
ABSTRACT

Purpose. The aim of this study was to assess the activity
and toxicity of primary carboplatin-based chemoradiother-
apy (CarboRT) and to compare CarboRT with cisplatin-
based chemoradiotherapy (CisRT) in patients with
locally advanced cervical cancer and poor general condi-
tion.
Patients and Methods. Fifty-one locally advanced cervical
cancer patients with morbidity risks were prospectively
enrolled between January 2007 and April 2010. Eligible pa-
tients receivedweekly intravenous CarboRTwith carbopla-
tin 100 mg/m2, and a comparison was made with a
historical patient group that receivedweekly CisRTwith cis-
platin 40 mg/m2.

Results.Medianfollow-upwas36months(range:4–66months)
in the CarboRT group and 53months (range: 4–121months) in
the CisRT group. Compared with the historical CisRT group, the
CarboRT group showed no statistically significant differences in
recurrence (hazard ratio [HR], 1.21;95%confidence interval [CI],
0.52–2.81) andsurvival (HR,1.80; 95%CI, 0.49–6.54). Themean
numbersof received cyclesofCarboRTandCisRTwere7.5�1.4
and6.0�1.8,respectively(p� .001).Theratesofgrade3–4tox-
icitywere similar in the twogroups.
Conclusions. CarboRT was better tolerated than CisRT with-
out compromising tumor response and survival in patients
with locally advanced cervical cancer and poor general
condition.TheOncologist2013;18:843–849

Implications for Practice: Cisplatin-based chemoradiotherapy (CisRT) has been regarded as the standard treatment for patients
with locally advanced cervical cancer. Cisplatin, however, can cause nephrotoxicity, has highly emetogenic effects, and creates
the need for a large amount of hydration. Carboplatin-based chemoradiotherapy was better tolerated than CisRTwithout com-
promising tumor response and survival in patients with locally advanced cervical cancer and poor general condition.

INTRODUCTION

Cervical cancer is the third most common cancer among fe-
males and has the fifth highest mortality among female can-
cers inKorea [1].A2010NationalCancer Institute (NCI) clinical
alert recommended that concomitant chemoradiotherapy
should be considered instead of radiotherapy alone for the
treatment of womenwith cervical cancer [2]. After the publi-
cation of several randomized clinical trials, cisplatin-based
chemoradiotherapy (CisRT) is now regarded as the standard
treatment for patients with locally advanced cervical cancer
[3–6]. An addition of cisplatin to radiotherapy improves sur-
vival and raises local control rates up to 80% [3–6]; however,
there has been considerable controversy regarding optimal
drugs, dosage, timing, and duration of chemotherapy concur-
rentwith radiation [2].AlthoughweeklyCisRT is relativelywell
tolerated, cisplatin’s potential nephrotoxicity, highly emeto-
genic effects, and creation of need for a large amount of hy-

dration could result in hesitation over its use, particularly in
patients with renal dysfunction, such as those with ureteral
obstruction in advanced cervical cancer.

Carboplatin is a platinum analog that was introduced in
1981andhas beennoted for its reduced toxicity and its equiv-
alent biochemical selectivity and antitumor spectrum relative
to cisplatin [7]. Carboplatin is also an effective radiosensitizer
both invivoand invitro, targetinghypoxiccellpopulationsand
potentiating cell killing by radiation [8, 9]. Comparedwith cis-
platin, carboplatin is now used as an effective treatment regi-
men with an improved toxicity profile in ovarian cancer
patients [10]. Despite this evidence, only a few small clinical
trials of carboplatin-based chemoradiotherapy (CarboRT) in
cervical cancer patients have been reported [11–15]. To our
knowledge, there have been no reports comparing CarboRT
with CisRT.We initiated this study to evaluate the activity and
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toxicity of primary CarboRT compared with the activity and
toxicity of CisRT in locally advanced cervical cancer patients
withmorbidity risks.

MATERIALS ANDMETHODS

Study Design
We conducted a registry-based study of locally advanced cer-
vical cancer patients with morbidity risks who received
CarboRT between January 2007 and April 2010 at a single in-
stitution The patients who received CarboRT were recruited
prospectively, and comparisons were made to a historical
group of patients who received weekly CisRT by using fre-
quencymatching (Fig. 1).A regional institutional reviewboard
approved the protocol, and informed consent was obtained
before treatment.

