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a b s t r a c t

Background: Primary febrile neutropenia (FN) prophylaxis with ciprofloxacin or granulocyte-colony
stimulating factors (G-CSF) is recommended with docetaxel-cyclophosphamide (TC) chemotherapy for
early-stage breast cancer (EBC). A pragmatic randomised trial compared the superiority of G-CSF to
ciprofloxacin and a cost-utility analysis were conducted.
Methods: EBC patients receiving TC chemotherapy were randomised to ciprofloxacin or G-CSF. The
primary outcome was a composite of FN and non-FN treatment-related hospitalisation. Secondary
outcomes included; rates of FN, non-FN treatment-related hospitalisation, chemotherapy dose re-
ductions/delays/discontinuations. Primary analysis was performed with the intention to treat population.
Cost-utility analyses were conducted from the Canadian public payer perspective.
Results: 458 eligible patients were randomised: 228 to ciprofloxacin and 230 to G-CSF. For the primary
endpoint there was non-statistically significant difference (Risk difference ¼ �6.7%, 95%CI ¼ �13.5%
e0.1%, p ¼ 0.061) between ciprofloxacin patients (46,20.2%) and G-CSF (31,13.5%). Patients receiving
ciprofloxacin were more likely to experience FN (36/228, 15.8% vs 13/230, 5.7%) than patients receiving
G-CSF (p < 0.001). Non-FN treatment-related hospitalisation occurred in 40/228 (17.5%) of ciprofloxacin
patients vs 28/230 (12.2%) of G-CSF patients (p ¼ 0.12). There were no differences in other secondary
outcomes. G-CSF was associated with an incremental cost-effectiveness ratio of C$1,760,796 per one
quality-adjusted life year gained.
Conclusion: The primary endpoint of superiority of G-CSF over ciprofloxacin was not demonstrated.
While there were reduced FN rates with G-CSF, there were no differences in chemotherapy dose delays/
reductions or discontinuations. With the commonly used willingness to pay value of C$50,000/QALY, G-
CSF use was not cost-effective compared to ciprofloxacin and deserves scrutiny from the payer
perspective.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Docetaxel-cyclophosphamide (TC) chemotherapy is commonly
used for early stage breast cancer (EBC) [1]. Due to the risk of
neutropenia and associated consequences (including febrile neu-
tropenia [FN], non-FN treatment-related hospitalisations, chemo-
therapy delays/dose reductions/discontinuation), evidence-based
guidelines recommend that TC is co-administered with primary FN
prophylaxis [2e6]. While ciprofloxacin was mainly used in the
definitive trial [1], in clinical practice, granulocyte colony-
stimulating factors (G-CSF) (e.g. filgrastim [Neupogen™, Grasto-
fil™] [7] or peg-filgrastim [Neulasta™] are commonly used [1,8,9].

Despite differences in cost, route of administration and toxicity
profiles between ciprofloxacin and G-CSF, the optimal choice of
agent has never been definitively evaluated [10e12]. In the absence
of prospective comparisons, the choice of agent should be based on
a full discussion between the patient and health care provider. This
discussion should reflect; drug side effects [13,14], subcutaneous
administration of G-CSF, and expense (C$ 1920/cycle Neupogen, C$
1440/cycle Grastofil and C$ 2380/cycle Neulasta™) [15,16]. In
practice, however, the choice is usually based on physician prefer-
ence [10].

We previously confirmed the feasibility of performing a rand-
omised clinical trial using an oral consent methodology [17] for
comparing ciprofloxacin with G-CSF in patients receiving TC [12].
This pilot study was then expanded to compare efficacy outcomes.
We report on the expanded study. The primary outcome is a
composite endpoint comprised of FN and non-FN treatment-
related hospitalisations. This endpoint was chosen as a previous
patient survey showed this was the outcome of greatest personal
importance [10].
2. Methods

This open-label, superiority trial was performed at four Cana-
dian cancer centres. Eligible patients had EBC, no prior history of
chemotherapy, and were planned to receive 4 cycles of adjuvant TC
chemotherapy. Exclusion criteria included contraindications to
either G-CSF or ciprofloxacin. Patients were approached for study
participation by their oncologist. The study was approved by the
local Research Ethics Boards and registered on clinicaltrials.gov
(NCT02816112) [18].
2.1. Randomisation

