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Abstract

Background Currently, the standard treatment for locally advanced cervical cancer is concurrent chemoradiation
(CCRT). Forty percent of patients present with disease recurrence. This study aims to investigate the feasibility, safety
and efficacy of neoadjuvant chemotherapy (NACT) with weekly cisplatin and paclitaxel (TP) followed by CCRT.

Methods We are conducting a phase Il trial comparing the efficacy and side effects of patients with cervical cancer
(FIGO 2018 stage IIB to IVA) who were assigned to four cycles of NACT with cisplatin (40 mg/m?) and paclitaxel

(60 mg/m?) weekly followed by CCRT or CCRT alone. In this report, we studied the medium-term effect of 50 patients
enrolled in the NACT + CCRT arm. The primary endpoints were the response rate post-NACT and 12 weeks post-
CCRT evaluated by MR/CT based on RECIST v 1.1. The secondary endpoints were 3-year OS (overall survival) and PFS
(progression-free survival) measured by the Kaplan—-Meier method.

Results Among 50 patients enrolled in the NACT + CCRT arm, the complete and partial response rates were 10.4%
and 68.8%, post-NACT. Twelve weeks after treatment completion, the complete response rate was 72.0%, whereas
the total response rate (complete and partial response) was 90.0%. After a median follow-up of 28 months, the 3-year
OS rate was 83.9%, and the 3-year PFS rate was 73.6%. NACT response was related to superior PFS and OS compared
with NACT nonresponse (P<0.01). Late AEs were exiguous, while early AEs mainly included myelosuppression and
gastrointestinal AEs.

Conclusions This study showed a good response rate achieved by dose-dense weekly cisplatin and paclitaxel fol-
lowed by standard CCRT. The treatment regimen is feasible, as evidenced by the acceptable toxicity of NACT and by
the high compliance with radiotherapy.
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Background

Cervical cancer, a considerable health crisis for women,
is the fourth most common cancer worldwide and the
fourth leading cause of cancer death [1]. In developing
countries, however, it remains the second most common
cause for both cancer incidence and mortality [2]. Also,
it is the leading cause of cancer-related death in women
in eastern, western, middle, and southern Africa [3]. The
standard treatment for locally advanced cervical cancer
(LACC) is concurrent chemoradiation (CCRT). However,
the overall survival (OS) for stage IIB and III-IV cancer is
approximately 60—-65% and 25%-50%, respectively, which
are frustratingly low [4]. Therefore, developing new treat-
ment strategies to improve survival is imperative.

Neoadjuvant chemotherapy (NACT) plays a yet
unproven role in cervical cancer treatment, particularly
when followed by CCRT, where data are scarce [5]. Tradi-
tional triweekly (once every 3 weeks) regimens of NACT
followed by CCRT may not be superior to CCRT alone for
the treatment of LACC [6-8]. Weekly regimens of NACT
followed by CCRT may be superior to CCRT alone [6, 9,
10]. Moreover, particularly in developing countries, the
incidence of advanced cervical cancer is high, and access
to radiotherapy facilities is limited [11]. These factors
result in a delay in treatment initiation, contributing to a
worse prognosis [12]. If the benefit of NACT is demon-
strated, this may reduce delays in treatment and improve
outcomes in communities with scarce resources.

We are conducting a phase III trial comparing the
efficacy and side effects of patients with cervical cancer
(FIGO 2018 stage IIB to IVA) who were assigned to four
cycles of NACT with cisplatin (40 mg/m?) and paclitaxel
(60 mg/m?) weekly followed by CCRT or CCRT alone.
In this report, we studied the medium-term effect of 50
patients enrolled in the NACT + CCRT arm. The goal of
this interim analysis is to confirm the efficacy and adverse
events (AEs) of NACT in cervical cancer patients. If the
efficacy is significantly worse than CCRT alone, or the
AEs are serious, we should terminate this study.

Methods

Patients and study design

A phase III trial is being conducted in Shanghai Jiaotong
University Medical School affiliated with Ruijin Hospital

[13]. This trial will recruit 300 patients. Patients with IIB-
IVA cervical cancer were randomly allocated in a 1:1 ratio
to NACT with weekly cisplatin and paclitaxel followed
by CCRT or to CCRT alone. The randomization scheme
prepared by the study statistician using a random num-
ber table, with the results entered by a study manager not
involved with patient recruitment. In this study, we stud-
ied the medium-term effect of 50 patients enrolled in the
NACT + CCRT arm from Jan 2019 to Dec 2021 who were
followed up until Mar 2022.