The primary objectives were to evaluate the tumor re-
sponse rate (RR) and progression-free survival (PFS), and the
secondary endpoints were toxicity and overall survival (OS).

Patients
Eligibility criteria included patients who had histologically
proven, locally advanced cervical cancer with no prior history
of surgery, chemotherapy, or radiotherapy for cervical cancer
and who hadmorbidity risks. Morbidity risks were defined as
having one of the following conditions: age greater than 60
years; impaired renal function or underlying renal disease; or
poorperformancestatus,whichwasdefinedasanEasternCo-
operative Oncology Group (ECOG) performance status of 2 or
3. Tobeconsideredeligible for chemotherapy, patientshad to
have minimum creatinine clearance of 40 mL per minute for

CarboRT and 50mLperminute for CisRT. The rationale for en-
rollment of patients as outlinedwas that these conditions are
approved by the Korean National Health Insurance for use of
carboplatin instead of cisplatin as a chemoradiotherapy regi-
men. Inaddition,wespeculated that thevalidityof the toxicity
evaluation would be increased in patients with morbidity
risks.

At the time of enrollment in the CarboRT group, all pa-
tientswere required tohaveadequatebonemarrowfunction,
as demonstrated by awhite blood cell count�3,000 cells per
mm3, neutrophil count �1,500 cells per mm3, platelet count
�75,000 cells permm3, and hemoglobin�9.0 g/dL. Other re-
quired laboratory criteria included serum bilirubin level�2.0
mg/dL, serum aspartate aminotransferase or alanine amino-
transferase and alkaline phosphatase levels�2 times the up-
per limit of normal. We excluded patients who had received
chemotherapy or radiotherapy within 4 weeks of the begin-
ning of the trial and thosewhohad anothermalignant disease
combinedwith cervical cancer.

Patients were matched with a similar number of patients
selected from515patientswith locally advanced cervical can-
cer who received primary CisRT at our institution between
January 2002 and February 2009. Patients were matched for
age, stage, histologic subtype, and ECOG status (Fig. 1).

Treatment and Follow-up
A previous large randomized phase III study showed that che-
moradiotherapy using weekly intravenous (i.v.) carboplatin
100 mg/m2 was effective and had acceptable toxicity [16].
Consequently, in the current study, weekly i.v. carboplatin
100 mg/m2 was administered concurrently with radiother-
apy. The CisRT group had received weekly i.v. cisplatin 40
mg/m2with concurrent radiotherapy. Chemotherapy started
at the beginning of radiotherapy. Patients were scheduled to
have at least six cycles of chemotherapy, and the duration of
chemotherapy could be extended to nine cycles until radio-
therapywas finished if the treatmentwas tolerated and if the
patients agreed to the extension.

Radiotherapy involved a combination of external irradia-
tion andhigh-dose-rate intracavitary irradiationappliedusing
a remote after-loading system with iridium 192 as its source
(Gamma-Med II, Mick Radio-Nucelar Instrument, New York,
USA). External whole-pelvis irradiation was performed five
times per week using a dose of 1.8 Gy per fraction and a mid-
line dose of 27–36 Gy. This was followed by a high-dose-rate
intracavitary irradiation with six insertions (twice per week)
and fractiondoses from5Gy toa total doseof30GyatpointA.
Thenextweek,aftercompletingthe intracavitary irradiation,pa-
tientswere administereda second courseof external irradiation
withcentralshieldingtoatotalexternalbeamdoseof45–50.4Gy
[17] in both the CarboRT and CisRT groups. No chemotherapy
wasgivenwithin48hoursofbrachytherapy.Patientswithmeta-
static lymphnodes receivedaboostof radiation to thosenodes.

