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INTRODUCTION

In 2018, 569,847 women were diagnosed with cer-
vical cancer worldwide, and 311,394 died.! As
a consequence of effective screening programs using
cytology and/or high-risk human papillomavirus
(HPV) DNA testing in industrialized nations, in-
cidence and mortality rates have declined signifi-
cantly over the past five decades. However, the
American Cancer Society has estimated that in the
United States, there will be approximately 13,240
new patients with cervical cancer and 4,170 deaths
in 2019.2 Lack of access to health care among the
uninsured contributes significantly to these numbers,
because one of the most important risk factors, be-
yond high-risk HPV infection, is never having had
a Papanicolaou test.® Three HPV vaccines are li-
censed, all of which are based on virus-like particle
technology. In 2018, the Centers for Disease Control
and Prevention reported that nearly half of adoles-
cents 13 to 17 years of age in 2017 had received all
recommended HPV vaccine doses.*

INITIAL DIAGNOSTIC EVALUATION AND STAGING

Invasive cervical cancer is typically diagnosed be-
tween the ages of 35 and 44 years. Risk factors in-
clude those related to sexual behavior, including early
sexual debut, multiple sexual partners, and a history
of HPV infection and/or other sexually transmitted
diseases; a history of cervical dysplasia, lack of ac-
cess to health care, sporadic screening, and tobacco
use are also important.® Early symptoms include
postcoital spotting and dyspareunia. Women with
locally advanced disease may also present with flank
pain from an obstructed ureter, lower extremity
lymphedema and deep venous thrombosis, and
hematuria and/or rectal bleeding secondary to in-
filtrative carcinoma.® Those with recurrent and/or
metastatic disease may also present with vertebral
fracture, hemoptysis, and/or palpable supraclavicular
adenopathy.

Women experiencing abnormal vaginal bleeding
should undergo speculum examination with biopsy of
any cervical lesion. Squamous cell carcinoma is the
histologic type that develops in 75% of patients with
cervical cancer and may manifest as an exophytic,
friable, polypoid mass arising on the ectocervix.® Less

2472 Volume 37, Issue 27

“Management of Invasive Cervical Carcinoma

commonly, the endocervical canal may be distended
by an ulcerated, barrel-shaped adenocarcinoma or
adenosquamous carcinoma arising from the columnar
epithelium at the transformation zone. Routes of
spread include direct extension into the vaginal mu-
cosa, adjacent parametria, bladder, or rectum, and via
the paracervical lymphatics to reach the pelvic lymph
nodes.> Hematogenous dissemination may herald
a rare, neuroendocrine small cell carcinoma.

Clinical staging according to the International Feder-
ation of Gynecology and Obstetrics (FIGO) is imperative.
Speculum, bimanual pelvic, and rectovaginal exami-
nation are advisable, along with cystoscopy, procto-
sigmoidoscopy, intravenous pyelogram, and barium
studies of the lower colon and rectum if clinically
indicated.?® '8F-labeled fluorodeoxyglucose—positron
emission tomography (PET) is preferred because the
pooled sensitivity to detect pelvic nodal metastases in
patients with untreated cervical cancer approaches
80% compared with magnetic resonance imaging
(MRI; approximately 70%) or computed axial to-
mography (approximately 48%).°

TREATMENT OF CERVICAL CANCER

In 2018, FIGO revised the staging system for cervical
cancer (Table 1).° Stage 1B now includes three sub-
groups that increase with every 2-cm increase in tumor
size. In two recent SEER database analyses involving
2,571 and 8,909 patients with 2014 FIGO 1B1 dis-
ease, factors independently associated with increased
risk of death included tumors larger than 2 cm (hazard
ratio [HR], 1.82 and 1.98, respectively).” However, the
prognostic difference between 2018 FIGO IB1 and IB2
is based primarily on radical hysterectomy data ob-
tained from earlier (ie, pre-2018) studies. The treat-
ment ramifications of stage can be controversial.® A
second major change in the 2018 FIGO is that lymph
node involvement (via histologic or radiologic as-
sessment) is specifically designated as stage IIIC,
reflecting the importance of lymph node metastasis as
a major prognostic factor associated with decreased
survival among women with early-stage and locally
advanced disease. Once stage has been assigned,
treatment algorithms endorsed by the National Com-
prehensive Cancer Network® and the European So-
ciety of Medical Oncology® can be consulted.
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TABLE 1. FIGO Staging of Cervical Cancer With Potential Treatment Options

FIGO 2018 FIGO 2014 Description Authors’ Preferred Options Comment
1 1 Carcinoma confined to cervix Surgery acceptable (IA1-1B2) Conization and trachelectomy
(extension to uterine corpus may be considered for fertility
should be disregarded) preservation
1A 1A Invasive carcinoma that can be Cervical conization or extrafascial Hysterectomy may be
diagnosed only by hysterectomy without pelvic performed via laparotomy or
microscopy, with maximum lymphadenectomy (IA1) or with pelvic MIS; in cases of cervical
depth of invasion < 5 mm lymphadenectomy (1A1 with LVSI, 1A2) conization for IA1 with LVSI,
MIS lymphadenectomy
preferred
1A1 1A1 Measured stromal invasion Cervical conization or extrafascial See above for 1A
< 3 mm in depth hysterectomy (with pelvic
lymphadenectomy if LVSI present)
1A2 1A2 Measured stromal invasion Cervical conization or extrafascial See above for 1A
=3 mmand <5 mmin hysterectomy with pelvic
depth* lymphadenectomy
1B 1B Invasive carcinoma with Consider surgery (IB1-I1B2) If posthysterectomy adjuvant
measured deepest invasion therapy is indicated
= 5 mm (greater than stage according to
1A); lesion limited to the clinicopathologic criteria, Il
cervix uterit substitution of IMRT for EBRT
is acceptable
1B1 Invasive carcinoma = 5 mm Consider trachelectomy or extrafascial MIS hysterectomy/
depth of stromal invasion, hysterectomy with pelvic lymphadenectomy preferred
IB1 and < 2 cm in greatest lymphadenectomy for IB1
dimension
1B2 Invasive carcinoma = 2 cm and Radical hysterectomy with pelvic MIS radical hysterectomy not
< 4 cm in greatest dimension lymphadenectomy via laparotomy recommended
1B3 IB2 Invasive carcinoma = 4 cm in Primary chemoradiation (CDDP-EBRT plus Radical hysterectomy not
greatest dimension HDR intracavitary brachytherapy) recommended; lateral
ovarian transposition may be
considered to assist with
subsequent oocyte retrieval
Il Il Carcinoma invades beyond the Primary chemoradiation Surgical staging unnecessary;
uterus, but has not extended lateral ovarian transposition
onto the lower third of the may be considered to assist
vagina or to the pelvic wall with subsequent oocyte
retrieval
I1A [1A Involvement limited to upper two Primary chemoradiation (CDDP-EBRT plus See above for Il
thirds of vagina without HDR intracavitary brachytherapy)
parametrial involvement
IIA1 l1A1 Invasive carcinoma < 4 cm in Primary chemoradiation (CDDP-EBRT plus See above for I
greatest dimension HDR intracavitary brachytherapy)
IIA2 [1A2 Invasive carcinoma = 4 cm in Primary chemoradiation (CDDP-EBRT plus See above for I
greatest dimension HDR intracavitary brachytherapy)
IIB 1B With parametrial involvement Primary chemoradiation (CDDP-EBRT plus See above for Il
but not to pelvic wall HDR intracavitary brachytherapy) with
parametrial boost
I I Carcinoma involves lower third Primary chemoradiation Surgical staging unnecessary
of the vagina and/or extends
to the pelvic wall and/or
causes hydronephrosis or
nonfunctioning kidney and/or
involves pelvic and/or para-
aortic lymph nodes$
1A A Carcinoma involves lower third Primary chemoradiation (CDDP-EBRT plus See above for Il

of vagina with no extension to
pelvic wall

HDR intracavitary brachytherapy) with
parametrial boost if indicated by
parametrial involvement

(continued on following page)
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TABLE 1. FIGO Staging of Cervical Cancer With Potential Treatment Options (continued)

FIGO 2018 FIGO 2014 Description Authors’ Preferred Options Comment
1B 1B Extension to pelvic wall and/or Primary chemoradiation (CDDP-EBRT plus See above for Il
hydronephrosis or HDR intracavitary brachytherapy) with
nonfunctioning kidney parametrial boost
(unless known to be the result
of another cause)
e — Involvement of pelvic and/or Primary chemoradiation (CDDP-EBRT plus See above for Il
para-aortic nodes, regardless HDR intracavitary brachytherapy) with
of tumor size and extent (with parametrial boost if indicated by
r and p notations) parametrial/pelvic sidewall involvement
INC1 — Pelvic lymph node metastasis Primary chemoradiation (CDDP-EBRT plus See above for Il
only HDR intracavitary brachytherapy) plus
extended-field radiotherapy with
parametrial boost if indicated by
parametrial/pelvic sidewall involvement
I1c2 — Para-aortic lymph node Primary chemoradiation (CDDP-EBRT plus See above for Il
metastasis HDR intracavitary brachytherapy) plus
extended-field radiotherapy with
parametrial boost if indicated by
parametrial/pelvic sidewall involvement
% Y Carcinoma has extended Primary chemoradiation (IVA); primary Surgical staging unnecessary
beyond the true pelvis or has systemic therapy (IVB)
involved (biopsy proven) the
mucosa of the bladder or
rectum (a bullous edema, as
such, does not permit
a patient to be allotted to
stage 1V)
IVA IVA Spread to adjacent pelvic Primary chemoradiation (CDDP-EBRT plus Diverting transverse loop
organs HDR intracavitary brachytherapy) plus colostomy may be considered
extended-field radiotherapy if indicated for patients with IVA with
by pelvic and/or para-aortic lymph node rectal infiltration
involvement, and with parametrial boost
if indicated by parametrial/pelvic
sidewall involvement
IVB IVB Spread to distant organs Platinum-based chemotherapy with Palliative chemoradiation to the

bevacizumab

pelvis may be considered

NOTE. When in doubt, the lower staging should be assigned.

Abbreviations: CDDP, cisplatin; EBRT, external-beam radiotherapy; FIGO, International Federation of Gynecology and Obstetrics; HDR, high dose rate;
IMRT, intensity-modulated radiotherapy; LVSI, lymphovascular space invasion; MIS, minimally invasive surgery; p, pathology; r, imaging

*Imaging and pathology can be used, where available, to supplement clinical findings with respect to tumor size and extent, in all stages.

TThe involvement of vascular/lymphatic spaces does not change the staging. The lateral extent of the lesion is no longer considered in FIGO 2018.

1Sedlis criteria for postsurgical adjuvant therapy (at least two of three clinicopathologic features): tumor diameter greater than 4 cm, deep cervical stromal
invasion, LVSI.1?

||Peters criteria for postsurgical adjuvant therapy (at least one of the following pathologic features): disease present at vaginal margin, in parametria, or
positive pelvic lymph nodes.'?

§FIGO 2018 only: adding notation of r and p to indicate the findings that are used to allocate the patient to stage IlIC. Example: if imaging indicates pelvic
lymph node metastasis, the stage allocation would be stage IlIC1r, and if confirmed by pathologic findings, it would be stage IlIC1p. The type of imaging
modality or pathology technique used should always be documented.