Patients were eligible if they presented with stages IIB to
IVA histologically confirmed squamous carcinoma, ade-
nocarcinoma or adeno-squamous carcinoma of the cervix.
Tumor staging was assessed according to the 2018 Inter-
national Federation of Gynecology and Obstetrics stag-
ing system. All patients underwent a biopsy, examination
and imaging to complete the staging as detailed below. For
American Joint Committee on Cancer staging, pelvic mag-
netic resonance imaging (MR or pelvic computed tomog-
raphy [CT] scan if MRI was contraindicated), abdominal
CT scan, and chest radiography were performed. PET/CT
(18-fluoro-2-deoxy-D-glucose positron emission tomog-
raphy [18F FDG-PET] with computed tomography) was
performed in the majority of patients. Glomerular filtra-
tion rate (GFR), computed tomography urography (CTU),
cystoscopy and sigmoidoscopy were performed when nec-
essary. If staging differed between the two staging systems,
the higher stage was recorded.

Additional key inclusion criteria were Eastern Coop-
erative Oncology Group (ECOG) performance status 0
to 2, age 18 to 75 years, and adequate organ function.
Measurable disease was evaluated by Response Evalua-
tion Criteria in Solid Tumors (RECIST) version 1.1 [14].
Patients were excluded if they were pregnant or breast
feeding, had a previous pelvic malignant disease treated
with chemotherapy or radiotherapy, had an acute infec-
tion, or had an uncontrolled severe medical condition.

The study was approved by Shanghai Jiaotong Univer-
sity School of Medicine affiliated with the Ruijin Hospital
Ethics Committee (N-2018-239). Signed informed con-
sent was obtained from all patients.

Treatment
NACT consisted of intravenous paclitaxel 60 mg/m?* on
Days 1, 8, 15 and 22 and cisplatin 40 mg/m? on Days 1,
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8, 15 and 22. Within 2 weeks after NACT, patients were
treated subsequently by CCRT as soon as hematological
recovery permits.

CCRT consisted of weekly cisplatin 40 mg/m? for
5-6 weeks concurrent with radiotherapy. Pelvic external
beam radiation therapy was delivered at a dose of 45 Gy
in 25 fractions. For all patients who had adequate geom-
etry for intracavitary brachytherapy, it was delivered in 3
weekly fractions (total dose of 24 Gy). Brachytherapy was
given following the completion of external beam radia-
tion therapy. Patients received image-guided adaptive
brachytherapy (IGBRT) with a high-risk clinical target
volume (HRCTV) of 85 Gy in 3-4 fractions. Extended
fields were used to treat positive common iliac and/or
para-aortic lymph nodes with a total dose of 55-60 Gy.
Radiotherapy was planned based on prechemotherapy
status, without any dose or field reduction regardless of
tumor response.

Treatment was discontinued in cases of disease
progression, withdrawal of consent, or unaccepta-
ble toxicity. For hematologic toxicity, both drugs were
delayed if neutrophils were<1.5x 10°/L and/or plate-
lets were<75x 10°/L on the day of treatment and
restarted until hematologic improvement to grade 1
was achieved. NACT would be discontinued if myelo-
suppression could not improve to grade 1 within 7 days.
The doses of paclitaxel and cisplatin were reduced by
50% if neutrophils were (0.5-1.0) x 10°/L and/or plate-
lets were (25-50) x 10°/L. In the event of further hema-
tological  toxicity (neutrophils<0.5x 10°/L  and/or
platelets <25 x 10°/L), NACT was discontinued. Patients
with a significant hypersensitivity reaction to paclitaxel
or cisplatin were withdrawn from the study. If NACT is
discontinued, patients proceeding to CCRT will com-
mence when hematologic improvement to grade 1 was
achieved. In selected patients who presented contraindi-
cations to concurrent cisplatin after treatment initiation
as a result of renal dysfunction, reduction of the dose was
acceptable.

