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than in those who did not [15/235 (6.4%) vs. 137/436 
(31.4%); p < 0.001; risk ratio: 0.20].

Conclusions

In routine clinical practice, treatment with fec-d is 
associated with a higher-than-expected rate of febrile 
neutropenia, in light of which, primary prophylaxis 
with growth factor should be considered, per inter-
national guidelines. Adoption based on clinical trial 
reports of new therapies into mainstream practice 
must be done carefully and with scrutiny.
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1. INTRODUCTION

Breast cancer is the most common malignancy in 
Canadian women, and yet despite an increasing inci-
dence, breast cancer mortality rates in Canada have 
declined since 1975, largely as a result of the increased 
use of screening mammography and improvements in 
adjuvant systemic treatment 1. Early adjuvant chemo-
therapy studies demonstrated improved disease-free 
and overall survival with first-generation alkylator-
based regimens 2,3. Subsequent clinical trials dem-
onstrated improved disease-free and overall survival 
with anthracycline-based regimens (which have now 
been the standard of care for women with high-risk 
early-stage breast cancer for more than a decade 4), 
and epirubicin-based regimens such as cyclophospha-
mide–epirubicin–5-fluorouracil (5fu) 5 and fec-100 
(5fu–epirubicin–cyclophosphamide) 6 have been the 
second-generation regimens in common use across 
Ontario since the mid-1990s. More recently, the ad-
dition of taxanes to the anthracycline backbone has 
demonstrated added benefit, and those agents have 
been increasingly incorporated into third-generation 
adjuvant chemotherapy regimens 7–10.

ABSTRACT

Background

The efficacy of adjuvant chemotherapy with fec-d 
(5-fluorouracil–epirubicin–cyclophosphamide fol-
lowed by docetaxel) is superior to that with fec-100 
alone in women with early-stage breast cancer. As the 
use of fec-d increased in clinical practice, health care 
providers anecdotally noted higher-than-expected 
toxicity rates and frequent early treatment discon-
tinuations because of toxicity. In the present study, 
we compared the rates of serious adverse events in 
patients who received adjuvant fec-d chemotherapy 
in routine clinical practice with the rates reported in 
the pacs-01 trial.

Methods

We retrospectively reviewed all patients prescribed 
adjuvant fec-d for early-stage breast cancer at 4 
regional cancer centres in Ontario. Information 
was collected from electronic and paper charts by 
a physician investigator from each centre. Data 
were analyzed using chi-square tests, independent 
samples t-tests, one-way analysis of variance, and 
univariate regression.

Results

The 671 electronic and paper patient records re-
viewed showed a median patient age of 52.2 years, 
229 patients (34.1%) with N0 disease, 508 patients 
(75.7%) with estrogen or progesterone receptor–
positive disease (or both), and 113 patients (26%) 
with her2/neu–overexpressing breast cancer. Febrile 
neutropenia occurred in 152 patients (22.7%), most 
frequently at cycle 4, coincident with the initiation of 
docetaxel [78/152 (51.3%)]. Primary prophylaxis with 
hematopoietic growth factor support was used in 235 
patients (35%), and the rate of febrile neutropenia was 
significantly lower in those who received prophylaxis 
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In 1997, a European group initiated the pacs-01 
trial, which compared a hybrid taxane-containing 
regimen (fec for 3 cycles followed by docetaxel for 
3 cycles: fec-d) to fec-100 for 6 cycles. Final results 
of the pacs-01 study were published in December 
2006 11. Compared with fec-100, sequential fec-d 
resulted in an 18% reduction in the relative risk 
of relapse and an absolute survival gain of 4% in 
women with node-positive early-stage breast cancer. 
The investigators reported a favourable toxicity 
profile for fec-d, with a rate of febrile neutropenia 
of 11.2% compared with 8.4% for fec-100, both in 
the absence of primary growth factor support or 
antibiotic administration.

The pacs-01 trial was practice-changing, and 
fec-d was rapidly adopted in many cancer centres 
across Ontario as the standard third-generation che-
motherapy regimen for high-risk early-stage breast 
cancer. But within the 1st year of adoption, clinicians 
began reporting higher-than-expected rates of febrile 
neutropenia and other serious life-threatening com-
plications leading to early termination of treatment 
and, in some cases, death.