Consented patients were randomised 1:1 to ciprofloxacin
(500 mg PO BID for 7e14 days starting 5 days after chemotherapy)
or G-CSF (patients, with their physicians, could choose the type,
dose, and duration of G-CSF use, including biosimilars) as primary
FN prophylaxis for each chemotherapy cycle. Following confirma-
tion of the feasibility of the oral consent methodology [12,19]
(Version 28/Aug/2014, NCT02173262, n ¼ 186), a protocol amend-
ment (19/Oct/2016, NCT02816112) allowed study expansion to
compare the efficacy of ciprofloxacin with G-CSF. Randomisation
was performed using a permuted block design with blocks of var-
iable sizes stratified by centre using a web-based application
developed by The Ottawa Methods Centre.

Patients received ciprofloxacin or G-CSF (Neupogen™, Neu-
lasta™: Amgen, Thousand Oaks CA, USA, or Grastofil™, Apotex,
Toronto, Canada). Study drugs were funded through either Cancer
Care Ontario (patients over 65) or through third party insurance co-
pay programs (Ontario and Alberta). Follow-up visits occurred as
per usual care. Outcome datawere collected from case report forms
and electronic health records.
43
2.2. Study hypotheses

The proportion of patients with the composite endpoint of FN or
non-FN treatment-related hospitalisations will be lower for pa-
tients treated with G-CSF.

2.3. Outcomes

The primary outcome was the rate of a composite measure of
documented, laboratory confirmed FN [20] or non-FN treatment-
related hospital admission. Secondary outcomes included; FN rates,
non-FN treatment-related hospitalisation rates, proportion of pa-
tients who required chemotherapy dose delays/reductions/
discontinuation. Rates of laboratory confirmed Clostridium difficile
infections or other microbiologic infections were collected.

2.4. Statistical analysis

Patient characteristics and outcomes were summarised using
descriptive statistics. All outcomes were assessed from the date of
randomisation until 28 days (inclusive) after the last cycle of TC
chemotherapy. Primary analysis was based on the intention-to-
treat (ITT) principle, which included all patients in the treatment
group to which they were allocated, even if they did not receive
treatment or were non-compliant. A supportive analysis was per-
formed on the per protocol (PP) population, which included those
who received initial treatment as per their randomised allocation.
The primary analysis was based on a two-sided, Fisher’s exact test
with statistical significance defined at the p ¼ 0.05 level. Absolute
risk difference and 95% confidence intervals were calculated be-
tween both treatment groups using the Score (Wilson) method.
Pre-planned subgroup analyses included: treatment centre (Ottawa
vs. others) and age (<65 vs. 65þ). Logistic regression analyses,
adjusted for stratification factors, were also performed. All statis-
tical analysis was carried out using SAS version-9 or higher for
Windows (Cary, NC) or R version 3.2.2 (www.r-project.org). or
higher. Of note, the preliminary efficacy data of the feasibility study
[12]. was not assessed to ensure the type I error was not impacted.

2.5. Sample size

An informal survey of medical oncologists from participating
centres in February 2016 asked what they felt would be the mini-
mally important effect of G-CSF needed to be deemed superior to
ciprofloxacin. The published rates of FN in patients receiving pri-
mary FN prophylaxis cited in the survey ranged from 5% to 8%
[10e12], thus, if the primary outcome rate in patients administered
ciprofloxacinwas estimated to be 8%, survey respondents identified
that a rate of 2% or less of patients receiving G-CSF would be
required to change practice universally. Hence, assuming primary
outcome rates of 8% versus 2% for patients administered cipro-
floxacin and G-CSF, 80% power and a two-sided alpha of 5%, the
required overall sample size was 412 people (206 per treatment
group). To account for 5% non-compliance with the protocol, the
target sample size was 456 patients (228 per arm).