Outcome assessments
Patients were assessed at baseline, during NACT and
CCRT, and during follow-up. A gynecologic examina-
tion was performed with an oncologic cytology test
and HPV (human papillomavirus) test. Adverse events
(AEs) were assessed at each visit per the National
Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE version 5.0). Early and late
AEs were defined as those that occurred within and
after 3 months of treatment completion, respectively.
Full blood counts, tumor markers, and pelvic MRI
(or pelvic CT scans if MRI was contraindicated) were
performed at baseline, 7-10 days after NACT and
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3 months after the end of CCRT, followed by intervals
of every 3 months for 2 years and every 6 months there-
after. Further radiological assessments, such as PET-CT
and abdominal and chest CT scans, were conducted
as clinically indicated. Response and progression were
assessed according to RECIST version 1.1.

Statistical analysis

The primary endpoint of the study was the response
rate 12 weeks after completing all treatments. The
response rate to NACT was also assessed. Adverse
events were based on the maximum toxicity grade for
each type of event.

The secondary endpoints were 3-year OS and PFS.
OS and PFS were measured from the date of study reg-
istration until disease progression or death as a result
of any cause. Patients who did not experience disease
progression or death were censored at the time of last
follow-up.

The Kaplan—Meier method was used to estimate the
survival function. Survival curves were compared using
the log-rank test. Quantitative variables were compared
using a ¢ test. Qualitative variables were compared using
the x? test or Fisher’s exact test. P<0.05 was considered
statistically significant. Statistical analyses were per-
formed using GraphPad Prism version 6.02 software
(GraphPad Software, La Jolla California USA, www.graph
pad.com).

Results

Patient population

In total, 50 patients finished the entire therapeutic sched-
ule from Jan 2019 to Dec 2021 and were followed up until
Mar 2022. These patients were included in both the effi-
cacy and safety populations. The median age was 53 years
(range, 35 to 68 years). Patients presented with stage
IIB (28.0%), IIIA (2.0%), IIIB (2.0%), IIIC1 (56.0%) and
IIIC2 (12.0%) disease (FIGO 2018). Squamous cell carci-
noma was the most common histology (92.0%), whereas
adenocarcinoma was seen in 6.0%, and adenosquamous
was seen in 2.0%. The median cervical mass size was
5.16 £1.17 cm. Most patients underwent PET-CT during
staging (92.0%) and assessment (74.0%). Only 2 patients
had a contraindication to MRI, and a pelvic CT scan was
performed instead.

Treatment compliance

During NACT, 4 patients conducted 3 cycles chemo-
therapy and discontinued the 4™ cycle neoadjuvant
chemotherapy because of grade 4 myelosuppression and
could not improve to grade 1 within 7 days. Two patients
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delayed the beginning of chemoradiation for approxi-
mately 3 weeks (one had grade 4 neutropenia with
high fever) and 4 weeks (the other had grade 4 hepatic
insufficiency).

All patients started radiotherapy. The number of cispl-
atin weekly doses concurrent with radiotherapy was four
to five. Only 7 patients reduced cisplatin to three times
(3 had grade 4 neutropenia, 1 had grade 4 thrombocyto-
penia, 2 had hepatic insufficiency and 1 had renal insuf-
ficiency). Hepatitis virus (hepatitis B/C) was checked
before treatment and at the time of hepatic insufficiency,
and the results were all negative. Two patients discon-
tinued brachytherapy (one discontinued brachytherapy
because of unrecovered grade 4 neutropenia that could
not be improved, another postponed brachytherapy for
2 weeks because of a large amount of vaginal bleeding
with severe anemia and thrombocytopenia).

Efficacy analysis

The response rate is shown in Table 1. Fifty patients were
treated with neoadjuvant chemotherapy, and 48 were
assessed. Because of COVID-19 pandemic, 2 patients
lost the opportunity for the assessment. Forty-six (92%)
patients received 4 cycles of NACT, while four received
3 cycles because of grade 4 myelosuppression and could
not be improved to grade 1 within 7 days. In the imag-
ing assessment, 7—10 days after NACT, 79.2% of patients
responded; complete response (CR), partial response
(PR), and stable disease (SD) were observed in 10.4%,
68.8%, and 20.8% of patients, respectively. Of note, no
patient presented with disease progression (PD) at this
time point.