Therapy for FIGO 2018 IA to IB2 Disease

In 1997, Landoni et al*! reported equivalent 5-year overall
survival (0S) and disease-free survival (DFS) in a ran-
domized trial comparing radical hysterectomy (Fig 1A) with
primary radiotherapy (Fig 1B-D) for 2014 FIGO stage IB to
IIA cervical cancer. Morbidity was highest among the
subset treated by radical surgery, followed by adjuvant
radiotherapy. This prompted clarification of the role of
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postoperative adjuvant therapy and culminated in two
pivotal randomized trials.

In Gynecologic Oncology Group (GOG)-092, Sedlis et al*?
randomly assigned 227 eligible patients with at least two of
three high-intermediate risk factors (lymphovascular space
invasion [LVSI], tumor diameter > 4 cm, deep cervical
stromal invasion) to adjuvant radiotherapy (50.4 Gy) versus
observation. A 47% reduction in recurrence was observed
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in the adjuvant radiation group (HR, 0.53; P=.008). GOG-
0263 (ClinicalTrials.gov identifier: NCT01101451) is the
ongoing replacement trial studying adjuvant radiation
versus adjuvant chemoradiation. In GOG-0109, Peters
et al*® randomly assigned 243 assessable patients with at
least one high-risk factor (involved vaginal margin, involved
parametria, or positive pelvic lymph nodes) to adjuvant
radiotherapy (49.3 Gy) with or without cisplatin 70 mg/m?
plus 96-hour infusion of fluorouracil 1,000 mg/m? every
21 days for four cycles. The HRs for survival for radiation
alone compared with chemoradiation was 1.96 (P = .007).
GOG-0724 (ClinicalTrials.gov identifier: NCTO0980954) is
the follow-up study and compares adjuvant chemoradiation
with and without consolidation chemotherapy. Adjuvant
radiotherapy can be administered using external-beam
radiation therapy (EBRT) or intensity-modulated radio-
therapy (IMRT).

The twenty-first century has witnessed an evolution in the
surgical paradigm emphasizing more conservative and less
radical approaches. With the trend for large lesions (2018
FIGO IB3; Table 1) to be managed with primary chemo-
radiation, the role of hypogastric nerve-sparing radical
hysterectomy to limit bladder dysfunction has diminished.?
Validation of sentinel lymphatic mapping to prevent lym-
phedema in melanoma, breast, and vulvar cancer has
prompted the study of indocyanine green dye with near-
infrared fluorescence imaging, ultrastaging, and micro-
metastases in cervical cancer in the randomized SENTICOL
[l (International Validation Study of Sentinel Node Biopsy
in Early Cervical Cancer) (ClinicalTrials.gov identifier:
NCT03386734). Because the prognostic impact of nodal
status has become increasingly recognized, the clinical
value of parametrial resection has come into question.
Although primary tumor size often dictates radicality of
surgery, some endorse extrafascial hysterectomy with
lymphadenectomy, or even cervical conization, for small
tumors.® The phase Il randomized Radical Versus Simple
Hysterectomy and Pelvic Node Dissection in Patients With
Low-risk Early Stage Cervical Cancer (SHAPE) trial (Clin-
icalTrials.gov identifier: NCTO1658930) is evaluating pelvic
relapse-free survival for low-risk early-stage disease treated
by radical versus extrafascial hysterectomy with lympha-
denectomy. Eligibility criteria for nonradical surgery found
in GOG-0278 (ClinicalTrials.gov identifier: NCT1649089),
an ongoing evaluation of physical function and quality of
life, can be used to counsel patients.

Radical trachelectomy with laparoscopic pelvic lympha-
denectomy represents a fertility-preserving option for
women with cervical lesions with a 2-cm or smaller di-
ameter who desire future child bearing.®> Oncologic and
obstetric outcomes for 39 patients in a recent series with
a mean follow-up of 95.0 months have been acceptable,
with a 7.1% (n = 2) recurrence rate and 76.5% of 17
children born at 34 weeks' or more gestational age.'
Approximately 25% of births are premature (< 34 weeks),
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even with prophylactic intraoperative cerclage. Trachelectomy
can also be performed via laparotomy or minimally invasive
surgery (MIS).

Radical hysterectomy performed using MIS techniques has
recently come under scrutiny. In the prospective, ran-
domized, phase lll Laparoscopic Approach to Cervical
Cancer noninferiority trial, Ramirez et al'® reported on
631 women with FIGO 2014 stage IA1 (with LVSI), IA2, and
IB1 cervical cancers, who had been randomly assigned to
MIS radical hysterectomy (n = 319) or open radical hys-
terectomy (n = 312). The study closed prematurely be-
cause of an imbalance in deaths. The MIS DFS at 4.5 years
was 86.0% compared with 96.5% for open surgery (95%
Cl, —=16.4% to —4.7%).1® The difference persisted after
adjustment for age, body mass index, stage of disease,
LVSI, lymph node involvement, and performance status
score. Greater than 90% of tumors were FIGO 2014 stage
IB1, with FIGO stage IA cancers (and lesions < 2 cm)
under-represented. Inferior mortality rates associated with
MIS radical hysterectomy were also reported by Melamed
et al'® using the SEER and National Cancer Databases. The
high-pressure system and/or the uterine manipulator used
in MIS have been proposed to account for the findings.
Importantly, use of the DaVinci surgical robot was also
under-represented in these studies. However, the data
are compelling, and we recommend that open radical
hysterectomy be performed for FIGO 2018 stage IB2 (2 to
4 cm; Table 1).

Therapy for FIGO 2018 IB3 to IVA Disease

Multimodality therapy consists of concurrent chemo-
radiation comprising EBRT with systemic chemotherapy
followed by intracavitary brachytherapy.!'” EBRT can be
delivered by megavoltage units such as the teletherapy
machine or the linear accelerator. Cobalt-60 decay used in
teletherapy units produces two photons with 1.17 MeV and
1.33 MeV energies, providing a dose rate of more than
1.50 Gy/min and is suited for low-resource countries be-
cause of reduced maintenance, running costs, and
downtime compared with the linear accelerator, which
provides higher energy beams resulting in more homoge-
neous dose delivery to deeper tissues with relative sparing
of superficial tissues. EBRT is typically administered at
1.8 Gy/day, five days per week for 26 days, delivering a total
dose of 45 to 50 Gy to the whole pelvis, traditionally using
a four-field box technique to encompass the uterus, cervix,
adnexal structures, parametria, and pelvic lymph nodes
(Fig 1B). Bladder distention and bowel exclusion devices
are used to reduce the risk of intestinal and urinary toxicity.

Routine para-aortic lymphadenectomy for women with
locally advanced disease is open to debate. In a pro-
spective, multicenter study involving 237 patients with
locally advanced cervical cancer and PET-negative para-
aortic nodes who underwent laparoscopic staging, Gouy
et al'® reported equivalent survival among women with
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A PELVIC ANATOMY
AND TYPES OF HYSTERECTOMY

Cervix

Extrafascial
hysterectomy

Paravesical space

Cardinal ligament

Space of Retzius

Urinary bladder
Vesicouterine ligament
Radical hysterectomy

type lll
Radical hysterectomy

FIG 1. Anatomic landmarks for surgical
treatment of early stage cervical cancer
(Panel A) and for administration of radia-
tion therapy for locally advanced cervical

Uterosacral
ligament

cancer (Panels B-D). (A) Anatomy of the
pelvis depicting location of the paravesical
and pararectal spaces and other important
anatomic landmarks encountered during
performance of extrafascial, modified
radical, and/or radical hysterectomy. (B)
Wholepelvic radiotherapy. (C) Extended-
field (para-aortic) radiotherapy. (D) Intra-
cavitary brachytherapy. Point A: refer-
enced to the uterus. Points A right (AR)
and left (AL) are located 2 cm lateral to the
internal os measured perpendicular to the
interuterine canal. The internal os is 2 cm
superior to the external (ext) os. Therefore,
point A represents the parametria. Point B:

B WHOLE PELVIC RADIATION

L5-S1 Interspace (early stage disease)
L4-L5 Interspace (more advanced disease)
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Lateral Pelvic Fields

referenced to the pelvic bone. Points B
right (BR) and left (BL) are 5 cm lateral to
the patient’s midline on a line perpendic-
ular to the midline passing through the
internal os. Therefore, point B represents
the pelvic lymph nodes. Point P: points P
right (PR) and left (PL) are located on the
pelvic brim at the widest extent of the bony
pelvis. AP, anteroposterior; L, lumbar ver-
tebra; PA, postero-anterior; S, sacral verte-
bra. Source: (A) Public domain (Berek JS,
Hacker NF); (B-D) Radiation therapy
manual of the Gynecologic Oncology Group.
Adapted and labeled by the authors. Used
with  permission through open-access
granted by the National Cancer Institute.

Just anterior to
Symphysis pubis to
ensure inclusion of
pelvic nodes

negative surgical para-aortic nodes and those with 5 mm or
greater metastases. However, this was a single-arm, phase
[Itrial, and because current imaging modalities (*8F-labeled
fluorodeoxyglucose-PET, hybrid PET/MRI) are highly in-
formative,® surgical staging has also been discouraged.
Patients with aortic node metastases, multiple involved
pelvic nodes, and/or positive common iliac lymph node(s)
should receive extended-field para-aortic radiation to 50 Gy
(Fig 1C). Patients with FIGO stage IIB, I1I1B, and IVA disease,
as well as some patients with FIGO stage IB3 and IlA1 to
[IA2 tumors are given a parametrial boost with an additional
5.4 10 9.0 Gy in three to five fractions of 1.8 Gy/fraction per
day after completion of standard whole-pelvic radiation.!”
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Laparoscopic transposition of the ovaries to the abdominal
paracolic gutters may be considered in young women to
potentially prevent estrogen deprivation and/or facilitate
subsequent oocyte retrieval for cryopreservation.

Intrauterine tandem and vaginal ovoids are often featured
in the Paris, Manchester, and Stockholm brachytherapy
methods.® The Fletcher system uses orthogonal x-rays to
identify points A and B, allowing for precision in calculating
the dose to the parametria and pelvic lymph nodes/side-
wall, respectively (Fig 1D). When brachytherapy is given via
low dose rate, Cesium-137 is used to deliver 0.4 to 2 Gy/
hour over a 3-day period, for a total dose of 30 to 40 Gy’
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inter-uterine canal. The internal os is 2 cm superior !
to the external os. Therefore Point A represents the

High-dose-rate systems using iridium-192 to deliver 12 Gy/
hour gained popularity during the 1990s because it allowed
outpatient brachytherapy applications without the risks of
general anesthesia and yielded comparable survival rates.