2.6. Health economic evaluation

We conducted a cost-utility analysis utilising a decision tree and
patient-level data from the trial (Fig. 1 and Supplemental Table 1).
The time horizon of the model was three months to align with the
trial follow-up, discounting was therefore not required. We did not
use a lifetime horizon because G-CSF and ciprofloxacin are sup-
portive care therapies in the breast cancer setting without survival
benefits [21,22]. FN and non-FN treatment-related hospitalisations
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data were taken from the trial. Health outcome was shown as
quality-adjusted life year (QALY), that was estimated based on the
published health utility values and the area under the curve
method. Costs were estimated from the Ontario Ministry of Health
perspective and expressed in 2020 Canadian dollars (C$). Our
model included the costs of G-CSF, ciprofloxacin, physicians, hos-
pitalisation, inpatient and outpatient FN management. Incremental
cost-effectiveness ratios (ICERs) were shown as the incremental
cost per QALY gained. We performed a series of one-way and
probabilistic sensitivity analyses (PSA) to assess the robustness of
study results. A scenario analysis was carried out to assess the
impact of the proportion of peg-filgrastim vs. filgrastim.

3. Results

The trial enrolled from September 18, 2014 to November 19,
2019. Of 458 eligible patients, 228 were randomised to ciproflox-
acin and 230 to G-CSF (CONSORT flow diagram, Fig. 2). Of 458 pa-
tients, 15 (7 ciprofloxacin; 8 G-CSF) withdrew prior to start of
treatment (Fig. 2). In total, 443 (221 ciprofloxacin; 222 G-CSF) pa-
tients received treatment as part of this trial. Reasons for discon-
tinuation of study treatments are shown in Fig. 2.

Baseline characteristics of the randomised patients are pre-
sented in Table 1. Median agewas 58 years (range 30e84). The total
number of chemotherapy cycles givenwere 819 in the ciprofloxacin
arm and 849 in the G-CSF arm. Median (interquartile range) du-
rations on study were 90 days (range 46e98) and 92 days (range
68e103) for ciprofloxacin and G-CSF patients, respectively.

3.1. Primary outcomes

FN occurred in 36 (15.8%) ciprofloxacin patients and 13 (5.7%) G-
CSF patients (RD ¼ �10.1%, 95%CI ¼ �15.7% to �4.5%, p-
value<0.001) (Table 2, Fig. 3). There were 40 (17.5%) ciprofloxacin
patients who were hospitalised for any reason, compared with 28
(12.2%) G-CSF patients (RD ¼ �5.4%, 95%CI ¼ �11.9%e1.1%, p-
value ¼ 0.12). For the primary composite endpoint, a total of 46
Fig. 1. Decision tree structure.
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(20.2%) ciprofloxacin patients experienced FN or were hospitalised,
whereas 31 (13.5%) G-CSF patients experienced FN or were hospi-
talised. The risk differencewas�6.7%, with a 95%CI of�13.5%e0.1%,
p-value ¼ 0.061 (Fig. 3, Table 2 and Supplemental Tables 2 and 3).
Results were similar in the PP analysis (Supplemental Tables 2 and
3). After adjusting for age (>65 versus � 65) and treatment centre,
the odds ratio (95%CI) for developing FN or hospitalisationwas 1.52
(95%CI 0.91 to 2.53; p¼ 0.11) for patients treatedwith ciprofloxacin.
In other words, patients on the ciprofloxacin arm had increased
odds of experiencing the primary outcome event, adjusted for
stratification factors. Subgroup analyses are presented in
Supplemental Tables 3 and 4

Of the 36 patients in the ciprofloxacin group that experienced
FN, 30 were hospitalised and 6 had outpatient management. Of 13
patients with FN while on G-CSF, 9 were hospitalised and 4 were
managed as outpatients.
3.2. Cycle data

Events were most frequent during the first cycle of therapy
(Table 3). Amongst ciprofloxacin patients, 10.4% and 11.3% respec-
tively experienced FN or non-FN treatment-related hospitalisation
during the first cycle, compared with 2.6% and 2.6% in the fourth
cycle. Similarly, amongst G-CSF patients, 4.5% and 6.8% experienced
FN or non-FN treatment-related hospitalisations during cycle 1,
while 1.5% and 1.0% did so during cycle 4.
3.3. Secondary outcomes