All 50 patients received EBRT followed by brachy-
therapy and were evaluated. Thirty-six (72.0%) patients
achieved CR, and 9 (18.0%) achieved PR 3 months after
CCRT. The complete responders after NACT contin-
ued to be in CR following CCRT. Twenty-six PR and 3

Table 1 Response to treatment
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SD at the end of NACT were converted into CR follow-
ing CCRT. One PR and 4 SD at the end of NACT were
converted into PD (5/50, 10%) following CCRT (two
patients developed pulmonary and intestinal membrane
metastasis, one patient developed intestinal membrane
metastasis, one patient developed vaginal metastasis and
another developed liver metastasis). Twelve weeks after
treatment completion, CR rates were 87.5%, 64.3% and
66.7% in patients with stage IIB-IIIB, IIIC1 and IIIC2 dis-
ease, respectively.

Follow-up

Patients were followed up in an outpatient clinic every
3 months in the first 2 years and then at 6-month inter-
vals. The median follow-up was 28 months (range
6—39 months, 23.90+ 10.23 months). This time was cal-
culated from the beginning of treatment. Ten patients
developed recurrence or metastasis, and 5 patients died
from the disease.

Ten cases of recurrence and metastases are presented
as follows (several patients had multiple metastases)
(Table 2). Five had lymphatic metastases (para-aortic,
pelvic, inguinal, left diaphragmatic foot, left collarbone
lymphatic metastases), and the others had metastases in
the lung, mesentery, pelvis, vagina and liver.

PFS and OS

With a median follow-up of 23.8 months, the 3-year PFS
rate was 73.6%, and the 3-year OS rate was 83.9%. In all,
5 patients died due to progressive disease at the time of
analysis. Among those, four patients were assessed as
SD at the end of NACT, while 3 were assessed as PD at
the end of CCRT. The five patients developed metastases
(metastasis in the liver, pulmonary, intestinal membrane
and pelvic) and died at 10-31 months (median survival
time 12 months) from the beginning of treatment.

Response Post NACT Post CCRT Post NACT Post CCRT
FIGO Stage FIGO Stage
No. of patients (%) (n=50) (n=50) 1IB-1lIB nc1 ncz2 11B-11IB mci mnec2
(n=16) (n=28) (n=6) (n=16) (n=28) (n=6)
CR 5(10.4) 36 (72.0) 2(12.5) 2(7.0) 1(16.7) 14 (87.5) 18 (64.3) 4(66.7)
PR 33 (68.8) 9(18.0) 12(7.5) 17 (60.7) 4(66.7) 2(12.5) 6(21.4) 1(16.7)
SD 10 (20.8) 0(0) 1(6.3) 10 (35.7) 1(16.7) 0(0) 0(0) 0(0)
PD 0(0) 5(10.0) 0(0) 0(0) 0(0) 0(0) 4(14.3) 1(16.7)
Response rate (CR+PR) 38(79.2) 45 (90.0) 14 (87.5) 19 (67.9) 5(83.3) 16 (100) 24(85.7) 5(83.3)
Assessment not done 2 (4.0) 0(0) 1(6.3) 1(3.6)

Abbreviations: CR complete response, PR partial response, SD stable disease, PR progressive disease
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Table 2 Initial site of recurrence and outcomes of the patients who presented with disease recurrence during follow-up

No Age Histology FIGO Responseto Recurrent and metastases Treatment Compliance Current situation
treatment
(y) Stage Post NACT Post CCRT PFS?® Region (Reason) os?
(m) (m)

1 66 SC ncir  SD CR 31 Lymphatic metastases (para- / Alive
aortic and left diaphragmatic (39)
foot)

2 54 SC NC1r  SD PD 7 Metastases in the lung and Reduced cisplatin cycle con- Dead
mesentery current with radiotherapyto 3 (12)

(hepatic insufficiency)
3 40 SC ncir  sb PR 20 Metastases in the pelvis / Dead
@1

4 53 SC 1B PR CR 12 Lymphatic metastases (para- Reduced NACT cycleto 3 Alive

aortic and parailiac vascular) (myelosuppression) (25)
Discontinued brachytherapy
(grade 4 neutropenia that
could not be improved)

