subtypes
were unknown for 36 patients (8%) in the HDCT group and 31 patients (7%) in the CDCT group.

Supplementary table 5.3. Second malignant neoplasmsa

Second malignant neoplasm HDCT group
( )

CDCT group
( )

Second breast cancer
Lip, oral cavity and pharynx
Digestive organs
Respiratory organs
Bone and articular cartilage
Myelodysplasia or leukaemia
Melanoma
Non–melanoma skin cancer
Mesothelial and soft tissue
Female genital cancer
Urinary tract cancer
Other or unspecified

a Values are given as (%). CDCT, conventional-dose chemotherapy; HDCT, high-dose chemotherapy.
Data are the number of patients per type of malignancy. Note that patients had more than one
second primary malignancy: patients in the CDCT group and in the HDCT group.
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Heart failure ( ) ( )
TIA/CVA ( ) ( )
Cardiac valve dysfunction ( ) ( )

Dysrhythmiac ( ) ( )
Pericarditis ( ) ( )

Hypertension ( ) ( )
Hypercholesterolaemia ( ) ( )
Diabetes mellitus type 2 ( ) ( )
BMI kgm d ( ) ( )
Smoking ever ( ) ( )

a Values are given as (%). CDCT, conventional-dose chemotherapy; HDCT, high-dose chemotherapy;
BMI, body-mass index; CVA, cerebrovascular accident; TIA, transient ischaemic attack.

b is based on chi-squared test.
c Including atrial fibrillation ( ), heart block ( ), sinus tachycardia ( ), supraventricular
extra systole ( ), atrioventricular nodal re-entry tachycardia ( ) and unknown ( ).

d At last follow-up.

Supplementary table 5.5. Distribution number of overall survival events in breast cancer sub-
types split for menopausal status and between treatment groupsa

Subgroup HDCT group
( )

CDCT group
( )

ER-positive/HER-negative
Premenopausal
Postmenopausal

HER2-positive
Premenopausal
Postmenopausal

Triple negative
Premenopausal
Postmenopausal
a Values are given as (%). ER, oestrogen receptor; CDCT, conventional-dose chemotherapy; HDCT,
high-dose chemotherapy; HER2, human epidermal growth factor receptor 2. Breast cancer subtypes
were unknown for patients ( ) in the HDCT group and patients ( ) in the CDCT group.
Menopausal status at baselinewas unknown for patients ( ) in theHDCTgroup and patients
( ) in the CDCT group.

Supplementary table 5.4. Cardiovascular events and cardiovascular risk factorsa

Variable HDCT group
( )

CDCT group
( )

b

Coronary artery diseases ( ) ( )
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Number at risk
(Patients censored)

CDCT

HDCT

443 (0)

442 (0)

310 (3)

323 (8)

238 (7)

266 (18)

205 (15)

229 (26)

101 (106)

122 (118)
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20-year BCSS estimate

HR 0.89 (95% CI 0.68-0.99) P=0.04
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Supplementary figure 5.2. Cumulative incidence of a second malignancy treating death as
competing risk as competing risk. Only the first second malignancy per patient is taken into
account. Solid lines represent cumulative incidence for death. Dashed lines represent cumulat-
ive incidence for second malignancy. CDCT, conventional-dose chemotherapy; HDCT, high-
dose chemotherapy.
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20-year OS estimate

HR 0.76 (95% CI, 0.62-0.94) P=0.01

Supplementary figure 5.3. Overall survival in patients with HER2-negative breast cancer. -
year OS estimates with corresponding 95% confidence interval and hazard ratios with cor-
responding 95% confidence interval are reported. CDCT, conventional-dose chemotherapy;
HDCT, high-dose chemotherapy; HER2, human epithelial growth factor receptor; HR, hazard
ratio; OS, overall survival.
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