Overall, 15.7% of patients experienced a dose reduction, 12.7%
discontinued chemotherapy, and 7.4% experienced a dose delay.
The most common reasons included non-neutropenic fever, pe-
ripheral neuropathy, and diarrhoea. No statistically significant dif-
ference was observed in the rates of chemotherapy dose reductions
(p ¼ 0.90), discontinuations (p ¼ 0.26), dose delays (p ¼ 0.59) or
microinfections (p¼ 0.83) (Fig. 3 and Supplemental Table 3). Events
were more common in earlier treatment cycles. In the ITT popu-
lation, 24/458 (5.2%) patients experienced a laboratory confirmed
microinfection. Three patients experienced C. difficile (2-
ciprofloxacin; 1-G-CSF) and 1 G-CSF patient grew streptococci.

When combining all primary and secondary endpoints, 102/228
patients on ciprofloxacin (44.7%) had at least one primary or sec-
ondary endpoint event, compared with 78/230 (33.9%) of G-CSF
patients (Fisher’s exact test, RD¼�10.8%, 95%CI¼�10.8% to�1.9%,
p ¼ 0.022) (Fig. 3).
3.4. Cost-utility results

G-CSF was associated with higher cost (C$4005 vs. C$2581) and
improved QALYs (0.1783 vs. 0.1774) compared to ciprofloxacin, with
an estimated ICER of C$1,760,796/QALY. The estimated ICERs
increased with the larger proportions of peg-filgrastim (Table 4).
The cost-effectiveness results were highly sensitive to the unit cost
of G-CSF, the relative risk of FN, and the relative risk of treatment-
related hospitalisation (Fig. 4). The higher cost of G-CSF, the less
likely that G-CSF would be cost-effective. By contrast, the greater
effectiveness of G-CSF in reducing FN or treatment-related hospi-
talisation, the more likely that G-CSF would be cost-effective. Re-
sults of the PSA show that G-CSFwas associatedwith increased cost
and improved QALYs in the majority of the 5000 simulations
(Supplemental Fig. 1a). Regardless of the willingness-to-pay values,
ciprofloxacin always had the greater probabilities of being a cost-
effective option than G-CSF (Supplemental Fig. 1b).



Fig. 2. Study CONSORT diagram.

Table 1
Patient enrolment and baseline characteristics.

Characteristic Overall Ciprofloxacin G-CSF

N 458 228 230
Mean age (std dev)
Median (range)

57.7 (10.7)
58 (30, 84)

59.0 (10.9)
60 (30, 84)

56.4 (10.4)
57 (31, 81)

Type, dose and number of injections of G-CSF*: n (%) e e 147
Pegfilgrastim (6 mg)
Filgrastim (300mcg/5 d)
Filgrastim (300mcg/7 d)
Filgrastim (300mcg/10 d)
Filgrastim (480mcg/5 d)
Filgrastim (480mcg/7 d)
Filgrastim (480mcg/10 d)
Dose Unknown

4 (2.7)
79 (53.7)
34 (23.1)
26 (17.7)
1 (0.7)
1 (0.7)
2 (1.4)
83 (36.1)

Total Cycles of Treatment for all patients
0
1
2
3
4

15 (3.3)
26 (5.7)
12 (2.6)
18 (3.9)
387 (84.5)

7 (3.1)
14 (6.1)
8 (3.5)
9 (4.0)
190 (83.3)

8 (3.5)
12 (5.2)
4 (1.7)
9 (3.9)
197 (85.7)

TC ¼ docetaxel/cyclophosphamide.
*Data was available on the types of growth factors prescribed at one centre (Ottawa Hospital) only (n¼ 147). Biosimilar preparations of both filgrastim and pegfilgrastimwere
allowed.
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4. Discussion

TC chemotherapy is usually co-administered with primary FN
prophylaxis. A systematic review showed FN rates were reduced
from 27% to 5% by primary FN prophylaxis [11] but was limited by
the retrospective nature of the trials involved. Hence the optimal
45
form of prophylaxis is unknown [10e12]. Indeed, the original study
leading to TC approval did not specify whether prophylaxis was
used [1] and it was not until a subsequent publication when it
became clear that most patients received prophylactic ciprofloxacin
[23]. To our knowledge, this is the only randomised trial to pro-
spectively address this important clinical question. In this study the



Table 2
Clinical endpoints, Per Protocol Analysis.

