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Abstract

The optimal treatment strategy for stage IB2-IIB cervical cancer is controversial. This sys-

tematic review with meta-analysis evaluated the efficacy of concomitant chemoradiotherapy

(CCRT) and neoadjuvant chemotherapy followed by radical surgery (NACT+S). Studies

that evaluated NACT+S versus CCRT for patients with Federation of Gynecology and

Obstetrics stage IB2-IIB cervical cancer were searched in MEDLINE, EMBASE, and the

Cochrane Library database. Hazard ratios (HRs) with their respective 95% confidence inter-

vals (CIs) were calculated using a random-effects model. Toxicity was also evaluated. Six

qualified retrospective studies and one randomized controlled trial (2270 patients) were

included in this review. The results suggested that compared with CCRT, NACT+S did not

improve overall survival in all patients (HR 0.73, 95% CI 0.52–1.02) or stage IIB patients

(HR 0.83, 95% CI 0.61–1.15). NACT+S did not improve disease-free survival (DFS) in stage

IIB patients (HR 1.10, 95% CI 0.70–1.71). In the analysis of DFS in all patients, a high

degree of heterogeneity was detected (I2 = 84%). Sensitivity analysis that eliminated these

heterogeneous data suggested that CCRT could improve DFS over NACT+S (HR 1.47,

95% CI 1.12–1.93). Diarrhea and rectal and bladder complications occurred at a lower rate

in the NACT+S group than in the CCRT group. NACT+S had no survival advantage for

patients with stage IB2-IIB cervical cancer compared with CCRT but was associated with

fewer side effects. Further prospective studies with a larger sample size of treatment proto-

cols for locally advanced cervical cancer are needed.

Introduction

Cervical cancer is the third commonest cancer in women worldwide, and, notably, the inci-

dence and mortality rates of cervical cancer are especially high in Asia, Latin America, the

Caribbean, and Africa, accounting for approximately 86% of global cervical cancer deaths [1].
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It is estimated that over 38% of tumors are diagnosed at International Federation of Gynecol-

ogy and Obstetrics (FIGO) stage IB2-IIB [2]. However, the treatment strategy for stage

IB2-IIB, and especially stage IIB, cervical cancer is controversial. After five large randomized

controlled trials in the 1990s [3], cisplatin-based concurrent chemotherapy and external pelvic

irradiation followed by brachytherapy (CCRT) has been the preferred treatment option for

patients with stage IB2-IIB cervical cancer. Although most patients initially respond to this

therapeutic approach, 22%-41% of patients still experience recurrence [4, 5]. Moreover, this

treatment is associated with early and long-term toxicities, including radiocystitis, radiation

enterocolitis, vaginal stenosis, and pelvic adhesion. Therefore, physicians have been actively

exploring more effective treatments. Neoadjuvant chemotherapy (NACT) followed by radical

surgery (hysterectomy plus pelvic lymph node dissection) (NACT+S) is the most extensively

researched treatment modality and has gained the most attention because it is considered to

improve disease control and reduce toxicity.

NACT was first proposed by Feri in 1982 [6], and NACT before surgery and/or radiother-

apy for patients with head and neck cancer improves disease-free survival (DFS). After the

1990s, to improve the resection rate of locally advanced cervical cancer, NACT gradually

began to be widely administered. Many studies showed that NACT+S could shrink tumors,

improve the R0 resection rate, reduce intraoperative spreading risk, reduce the occurrence of

postoperative complication, and even improve survival outcomes compared with surgery

alone or radiotherapy [7–10]. However, there are disadvantages to this treatment, such as the

prolongation of treatment, increased medical expenses, and potential tumor progression

caused by insensitivity to chemotherapy [11]. However some studies also indicate that NACT

+S has no survival benefit [12]. Now NACT+S remains controversial, especially in the CCRT

ear. Further studies have raised the question of which treatment is better for patients with

stage IB2-IIB cervical cancer. Therefore, this systematic review with meta-analysis was con-

ducted to compare the clinical outcomes of patients with FIGO stage IB2-IIB cervical cancer

receiving NACT+S with those of patients receiving CCRT.

Methods

Data sources and search method

Medline, the Cochrane library, Embase were searched for studies published from May 2000 to

May 31, 2019. The following MeSH terms and their combinations were searched: “cervical

cancer,” “stage IB2-IIB,” “neoadjuvant chemotherapy,” “surgery,” “chemoradiation,” and

“radiotherapy.” Reference lists of all recovered trials and relevant reviews were also considered.