Evaluation of Response and Toxicity
During chemoradiotherapy, patients were monitored
weekly on the day prior to chemotherapy with complete
physical examination and laboratory tests, including com-
plete blood cell count, relevant blood chemistry, and 24-
hour urine creatinine clearance. Patients that had received
at least two cycles of chemotherapy were evaluated to de-

Figure 1. Study design.
Abbreviations: ECOG, Eastern Cooperative Oncology Group;

FIGO, International Federation of Gynecology andObstetrics.
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termine treatment efficacy. At the follow-up visit 2 months
after radiotherapy, the response to treatment was as-
sessed using the Response Evaluation Criteria in Solid Tu-
mors [18]. Acute toxicities were defined as those occurring
between the start of treatment and 90 days after its com-
pletion andwere graded according to theNCI CommonTox-
icity Criteria version 3.0. Depending on the severity and
duration of toxicity, the ongoing treatment schedule was
delayed or stopped.

Follow-up after the completion of chemoradiotherapy
consisted of visits every 3 months for the first 2 years, then
every 6 months for the following 3 years, and annually
thereafter for both the CarboRT and CisRT groups. Physical
examination and cervical cytology were performed at each
follow-up visit. Imaging studies, including abdominopelvic

computed tomography (CT), magnetic resonance imaging
(MRI), or positron emission tomography/CT (PET/CT), were
obtained every 6 months for the first 2 years and annually
thereafter. PFS was defined as the interval between the
date that treatment began and the date of documented
disease progression or death from any cause. OS was de-
fined as the interval between thedate treatment beganand
the date of death fromany cause. If a patientwas lost to fol-
low-up, that patientwas censored as of the date of last con-
tact. Two group comparisons were carried out using a
nonparametric Wilcoxon two-group test (SPSS version
18.0; IBM, New York, USA). The Kaplan-Meier method was
used to calculate estimates for PFS and OS. The log-rank
test was used to compare PFS and OS between the CarboRT
and CisRT groups. Cox regression was used to calculate
the hazard ratios (HRs) between these two groups for PFS
and OS.

RESULTS

Patient Characteristics
Between January 2007 and April 2010, 60 patients were el-
igible for the study.Weexcluded four patientswho lacked a
consent form, and five patients had radiotherapy according
to a different protocol. Consequently, 51 patients were en-
rolled in the CarboRT group. Patients who received
CarboRTwerematchedwith 48 patientswhowere selected
from 515 patients who previously received CisRT at our in-
stitution. Table 1 outlines the patient characteristics. The
mean tumor diameter was 45.2 � 16.4 mm in the CarboRT
group and 40.8 � 20.2 mm in the CisRT group (p � .24).

Table 1. Patient characteristics

Characteristics Category
CarboRT group
(n� 51)

CisRT group
(n� 48) p value

Age,mean — 65.1 � 9.0 65.1 � 3.9 0.98

BMI,mean — 23.5 � 3.6 24.2 � 3.4 0.30

ECOG score 0 10 (19.6%) 8 (16.7%) 0.90

1 29 (56.9%) 29 (60.4%)

2 9 (17.6%) 10 (20.8%)

3 3 (5.9%) 1 (2.1%)

Stage IB1 1 (2.0%) 1 (2.1%) 0.76

IB2 0 (0.0%) 2 (4.2%)

IIA 3 (5.9%) 2 (4.2%)

IIB 31 (60.8%) 32 (66.7%)

IIIA 3 (5.9%) 1 (2.1%)

IIIB 10 (19.6%) 9 (18.5%)

IVA 3 (5.9%) 1 (2.1%)

Tumor diameter, mm — 45.2 � 16.4 40.8 � 20.2 0.24

Histology SCC 47 (92.2%) 43 (89.6%) 0.85

Adenoca 3 (5.9%) 4 (8.3%)

Others 1 (2.0%) 1 (2.1%)

LN No 29 (56.9%) 21 (43.8%) 0.33

Metastasis status Pelvic LN� 22 (43.1%) 27 (56.3%)

Aortic LN� 7 (13.7%) 7 (14.6%)

Abbreviations: Adenoca, adenocarcinoma; BMI, body mass index; CarboRT, carboplatin-based chemoradiotherapy; CisRT, cisplatin-based
chemoradiotherapy; ECOG, Eastern Cooperative Oncology Group; LN, lymph node; SCC, squamous cell carcinoma; —, no data.