The substitution of three-dimensional conformal radiation
therapy or IMRT for traditional EBRT continues to gain
traction because of reduced radiotoxicity through relative
sparing of normal tissues. For postoperative, adjuvant
IMRT, the clinical target volume should include the com-
mon, external and internal iliac, and presacral lymph node
regions, as well as the upper 3.0 cm of vaginal and
paravaginal soft tissue lateral to the vagina.'® For pri-
mary radiotherapy, a recent meta-analysis encompassing
1,008 patients found equivalent 3-year OS and DFS with
IMRT and conventional radiotherapy.?° IMRT is also as-
sociated with reduced acute GI, acute and chronic

Journal of Clinical Oncology

genitourinary, and hematologic toxicity.?! There is in-
sufficient evidence to support substitution of IMRT for
brachytherapy when the cervix is intact. Accordingly, pa-
tients with locally advanced disease who receive cisplatin-
IMRT should have treatment completed with brachytherapy.

To deliver a high central dose to the involved cervix, bra-
chytherapy requires afterloading applicators and comput-
erized dosimetry to generate isodose curves. The bladder
and rectum are treated to tolerance, with vaginal packing
and the largest vaginal ovoids possible to reduce toxicity.
Patterns-of-care studies and working groups have pro-
posed various high-dose-rate dose-fraction schedules
employing a dose of 5.5 to 8 Gy by three to five fractions per
week. MRI-guided brachytherapy may escalate dose to the
high-risk clinical target volume and is being introduced
throughout Europe in the observational EMBRACE Il study

2477



Tewari and Monk

(Image Guided IMRT, Radiochemotherapy and MRI-based
IGABT in Locally Advanced Cervical Cancer) (clinical-
trials.gov NCT 03617133).22 Treatment delay(s) resulting in
completion of radiotherapy exceeding 9 to 10 weeks have
correlated with higher rates of pelvic failure, and current
guidelines stipulate completion of EBRT plus brachyther-
apy within 8 weeks.

The rationale for cisplatin-based chemoradiation is based
on the observation that tumor radiosensitivity can be en-
hanced through the formation of DNA-platinum adducts,
preventing repair of sublethal damage from radiation and
synchronizing cells to the radiosensitive phase of the cell
cycle® Concurrent chemotherapy may also eradicate
subclinical distant metastatic disease. Five phase Il ran-
domized trials of concurrent chemoradiation studying
cisplatin, fluorouracil, and hydroxyurea demonstrated
a reduction in the risk of recurrence (local and distant) by
up to 50% in patients with locally advanced disease and
among patients with high-risk features after radical
hysterectomy.!22326 The trials were noteworthy in that the
degree of benefit conferred by chemotherapy was remarkably
similar for each of the four trials that studied chemoradiation
as primary therapy (Table 2).2*2¢ Patients receiving che-
moradiation were found to have significantly higher grade Il
and grade IV hematologic and adverse Gl effects. The results
changed the standard of care for treatment of locally ad-
vanced cervical cancer and were highlighted in a 1999
National Cancer Institute (NCI) clinical announcement.

Because the role of fluorouracil as an active radiosensitizer
was later called into question, single-agent cisplatin dosed
at 40 mg/m? per week emerged as the standard in clinical
practice and for clinical trials.?”?® It is administered on the
first or second day of each week of EBRT.3 A recent meta-
analysis of 12 studies (1,698 patients) suggested poorer
tumor response and a trend toward inferior survival with
substitution of weekly carboplatin for cisplatin.?® The phase
Il randomized trial, tri-weekly cisplatin-based chemo-
radiation for locally advanced cervical cancer (TACO)
(ClinicalTrials.gov identifier: NCT01561586), is studying
the proposed benefits conferred by three times per week
cisplatin (75 mg/m?), which includes increased peak
concentration and administration during brachytherapy.*

Neoadjuvant chemotherapy has been proposed to improve
disease control and reduce toxicity. Gupta et al*! reported
on a single-center, phase lll randomized trial of neo-
adjuvant chemotherapy followed by radical surgery versus
chemoradiation in women with stage IB2, IIA, or 1IB
squamous cell carcinoma. Because of slower-than-anticipated
accrual over a 10-year period, the study was closed at 87% of
the planned sample size. Although 5-year DFS rates were in-
ferior in the investigational arm (69.3% v 76.7%; HR, 1.38; 95%
Cl, 1.02 to 1.87; P =.038), the corresponding 5-year OS rates
were equivalent (HR, 1.025).3! The European Organization
for Research and Treatment of Cancer recently reported no
benefit of neoadjuvant chemotherapy in their phase Il trial
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of neoadjuvant chemotherapy followed by surgery versus
chemoradiation for FIGO 2014 stage IB2, IIA greater than 4
cmor |IB cervical cancer (EORTC 55994; ClinicalTrials.gov
identifier: NCT00039338).”® In addition, the ongoing
United Kingdom phase Il randomized Induction Chemo-
therapy Plus Chemoradiation as First Line Treatment for
Locally Advanced Cervical Cancer (INTERLACE) trial (Clin-
icalTrials.gov identifier: NCT01566240) is building on prior results
using neoadjuvant chemotherapy,3<? albeit with omission of
surgical intervention.

Maintenance therapy is being studied in three phase Il
randomized trials. The Australian-New Zealand Gyneco-
logic Oncology Group, together with the NCI's NRG On-
cology, are studying primary chemoradiation with and
without an additional four cycles of adjuvant carboplatin
plus paclitaxel given on a 21-day schedule in the A Phase Il
Trial of Adjuvant Chemotherapy Following Chemoradiation
as Primary Treatment for Locally Advanced Cervical Cancer
Compared to Chemoradiation Alone (OUTBACK) trial
(ANZGOG 0902/GOG-0724; ClinicalTrials.gov identifier:
NCTO01414608). The primary end point is OS.

Immunotherapy using Axalimogene filolisbac (ADXS-HPV),
a live, attenuated Listeria monocytogenes (Lm) bio-
engineered HPV 16 E7 therapeutic vaccine (GOG-3009;
ClinicalTrials.gov identifier: NCT02853604), and the pro-
grammed death-ligand 1 (PD-L1) checkpoint inhibitor,
durvalumab (Study of Durvalumab With Chemoradiotherapy
for Women With Locally Advanced Cervical Cancer (CALLA);
ClinicalTrials.gov identifier: NCT03830866), are also being
studied as maintenance strategies. In the randomized phase
[l Trial Assessing the Inhibitor of Programmed Cell Death
Ligand 1 (PD-L1) Immune Checkpoint Atezolizumab (ATE-
ZOLACC) trial (ClinicalTrials.gov identifier: NCT03612791),
the anti-PD-L1 agent, atezolizumab, is administered with
chemoradiation and then continued as maintenance therapy.
Finally, a randomized phase Il trial of platinum-based che-
moradiation with and without concurrent triapine (a ribo-
nucleotide reductase inhibitor necessary for DNA synthesis)
is under way through the NCI (NRG-GYOO6; ClinicalTrials.gov
identifier: NCT02466971). The primary end point is PFS, and
eligible patients include those with 2014 FIGO stage IB2
(>5cm), II, llIB, or IVA cervical cancers with negative para-
aortic nodal staging by PET/computed tomography.

Management of FIGO IVB and Recurrent Disease

In the era of chemoradiation for locally advanced disease,
local relapse is often accompanied by distant failure, pre-
cluding candidacy for pelvic exenteration. From GOG-0204
(the eighth GOG phase Il randomized trial in the recurrent/
metastatic cervical cancer population),34° paclitaxel
135 mg/m? over 24 hours plus cisplatin 50 mg/m? every
21 days emerged as the palliative standard, with an asso-
ciated median survival of 7 to 12 months (Table 3).%° The
Japanese Clinical Oncology Group (JCOG) demonstrated
significant noninferiority with substitution of carboplatin
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TABLE 2. Practice-Changing Clinical Trials of Chemoradiation for Locally Advanced Cervical Cancer and Other Notable Studies

Trial/First
Author Eligibility Interventions No. Primary End Point(s) Adverse Events
Phase Il Randomized Trials of Adjuvant Therapy for Early-Stage Disease
GOG-092/ IB s/p RH-nodes with at No additional treatment 140 Median f/u 5 years: 27.9%  G3-4, n =3 events (hematologic, GU)
Sedlis*? least two high- recurrence
intermediate risk factors:  adjuvant WPRT 46-50.4 Gy 137 Median f/u 5 years: 15.3%  G3-4, n = 11 events (hematologic,
> 1/3 stromal recurrence Gl, GU)
|rlwva5|0n, LVSI, tumor RR, 0.53; P= 008
size = 4 cm
GOG-109 IA2-11A s/p RH-nodes with  Adjuvant WPRT 49.3 Gy 116 4-year PFS, 63% G4, n =4 pts
(SWOG/ high-risk factor(s): 4-year 0S, 71%
RTOG) disease present at Adjuvant WPRT 49.3 Gy with CDDP 127 _4-year PFS, 80% G4, n =21 pts
Peters vaginal margin, in 2
) - 70 mg/m? plus 96-hour 5-FU HR. 2.01: P= .003:
parametria, or positive 1,000 mg/me/d every 3 weeks X 4 oS gl
pelvic lymph nodes ' 1/ 4-year OS, 81%; HR,
cycles 1.96; P= 007
Pivotal Randomized Phase Il Trials of Chemoradiation for Locally Advanced Disease
RTOG 90-01/  IIB-IVA; IB-IIA with lesions ~ WPRT plus EFRT 45 Gy 193 Median f/u 43 months: 58% G3, 3%; G4, 1%; G5, 0
Morris?® = 5 c¢m and/or pelvic 0S
lymph node metastasis  WPRT 45 Gy plus two cycles CDDP 193 Median f/u 43 months, 73% G3, 33%; G4, 11%; G5, 1%
75 mg/m? plus 5FU 4,000 mg given 0S
on days 1-5 and days 22-26 of P = 004
WPRT
GOG-120/ [IB, 1ll, IVA with negative Oral HU 3 g/m? twice weekly for 177 Reference Similar to arm 2
Rose?* PA nodes 6 weeks
WPRT 40.8-51.0 Gy plus CDDP 176 0OS: RR, 0.61; 95% Cl, 0.44  Similar to arm 1
40 mg/m? weekly X 6 to 0.85; P =.004; PFS:
RR, 0.57, 95% Cl,
0.42 t0 0.78; P < .001
WPRT 40.8-51.0 Gy plus CDDP 173 0S: RR, 0.58; 95% Cl, G3-4 leucopenia and G3-4
50 mg/m? day 1, 29 plus 96-hour 0.41 to 0.81; P =.002; nonhematologic toxicity twice as
5FU 4 g/m? day 1, 29 plus oral HU PFS: RR, 0.55; 95% ClI, frequent as in other two arms
2 g/m? twice weekly for 6 weeks 0.4 t0 0.75; P < .001
GOG-123/ Bulky IB: tumor size >4 cm WPRT 45 Gy plus ICBT (total dose to 183  Recurrence, 37% G3-4, 13%
Keys®® with no lymph node point A: 75 Gy; total dose to point B:
involvement (negative 55 Gy), followed by extrafascial
histology required if hysterectomy
imaging demonstrated  WPRT 45 Gy plus ICBT (total dose to 186 _ Recurrence, 21% G3-4, 35%
lymphadenopathy) point A: 75 Gy; total dose to point B, RR, 0.51; 95% Cl, 0.34 to
55 Gy) plus CDDP 40 mg/m? weekly 0.75; P < .001
X 6 followed by extrafascial
hysterectomy
GOG-85 [1B, 11, IVA; all patients Oral HU 80 mg/kg twice weekly for 191 Reference G3-4 leukopenia, 24%
(SWOG required to have negative 5-6 weeks
8895y peritoneal cytology and  WPRT 40.8 Gy (I1B), 51.0 Gy (Ill, IVA) 177 RR progression/death, 0.79; G3-4 leukopenia, 4%
Whitney negative PA nodes plus CDDP 50 mg/m?day 1, 29 plus 90% Cl, 0.62 to 0.95;
5FU 1,000 mg/m? days P=.033
2-5, days 30-33
Notable Trials Completed in the Chemoradiation Era
Duenas- [1B-IVA WPRT 50.4 Gy with CDDP 40 mg/m? 256 3-year PFS, 65.0% G3-4, 46.3%
Gonzalez?’ weekly X 6 followed by BT