The generalizability of large randomized con-
trolled trials and their translation into effective 
and safe care of patients in the general population 
has been of interest recently 12–17. We undertook a 
multi-institutional review of patients with early-stage 
invasive breast cancer treated with adjuvant fec-d 
chemotherapy at 4 tertiary cancer centres in Ontario, 
examining supportive care practices and toxicity 
during the course of adjuvant chemotherapy. We 
compared toxicity rates in patients who received the 
fec-d regimen in routine clinical practice with rates 
from the pacs-01 trial. Our main interests were the 
rate of febrile neutropenia, the use of growth factor 
support (primary or secondary), the rates and pat-
terns of hospital admission, and fatalities occurring 
in this patient population.

2. METHODS

Our study received research ethics board approval 
at each of the 4 participating institutions: The Ot-
tawa Hospital Cancer Centre, the Cancer Centre of 
Southeastern Ontario, the London Regional Cancer 
Program, and the Northeastern Ontario Regional 
Cancer Centre, all of which belong to the Cancer 
Care Ontario network.

The province of Ontario has universal health care 
with a single payer/provider, the Ministry of Health 
and Long-Term Care. Cancer Care Ontario is the 
agency charged with the planning and coordination 
of cancer services in Ontario, and that agency serves 
as advisor to the government on cancer. Among its 
other roles, Cancer Care Ontario directs and over-
sees the allocation of public funding to hospitals and 
other cancer care providers to ensure the delivery of 
quality and timely cancer services to the residents of 

Ontario. Approximately half the cancer care in the 
province is delivered through 1 of 12 regional cancer 
centres affiliated with Cancer Care Ontario; the other 
half is delivered through non-affiliated community 
hospitals or through the Princess Margaret Hospital.

All Cancer Care Ontario regional cancer centres 
use the same electronic order system for chemo-
therapy, through which all female patients who were 
prescribed adjuvant fec-d chemotherapy for early-
stage breast cancer were identified using a regimen 
query of the electronic pharmacy records at each 
centre. Our study included only the patients who 
had completed their entire course of adjuvant che-
motherapy between June 1, 2006, and December 31, 
2008, at each participating centre. Patients who had 
received some or all of their chemotherapy through 
affiliated satellite clinics were excluded.

Authors at the respective centres used a similar 
case report template to collect demographic, disease-
related, and treatment-related information from the 
electronic and paper files of the study patients. For 
accuracy, data were verified with a second pass 
through the records. Data were then stored in an 
anonymized secure database at each site, accessible 
only to the investigators. These data were pooled, 
with any incongruent data being verified by the origi-
nating centre, and they were then jointly analyzed. 
Because there were centre-to-centre variations in 
the variables collected, the data from the 4 centers 
were comparatively evaluated, and the following 
common variables were identified for use in the 
present analysis: patient age, tumour (T) and nodal 
(N) stage, tumour estrogen receptor (er) and human 
epidermal growth factor receptor 2 (her2) status (for 
all but 1 site), incidence of febrile neutropenia, cycle 
of first occurrence of febrile neutropenia, hospital 
and intensive care unit (icu) admission and duration, 
primary or secondary prophylaxis with hematopoi-
etic growth factors, treatment-related mortality, and 
cause of death.

At each centre, fec-d chemotherapy (5fu 500 mg/
m2, epirubicin 100 mg/m2, and cyclophosphamide 
500 mg/m2 on day 1 every 21 days for 3 cycles, fol-
lowed by docetaxel 100 mg/m2 on day 1 every 21 
days for 3 cycles) was prescribed through the elec-
tronic chemotherapy order system per the methods 
described in the pacs-01 publication 11. Body surface 
area was calculated based on actual body weight, 
and chemotherapy doses were not capped for a body 
surface area greater than 2 m2.