5 35 SC NC1ir  SD PD 6 Lymphatic metastases (left col-  / Dead
larbone, para-aortic, parailiac (10
vascular) and liver metastases

6 60 ASC ncar  CR CR 13 Local recurrence and lymphatic  / Alive
metastases (para-aortic, pelvic (19)
and inguinal)

7 57 SC Nncir  SD PD 7 Metastases in the lung, Delayed beginning of chemo-  Alive
mesentery and lymphonodus  radiation (15)
(inguinal) (grade 4 neutropenia with high

fever)
8 66 SC Nnc2r PR CR 10 Metastases in the vagina / Dead
(12)
9 43 SC ncar - SD PD 6 Metastases in the lung and Reduced cisplatin cycle con- Dead
mesentery current with radiotherapy to 3 (14)
(thrombocytopenia)
Postponed brachytherapy for
2 weeks (a large amount of
vaginal bleeding with severe
anemia and thrombocyto-
penia)
10 50 SC Ncir PR PD 6 Metastases in the vagina Delayed beginning of chemo-  Alive

radiation (10)

(grade 4 hepatic insufficiency)

2This time was calculated from the beginning of treatment

SC squamous carcinoma, ASCadenosquamous carcinoma

Earlier FIGO stage was related to superior PFS (P=0.0098;
Fig. 1A) and OS (P=0.0128; Fig. 1B). The three-year PFS
rates of IIB-IIIB, IIIC1 and IIIC2 were 92.9%, 67.0% and
31.2%, respectively. The 3-year OS rates of IIB-IIIB, IIIC1
and ITIIC2 were 100%, 78.4% and 50%, respectively. The mPFS
(median PFS) and mOS (median OS) of FIGO IIIC2 were
13 months and 23.5 months, respectively. The mPFS and
mOS of FIGO IIB-IIIC1 were undefined.

NACT response (CR+PR) was related to superior
PES, with 3-year PFS rates of 87.7% vs. 22.5% in NACT
nonresponders (SD + PD) (hazard ratio, 0.14; 95% CI,
0.009-0.246; P=0.0003; Fig. 2A). NACT response was
also associated with a higher OS (3-year OS rate, 96.7%

vs. 44.4%; hazard ratio, 0.07; 95% CI, 0.003-0.237)
than NACT nonresponse (P=0.0011; Fig. 2B). The
mPFS and mOS of NACT-nonresponsive patients were
20 months and 31 months, respectively, and NACT-
responsive patients remained undefined.

Safety
Adverse events according to NCI CTCAE v5.0 are sum-
marized in Table 3.

The most common early AEs were myelosuppression,
GI symptoms and fatigue.

During NACT — In all, 40% had a grade 3 or 4
hematological toxicity during NACT, and 32% had a
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Fig. 1 Kaplan—-Meier curves for (A) progression-free survival (PFS) and (B) overall survival (OS). The results presented in the curves refer to the
comparison between different FIGO stage survival curves. Patients presented with stage IIB-IlIB (n=16), llIC1 (n=28) and lIC2 (n=©6) disease

grade 3 or 4 nonhematological toxicity. Four patients
conducted 3 cycles chemotherapy and discontinued
the 4" cycle NACT. Two patients delayed the ini-
tiation of chemoradiation therapy for about 3 and
4 weeks.

During CCRT — A total of 52% of patients had
grade 3 or 4 hematological toxicity during CCRT.
Grade 3 or 4 nonhematological AEs accounted for
32%. Fatigue (14%) and vomiting (12%) were the most
common adverse events. Two patients had grade 3/4
liver function impairment during treatment. Seven
patients reduced cycles of concurrent cisplatin dur-
ing CCRT because of grade 4 myelosuppression or
grade 3/4 nonhematological toxicity and could not be
improved to grade 1 within additional 7 days after the
scheduled treatment date. Two patients discontinued
brachytherapy.

Late toxicities were mainly low grade and included ane-
mia, diarrhea, and anal pain.

Discussion

Since 1999, the standard treatment of locally advanced
cervical cancer (LACC) has been pelvic radiation with
concurrent cisplatin, with an absolute improvement of
12% in overall survival compared with radiotherapy alone
[15]. It is important to investigate better treatment strate-
gies considering that approximately 40% of patients expe-
rience recurrence within 5 years.