30-35 Gy

WPRT 50.4 Gy with CDDP 40 mg/m?+ 259  3-year PFS, 74.4%; P=.029

Gemcitabine 125 mg/m? weekly x 6
followed by BT 30-35 Gy and
adjuvant CDDP 50 mg/m? day 1
plus gemcitabine 1,000 mg/m? day
1, 8 every 21 days x 2

Overall PFS: HR, 0.68; 95%
Cl,0.49100.95; P=.0227

G3-4, 86.5%, includes two
treatment-related deaths

(continued on following page)
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TABLE 2. Practice-Changing Clinical Trials of Chemoradiation for Locally Advanced Cervical Cancer and Other Notable Studies (continued)

Trial/First
Author Eligibility Interventions No. Primary End Point(s) Adverse Events
RTOG 0417/ IB-11IB WPRT with CDDP 40 mg/m? 49  Median f/u, 3.8 years Hematologic G3, 26.5% (n = 13);
Schefter®® weekly X 6 plus bevacizumab G4, 10.2% (n = 5)
10 mg/kg every 2 weeks X 3 cycles No G4 Gl events; no G5 events
with chemoradiation 3-year OS: 81.3%; 95%
Cl, 67.2% to 89.8%
DFS, 68.7%; 95% Cl, 53.5%
to 79.8%
LRF, 23.2%;95% Cl, 11% to
35.4%
PAF, 8.4%; 95% Cl, 0.4% to
16.3%
DF without PAF, 14.7%;
95% Cl, 4.5% to 24.9%
JCOG 0102/ IB2, lIA2, 1IB SCCA RH-nodes 67  b5-year OS, 74.4% Perioperative surgical morbidity
Katsumata® HR, 1.07; 95% CI, 0.54 to similar in both arms. Postoperative
212, P= 85 radiation (79%) with
nonhematologic AEs (eg,
diarrhea, urinary retention)
more common
NACT BOMP followed by RH-nodes 64  5-year OS, 70.0% Postoperative radiation (58%;
P =.015) with G3-4 hematologic
toxicity more common
Gupta®! B2, IIA, 1IB SCCA WPRT 40 Gy with CDDP 40 mg/m? 317 Median f/u, 58.5 months Delayed AEs at 24 months: rectal,
weekly X 5 plus BT (30 Gy LDR, DFS, 76.7% 3.5%; bladder, 3.5%; vaginal,
O
<0 &y [RDR) HR, 1.38; 95% Cl, 1.02 to 28050
1.87; P=.03
NACT carboplatin AUC 5-6 plus 316 DFS, 69.3% Delayed AEs at 24 months: Rectal,
paclitaxel 175 mg/m? every 2.2%; bladder, 1.6%; vaginal,
21 days X 3 followed by RH-nodes 12%
with or without adjuvant WPRT or
chemoradiation
Mell?! IB-IVA Weekly CDDP with once per day 83  PET-based image-guided G3+ neutropenia, 19.3%

IMRT followed by BT

IMRT reduced incidence
of acute neutropenia

26.5% incidence of primary
event significantly lower
than 40% incidence
anticipated from historical
data (P=.12)

NOTE. All studies are randomized phase |l trials except Katsumata et al*® and Mell et al®! phase II.

Clinically significant Gl toxicity, 12.0%

Abbreviations: 5-FU, fluorouracil; AE, adverse events; AUC, area under the concentration-time curve; BOMP, bleomycin 7 mg days 1 to 5 plus vincristine
0.7 mg/m? day 5 plus mitomycin 7 mg/m? day 5 plus cisplatin 14 mg/m? days 1 to 5 every 3 weeks X two to four cycles; BT, brachytherapy; CDDP, cisplatin;
DF, distant failure; DFS, disease-free survival; EFRT, extended-field radiation therapy; f/u, follow-up; G, grade; GOG, Gynecologic Oncology Group; GU,
genitourinary; HDR, high dose rate; HR, hazard ratio; HU, hydroxyurea; ICBT, intracavitary brachytherapy; IMRT, intensity-modulated radiation therapy;
JCOG, Japanese Clinical Oncology Group; LDR, low dose rate; LRF, loco-regional failure; LVSI, lymphovascular space invasion; NACT, neoadjuvant
chemotherapy; OS, overall survival; PA, para-aortic; PAF, para-aortic failure; PET, positron emission tomography; PFS, progression-free survival; pts, patients;
RH-nodes, radical hysterectomy with pelvic lymphadenectomy; RR, relative risk; RTOG, Radiation Therapy Oncology Group; SCCA, squamous cell
carcinoma; s/p, status post or after; WPRT, whole-pelvic radiation therapy.

(area under the concentration-time curve 5) for cisplatin in
JCOGO0505 (HR, 0.994),** but noted that carboplatin was
associated with shorter OS among cisplatin-naive patients.

Anti-angiogenesis therapy. The rationale to study anti-
angiogenesis therapy in GOG-0240, the phase Ill open-
label randomized study of chemotherapy doublets with and
without bevacizumab (15 mg/kg) every 21 days until

2480 © 2019 by American Society of Clinical Oncology

progression, was based on clinical,*? pathologic,*® molecular,*
and therapeutic factors.*>*® At the second interim analysis,
the arms administering bevacizumab were found to signif-
icantly increase OS by 3.7 months (HR, 0.71; 98% Cl, 0.54
t0-0.95; P=.004), without significant deterioration in quality
of life (Fig 2A).*°%° Although complete responses were
confirmed, maintenance monotherapy using bevacizumab
was not studied. Genitourinary and/or rectovaginal fistula
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TABLE 3. Practice-Changing Clinical Trials and Other Notable Studies for Recurrent and Metastatic Cervical Cancer

Trial Population Interventions N End Point(s) Adverse Events Comment
GOG-0204 Recurrent, Paclitaxel (135 mg/m? 138 Reference arm Overall comparable Closed prematurely
randomized persistent, every 24 hours) plus among all arms except for futility;
phase I114° metastatic CDDP (50 mg/m? day infection established the
2) every 21 days standard of
Vinorelbine (30 mg/m® 138 HR death, 1.15; 95% No specific signals paclitaxel plus
days 1 and 8) plus Cl, 0.79 to 1.67 CDDP for palliative
CDDP 50 mg/m? therapy in this
dayl) every 21 days population (median
Gemcitabine (1,000 119 HR death, 1.32; 95% No specific signals 08, 7-12 months)
mg/m? day 1, 8) plus Cl, 0.91 to 1.92
CDDP (50 mg/m? day
1) every 21 days
Topotecan (0.75 mg/m? 118 HR death, 1.26; 95% Overall comparable
days 1-3) plus CDDP Cl, 0.86 to 1.82 among all arms except
(50 mg/m? day 1) leucopenia,
every 21 days neutropenia
JCOGO505 phase  Japanese women Paclitaxel (135 mg/m?) 127 Median OS, G4 neutropenia, febrile  Data have been
|1l randomized with recurrent or plus CDDP (50 mg/m? 18.3 months neutropenia, nausea, extrapolated to
noninferiority** metastatic, day 2) every 3 weeks vomiting more support use of
= 1 platinum- common a carboplatin-
containing Paclitaxel (175 mg/m? 126 Median 0S, 17.5 Thrombocytopenia, paclitaxel-
trgatment and no plus carboplatin months; neuropathy, anemia bevacizumab triplet
prior taxane (AUC 5) every 3 weeks HR, 0.994; 90% Cl, more common except for wamen
0.79 to 1.25; wh"o are platinum
noninferiority naive
P=.032
Phase | fungus- Recurrent or TNP-470 dose 18 60 mg/m? Neurotoxicity dose- First report of efficacy
derived angio- metastatic SCCA escalation: starting recommended limiting but reversible of antiangiogenesis
inhibitory dose, 9.3 mg/m? every dose; one CR, three therapy in cervical
peptide?®e other day for 28 days SD cancer
with 14-day rest
GOG-227¢c Recurrent or Bevacizumab 46 23.9% (n=11) G3-4: Gl, anemia, HTN, Demonstrated activity
phase I1* persistent SCCA (15 mg/kg) every progression free at VTE, fistula and tolerability of
21 days 6 months; 90% Cl, bevacizumab in
14% to 37%; PR, heavily pretreated
10.9% (n = 5) patients and
created a pathway
to GOG-0240
VEG105281 Recurrent, Lapatinib (1,500 mg) PO 78  Median PFS, 17.1 G3: diarrhea (13%); G4  Provided additional
randomized persistent, or every day weeks; median OS, (9%) therapeutic
phase 1€ metastatic 39.1 weeks evidence that the
Pazopanib (800 mg) PO 74  Median PFS, 18.1 G3: diarrhea (11%); G4 ~ VEGF axis'is

every day

weeks; median OS,
50.7 weeks.