Based on the supportive care regime reported in 
pacs-01 11, no prophylactic antibiotics or hematologic 
growth factors were used. Chemotherapy was ad-
ministered at the full dose on day 21 if the patient’s 
absolute neutrophil count (anc) was 1500/mm3 or 
higher. Dose adjustments were made at the clinician’s 
discretion per institutional standards. Those adjust-
ments included cycle delay and chemotherapy dose 
reduction for an anc of 1000–1500/mm3, and cycle 
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delay and introduction of hematopoietic growth fac-
tor support in all subsequent cycles for an anc of less 
than 1000/mm3 or occurrence of febrile neutropenia 
(defined as a documented temperature of 38.5°C or 
higher, with an anc of less than 1000/mm3). In most 
centres, patients who experienced febrile neutropenia 
were admitted to hospital for management; a few 
were managed using an outpatient oral antibiotic 
protocol. Secondary prophylaxis with filgrastim 
was introduced only after the occurrence of a febrile 
neutropenic event or dose delay.

Filgrastim is not currently funded for use as 
primary prophylaxis for the fec-d regimen, and 
thus, secondary growth factor prophylaxis was the 
predominant form of hematologic growth factor use 
at the time this regimen first came into use. However, 
as clinical experience with the toxicity profile of the 
regimen evolved, primary growth factor prophy-
laxis was increasingly used in patients who could 
access the drug through private insurance, with 
substantial variability between the centres. Patients 
with her2-overexpressing breast cancer received 
adjuvant trastuzumab administered concurrently 
with the docetaxel or sequentially upon completion 
of chemotherapy. Patients with er- or progesterone 
receptor–positive breast cancer received adjuvant 
endocrine therapy upon completion of chemotherapy, 
per institutional guidelines. When indicated, adju-
vant radiotherapy was administered upon completion 
of chemotherapy, per institutional standards.

The data were first evaluated descriptively, 
with means, standard deviations, and ranges be-
ing calculated for continuous data, and frequencies 
and percentages for categorical data. Chi-square 
tests (Pearson or Fisher exact tests, as appropriate) 
were then used to examine the association between 
factors such as centre, T status, N status, primary 
prophylaxis, febrile neutropenia, and recurrence. 
The association between age and febrile neutropenia 
was assessed using an independent-samples t-test. A 
one-way analysis of variance was used to compare 
age across the 4 centres, and univariate logistic re-
gression was used to generate an odds ratio for the 
association between primary growth factor prophy-
laxis and febrile neutropenia.

3. RESULTS

Data were collected for 671 patients attending the 4 
regional cancer centres in Ontario. Table i outlines 
the demographics and tumour characteristics of the 
study population and the rates of febrile neutrope-
nia within various subcategories. Mean age was 
52.2 years (range: 24–78 years), and 10.4% of the 
patients were 65 years of age or older. In keeping 
with a high-risk population, most of the patients 
[432 (64.4%)] had axillary node–positive disease, 
about three quarters [508 (75.7%)] had endocrine-
sensitive disease, and 113 of the 435 patients for 

whom her2/neu was reported (26%) had tumours 
that overexpressed her2/neu.

Table ii and Figures 1 and 2 illustrate the frequen-
cy and pattern of rates of observed events. Across the 
entire study population, febrile neutropenia occurred 
in 152 patients (22.7%). A trend toward a higher rate 
of febrile neutropenia was observed among women 
65 years of age and older compared with those un-
der 65 [19 of 70 (27.1%) vs. 133 of 601 (22.1%), p = 
0.34]. Most episodes of febrile neutropenia occurred 
during the docetaxel phase of chemotherapy [101 of 
152 (66.5%) vs. 51 of 152 (33.6%) while on fec], with 
more than half of all episodes of febrile neutropenia 
occurring at cycle 4 upon initiation of docetaxel [78 
of 152 (51.3%)]. In the 2 centres at which these data 
were specifically collected, 15 of 158 patients (9.8%) 
failed to complete 6 cycles of chemotherapy, for a 
completion rate of 90.2%.