Some meeting abstracts including the American Society of Clinical Oncology, American Soci-

ety for Therapeutic Radiology and Oncology, European Society of Gynaecological Oncology,

European Conference on Clinical Oncology, and European Society of Medical Oncology were

also searched from 2000 to 2019. When some studies have duplicate patient samples, only data

from the most recent publication were included in the meta-analysis.

Study selection

Two researchers (JW and YH) found relevant articles based on the search strategy. The third

reviewer (WZ) independently checks the article for possible inclusion and to resolve

disagreements.

Studies were included for analysis if they fulfilled the following criteria: (1) cohort or

case–control studies that compared NACT+S and CCRT for patients with FIGO stage

IB2-IIB cervical cancer; (2) reported the number of patients undergoing both NACT+S and

CCRT; and (3) reported overall survival (OS), progression-free survival (PFS), DFS, or
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adverse reactions in patients undergoing both NACT+S and CCRT. OS was evaluated from

the date of randomization to death from any cause or censored at the time of last follow-up.

DFS was defined as the time from the date of randomization to the first evidence of clinical

recurrence (loco-regional or distant) or death from any cause, or was censored at the date of

last follow-up. PFS was defined as the time from the date of randomization until the date of

disease progression or death. The definition of PFS was almost identical to that of DFS, with

the exception of the survival time of patients with residual tumors. We included articles

published in English. We excluded studies with poor literature quality or studies involving

patients with stage III-IV. Additional exclusion criteria included lack of original data and

incomplete reports. Full-text versions of all eligible studies were obtained for quality assess-

ment and data extraction.

Data extraction and quality assessment

Data from the included studies were extracted and summarized independently by two

investigators (JW and YZ). A third investigator (WZ) was available to resolve discrepancies

between the two sets of extracted data. The following data were collected from each study:

general identification information (authors, title, journal, date of publication, and duplica-

tion of publication), trial, type of patients, intervention characteristics, and reported out-

comes. When it was not possible to obtain data from the publication, we tried to contact the

authors to provide the information or additional data. Data were directly extracted from the

publications or estimated from survival curves using the methods described by Parmar and

colleagues [13]. Calculations were carried out using the spreadsheet provided by Tierney

and colleagues [14].

The modified checklist based upon the Newcastle-Ottawa scale was used by two investiga-

tors (HZ and CH) to assess the quality of the studies. If disagreements were encountered, they

were resolved through consultation. This instrument rates observational studies on a nine-

point scale based on appropriateness of the study sample, comparability of study groups, and

adequacy of assessing exposure and outcomes [15].

Data synthesis and statistical analysis

Review Manager 5.2 software was used to perform the meta-analysis. For time to event data,

the hazard ratio (HR) of the NACT+S arm over the CCRT arm was used as a summary sta-

tistic for effect outcomes (OS and PFS), and the 95% CI was calculated for each point esti-

mate. Data were analyzed using the inverse variance method. For dichotomous variables,

the effect of treatment was calculated as an odds ratio (OR) and is presented with the corre-

sponding 95% CI. Data were analyzed using the Mantel-Haenszel method. HRs and their

respective 95% CIs were calculated using a Der-Simonian and Laird random-effects model

[16]. Statistical heterogeneity of the results of the studies was assessed by the chi-square test

and expressed with the I2 index, as described by Higgins and colleagues [17]. A chi-squared

P-value < 0.05 or I2 value > 50% were consistent with possible substantial heterogeneity.

When heterogeneity was detected, a possible explanation was intensively pursued. If a rea-

sonable cause was found, a separate analysis was then performed. When the cause was not

apparent and heterogeneity was caused by divergent data in terms of the direction of the

results, we chose not to pool the data. Publication bias was evaluated by Egger’s test [18].

The sensitivity analysis was performed for confirmation of the results when necessary,

namely, a single study in the meta-analysis was deleted each time to reflect the influence of

the individual data set to the pooled HR.
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Results

Literature search

The literature search yielded 536 potentially relevant titles. After initial review, 15 titles and

abstracts were potentially appropriate. Of these, 7 were excluded for the following reasons:

research groups did not match (no comparison between NACT+S and CCRT), the study did

not examine the outcome of interest, or the data were insufficient. After reviewing the remain-

ing 8 studies we excluded 1 study that may have included partially overlapping data.