(12%)

HR, 0.66; 90% Cl,
0.48 to 0.91;
P=.13; 0S: HR,
0.67; 90% Cl, 0.46
t0 0.99; P=.045

a viable target to
prevent tumor
angiogenesis in this
patient population

(continued on following page)
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TABLE 3. Practice-Changing Clinical Trials and Other Notable Studies for Recurrent and Metastatic Cervical Cancer (continued)

Trial Population Interventions N End Point(s) Adverse Events Comment
GOG-240 Recurrent, CDDP (50 mg/m? day 1 114 Chemotherapy alone:  Chemotherapy alone: Established
randomized persistent, or 2) and paclitaxel median and final = G2 HTN 2% chemotherapy plus
phase 1114954 metastatic (135 mg/m? or 0S, 13.3 months = G3 VTE 1% bevacizumab as
175 mg/m?) every G3 fistula < 1% frontline standard
21 days
Topotecan (0.75 mg/m? 111
days 1-3) plus
paclitaxel (175 mg/m?)
every 21 days
CDDP (50 mg/m? dayl 115 Chemotherapy plus Chemotherapy plus
or 2) and paclitaxel bevacizumab: bevacizumab:
(135 mg/m? or median OS, = G2 HTN 25%
175 mg/m?) plus 17.0 months = G3 VTE 8%
bevacizumab HR, 0.71; 98% Cl, G3 fistula 6%
(15 mg/kg) every 0.54 to 0.95;
21 days P =.004.
Final median OS,
16.8 months
HR, 0.77; 95% Cl,
0.62 to 0.95;
P =.007.
No significant
differences in
QoL or in
postprogression
survival
Topotecan (0.75 mg/m? 112
days 1-3) plus
paclitaxel (175
mg/m?) plus
bevacizumab
(15 mg/kg) every
21 days
CIRCCa phase Il Recurrent or Carboplatin (AUC5) plus 35  Median PFS, G2-3 HTN 11% Post-GOG-0240
randomized®’ metastatic paclitaxel (175 mg/m?) 6.7 months = G3 diarrhea 3% randomized phase
every 21 days and I trial validating the
placebo antiangiogenic
Carboplatin (AUC5) plus 34 Median PFS, G2-3 HTN 39% approach in the
paclitaxel (175 mg/m?) 8.1 months = (3 diarrhea 16% recurrenﬂ .
every 21 days and HR. 0.58: 80% Cl metastatic cerv!cal
cediranib (20 mg) PO 040 t0 0.85; cancer population
every day P=.032

Adoptive T-cell
therapy®°

Metastatic, prior
platinum-based
chemotherapy or
chemoradiation

Single infusion HPV 9
E6/E7 reactive tumor-
infiltrating T cells

CR (n = 2) ongoing at
22 and 15 months
after treatment; PR
(n = 1) duration,

3 months

First evidence of
efficacy of
vaccinating oneself
against cervical
cancer

G3-4: n =9 for anemia,
lymphopenia,
leukopenia,
neutropenia,
thrombocytopenia;

n = 6 for infection; n =
5 for febrile
neutropenia and
metabolic

NRG/GOG-0265
phase I1°

Recurrent, 50
persistent, or
metastatic; at
least one prior line

of chemotherapy

Axalimogene filolisbac
(1 X 10° CFU) every
28 days X 3 doses

38% (n = 19) alive at
12 months after
treatment
(represents 52%
improvement over
expected survival
rate)

G4 (n = 2): hypotension,
cytokine release

Highest survival rate
achieved in this
patient population

(continued on following page)
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TABLE 3. Practice-Changing Clinical Trials and Other Notable Studies for Recurrent and Metastatic Cervical Cancer (continued)
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Trial Population Interventions N End Point(s) Adverse Events Comment

KEYNOTE 158 Recurrent, Pembrolizumab 98 Median f/lu 11.7 Most frequent G3-4: Regulatory approval
phase Il basket metastatic (200 mg) every months: Anemia (7%) on the basis of 77
study®® cervical cancer 3 weeks ORR, 14.3%; 95% c|, Fistula (4.1%) patients (79%) who

cohort 7410 24.1 Hemorrhage, 4.1%; had received = 1
o . o infections, not UTI, prior line of
CR, 2.6%; PR, 11.7% 4.1% chemotherapy and
had PD-L1-positive
tumors

Phase Il marine Recurrent, Eribulin (1.4 mg/m?) IV 32  18.8% (n = 6) G3-4 anemia (n = 12),  Informative phase Il
sponge— metastatic; days 1, 8 every achieved PFS > 6 neutropenia (n = 7), study offers a new
derived = one prior 21 days months; median leukopenia (n = 6) therapy for
halichondrin B chemotherapy PFS, 2.6 months; consideration of
analog’® regimen median OS, 6.6 additional study in

months; 20% PR this population

GEN701 phase lla  Recurrent, Tisotumab vedotin 34  ORR, 32% with eight  73% conjunctivitis (any  Informative phase I
antibody-drug metastatic (2.0 mg/kg) IV confirmed PRs grade); after study offers a new
conjugate every 3 weeks prophylactic therapy for
targeting tissue corticosteroid consideration of
factor’? lubricating eye drops additional study in

and cooling eye this population
masks, 32%

conjunctivitis with

G3+ 5%

NRG phase | Recurrent, Paclitaxel (175 mg/m? 34 At 400-mg dose level, DLTs: G4 dyspnea (n = Informative phase |
chemotherapy metastatic day 1) and CDDP RR, 60%; median 1), G3 neutropenia = study offers a new
plus PARPi”? (50 mg/m? day 2) plus PFS, 6.2 months; 3 weeks (n=1), febrile therapy for

escalating doses of median OS, neutropenia (n = 1) consideration of
veliparib (50 to 14.5 months additional study in

400 mg PO twice
a day, days 1-7 every

this population

21 days
SUMMIT basket HER2-mutant Neratinib 240 mg orally 11 Median PFS 7 mos Any grade: diarrhea High-dose loperamide
trial”# recurrent cervical daily (95% Cl,0.7t020.1);  (81.8%), nausea prophylaxis
(NCT01953926) cancer cohort ORR 27.3% (95% Cl, (54.5%), abdominal mandatory (cycle 1)
6.0 to 61.0) pain (36.4%), dyspnea

(36.4%)

Abbreviations: AUC, area under the concentration versus time curve; BT, brachytherapy; CDDP, cisplatin; CFU, colony-forming units; CR, complete response;
DLT, dose-limiting toxicity; f/u, follow-up; G, grade; GOG, Gynecologic Oncology Group; HTN, hypertension; HPV, human papillomavirus; HR, hazard ratio; IMRT,
intensity-modulated radiotherapy; IV, intravenous; JCOG, Japanese Clinical Oncology Group; ORR, overall response rate; OS, overall survival; PARPI, poly(ADP)-
ribose polymerase inhibitor; PD-L1, programmed death-ligand 1; PFS, progression-free survival; PO, by mouth; PR, partial response; QoL, quality of life; RR,
relative risk; SCCA, squamous cell carcinoma; SD, stable disease; UTI, urinary tract infection; VEGF, vascular endothelial growth factor; VTE, venous
thromboembolism.

were new adverse events occurring in 8.6% of those treated
with bevacizumab.*® All fistulas occurred in pre-irradiated
patients, and none resulted in surgical emergency, sepsis, or
death. Both triplet regimens were approved by the US Food
and Drug Administration on August 14, 2014, and desig-
nated Category 1 by the National Comprehensive Cancer
Network. GOG-0240 represented a proof of concept of
antiangiogenesis therapy for advanced cervical cancer and
a proof of principle of supportive therapy. This single trial led
to regulatory approval of bevacizumab for cervical cancer in
60 countries on six continents.®!

The Moore criteria of five prognostic factors (performance
status > 0, African American race, time to recurrence
< 12 months, prior platinum, and pelvic disease) had been
initially identified retrospectively and pooled with equal

Journal of Clinical Oncology

weight to predict response.®® In GOG-0240, the Moore
criteria were prospectively validated, and in exploratory
analyses, high-risk patients (four to five factors) were found
to derive the greatest benefit from bevacizumab (OS, 12.1 v
6.3 months; HR, 0.536; 95% Cl, 0.32 t0 0.905; P=.0196);
no survival advantage was observed among low-risk pa-
tients (zero to one factor) treated with bevacizumab (22.9 v
21.8 months; HR, 0.96).%°

In the final protocol-specified analysis of OS, the survival
curves remained separated at over 50 months of follow-up
(16.8 v 13.3 months; HR, 0.765; 95% CI, 0.62 to 0.95;
P=.0068; Fig 2B).>* Final OS among patients who had not
received previous pelvic radiotherapy was 24.5 versus
16.8 months (HR, 0.64; 05% Cl, 0.37 to -1.10; P=.11).5
Postprogression OS was not significantly different between
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A Median B Median
Overall Overall
Events Survival Survival
no. (%) mo mo
——— Chemotherapy (N=225) 140 (62) 13.3 ——— Chemotherapy alone 13.3
——— Chemotherapy+Bev (N=227) 131 (58) 17.0 ——— Chemotherapy plus 16.8
_ 1.0+ 100 A bevacizumab
© —
= Hazard ratio, 0.71 (98% Cl, 0.54-0.95); x
g 0.8 1 one-sided P = .004 — 3804
i - ©
177) Median follow-up, 20.8 mo =
g 87 i, 1 g 60 1
: wn
= 0.4 — 401
Q2 ©
P o
S 0.2 2 204
= o
o HR 0.77 (95% Cl 0.62-0.95); P = .007
T T - T T T T T T T T T T T T T
0 6 12 18 24 30 36 0 12 24 36 48 60
Months Since Randomization Number at risk
(number censored)
No. at Risk
Chemotherapy plus
Chemotherapy 225 167 94 45 17 8 bevacizumab 227 (0) 142(9) 75012) 30(31) 661 0(57)
Chemotherapy+bev 227 184 121 69 30 10 Chemotherapy alone 225 (0) 114 (9) 54 (18) 17 (35) 2 (45) 0 (47)

FIG 2. Overall survival in Gynecologic Oncology Group protocol 240. (A) Kaplan-Meier overall survival curves comparing chemotherapy alone with che-
motherapy plus bevacizumab at 271 events (second interim analysis prompting closure of the trial by the National Cancer Institute’s Data Safety and
Monitoring Board). (B) Kaplan-Meier overall survival curves comparing chemotherapy alone with chemotherapy plus bevacizumab at 348 events (ie, the
protocol-specified intention-to-treat analysis of overall survival) Copyright 2017 Elsevier. Used with permission.>* HR, hazard ratio. Copyright 2014 The
Massachusetts Medical Society. Used with permission.*®

the chemotherapy plus bevacizumab and chemotherapy-
alone groups.®

Post-G0G-0240: Other trials of anti-angiogenesis therapy.
In the phase 11 J029569 study, the activity and tolerability of
cisplatin-paclitaxel-bevacizumab was verified in Japanese
women.%® Dose-dense paclitaxel, carboplatin, and bev-
acizumab are being studied in the ongoing JCOG1311 ran-
domized trial (ClinicalTrials.gov identifier: NCTO00019191).
Preliminary toxicity results using carboplatin-paclitaxel-
bevacizumab in the Latin American phase Il trial, global
safety study of bevacizumab, carboplatin and paclitaxel
therapy for metastatic, recurrent or persistent cervical cancer
(CECILIA; ClinicalTrials.gov 024679070), have demonstrated
a 10% fistula rate.>®

Symonds et al®” reported on cedirinib combined with
carboplatin and paclitaxel for cervical cancer (CIRCCa),
the randomized, phase Il trial of carboplatin plus pacli-
taxel with or without the vascular endothelial growth
factor receptor-1, -2, and -3 oral tyrosine kinase inhibitor,
cedarinib 20 mg per day until disease progression. At
a median follow-up of 24.2 months, PFS was significantly
longer in the cedarinib group (3.1 v 6.7 months; HR,
0.58), which also had increased diarrhea, hypertension,
and febrile neutropenia.®’

Tumor vaccines and cellular-based strategies. ADXS-HPV
is a live, irreversibly attenuated Lme-listeriolysin O (LLO)
immunotherapy bioengineered to secrete an antigen-
adjuvant fusion protein consisting of a truncated non-
hemolytic fragment of LLO fused to human HPV-16 E7

2484 © 2019 by American Society of Clinical Oncology

(tLLO-HPV-16-E7).2® The vaccine is phagocytized by
antigen-presenting cells and the fusion protein, along with
other Lm proteins, activates the major histocompatibility
complex class | pathway. Nonsecreted vaccine proteins
activate the major histocompatibility complex class Il
pathway. The vaccine also alters the tumor microenvi-
ronment, facilitates T-cell infiltration, and reduces immune
suppression mediated by regulatory T cells and myeloid-
derived suppressor cells. In the phase || NRG/GOG-0265
trial, the 38% 12-month OS among refractory patients
treated with vaccine represented a 52% improvement over
the protocol-specified 12-month threshold survival rate of
24.5%.%° ADXS-HPV has received Orphan Drug Designa-
tion for cervical cancer.