NACT (paclitaxel and carboplatin once every 3 weeks
for three cycles) followed by radical surgery resulted in
inferior disease free survival compared with cisplatin-
based concomitant chemoradiation in locally advanced
cervical cancer [16]. NACT before definitive radiother-
apy has been generally perceived as not beneficial or even
detrimental because of the greater toxicity of the chemo-
therapy regimen, higher recurrence rate, inferior PFS and
lower survival rate [8, 17, 18].

Previous trials investigating the theory of acceler-
ated repopulation suggested that in rapidly proliferating
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Fig. 2 Kaplan—-Meier curves for (A) progression-free survival (PFS) and (B) overall survival (OS). The results presented in the curves refer to the
comparison between NACT response (CR+ PR) (n=38) and nonresponse (SD + PD) (n= 10) survival curves. NACT, neoadjuvant chemotherapy

cancer, especially the protracted schedules, there is a
large gap between completing chemotherapy and radi-
otherapy, suboptimal regimens are used, and tumor
regrowth may be accelerated after chemotherapy, thereby
limiting the effectiveness of NACT [19, 20]. However,
data seemed to indicate the importance of dose-intensity
and cycle lengths [6]. Cervical tumors are rapidly prolif-
erating with a median doubling time of only 4—4.5 days
and a high growth fraction [21, 22]. After a few cell divi-
sions, the tumor volume may be restored, but the tumor
cells may be less sensitive to chemotherapy and poten-
tially to conventional radiotherapy due to the changed
growth kinetics. With these assumptions, the schedule
of chemotherapy may play an important role: a short and
high dose-intense chemotherapy cycle seems optimal to
minimize tumor repopulation with resistant cells.

Trials using short cycle chemotherapy with a chemo-
therapy cycle length of < 14 days and cisplatin dose inten-
sities > 25 mg/m? per week appear to be associated with
an improvement in survival compared with those using
a more prolonged cycle interval [6]. The initial results
from two phase II studies [9, 10] have been reported on
patients who received NACT using weekly paclitaxel
(60-80 mg/m?) and carboplatin (AUC=2) for 6 weeks

followed by CCRT. Following NACT, a response rate of
67.8-72.7% was achieved, mostly partial responses. Post-
CCRT, the response rate was approximately 90%. Grade
3—4 hematologic toxicity was observed in approximately
20% of patients. A 3-year overall survival rate of 67% was
observed in stage IB2-IVA patients. The observations are
encouraging. The approach is now being evaluated in a
randomized trial (weekly paclitaxel 80 mg/m? and carbo-
platin AUC 2 for 6 weeks) (NCT01566240: INTERLACE
trial) (http://www.clinicaltrials.gov).

For chemotherapy, cisplatin is widely accepted in meta-
static or recurrent cervical cancer management and it
remains the most active single agent [5]. The triweekly
administration of paclitaxel with cisplatin has been con-
sidered the most effective regimen for metastatic cer-
vical cancer for a long time [23]. Though this has been
challenged by the GOG 240 study which showed beva-
cizumab plus chemotherapy (cisplatin or topotecan plus
paclitaxel) was superior to chemotherapy regimen [24]
and another phase III trial showed that pembrolizumab
plus chemotherapy with or without bevacizumab was
significantly superior to placebo plus chemotherapy
with or without bevacizumab [25] at present. In the
GOG study published by Moore et al., the combination
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Table 3 Adverse events, classified according to NCI CTCAE v5.0 the Common Terminology Criteria for Adverse Events (CTCAE) version
5.0, based on the worst grade for each patient and each type of toxicity

No. of patients (%) During NACT During CCRT During follow-up
Toxicity Any Grade Grade>3 Any Grade Grade>3 Grade>3
Any hematological toxicity 41 (82.0) 20 (40.0) 48 (96.0) 26 (52.0) 1(2.0)
Anemia 18 (36.0) 3(6.0) 38 (76.0) 19 (38.0) 1(2.0)
Neutropenia 35 (70.0) 18 (36.0) 42 (84.0) 12 (24.0) 0(0)
Thrombocytopenia 3(6.0) 0(0) 25 (50.0) 8 (16.0) 0(0)