Finally, 6 qualified retrospective studies and 1 randomized controlled trial, comprising

2270 patients, were included in this review [4, 5, 19–23]. There were 1214 and 1056 patients in

the NACT+S and CCRT groups, respectively. Two studies included patients with stage IB2-IIB

cervical cancer, 3 included patients with stage IIB cervical cancer, and 2 included patients with

stage IB2 cervical cancer. A flowchart shows the detailed process of selection (Fig 1).

Study characteristics

The main characteristics of the included studies are shown in Table 1. All patients were aged

between 20 and 91 years. One of the studies separated people aged<65 and>65 years for

Fig 1. Flowchart showing publication selection.

https://doi.org/10.1371/journal.pone.0225264.g001
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prognostic analysis. There were 3 studies that included records of treatment-related toxicity

effects, and all studies examined factors influencing OS and DFS. Both NACT and CCRT were

platinum-based single-drug or multi-drug combination regimens, in which cisplatin was the

main drug. The combination drugs included paclitaxel, VP16, 5-fluorouracil, vincristine, and

bleomycin. Patients who were treated with CCRT all received external beam radiotherapy and

intracavitary after-loading therapy. Two studies used intensity-modulated radiation therapy

for external irradiation; the remaining studies did not describe external irradiation methods in

detail. Postoperative supplementary radiotherapy and chemotherapy were administered to the

NACT+S group in six studies. In the NACT+S group, 23.1%-96.1% of patients received adju-

vant therapy.

Quality assessment

The quality assessment for included studies is described in S1 Table. Of a maximum 9 points,

1 study had a quality score of 5, 1 had a score of 6, 3 had a score of 7, 1 had a score of 8, and 1

had a score of 9. All studies had appropriate cohort selection, including representativeness of

the NACT+S cohort and selection of the CCRT cohort. All studies ascertained treatment and

stage IB2-IIB cervical cancer patient outcomes through medical records.

Outcomes: OS, DFS, and toxicity

OS was analyzed in 7 studies comprising 2270 patients with stage IB2-IIB cervical cancer. The

results suggested that NACT+S did not improve OS compared with CCRT in the entire cohort

(NACT+S vs. CCRT: HR 0.73, 95% CI 0.52–1.02, P = 0.07), with median heterogeneity among

the studies (P = 0.08, I2 = 45%; Fig 2). After sensitivity analysis, it was determined that one of

the studies was the main cause of the heterogeneity [21], and the heterogeneity was eliminated

after its exclusion (P = 0.49, I2 = 0%; S1 Fig). However, the results did not change after this

exclusion (NACT+S vs. CCRT: HR 0.90, 95% CI 0.72–1.12, P = 0.35). No publication bias was

detected using Egger’s test (P = 0.946), and no significant outcome of influence analysis was

observed.

In a subgroup analysis, OS was analyzed in 3 studies comprising 1085 patients with stage

IIB cancer. NACT+S did not improve OS compared with CCRT in this cohort (NACT+S vs.

CCRT: HR 0.83, 95% CI 0.61–1.15, P = 0.26), with no heterogeneity among the studies

(P = 0.72, I2 = 0%; Fig 3).

Fig 2. Forest plot of overall survival (OS) for patients with stage IB2-IIB cervical cancer.

https://doi.org/10.1371/journal.pone.0225264.g002
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DFS was analyzed in 6 studies comprising 2037 patients with stage IB2-IIB cervical cancer.

The definition of PFS was almost identical to that of DFS with the exception of the survival

time of patients with residual tumors. Therefore, this meta-analysis combined the two results.

The results suggested that NACT+S did not improve DFS compared with CCRT among all

patients (NACT+S vs. CCRT: HR 0.94, 95% CI 0.57–1.56, P = 0.82); however, high heterogene-

ity was detected (P < 0.00001, I2 = 84%; Fig 4A). Through sensitivity analysis, we found that

the heterogeneity was eliminated after excluding all of the Chinese studies (all Chinese studies

excluded: P = 0.43, I2 = 0%). After this exclusion, we found that CCRT could improve DFS

(NACT+S vs. CCRT: HR 1.47, 95% CI 1.12–1.93, P = 0.005; Fig 4B). Moreover, no publication

bias was detected with Egger’s test (P = 0.687), and no significant outcome of influence analysis

was observed.