Outcome Ciprofloxacin,
N (%)

G-CSF
N (%)

Risk Difference (95% CI) p-value

N 221 222
Primary Endpoint
FN or Treatment-related hospitalisation 43 (19.5) 29 (13.1) �6.4% (�13.2, 0.5) 0.073
Secondary Endpoints
Febrile Neutropenia 36 (16.3) 13 (5.9) �10.4% (�16.2, �4.7) <0.001
Treatment-related Hospitalisation 37 (16.7) 25 (11.3) �5.5% (�11.9, 1.0) 0.10
Chemotherapy dose reduction 23 (10.4) 21 (9.5) �1.0% (�6.5, 4.6) 0.75
Chemotherapy discontinuation 17 (7.7) 8 (3.6) �4.1% (�8.4, 0.2) 0.067
Chemotherapy dose delay 8 (3.6) 9 (4.1) 0.4% (�3.1, 4.0) 1.00
Microinfection 8 (3.6) 12 (5.4) 1.8% (�2.1, 5.7) 0.49
Any Event 99 (44.8) 76 (34.2) �10.6% (�19.6, �1.5) 0.026

FN¼Febrile neutropenia.

Fig. 3. Forest Plot of clinical endpoints, ITT Population.

Table 3
Clinical endpoints, by Cycle, ITT Analysis.

Ciprofloxacin G-CSF

Cycle 1 2 3 4 1 2 3 4

n (%) 221 203 199 196 222 214 211 202
Febrile Neutropenia 23 (10.4) 17 (8.4) 9 (4.5) 5 (2.6) 10 (4.5) 8 (3.7) 4 (1.9) 3 (1.5)
Treatment-related Hospitalisation 25 (11.3) 10 (4.9) 4 (2.0) 5 (2.6) 15 (6.8) 8 (3.7) 7 (3.3) 2 (1.0)
Chemotherapy dose reduction 0 19 (9.4) 12 (6.0) 6 (3.1) 0 18 (8.4) 12 (5.7) 9 (4.5)
Chemotherapy discontinuation 18 (8.1) 4 (2.0) 3 (1.5) 8 (4.1) 8 (3.6) 3 (1.4) 5 (2.4) 9 (4.5)
Chemotherapy dose delay 0 9 (4.4) 5 (2.5) 2 (1.0) 0 5 (2.3) 9 (4.3) 6 (3.0)
Microinfection 5 (2.3) 5 (2.5) 2 (1.0) 1 (0.5) 6 (2.7) 6 (2.8) 1 (0.5) 1 (0.5)

Table 4
Cost-utility analysis results.

Analysis Treatment Average
Cost (C$)

Average QALYs Incremental
Cost (C$)

Incremental QALYs ICER, C$/QALY

Base case Pegfilgrastim 2.7% G-CSF 4005 0.1783 1424 0.0008 1,760,796
Ciprofloxacin 2581 0.1774

Scenario analysis
Pegfilgrastim 0%

G-CSF 3881 0.1784 1298 0.0008 1,608,322
Ciprofloxacin 2583 0.1776

Scenario analysis
Pegfilgrastim 25%

G-CSF 4355 0.1799 1779 0.0008 2,183,394
Ciprofloxacin 2576 0.1791

Scenario analysis
Pegfilgrastim 50%

G-CSF 4800 0.1790 2232 0.0008 2,804,370
Ciprofloxacin 2568 0.1782

Scenario analysis
Pegfilgrastim 75%

G-CSF 5221 0.1790 2636 0.0008 3,232,484
Ciprofloxacin 2585 0.1782

Scenario analysis
Pegfilgrastim 100%

G-CSF 5611 0.1786 3036 0.0008 3,765,911
Ciprofloxacin 2576 0.1778
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Fig. 4. One-way sensitivity analysis results.
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primary outcome of a composite of FN and non-FN treatment-
related hospitalisations was chosen because EBC patients have
stated that both were the outcomes of greatest importance to them
[10]. Our study did not demonstrate the superiority of G-CSF over
ciprofloxacin. Our cost-utility analysis also showed that G-CSF was
not cost-effective compared to ciprofloxacin at a commonly used
willingness-to-pay threshold of C$50,000/QALY.