Table 2. Tumor responses

Response

CarboRT
group
(n� 50)

CisRT group
(n� 48)

p valuen % n %

CR 25 50.0 30 62.5 0.31

PR 20 40.0 12 25.0

SD 0 0.0 2 4.2

PD 5 10.0 4 8.3

Abbreviations: CarboRT, carboplatin-based chemoradiotherapy;
CisRT, cisplatin-based chemoradiotherapy; CR, complete
response; PD, progressive disease; PR, partial response; SD,
stable disease.
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Three patients in the CarboRT group (5.9%) and four pa-
tients in theCisRT group (8.3%)hadadenocarcinoma. There
were no statistically significant differences in mean age,
mean body mass index, distribution of ECOG score, stage,
or lymph node metastasis status between the two groups.
Lymph node metastasis status was evaluated before treat-
ment by an imaging study, such as MRI, CT, or PET/CT, and
pelvic or para-aortic lymph node metastasis was noted in
22 patients (43.1%) in the CarboRT group and in 27 patients
(56.2%) in the CisRT group. Isolated para-aortic lymph node
metastasis was not found during this study.

Tumor Responses
Fiftypatients in theCarboRTgroupand48patients in theCisRT
group were evaluated for tumor response (Table 2). One pa-
tient withdrew from the CarboRT group and did not have re-
sponse assessment. CompleteRRswere50.0% in theCarboRT
group and 62.5% in the CisRT group. There were no differ-
ences in the overall RRs between the CarboRT and CisRT
groups (90.0% and 87.5%, respectively; p� .31).

PFS andOS
The median follow-up duration was 36 months (range:
4–66months) in the CarboRT group and 54months (range:
4–121months), significantly longer, in theCisRT group (p�
.01). Therewere no significant differences in PFS or OS, nei-
ther ofwhich reached themedian survival time (Fig. 2). Five
patients in the CarboRT group and four patients in the CisRT
group had disease progression during the first 2 months af-
ter treatment completion. Compared with the historical
CisRT group, the CarboRT group showed no statistically sig-
nificant difference in recurrence (HR, 1.21; 95% confidence
interval [CI], 0.52–2.81) or survival (HR, 1.80; 95% CI, 0.49–
6.54). Among the patients who experienced recurrence,
two had adenocarcinoma and four had lymph node metas-
tasis in the CarboRT group and two patients had adenocar-
cinoma and all four patients had lymph node metastasis in
the CisRT group.

In theCarboRTgroup, the3-year PFS ratewas78%and the
3-yearOS ratewas88%. In theCisRTgroup, the3-yearPFS rate
was 80% and the 3-year OS rate was 94%. In the CarboRT
group, nine patients experienced treatment failure, three lo-
cally (pelvic sidewall or pelvic lymphnode) and six at extrapelvic
sites. In theCisRT group, 10patients experienced treatment fail-
ure, 2 locally and8atextrapelvic sites.

Compliance and Toxicity Profiles
A total of 379 cycles (at 4–9 cycles per patient) of CarboRT
and 290 cycles (at 3–9 cycles per patient) of CisRT were ad-
ministered (Table 3). Themean number of administered cy-
cles was 7.5 � 1.4 for CarboRT and 6.0 � 1.8 for CisRT (p �
.001; Table 3). Five patients dropped out before the sixth
cycle of chemotherapy in the CarboRT group, and 10 pa-
tients dropped out before the sixth cycle of chemotherapy
in the CisRT group (p � .16; Table 3). Six patients in the
CisRT group received only three cycles of chemotherapy
during radiation.

There were no treatment-related deaths. The major
toxicity observed for both regimens was bonemarrow sup-

Figure 2. Progression-free survival curves and overall survival curves. Compared with the historical cisplatin group, the carboplatin
group showed no statistically significant difference in terms of recurrence (hazard ratio [HR], 1.21; 95% confidence interval [CI], 0.52–
2.81; p� .66) and survival (HR, 1.80; 95% CI, 0.49–6.54; p� .38).

Abbreviations: CarboRT, carboplatin-based chemoradiotherapy; CisRT, cisplatin-based chemoradiotherapy.