Adoptive T-cell therapy was studied by Stevanovic et al®®
After surgical excision of 1-cm® specimens, tumor cells
were expanded with interleukin-2 (IL-2). Tumor-infiltrating
T cells (TILs) were selected based on HPV 16 E6 and E7
oncoprotein reactivity, and TIL infusion resulted in one
partial response and two durable complete responses of 15
and 22 months at the time of publication.®® Persistent
clearance of circulating cell-free HPV DNA was only ob-
served in these two patients.®* Autologous TIL therapy is
being studied in an ongoing, single-arm, open-label study
(ClinicalTrials.gov identifier: NCT03108495). To obviate
the need for surgical biopsy, there has been great interest in
isolating T cells from peripheral blood and modifying them
to create chimeric antigen receptor-T cells. Chimeric an-
tigen receptor-T-cell immunotherapy is being studied in
patients with cervical cancer harboring GD2, PSMA, Mucl,
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A  KEYNOTE-826 (ClinicalTrials.gov NCT03635567)  p|

Untreated persistent, recurrent, or
metastatic cervical cancer
Measureable disease per RECIST v1.1

First line

ECOGPSOor1

Adequate organ function
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Progression after platinum-

based chemotherapy for recurrence
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Primary end point Overall survival
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Required No. of deaths 330
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Paclitaxel 175 mg/m? plus cisplatin 50 mg/m?
with or without bevacizumab 15 mg/kg
Paclitaxel 175 mg/m? plus carboplatin AUC 5
with or without bevacizumab 15 mg/kg

treatment was administered until disease progression or
icity for up to 35 cycles (up to approximately 2 years).

Pembrolizumab 200 mg every 3 weeks plus
investigator's choice

ptions:
Paclitaxel 175 mg/m? plus cisplatin 50 mg/m?
with or without bevacizumab 15 mg/kg
Paclitaxel 175 mg/m? plus carboplatin AUC 5
with or without bevacizumab 15 mg/kg

Cisplatin (or carboplatin) plus paclitaxel
plus bevacizumab (GOG-0240)

until disease progression, unacceptable
toxicity, death, or withdrawal of consent

Cisplatin (or carboplatin) plus paclitaxel
plus bevacizumab plus Atezolizumab
(1,200 mg IV on day 1 and that the cycles
are repeated every 3 weeks)

until disease progression, unacceptable
toxicity, death, or withdrawal of consent

Safety run-in cohort: 12 patients after
two cycles of treatment
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Antifolate: pemetrexed
Nucleoside analogue: gemcitabine
Topoisomerase 1 inhibitor: topotecan or
irinotecan
Vinca alkaloid: vinorelbine

All treatment regimens are up to 96 weeks, with

ion for re-treatment.

3 Cemiplimab 350 mg
IV every 3 weeks
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FIG 3. Ongoing phase I,
randomized clinical trials for
women with recurrent/metastatic
cervical cancer. (A) KEYNOTE-
826 (Keytruda Trial 826) trial
schema of first-line chemo-
therapy with or without bev-
acizumab versus chemotherapy
with or without bevacizumab
plus pembrolizumab. (B)
BEATcc (Beat Cervical Cancer
trial) trial schema of first-
line chemotherapy plus bev-
acizumab with and without
atezolizumab. (C) GOG-0316
(Gynecologic Oncology Group
study 3016) trial schema of
cemiplimab versus physician’s
choice chemotherapy after
progression receiving primary
platinum-based therapy. AE,
adverse events; AUC, area
under the concentration-time
curve; BICR, blinded inde-
pendent central review; CPS,
combined positive score; DOR,
duration of response; ECOG PS,
Eastern Cooperative Oncology
Group performance status; HR,
hazard ratio; IV, intravenously;
ORR, overall response rate; OS,
overall survival; PD-L1, pro-
grammed death-ligand 1; PFS,
progression-free survival;
PROs, patient-reported out-
comes; Qol, quality of life; R,
randomize; RECIST v 1.1, Re-
sponse Evaluation Criteria in
Solid Tumors version 1.1; SCCA,
squamous cell carcinoma.
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and/or mesothelin-expressing tumors (ClinicalTrials.gov
identifier: NCT03356795).

Landscape of genomic alterations and rationale for immune
checkpoint blockade. Ojesina et al®® performed whole-
exome sequencing analysis of 115 cervical carcinomas.
The observation that HPV integration sites overlapped with
amplified regions in 41% of patients supports the hy-
pothesis that genome amplification may be triggered by
viral integration. This was also reported in the Cervical
Cancer Genome Atlas in which amplifications in the im-
mune checkpoint targets PD-L1 and PD-L2 correlated
significantly with expression of key immune cytolytic ef-
fectors.®® In the TIL work described earlier, immunodo-
minant T-cell reactivities were directed against mutated
neoantigens rather than canonical viral antigens.®* Be-
cause viral tumor antigen-specific T cells reside pre-
dominantly in programmed cell death-1 (PD-1)-expressing
T-cell compartments, PD-1 blockade in cervical cancer
may unleash a diverse antitumor T-cell response.

Clinical experience with anti-PD-1 therapy for refractory
disease. Evidence for activity of immunologic checkpoint
inhibitors is accumulating.®5¢® The cervical cancer cohort
of 98 women with refractory disease in the KEYNOTE-158
phase Il study of pembrolizumab demonstrated an overall
response rate (ORR) of 13.3%, with all 13 responses in
PD-L1+ tumors.®® The most common treatment-related
adverse event was hypothyroidism occurring in 10%. On
June 12, 2018 the US Food and Drug Administration
granted pembrolizumab (200 mg every 3 weeks)
accelerated approval as a second-line agent along with
a companion diagnostic, PD-L1 IHC 22C3 pharmDx (Dako
North America, Carpinteria, CA). The confirmatory, frontline,
placebo-controlled phase Il randomized trial studying
platinum-based chemotherapy (plus optional bevacizumab)
with and without pembrolizumab has been launched
(Keytruda trial, KEYNOTE-826; ClinicalTrials.gov identifier:
NCT03635567 Fig 3A), as has the frontline phase Il ran-
domized beat cervical cancer (BEATcc) (ClinicalTrials.gov
identifier: NCT03556839 Fig 3B) trial evaluating triplet
(platinum-paclitaxel-bevacizumab) versus quadruplet (trip-
let plus atezolizumab) therapy.

A second-line, phase lll randomized trial, GOG 3016, ac-
tivated in 2017 compares the anti-PD-1, cemiplimab to
physician’s choice chemotherapy (ClinicalTrials.gov iden-
tifier: NCT03257267; Fig 3C). With regulatory approval of
pembrolizumab as second-line treatment of PD-L1+ tumors,
this trial will require international participation. Cemiplimab
received approval for cutaneous squamous cell carcinoma,®
a disease with a mutational burden similar to that of squa-
mous cell carcinoma of the cervix. Patients receiving palliative
hypofractionated radiotherapy for oligometastases may ex-
perience abscopal responses as a result of radiation-induced
upregulation of PD-L1.%
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Novel strategies on the horizon. Derived from the marine
sponge Halichondria okadai, eribulin is a spindle poison
that irreversibly inhibits microtubule assembly and pro-
motes the epithelial phenotype through novel anti-
mesenchymal properties. In a phase Il study of 30
evaluable women with refractory cervical cancer, eribulin
was associated with six partial responses (20%).7° Tiso-
tumab vedotin is an antibody-drug conjugate composed of
a human monoclonal antibody specific for tissue factor
covalently coupled via a protease-cleavable peptide linker
to monomethyl auristatin E, a potent microtubule disrupting
agent. Tissue factor is overexpressed in cervical cancer
and involved cell adhesion and motility.%® In the phase Il
GEN701 (Innova TV 201) trial, tisotumab vedotin was given
at 2 mg/kg every three weeks. The overall response, as
assessed by the investigators using RECIST v1.1 criteria
was 32% and the median duration of response among
patients with a confirmed response was 5.5 months. Data
on the full cohort of 55 women with cervical cancer
enrolled onto this study is forthcoming.”! A nonrandomized
phase Il trial is ongoing (ClinicalTrials.gov identifier:
NCT03438396).

The Fanconi anemia pathway is activated in response to
genotoxic insults to effect DNA repair through homologous
recombination.®® Damaging mutations in pathway com-
ponents may confer both poly (ADP-ribose) polymerase
inhibitor and cisplatin sensitivity. In a phase | trial of
paclitaxel, cisplatin, and the poly (ADP-ribose) polymerase
inhibitor, veliparib, a 34% ORR was observed with ac-
ceptable toxicity.”? Somatic HER2 mutations are observed
in approximately 5% of metastatic cervical cancers. In the
phase Il SUMMIT basket trial (ClinicalTrials.gov identifier:
NCT01953926), six of 11 patients with HER2-mutant re-
current cervical cancer derived clinical benefit (54.5%)
with neratinib (240 mg once daily), an oral, irreversible
tyrosine kinase inhibitor of EGFR (ERBB1), HER2, and
HER4 (95% Cl, 23.4 to 83.3). There were three partial
responses to treatment (ORR 27.3%; 95% Cl, 6.0 to 61.0),
with the duration of response for each patient being 5.6
months, 5.9 months, and at least 7.4 months.”® The me-
dian PFS was 7 months (95% Cl, 0.7 to 20.1), and common
adverse events of any grade included diarrhea (81.8%),
nausea (54.5%), abdominal pain (36.4%), and dyspnea
(36.4%). High-dose loperamide prophylaxis was manda-
tory during cycle 1. No treatment discontinuations or re-
ductions occurred within the cervical cancer cohort.”*

The PI3K/AKT/mammalian target of rapamycin signaling
pathway has emerged as a potential target, with several
microRNAs demonstrating modulation of aberrant signal-
ing in cervical cancer cell proliferation studies.®® Finally,
trials are in development to study an HPV E7/-derived an-
tibody scaffold embedded with IL-2 and engineered to
activate only relevant T-cell subsets, thereby ameliorating
the severe toxicity associated with IL-2 administration.>®

Volume 37, Issue 27


https://clinicaltrials.gov/ct2/show/NCT03356795
https://clinicaltrials.gov/ct2/show/NCT03635567
https://clinicaltrials.gov/ct2/show/NCT03556839
https://clinicaltrials.gov/ct2/show/NCT03257267
https://clinicaltrials.gov/ct2/show/NCT03438396
https://clinicaltrials.gov/ct2/show/NCT01953926

Contemporary Management of Invasive Cervical Cancer

AFFILIATIONS AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
University of California, Irvine, CA AND DATA AVAILABILITY STATEMENT

2University of Arizona, Phoenix, AZ Disclosures provided by the authors and data availability statement (if
3Creighton University, Phoenix, AZ applicable) are available with this article at DO https://doi.org/10.1200/

JCO.18.02303.