Hospitalization was required for 137 of the 
study patients (20.4%), representing 90.1% of those 
who experienced febrile neutropenia. Of those 137 
patients, 7 required admission to the icu (5.1%). Dur-
ing treatment, 3 deaths (0.4%) were observed, 2 of 
which occurred in the group with febrile neutropenia 
(developed at cycle 1 and cycle 4). The average age of 
the 3 patients who died was 56 years, and none had 
received primary prophylaxis. Two were admitted 
to the hospital, both to the icu. Cause of death was 

table i Population characteristics and percent developing febrile 
neutropenia (fn) by subcategory

Category Patients [n (%)] p

Overalla With fn valueb

Centre 671 152 (22.7)
1 278 (41.4) 49 (17.6) <0.001
2 230 (34.3) 45 (19.6)
3 127 (18.9) 45 (35.4)
4 36 (5.4) 13 (36.1)

Age (years) 52.2±9.6 (range: 24–78)
≤50 298 (44.4) 67 (22.5) 0.98
51–60 244 (36.4) 55 (22.5)
61–69 106 (15.8) 24 (22.6)
≥70 23 (3.4) 6 (26.1)

Nodal status
N0 229 (34.1) 63 (27.5) 0.09
N+ 432 (64.4) 84 (19.4)
Nx/missing 10 (1.5) 0 (0.0)

er+ or pr+, or both 508 (75.7) 109 (21.5) 0.49
her2/neu overexpressiona 113 (26.0) 25 (22.1) 0.75
a  Denominator is 671 except for her2/neu overexpression, which was 

not reported for centre 2 and for a few patients at other centres, mak-
ing the denominator for the “Overall” column in that category 435.

b By chi-square test.
er+ = estrogen receptor–positive; pr+ = progesterone receptor–positive.
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identified as sepsis in 2 patients and hemorrhagic 
colitis in 1 patient.

Primary use of growth factor became more com-
mon over the course of the study and was given to 
235 patients (35%) in our cohort. Of the remaining 
436 patients, 136 (31.2%) received secondary growth 
factor prophylaxis for the cycles of treatment remain-
ing after a first episode of febrile neutropenia or after 
either or both of a chemotherapy dose delay or dose 
reduction. A few patients who received secondary 
growth factor prophylaxis never experienced febrile 
neutropenia [4.1% (probably those who experienced 
delays in treatment or dose reductions because of 
uncomplicated neutropenia)].

Table ii also illustrates the relationship between 
growth factor use and rates of febrile neutropenia. 
The observed rates of febrile neutropenia differed 
significantly between centres, with the centres that 
adopted primary prophylaxis reporting significantly 

lower event rates. Only 15 of the 235 patients who 
received primary growth factor prophylaxis (6.4%) 
developed febrile neutropenia, whereas 137 of the 
436 who did not (31.4%) went on to develop febrile 
neutropenia (p < 0.001), for a 0.20 relative risk for 
febrile neutropenia with the use of primary growth 
factor prophylaxis. Among the 137 patients who de-
veloped febrile neutropenia in the absence of primary 
growth factor support, only 117 (85.4%) received 
secondary growth factor support; the others pre-
sumably received another intervention to minimize 
a recurrent event.

Using the available variables, exploratory analy-
ses were conducted for possible predictors of febrile 

table ii Neutropenic events and supportive care

Variable Patients
(n) (%)

Febrile neutropenia [fn (first episode)] 152 22.7
Growth factor use

Primary prophylaxisa 235 35.0
Secondary prophylaxisb 136 31.2

Hospitalization for fn 137 20.4
Admission to intensive care unit 7 5.1

Death 3 0.4
Cycle of chemotherapy with fn

1 (fec) 33 21.7
2 (fec) 6 4.0
3 (fec) 12 7.9
4 (docetaxel) 78 51.3
5 (docetaxel) 21 13.8
6 (docetaxel) 2 1.3

Relationship between fn and Patients with fn p
growth factor use (n) (%) Value

Centre
1c (n=278) 49 17.6 <0.001
2c (n=230) 45 19.6
3 (n=127) 45 35.4
4 (n=36) 13 36.1

Primary prophylaxis (n=671)
No (n=436) 137 31.4 <0.001
Yes (n=235) 15 6.4

a Denominator is the entire cohort of 671 patients.
b  Denominator is the intention-to-treat remainder of the cohort: 436 

patients.
c Two centers adopted primary prophylaxis during the study period.
fec = 5-fluorouracil–epirubicin–cyclophosphamide followed by 
docetaxel.

 
figure 1 Rates of febrile neutropenia by cycle of chemotherapy in 
women with early-stage breast cancer at 4 Ontario cancer centres. 
fec = 5-fluorouracil–epirubicin–cyclophosphamide.