These finding are pertinent for several reasons. First, was a
recent publication evaluating the omission of peg-filgrastim pro-
phylaxis with the taxane component of dose-dense AC and pacli-
taxel [24]. In this single arm study omission of routine peg-
filgrastim was safe and feasible and associated with a 95.7%
47
reduction in the use of peg-filgrastim. Second, the report from the
most recent ASCO Clinical Practice Guideline Update for the Use of
WBC Growth Factors [25] states that, "Prophylactic use of CSFs to
reduce the risk of FN is warranted when the risk of FN is approxi-
mately 20% or higher and no other equally effective and safe
regimen that does not require CSFs is available”. Given that the rate
of FN in the current study with ciprofloxacin use was 15%, this is
below the 20% threshold stated in this guideline. Finally, with the
commonly used willingness to pay value of C$50,000/QALY, the use
of G-CSF was not cost-effective compared to ciprofloxacin and de-
serves great scrutiny from the payer perspective.

It is challenging to compare our findings with those in the
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literature, as past studies vary in the type of outcome they report
(FN rates, neutropenia rates) and also in the type of analysis re-
ported (by proportion of patients or per cycle of chemotherapy)
[2e4,9,23,26e29]. As outcome events can be expressed by the rate
in the study population overall, and by the total number of
chemotherapy cycles received, we chose to present both formats
[30]. With respect to study endpoints, TC is not an innocuous
regimen even with G-CSF use, as 33.9% of G-CSF patients experi-
enced at least one event related to the primary or secondary
endpoint.

There are limitations with the current trial. Due to the study’s
pragmatic nature it did not employ a double-blind design. It might
be viewed as both limitations and strengths that the duration of
ciprofloxacin was between 7 and 14 days depending on local
standards, while the type, dose and duration of G-CSF were left to
patient and physician choice. This was done to reflect the realities
of clinical practice in a real-world setting. Similarly, many physi-
cians do not adjust the dose of G-CSF based on weight [31e33] or
may use shorter durations than identified in prior studies [34].
Some studies cite patient age �65 as an important factor for
increased risk of FN [3,26e28]. In our study the proportion of pa-
tients having FN was 35/339 (10.3%) vs. 14/119 (11.7%) for the <65
and � 65 subgroups (p-value ¼ 0.24), respectively. In the current
study, 22.5% of patients were �65, compared with 16% in the
definitive TC approval trial [1,23]. Our study also allowed patients
to receive biosimilar formulations of filgrastim, again making the
results more generalisable toward real-world practice.

Future studies are needed to evaluate primary FN prophylaxis
from patient perspective, as there are considerable differences both
in terms of toxicity and patient cost between these strategies.
Growth factor support is expensive both in terms of direct (costs to
the patient and/or the health care system) [6] and indirect (paying
health care staff to administer and/or to teach patients to self-
administer subcutaneous injections) costs. G-CSF use may also be
associated with clinically important adverse effects including local
and systemic pain syndrome. In addition, future studies could
evaluate the effect of cost effectiveness of different G-CSF products.
For example, differences in patients (dose and duration of G-CSF
used), between agents (filgrastim vs pegfilgrastim), between bio-
similars and non-biosimilars and between insurance companies
and Provincial tender-based contracts could give interesting com-
parisons. Ciprofloxacin, while relatively inexpensive, is associated
with its own adverse effects, such as C. difficile infection. With all of
these factors considered, the ideal prophylaxis regimen needs to
consider not only clinical efficacy but cost and patient comfort/
acceptability [35].

5. Conclusion

We have demonstrated that while our primary outcome of FN
and hospitalisations did not reach statistical significance, G-CSF
was superior to ciprofloxacin for reducing FN rates. In addition,
treatment related hospitalisations also favoured G-CSF, but was not
statistically significant. Finally, the gains in clinical benefits of G-
CSF did not justify its high cost.
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