Table 3. Number of cycles administered

No. of
cycles

CarboRT group
(n� 51)

CisRT group
(n� 48) p value

3 0 6

4 3 3

5 2 1

6 5 23

7 13 8

8 16 2

9 12 5

Mean 7.5� 1.4 6.0� 1.8 �0.001

Total 379 290

Abbreviations: CarboRT, carboplatin-based chemoradiotherapy;
CisRT, cisplatin-based chemoradiotherapy.
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pression (Table 4). Thrombocytopenia tended to occur
more in the CarboRT group; nausea, vomiting, and fatigue
tended to occurmore in the CisRT group. Therewere no dif-
ferences between the groups in the incidence of hemato-
logic and nonhematologic toxicities. One patient withdrew
from the trial because of progressive renal dysfunction af-
ter receiving four cycles of CarboRT. The patient had diabe-
tes mellitus and suffered from chronic renal dysfunction
with creatinine clearance of 41.2 mL per minute when she
enrolled in this trial.

DISCUSSION
In this study,we foundthatCarboRTandCisRThadsimilarout-
comes in terms of toxicity and efficacy, and CarboRTwas bet-
ter tolerated thanCisRT. These results arepromisingwhenwe
consider that thepatients enrolled in this studyhadmorbidity
risks, a poorprognostic factor in cervical cancer. To thebest of
our knowledge, this study was the first to compare primary
weekly CarboRT and CisRT in the treatment of locally ad-
vanced cervical cancer.

Only four studies have been published that used concur-
rent weekly CarboRT. Corn and colleagues evaluated weekly
CarboRT at a dose of 60mg/m2 and showed a complete RR of
43%; however, the study included only seven patients [11].
Duenas-Gonzalez and colleagues tested four differentweekly
CarboRT dosages (100, 116, 133, and 150 mg/m2) in 24 pa-
tients and reported an RR of 75% and a recommended a dose
of 133 mg/m2 [13]. Higgins and colleagues evaluated 31 pa-
tients treated with CarboRT at an area under the curve of 2,
which corresponds to 60–90 mg/m2, and showed an RR of
90% [14]. Last, Veerasarn and colleagues reported the largest
randomized phase III study comparing weekly CarboRT 100
mg/m2 and CarboRT plus tegafur-uracil 225 mg/m2 per day
orally for 5days aweek in469 locally advancedcervical cancer

patients [16]. They reported a complete RR of 72% with ac-
ceptable toxicity in the CarboRT group. Tegafur-uracil did not
increase the efficacy of the treatment.

The overall RRs for CarboRT and CisRT in this study were
90.0% and 87.5%, respectively, and the complete RRs
for CarboRT and CisRT were 50% and 62.5%, respectively.
CarboRT and CisRT had a similar tumor RR in locally advanced
cervical cancer patients with morbidity risks; however, the
completeRRs in this studyseemtobe relatively lowcompared
with previous studies [13, 14, 16].We speculated about some
reasons for the low complete RRs in our study. First, the opti-
mal timing for the evaluation of response after radiation or
chemoradiotherapy has not been fully investigated.We eval-
uated the tumor response at 2 months after treatment,
whereas most other researchers evaluated the response at
the 3-month follow-up. If we consider that regression may
continue for several months after completion of radiother-
apy, we might have observed a higher complete RR if we had
evaluated the tumor response at 3 months after treatment.
Second, lesions that look like residual disease at the site of the
primary cervical cancer on imaging studies after chemoradio-
therapy are often nonviable “scars” unless disease progres-
sion occurs. We performed radical hysterectomy in two
patients who had a partial response on imaging study after
CarboRT; however, no residual disease was found on patho-
logic examination.

Survival outcomes were also encouraging, as disease re-
currencewasnoted in10patients ineachgroup.PFSandOSof
the CarboRT group were not inferior to those of the CisRT
group. The PFS rate for CisRT at the median follow-up of 53
months after treatment was 79% in this study, and these sur-
vival data for CisRT are consistent with other studies [3–6]. In
addition, our results showed that the CarboRT and CisRT

Table 4. Hematologic and nonhematologic toxicities

Adverse effect

Regimen (n)

p value

CarboRT group (n� 51) CisRT group (n� 48)