 
figure 2 Rates of febrile neutropenia by age group and growth 
factor use in women with early-stage breast cancer at 4 Ontario 
cancer centres. p < 0.001 by Pearson chi-square test.
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neutropenia: T stage, p = 0.8; N stage, p = 0.1; er status, 
p = 0.5; her2 status, p = 0.8; centre, p < 0.001; growth 
factor use, p < 0.001 for primary or secondary. The 
only significant factors to emerge were centre and the 
absence of growth factor support, such that patients 
not receiving primary growth factor prophylaxis were 
6.7 times more likely to develop febrile neutropenia 
(95% confidence limits: 3.8, 11.8). The logistic regres-
sion from which the latter odds ratio was obtained was 
therefore univariate, because centre was confounded 
with use of primary growth factor prophylaxis. Age 
distribution was similar in all centres, and although the 
rate of febrile neutropenia was highest in patients 65 
years of age or older, age was not a significant factor 
in the development of febrile neutropenia (p = 0.98). 
Information on comorbidity, body size, chemotherapy 
dose, and dose intensity was not uniformly available.

4. DISCUSSION AND CONCLUSIONS

In sharp contrast with the pacs-01 publication 11, we 
found a high rate of febrile neutropenia (22.7%) and 
treatment discontinuation (9.8%) among women re-
ceiving adjuvant fec-d chemotherapy for early-stage 
breast cancer in routine clinical practice. Others have 
recently reported that toxicity rates with another 
emerging regimen (docetaxel–cyclophosphamide) 
are significantly higher in routine clinical practice 
than were reported in the pivotal publication 17. What 
accounts for such observations is not evident, but a 
number of plausible explanations can be considered, 
including fundamental differences in the patient 
population, treatment delivery, supportive care, and 
other unmeasured factors. Despite a patient cohort of 
similar median age [52.2 years (range: 24–78 years) 
vs. 50 years (range: 25–67 years) for pacs-01] and an 
identical treatment prescription, the rate of febrile 
neutropenia among the patients in our population who 
did not receive primary growth factor prophylaxis was 
almost 3 times the rate reported in pacs-01 (31.4% vs. 
11.2%).

There are some differences between the two 
populations that could explain our observations. In 
our cohort, 10.4% of the patients were 65 years of age 
or older, but only women 64 years of age or younger 
were enrolled in pacs-01. In keeping with a high-risk 
population, most of our patients had axillary node–
positive disease, which also contrasts with pacs-01, 
whose entire population had axillary node–positive 
disease. A number of patient-related risk factors for 
febrile neutropenia have been described, includ-
ing comorbidity, advanced age, and performance 
status 18,19. Although we did not specifically collect 
information on comorbidity, women with early breast 
cancer are generally healthy and young, and they 
harbour few risk factors that would increase their 
susceptibility to develop febrile neutropenia. Our 
population was also relatively young, but in contrast 
to the pacs-01 population, all of whom were younger 

than 65, women 65 years of age and older accounted 
for 10% of our cohort. Although it is well accepted 
that patients enrolled on clinical trials are highly se-
lected, our patients were nonetheless considered by 
their treating oncologists to be fit enough to receive 
aggressive third-generation chemotherapy.

As occurred in pacs-01, a rise in the rate of febrile 
neutropenia occurred at cycle 4 in our study, coinci-
dent with the initiation of docetaxel treatment. The 
pacs-01 authors explicitly state in their methods that 
primary growth factor prophylaxis was prohibited in 
the study, but that on day 21, institution of secondary 
growth factor support was allowed, together with a 
delay of at least 7 days for an anc below 1500/mm3 
or for an episode of febrile neutropenia. However, 
they also state that, if instituted at cycles 1–3, growth 
factor support should be withdrawn at cycle 4. In our 
current practice, growth factor support is continued 
through all remaining chemotherapy cycles once 
instituted for an event.

Except for the discontinuation of growth factor 
support at cycle 4, the pacs-01 use of secondary growth 
factor support appeared similar to routine clinical 
practice in most of our local settings at the time our 
cohort was assembled. In pacs-01, secondary growth 
factor support was reported to have been used in 27% 
of patients receiving fec-100 and in 22.2% of patients 
receiving fec-d. We did not have a local cohort of 
patients treated with fec-100 for comparison.