CORRESPONDING AUTHOR

Krishnansu S. Tewari, MD, Division of Gynecologic Oncology,

AUTHOR CONTRIBUTIONS

Department of Obstetrics and Gynecology, University of California, Irvine, ~ Conception and design: All authors
The City Tower, 333 City Blvd West, Ste 1400, Orange, CA 92868; Collection and assembly of data: All authors
e-mail: ktewari@uci.edu. Data analysis and interpretation: All authors

Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, et al: Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 68:394-424, 2018

2. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2019. CA Cancer J Clin 69:7-34, 2019

3. Tewari KS, Monk BJ: Invasive cervical cancer, in Clinical Gynecologic Oncology (ed 9). DiSaia PJ, Creasman WT (eds), Amsterdam, Elsevier 2017, pp. 38-104

4. Walker TY, Elam-Evans LD, Yankey D, et al: National, regional, state, and selected local area vaccination coverage among adolescents aged 13-17 years —
United States, 2017. MMWR Morb Mortal Wkly Rep 67:909-917, 2018

5. TsaiCS, Lai CH, Chang TC, et al: A prospective randomized trial to study the impact of pretreatment FDG-PET for cervical cancer patients with MRI-detected
positive pelvic but negative para-aortic lymphadenopathy. Int J Radiat Oncol Biol Phys 76:477-484, 2010

6. Bhatla N, Aoki D, Sharma DN, et al: Cancer of the cervix uteri. Int J Gynaecol Obstet 143:22-36, 2018 (suppl 2)

7. Matsuo K, Machida H, Mandelbaum RS, et al: Validation of the 2018 FIGO cervical cancer staging system. Gynecol Oncol 152:87-93, 2019

8. TsengJH, Aloisi A, Sonoda Y, et al: Less versus more radical surgery in stage IB1 cervical cancer: A population-based study of long-term survival. Gynecol Oncol
150:44-49, 2018

9. National Comprehensive Cancer Network: Clinical practice guidelines in oncology: Cervical cancer. Version 3. https://www.nccn.org/professionals/
physician_gls/pdf/cervical.pdf

10. Marth C, Landoni F, Mahner S, et al: Cervical cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol 28:iv72-iv83, 2017
(suppl 4)

11. Landoni F, Maneo A, Colombo A, et al: Randomised study of radical surgery versus radiotherapy for stage Ib-lla cervical cancer. Lancet 350:535-540, 1997

12. Sedlis A, Bundy BN, Rotman MZ, et al: A randomized trial of pelvic radiation therapy versus no further therapy in selected patients with stage IB carcinoma of the
cervix after radical hysterectomy and pelvic lymphadenectomy: A Gynecologic Oncology Group Study. Gynecol Oncol 73:177-183, 1999

13. Peters WA Ill, Liu PY, Barrett RJ Il, et al: Concurrent chemotherapy and pelvic radiation therapy compared with pelvic radiation therapy alone as adjuvant
therapy after radical surgery in high-risk early-stage cancer of the cervix. J Clin Oncol 18:1606-1613, 2000

14. Bentivegna E, Gouy S, Maulard A, et al: Oncological outcomes after fertility-sparing surgery for cervical cancer: A systematic review. Lancet Oncol 17:
e240-e253, 2016

15. Ramirez PT, Frumovitz M, Pareja R, et al: Minimally invasive versus abdominal radical hysterectomy for cervical cancer. N Engl J Med 379:1895-1904, 2018

16. Melamed A, Margul DJ, Chen L, et al: Survival after minimally invasive radical hysterectomy for early-stage cervical cancer. N Engl J Med 379:1905-1914; Epub
ahead of print, 2018

17. MonkBJ, Tewari KS, Koh W-J: Multimodality therapy for locally advanced cervical carcinoma: State of the art and future directions. J Clin Oncol 25:2952-2965, 2007

18. Gouy S, Morice P, Narducci F, et al: Prospective multicenter study evaluating the survival of patients with locally advanced cervical cancer undergoing
laparoscopic para-aortic lymphadenectomy before chemoradiotherapy in the era of positron emission tomography imaging. J Clin Oncol 31:3026-3033, 2013

19. Small W Jr, Mell LK, Anderson P, et al: Consensus guidelines for delineation of clinical target volume for intensity-modulated pelvic radiotherapy in postoperative
treatment of endometrial and cervical cancer. Int J Radiat Oncol Biol Phys 71:428-434, 2008

20. LinY, Chen K, Lu Z, et al: Intensity-modulated radiation therapy for definitive treatment of cervical cancer: A meta-analysis. Radiat Oncol 13:177, 2018

21. Mell LK, Sirdk I, Wei L, et al: Bone marrow-sparing intensity modulated radiation therapy with concurrent cisplatin for stage IB-IVA cervical cancer: An
international multicenter phase Il clinical trial (INTERTECC-2). Int J Radiat Oncol Biol Phys 97:536-545, 2017

22. Potter R, Tanderup K, Kirisits C, etal: The EMBRACE Il study: The outcome and prospect of two decades of evolution within the GEC-ESTRO GYN working group
and the EMBRACE studies. Clin Transl Radiat Oncol 9:48-60, 2018

23. Morris M, Eifel PJ, Lu J, et al: Pelvic radiation with concurrent chemotherapy compared with pelvic and para-aortic radiation for high-risk cervical cancer. N Engl
J Med 340:1137-1143, 1999

24. Rose PG, Bundy BN, Watkins EB, et al: Concurrent cisplatin-based radiotherapy and chemotherapy for locally advanced cervical cancer. N Engl J Med 340:
1144-1153, 1999

25. Keys HM, Bundy BN, Stehman FB, et al: Cisplatin, radiation, and adjuvant hysterectomy compared with radiation and adjuvant hysterectomy for bulky stage I1B
cervical carcinoma. N Engl J Med 340:1154-1161, 1999

26. Whitney CW, Sause W, Bundy BN, et al: Randomized comparison of fluorouracil plus cisplatin versus hydroxyurea as an adjunct to radiation therapy in stage
11B-IVA carcinoma of the cervix with negative para-aortic lymph nodes: A Gynecologic Oncology Group and Southwest Oncology Group study. J Clin Oncol 17:
1339-1348, 1999

27. Duefias-Gonzalez A, Zarba JJ, Patel F, et al: Phase Ill, open-label, randomized study comparing concurrent gemcitabine plus cisplatin and radiation followed by

adjuvant gemcitabine and cisplatin versus concurrent cisplatin and radiation in patients with stage IIB to IVA carcinoma of the cervix. J Clin Oncol 29:
1678-1685, 2011

Journal of Clinical Oncology 2487


mailto:ktewari@uci.edu
http://ascopubs.org/doi/full/10.1200/JCO.18.02303
http://ascopubs.org/doi/full/10.1200/JCO.18.02303
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45.

46.
47.

48.

49.
50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.
64.

Tewari and Monk

Schefter T, Winter K, Kwon JS, et al: RTOG 0417: Efficacy of bevacizumab in combination with definitive radiation therapy and cisplatin chemotherapy in
untreated patients with locally advanced cervical carcinoma. Int J Radiat Oncol Biol Phys 88:101-105, 2014

Xue R, Cai X, Xu H, et al: The efficacy of concurrent weekly carboplatin with radiotherapy in the treatment of cervical cancer: A meta-analysis. Gynecol Oncol
150:412-419, 2018

Ryu SY, Lee WM, Kim K, et al: Randomized clinical trial of weekly vs. triweekly cisplatin-based chemotherapy concurrent with radiotherapy in the treatment of
locally advanced cervical cancer. Int J Radiat Oncol Biol Phys 81:€577-e581, 2011

Gupta S, Maheshwari A, Parab P, et al: Neoadjvuant chemotherapy followed by radical surgery versus concomitant chemotherapy and radiotherapy in patients
with stage I1B2, llA, or 1IB squamous cervical cancer: A randomized controlled trial. J Clin Oncol 36:1548-1555, 2018

Katsumata N, Yoshikawa H, Kobayashi H, et al: Phase Il randomised controlled trial of neoadjuvant chemotherapy plus radical surgery vs radical surgery alone
for stages IB2, 11A2, and IIB cervical cancer: A Japan Clinical Oncology Group trial (JCOG 0102). Br J Cancer 108:1957-1963, 2013

Bonomi P, Blessing JA, Stehman FB, et al: Randomized trial of three cisplatin dose schedules in squamous-cell carcinoma of the cervix: A Gynecologic
Oncology Group study. J Clin Oncol 3:1079-1085, 1985

Thigpen JT, Blessing JA, DiSaia PJ, et al: A randomized comparison of a rapid versus prolonged (24 hr) infusion of cisplatin in therapy of squamous cell
carcinoma of the uterine cervix: A Gynecologic Oncology Group study. Gynecol Oncol 32:198-202, 1989

McGuire WP III, Arseneau J, Blessing JA, et al: A randomized comparative trial of carboplatin and iproplatin in advanced squamous carcinoma of the uterine
cervix: A Gynecologic Oncology Group study. J Clin Oncol 7:1462-1468, 1989

Omura GA, Blessing JA, Vaccarello L, et al: Randomized trial of cisplatin versus cisplatin plus mitolactol versus cisplatin plus ifosfamide in advanced squamous
carcinoma of the cervix: A Gynecologic Oncology Group study. J Clin Oncol 15:165-171, 1997

Bloss JD, Blessing JA, Behrens BC, et al: Randomized trial of cisplatin and ifosfamide with or without bleomycin in squamous carcinoma of the cervix: A
Gynecologic Oncology Group study. J Clin Oncol 20:1832-1837, 2002

Moore DH, Blessing JA, McQuellon RP, et al: Phase Il study of cisplatin with or without paclitaxel in stage IVB, recurrent, or persistent squamous cell carcinoma
of the cervix: A gynecologic oncology group study. J Clin Oncol 22:3113-3119, 2004

Long HJ Ill, Bundy BN, Grendys EC Jr, et al: Randomized phase Ill trial of cisplatin with or without topotecan in carcinoma of the uterine cervix: A Gynecologic
Oncology Group Study. J Clin Oncol 23:4626-4633, 2005

Monk BJ, Sill MW, McMeekin DS, et al: Phase Ill trial of four cisplatin-containing doublet combinations in stage IVB, recurrent, or persistent cervical carcinoma:
A Gynecologic Oncology Group study. J Clin Oncol 27:4649-4655, 2009

Kitagawa R, Katsumata N, Shibata T, et al: Paclitaxel plus carboplatin versus paclitaxel plus cisplatin in metastatic or recurrent cervical cancer: The open-label
randomized phase Il trial JCO0505. J Clin Oncol 33:2129-2135, 2015

Minion LE, Tewari KS: Cervical cancer - state of the science: From angiogenesis blockade to checkpoint inhibition. Gynecol Oncol 148:609-621, 2018

Obermair A, Wanner C, Bilgi S, et al: Tumor angiogenesis in stage IB cervical cancer: Correlation of microvessel density with survival. Am J Obstet Gynecol 178:
314-319, 1998