Any non hematological toxicity 49 (98.0) 16 (32.0) 43 (86.0) 16 (32.0) 1(2.0)
Nausea 43 (86.0) 4(8.0) 31(62.0) 7 (14.0) 0(0)
Vomiting 30 (60.0) 6(12.0) 19 (38.0) 1(2.0) 0(0)
Constipation 14 (28.0) 120 12 (24.0) 0(0) 0(0)
Diarrhea 14 (28.0) 3(6.0) 19 (38.0) 4(8.0) 1(2.0)
Fatigue 36 (72.0) 7(14.0) 37 (74.0) 10 (20.0) 0(0)
Alopecia 45 (90.0) 36 (72.0)

Anal pain 0(0) 0(0) 18 (36.0) 3(6.0) 1(2.0)
Peripheral Neuropathy 3(6.0) 0(0) 15(30.0) 0(0) 0(0)
Creatinine Elevation 1(2.0) 0(0) 10 (20.0) 0(0) 0(0)
Hepatic Enzyme Elevation 1(2.0) 1(2.0) 8(16.0) 2 (4.0) 0(0)

Adverse event that occurred during treatment and within 14 days of treatment completion

of cisplatin and paclitaxel was superior to cisplatin alone
with respect to objective response rate, progression-free
survival and sustained quality of life [26]. Among patients
who had not received prior cisplatin, cisplatin-based
chemotherapy might be significantly better than carbopl-
atin-based therapy [27, 28]. Increased doses of cisplatin
and paclitaxel are associated with survival improvement
[29]. Based on these data, we formed our trial to evaluate
the addition of NACT (weekly paclitaxel and cisplatin for
4 weeks) to standard CCRT [13].

The results from our trial confirmed that a short course
of dose-dense weekly NACT with paclitaxel and cispl-
atin followed by radical CCRT is feasible with acceptable
toxicity, as it did not compromise chemoradiotherapy,
with 92% (46/50) of patients initiating and completing
the radiation phase within the required time and 86%
(43/50) of patients receiving at least 4 cycles of concomi-
tant cisplatin. The observed response rate to this short
course of chemotherapy, as assessed radiologically, was
associated with an encouraging outcome. The response
rates after NACT (79.2%) and after CCRT (90.0%) in
our trial were similar to those reported in other stud-
ies [9, 10]. The three-year PFS and OS might be higher
than those reported in other studies (studies using dose-
dense NACT followed by the CCRT strategy are listed in
Table 4 [8-10, 30, 31]).

Lymph node involvement tended to be correlated with
inferior outcome. In the present study, patients with stage
IIB-IIIB had a higher probability of achieving CR (87.5%)
than those with stage IIIC1 (64.3%) and IIIC2 (66.7%)

12 weeks after treatment completion. Earlier (stage IIB-
IIIB) FIGO stage was related to superior PFS (P=0.0098)
and OS (P=0.0128). The mPFS and mOS of FIGO
IIIC2 were merely 13 months and 23.5 months, respec-
tively. This result suggested that other effective strategies
should be investigated for a subset of patients with stage
IIIC disease, especially those with IIIC2 disease.

The use of NACT before radiotherapy could potentially
eradicate subclinical distant metastasis, reduce the tumor
size and correct pelvic anatomy distortion, and ulti-
mately allow better delivery of radiation. Although the
long-term survival benefits compared with CCRT alone
remain uncertain, our therapeutic strategy incorporating
dose-dense TP chemotherapy and CCRT yielded favora-
ble outcomes. After a median follow-up of 28 months,
the 3-year OS rate was 83.9%, and the 3-year PFS rate
was 73.6%.

The reasons for a possible detrimental effect of neo-
adjuvant treatment are unclear. In general, NACT was
well tolerated, with only 4% (2/50) of patients experienc-
ing any grade 3/4 late adverse events and no treatment-
related deaths. A possible explanation for the detrimental
results of a particular population might be the toxicity
associated with NACT that compromised the ability to
deliver concurrent CCRT.