A significant limitation of our study is that we did 
not collect data on the reason for secondary growth 
factor introduction, and thus, we cannot discern be-
tween secondary growth factor use for dose delay or 
reduction or for febrile neutropenia.

Antibiotic prophylaxis was prohibited in pacs-01, 
and antibiotic prophylaxis is not routinely used in our 
centres. We did not collect information on received 
dose and dose intensity, nor were those data reported 
in the pacs-01 paper; however, the authors did report 
that 96.1% and 97% of patients completed 6 cycles of 
fec-d and fec respectively, results that also contrast 
with the lower completion rate of 90.2% for fec-d in 
our cohort.

Regimen-dependent risk factors for febrile neu-
tropenia have also been described 18. In particular, 
regimens containing particularly myelotoxic agents 
such as docetaxel have higher rates of hematologic 
toxicity, which accords with the observation by the 
authors of pacs-01, and by our group, of a dramatic 
increase in febrile neutropenia with the institution 
of docetaxel at cycle 4. We did not collect infor-
mation on hematologic parameters for our study, 
but the day of the actual blood draw varies in our 
routine clinical practice according to the distance 
the patient has to travel to the cancer centre, the 
preferences of patient and the health care provider, 
and issues of laboratory access such as weather and 
holidays. It is therefore possible that variations in 
the day of the blood draw (day 21 ± 2 or 3 days) or 
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the start of steroid premedication before docetaxel 
start could account for some of our observations.

Various factors affecting the external validity of 
clinical trials have been described 16, ranging from dif-
ferences in the patient populations, to care provision, 
and to the conduct of trial-specific activities. Supportive 
measures are also an important part of toxicity preven-
tion and management that would be expected to be 
well established and honed in tertiary regional cancer 
centres, such that it is unlikely that our cohort received 
any less supportive care than required. However, it is 
possible that unaccounted-for supportive measures 
were received by patients enrolled on pacs-01. Others 
have postulated a similar explanation for such observa-
tions 17, and a recent paper 12 demonstrated that, of clini-
cal trial reports, a significant proportion lack essential 
therapeutic details necessary for appropriate adoption 
of the reported therapy in the real world. Specifically, 
the authors found that premedication, growth factor sup-
port, and dose adjustments for toxicities—all of which 
are likely to have significant impact on adverse events 
experienced by patients—were the least-reported de-
tails. Furthermore, other factors such as weight-bearing 
exercise 20, diet, use of central venous access devices, 
and co-administration of alternative or homeopathic 
preparations could also play a role.

As an effective third-generation chemotherapy 
regimen, fec-d has been rapidly adopted into clinical 
practice across Ontario because of improved breast 
cancer outcomes and acceptable toxicity based on in-
formation from the pacs-01 publication 11. Our dataset 
is, to our knowledge, the largest outside of a clinical 
trial to describe rates of febrile neutropenia with ad-
juvant fec-d chemotherapy for early breast cancer. We 
describe a “real world” experience with this regimen 
in the context of 4 tertiary cancer centres serving the 
entire community within their jurisdictions.

Our study has significant limitations inherent in 
its retrospective nature. We did not collect information 
on comorbidity predisposing to febrile neutropenia. 
The retrospective data collection also limits accurate 
capture and grading of all adverse events, which may 
in fact contribute to underreporting of adverse events 
experienced by patients receiving fec-d. The collaborat-
ing centers also collected data independently and then 
merged their data such that only a few common vari-
ables were available for tabulation and analyses. Despite 
its limitations, this multicentre review demonstrates, 
in women receiving adjuvant fec-d chemotherapy in 
routine clinical practice in Ontario, a febrile neutropenia 
rate well in excess of the accepted 20% threshold. Given 
that there is currently no reliable method of predicting 
the development of febrile neutropenia at the individual 
level in a prospective manner 21,22, we believe that, based 
on our observations, primary hematopoietic growth 
factor prophylaxis is required for the safe administra-
tion of adjuvant fec-d chemotherapy, a recommenda-
tion that is in keeping with the current guidelines of 
international oncology organizations 23. Furthermore, 

our data underscore the need for observational phase iv 
and population-based studies as soon as possible after 
a new treatment is introduced into clinical practice to 
ensure the safe translation of clinical trial results to the 
general population 13,14.
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