Tewari KS, Taylor JA, Liao SY, et al: Development and assessment of a general theory of cervical carcinogenesis utilizing a severe combined immunodeficiency
murine-human xenograft model. Gynecol Oncol 77:137-148, 2000

Kudelka AP, Levy T, Verschraegen CF, et al: A phase | study of TNP-470 administered to patients with advanced squamous cell cancer of the cervix. Clin Cancer
Res 3:1501-1505, 1997

Kudelka AP, Verschraegen CF, Loyer E: Complete remission of metastatic cervical cancer with the angiogenesis inhibitor TNP-470. N Engl J Med 338:991-992, 1998

Monk BJ, Sill MW, Burger RA, et al: Phase Il trial of bevacizumab in the treatment of persistent or recurrent squamous cell carcinoma of the cervix: A
gynecologic oncology group study. J Clin Oncol 27:1069-1074, 2009

Monk BJ, Mas Lopez L, Zarba JJ, et al: Phase II, open-label study of pazopanib or lapatinib monotherapy compared with pazopanib plus lapatinib combination
therapy in patients with advanced and recurrent cervical cancer. J Clin Oncol 28:3562-3569, 2010

Tewari KS, Sill MW, Long HJ IlI, et al: Improved survival with bevacizumab in advanced cervical cancer. N Engl J Med 370:734-743, 2014

Penson RT, Huang HQ, Wenzel LB, et al: Bevacizumab for advanced cervical cancer: patient-reported outcomes of a randomised, phase 3 trial (NRG Oncology-
Gynecologic Oncology Group protocol 240). Lancet Oncol 16:301-311, 2015

Pfaendler KS, Liu MC, Tewari KS: Bevacizumab in cervical cancer: 5 years after. Cancer J 24:187-192, 2018

Moore DH, Tian C, Monk BJ, et al: Prognostic factors for response to cisplatin-based chemotherapy in advanced cervical carcinoma: A Gynecologic Oncology
Group Study. Gynecol Oncol 116:44-49, 2010

Tewari KS, Sill MW, Monk BJ, et al: Prospective validation of pooled prognostic factors in women with advanced cervical cancer treated with chemotherapy with/
without bevacizumab: NRG Oncology/GOG Study. Clin Cancer Res 21:5480-5487, 2015

Tewari KS, Sill MW, Penson RT, et al: Bevacizumab for advanced cervical cancer: Final overall survival and adverse event analysis of a randomised, controlled,
open-label, phase 3 trial (Gynecologic Oncology Group 240). Lancet 390:1654-1663, 2017

Sugiyama T, Mizuno M, Aoki Y, et al: A single-arm study evaluating bevacizumab, cisplatin, and paclitaxel followed by single-agent bevacizumab in Japanese
patients with advanced cervical cancer. Jpn J Clin Oncol 47:39-46, 2017

Redondo A, Colombo N, Dreosti LM, et al. Preliminary results from CECILIA, an open-label global safety study of bevacizumab (BEV), carboplatin (C) and
paclitaxel (P) therapy for metastatic, recurrent or persistent cervical cancer (CC). J Clin Oncol 36, 2018 (suppl; abstr 5528)

Symonds RP, Gourley C, Davidson S, et al: Cediranib combined with carboplatin and paclitaxel in patients with metastatic or recurrent cervical cancer (CIRCCa):
A randomised, double-blind, placebo-controlled phase 2 trial. Lancet Oncol 16:1515-1524, 2015

Wolford JE, Tewari KS: Rational design for cervical cancer therapeutics: Cellular and non-cellular based strategies on the horizon for recurrent, metastatic or
refractory cervical cancer. Expert Opin Drug Discov 13:445-457, 2018

Huh W, Brady WE, Dizon DS, et al: A prospective phase Il trial of the Listeria-based human papillomavirus immunotherapy axalimogene filolisbac in second-
and third-line metastatic cervical cancer: A NRG Oncology/Gynecologic Oncology Group trial. Gynecol Oncol 145:220, 2017 (suppl 1)

Stevanovi¢ S, Draper LM, Langhan MM, et al: Complete regression of metastatic cervical cancer after treatment with human papillomavirus-targeted tumor-
infiltrating T cells. J Clin Oncol 33:1543-1550, 2015

Kang Z, Stevanovic S, Hinrichs CS, et al: Circulating cell-free DNA for metastatic cervical cancer detection, genotyping, and monitoring. Clin Cancer Res 23:
6856-6862, 2017

Ojesina Al, Lichtenstein L, Freeman SS, et al: Landscape of genomic alterations in cervical carcinomas. Nature 506:371-375, 2014
Cancer Genome Atlas Research Network, et al: Integrated genomic and molecular characterization of cervical cancer. Nature 543:378-384, 2017

Stevanovic S, Pasetto A, Helman SR, et al: Landscape of immunogenic tumor antigens in successful immunotherapy of virally induced epithelial cancer.
Science 356:200-205, 2017

2488 © 2019 by American Society of Clinical Oncology Volume 37, Issue 27



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Contemporary Management of Invasive Cervical Cancer

Lheureux S, Butler MO, Clarke B, et al: Association of ipilimumab with safety and antitumor activity in women with metastatic or recurrent human
papillomavirus-related cervical carcinoma. JAMA Oncol 4:e173776, 2018

Santin A, Deng W, Frumovitz MM, et al. A phase Il evaluation of nivolumab, a fully human antibody against PD-1, in the treatment of persistent or recurrent
cervical cancer. J Clin Oncol 36, 2018 (suppl; abstr 5536)

Frenel JS, Le Tourneau C, O'Neil B, et al: Safety and efficacy of pembrolizumab in advanced, programmed death ligand 1-positive cervical cancer: Results from
the phase Ib KEYNOTE-028 Trial. J Clin Oncol 35:4035-4041, 2017

Chung HC, Ros W, Delord J-P, et al: Efficacy and safety of pembrolizumab in previously treated advanced cervical cancer: Results from the phase I
KEYNOTE-158 study. J Clin Oncol 10.1200/JC0.18.01265 [epub ahead of print on April 3, 2019]

Migden MR, Rischin D, Schmults CD, et al: PD-1 blockade with cemiplimab in advanced cutaneous squamous-cell carcinoma. N Engl J Med 379:341-351,
2018

Garcia J, Lin YG, Louie S, et al: Phase Il clinical trial of eribulin (E) in advanced/recurrent cervical cancer. J Clin Oncol 36, 2018 (suppl; abstr 5526)
Hong DS, Arkenau HT, de Bono J, et al: Tisotumab vedotin (TV) in patients with previously treated recurrent or metastatic cervical cancer: updated safety and
efficacy results from the full cervical cohort of the phase Il Innova TV 201 study (NCT02001623). Presented at The Society of Gynecologic Oncology (SGO)’s
50th Annual Meeting on Women’s Cancer; Honolulu, Hawaii; March 16-19, 2019. Abstract 19

Thaker PH, Salani R, Brady WE, et al: A phase | trial of paclitaxel, cisplatin, and veliparib in the treatment of persistent or recurrent carcinoma of the cervix: An
NRG Oncology Study (NCT#01281852). Ann Oncol 28:505-511, 2017

Kenter G, Greggi S, Vergote |, et al. Results from neoadjuvant chemotherapy followed by surgery compared to chemoradiation for stage I1B2-1IB cervical cancer,
EORTC 55994. J Clin Oncol 37:15 suppl abstract #5503, 2019

D’Souza A, Roman LD, Saura C, et al: Neratinib in patients with HER2-mutant metastatic cervical cancer: findings from the phase 2 SUMMIT ‘basket’ trial.
Presented at The Society of Gynecologic Oncology (SGO)’s 50th Annual Meeting on Women'’s Cancer; Honolulu, Hawaii; March 16-19, 2019. Abstract 18.

L

ASCO’s Conquer Cancer Foundation

Conquer Cancer Foundation funds research into every facet of cancer to benefit every patient, everywhere. In 1964, seven
oncologists created ASCO, now a global network of nearly 45,000 cancer professionals. As ASCQO’s foundation, Conquer
Cancer helps turn science into a sigh of relief for patients around the world by supporting groundbreaking research and
education across cancer’s full continuum.

For more information, visit CONQUER.ORG

CONQUER CANCER

THE ASCO FOUNDATION

Journal of Clinical Oncology 2489


http://10.1200/JCO.18.01265

Tewari and Monk

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Evidence-Based Treatment Paradigms for Management of Invasive Cervical Carcinoma

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are self-held
unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more information about
ASCQ'’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.

Krishnansu S. Tewari

Honoraria: Tesaro, Clovis Oncology

Consulting or Advisory Role: Genentech

Speakers’ Bureau: Genentech, AstraZeneca, Merck

Research Funding: AbbVie (Inst), Genentech (Inst), Morphotek (Inst), Merck
(Inst), Regeneron (Inst)

Travel, Accommodations, Expenses: Genentech

© 2019 by American Society of Clinical Oncology

Bradley J. Monk

Leadership: US Oncology

Honoraria: GlaxoSmithKline, Merck, Tesaro, Genentech, AstraZeneca, Gradalis,
Advaxis, Amgen, Immunogen, Bayer, NuCana BioMed, Insys Therapeutics,
Clovis Oncology, Oxigene, Pfizer, Mateon Therapeutics, Precision Oncology,
Perthera, Biodesix, AbbVie, Myriad Pharmaceuticals, Incyte, Janssen, Amgen,
Genmab, Samumed, Takeda, VBL Therapeutics, Puma Biotechnology,
Immunomedics, Conjupro

Consulting or Advisory Role: GlaxoSmithKline, Merck, Tesaro, Genentech,
AstraZeneca, Gradalis, Advaxis, Verastem, Cerulean Pharma, Amgen,
Vermillion, Immunogen, Bayer, NuCana BioMed, Insys Therapeutics, Clovis
Oncology, Oxigene, Pfizer, Mateon Therapeutics, Precision Oncology, Perthera,
Biodesix, AbbVie, Myriad Pharmaceuticals, Incyte

Speakers’ Bureau: Genentech, AstraZeneca, Janssen, Clovis Oncology, Tesaro,
Novartis (Inst), Amgen (Inst), Genentech (Inst), Eli Lilly (Inst), Janssen (Inst),
Array BioPharma (Inst), Tesaro (Inst), Morphotek (Inst), Pfizer (Inst), Advaxis
(Inst), AstraZeneca (Inst), Immunogen (Inst), Regeneron (Inst), Nucana (Inst)

No other potential conflicts of interest were reported.

Volume 37, Issue 27


http://www.asco.org/rwc
http://ascopubs.org/jco/site/ifc

	Evidence
	INTRODUCTION
	INITIAL DIAGNOSTIC EVALUATION AND STAGING
	TREATMENT OF CERVICAL CANCER
	Therapy for FIGO 2018 IA to IB2 Disease
	Therapy for FIGO 2018 IB3 to IVA Disease
	Management of FIGO IVB and Recurrent Disease
	Anti
	Post–GOG
	Tumor vaccines and cellular
	Landscape of genomic alterations and rationale for immune checkpoint blockade.
	Clinical experience with anti–PD
	Novel strategies on the horizon.


	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183XAmerican Society of Clinical Oncology180230310.1200/JCO.18.02303GYNCCERVICALR ...