The delay to initiate definitive chemoradiation
because of neoadjuvant treatment might be detrimen-
tal. Most of the patients in our trial were treated sub-
sequently by CCRT within 2 weeks after NACT. Two
patients delayed the initiation of chemoradiation
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therapy for 3 and 4 weeks. Grade 3/4 hematological
toxicity during NACT was 40%, which was similar to
the report by Singh et al. (49.7%) but was considerably
higher than that reported by McCormack et al. (11%).
Most patients recovered soon after medication or blood
transfusion, except one patient (stage IIIC1r) who had
grade 4 neutropenia with high fever after NACT and
delayed the beginning of chemoradiation for approxi-
mately 3 weeks. She was assessed for SD after NACT
and PD three months after CCRT (the local lesion was
in complete remission but developed metastasis in the
lung, intestinal membrane and inguinal lymph node).
The majority of nonhematological toxicities were gas-
trointestinal toxicity, fatigue and alopecia (using cold
caps may significantly reduce the occurrence of alopecia
[32]), which did not delay subsequent CCRT. However,
one had grade 4 hepatic insufficiency after 4 cycles of
NACT and delayed the initiation of chemoradiation for
4 weeks. She was evaluated as PR after NACT and PD
three months after CCRT (local lesion was reduced but
developed metastasis in the vagina and inguinal lymph
node). The gap between NACT and CCRT was signifi-
cantly influenced by the development of grade 3/4 neu-
tropenia during NACT. The use of prophylactic G-CSF
may help in maintaining dose intensity in future studies
using this treatment protocol.

According to the recommendation [32], patients
who took more than 8 weeks to complete radiotherapy
might also have detrimental outcomes. There were more
adverse events during CCRT (52% of patients had grade
3/4 hematological toxicity, and 32% of patients had grade
3/4 nonhematological toxicity). Thus, the incorporation
of additional neoadjuvant chemotherapy into the stand-
ard treatment regimens is likely to result in increased
toxicity. In our trial, one patient who discontinued
brachytherapy for grade 4 neutropenia could not have
improved and developed metastasis in the para-aortic
and pelvic lymph nodes nine months after treatment.
Another patient postponed brachytherapy for 2 weeks
due to a large amount of vaginal bleeding with severe
anemia and thrombocytopenia and developed metastasis
in the lung and intestinal membrane three months after
CCRT and died thereafter.

Moreover, in nonresponding patients, there might be
inherent resistance to both chemotherapy and radio-
therapy. Additionally, delayed access to CCRT might be
detrimental. The combined analysis showed that a better
clinical response and pathologic response to NACT were
associated with favorable PFS and OS [33]. Stable disease
post-NACT has also been identified by others as a poor
prognostic sign [34]. In our trial, 10 patients (20.8%) had
stable disease at the end of NACT, 4 of these patients
had progressive disease 3 months post-CCRT, and 2 had
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progressive disease during follow-up, 4 of which subse-
quently died from their disease. NACT response was
related to superior PFS (HR 0.14; P=0.0003) and OS (HR
0.07; P=0.0011) compared with NACT nonresponse.

Finally, tumor cells may have acquired resistance
throughout NACT. Some studies have suggested that
previous exposure to cisplatin could result in cross-
resistant cellular clones and may lead to increased DNA
repair and platinum-induced radioresistance [35-37].
Molecular studies of resistance pathways before and after
neoadjuvant treatment may help to inform us about this
finding.

Conclusions

In conclusion, the results from this trial suggested
that the addition of four cycles of NACT with cisplatin
(40 mg/m?) and paclitaxel (60 mg/m?) weekly followed
by CCRT is feasible and showed a preferable response
rate. NACT-responsive patients had superior PFS and
OS compared with NACT-nonresponsive patients.
Compared with stage IIIC patients treated with weekly
NACT 4 CCRT, stage IIB-IIIB patients have superior
CR rate, PES and OS. It is imperative to continue study-
ing resistance pathways and potentially noncross-resist-
ant treatments to improve outcomes, as well as access
to the delivery of high-quality radiotherapy in under-
served regions of the world. As the randomized mul-
ticenter phase III trial (Chinese clinical trial registry,
ChiCTR1900025327) is ongoing, it would be interesting
to observe whether this treatment strategy leads to a sig-
nificant improvement in progression-free survival and
overall survival compared to standard CCRT.
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