Grade 0 1 2 3 4 0 1 2 3 4

Hematologic

Anemia 41 2 4 2 2 32 4 5 5 2 0.54

Neutropenia 40 2 4 1 4 36 1 6 1 4 0.92

Thrombocytopenia 43 1 2 2 3 39 4 4 1 0 0.24

Nonhematologic

Nausea 48 0 3 0 0 43 0 3 2 0 0.51

Vomiting 51 0 0 0 0 46 0 2 0 0 0.23

Diarrhea 49 0 2 0 0 43 2 3 0 0 0.35

Fatigue 48 0 3 0 0 43 0 3 2 0 0.51

Zoster (skin) 50 0 0 1 0 48 0 0 0 0 0.99

Renal failure 50 0 0 0 1 48 0 0 0 0 0.99

Constipation 47 4 0 0 0 46 2 0 0 0 0.68

Dyspepsia 50 1 0 0 0 45 0 3 0 0 0.11

Hematuria 50 1 0 0 0 46 1 1 0 0 0.74

Allergy 50 1 0 0 0 47 1 0 0 0 0.99

Sepsis 51 0 0 0 0 47 0 0 1 0 0.49

Pneumonia 51 0 0 0 0 47 0 1 0 0 0.49
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groups had similar recurrence patterns. Only 3 of 10 recur-
rences in the CarboRT group and 2 of 10 recurrences in the
CisRT group resulted in a pelvic failure pattern, and the others
were recurrences at distant sites.

Amajorstrengthofourstudy is that thepatientpopulation
had morbidity risks; therefore, the results of the analysis of
toxicity and compliance may be informative. The most com-
mon toxicity of chemoradiotherapy inboth groupswashema-
tologic. As expectedwith carboplatin, thrombocytopeniawas
more common in the CarboRT group, although the difference
was not statistically significant (p � .24). Specifically, grade
3–4 thrombocytopenia was noted in five patients (9.8%); this
rate is higher than those reported in previous studies (range:
0%–6.4%) [11–14, 16].We speculated that the rate of throm-
bocytopenia was relatively higher because our patients had
morbidity risks. For other, nonhematologic, grade 3–4 toxici-
ties, grade 3 nausea and fatigue were more common in the
CisRT group, although there was not a statistically significant
difference between groups.

This study has some limitations because of the small sam-
ple size and the retrospectively selected historical CisRT
group.Durationof follow-up in theCisRTgroupwasmuch lon-
ger, and the difference in the number of cycles received could
result from treatment periods that did not coincide. In the
CisRT group, some adverse effects might have been omitted,
antiemetic treatments were not uniformly administered,
some patients did not undergo pretreatment PET/CT, and pa-
tientswho receivedCisRTdidnot have theopportunity to sign
theconsent form.ToproveequivalencebetweentheCarboRT
andCisRTgroupswithamarginof 0.1 cumulative survival, 209
events should be observed in each group. Randomized con-
trolled multicenter studies are warranted to overcome these
limitations.

It is important tonote that themeannumberofcompleted
cycles per patient for the CarboRT groupwas higher than that
for theCisRTgroup(7.5cyclesvs.6.0cycles;p� .001).Weusu-
ally recommendthatpatientshavesix toninecyclesofchemo-
therapyduring radiation treatmentbecauseour radiotherapy
protocol isdifferent fromthat recommendedby theAmerican
Brachytherapy Society (ABS) guidelines [19]. The ABS recom-

mends starting brachytherapy following completion of exter-
nal beam irradiation; however, brachytherapy is performed in
themiddleofexternalbeamradiationatour institution.Based
on our radiation treatment protocol, we recommended that
patients have extended treatment to nine cycles of chemo-
therapy in both regimens and found that CarboRT was better
tolerated.

A recentmeta-analysis reported that no evidence of the
superiority of certain chemotherapy doses, regimens, or
scheduling was seen when comparing various kinds of che-
moradiotherapy for cervical cancer [20]. High emetogenic
effects, potential nephrotoxity, low compliance, and the
need for a large amount of hydration with cisplatin make it
desirable to explore more practical drugs for use in chemo-
radiotherapy.

CONCLUSION
CarboRT and CisRT showed similar tumor response and sur-
vival, and CarboRT was better tolerated. Based on the results
of this trial, CarboRTappears tobeaviablealternative toCisRT
for the treatmentofcervical cancer,especially inpatientswith
morbidity risks. The results from this study underscore the
need for a randomized controlled trial comparing CarboRT
and CisRT in patients with cervical cancer.
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