Fig 3. Forest plot of overall survival (OS) for patients with stage IIB cervical cancer.

https://doi.org/10.1371/journal.pone.0225264.g003

Fig 4. Forest plot of disease free survival (DFS) for patients with stage IB2 IIB cervical cancer. A: Including all studies; B:

After excluding three Chinese studies.

https://doi.org/10.1371/journal.pone.0225264.g004
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In a subgroup analysis, DFS was analyzed in 3 studies comprising 1085 patients with stage

IIB cervical cancer. NACT+S did not improve DFS compared with CCRT in this cohort

(NACT+S vs. CCRT: HR 1.10, 95% CI 0.70–1.71, P = 0.68), with heterogeneity among the

studies (P = 0.007, I2 = 71%; Fig 5A). After sensitivity analysis, it was found that the heteroge-

neity was mainly caused by 1 study, and the heterogeneity was eliminated after its exclusion

(P = 0.45, I2 = 0%; Fig 5B); this exclusion did not change the result (NACT+S vs. CCRT: HR

0.83, 95% CI 0.65–1.05, P = 0.12).

Toxicity was analyzed in 3 studies comprising 1535 patients with stage IB2-IIB cervical can-

cer. The early adverse events included hematologic toxicity, nausea, vomiting, diarrhea, and

renal failure. The cumulative late adverse events included bladder, bowel, and pelvic and vagi-

nal complications. There was no difference in the incidence of vomiting (OR 1.0, 95% CI 0.74–

1.36; S2 Fig) or grade 3 or 4 hematological toxicities (OR 1.69, 95% CI 0.26–11.10, P = 0.58; S3

Fig) between the two groups, whereas diarrhea (OR 0.55, 95% CI 0.31–0.98; S4 Fig), bladder

complications (OR 0.27, 95% CI 0.15–0.49; S5 Fig), and rectal complications (OR 0.21, 95% CI

0.13–0.34; S6 Fig) occurred at a lower rate in the NACT+S group than in the CCRT group. All

had a high degree of heterogeneity and included fewer studies, and the result may be

unreliable.

Discussion

According to the National Comprehensive Cancer Network guidelines for cervical cancer,

CCRT is the most appropriate option for patients with stage IB2-IIB cervical cancer, and other

than surgery, it is also the most appropriate option for patients with stage IIA1 disease [24].

However, at present the overall efficacy of CCRT for stage IB2-IIB cervical cancer patients is

not ideal [25], and there are some controversies. A meta-analysis in 2002, which used data

Fig 5. Forest plot of disease free survival (DFS) for patients with stage IIB cervical cancer. A: Including all studies; B: After

excluding one Indian study.

https://doi.org/10.1371/journal.pone.0225264.g005
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from 18 trials and 2074 patients, indicated a highly significant reduction in the risk of death

with NACT (HR 0.65, 95% CI 0.53–0.80, P = 0.0004) [14]. A multicenter randomized study in

Italy also showed a survival benefit of NACT+S compared to conventional radiotherapy

(5-year OS, 58.9% vs 44.5%, P = 0.007; 5-year PFS, 55.4% vs 41.3%, P = 0.02) [26]. Although

these studies indicated that NACT+S could improve survival, they were all conducted in the

era before CCRT treatment.

Compared with CCRT, the efficacy of NACT+S is still controversial and under investiga-

tion. The retrospective study results of Lee et al. in 2016 showed that there was no significant

difference in survival between stage IB-IIB cervical cancer patients receiving NACT+S and

those receiving CCRT [27], and the same results were also suggested in the studies of Singh

(stage IB2-IIIA) [28] and Khan (stage IB2 and IIA2) [29]. However, Khan’s results indicate

that NACT is more advantageous in stage IB2-IIIB patients [30]. Hence, it is urgent to answer

this long-standing and important clinical question in the treatment of patients with stage

IB2-IIB cervical cancer.

We found only 7 studies that evaluated the efficacy of NACT+S and CCRT in patients with

stage IB2-IIB cervical cancer. Some show that NACT+S was more beneficial [20, 21], some

found no obvious difference between the two treatment modalities [4, 19, 22], and some indi-

cate that CCRT may have a survival advantage over NACT+S [5, 23]. The results of the meta-

analysis showed that NACT+S achieved comparable OS for patients with FIGO stage IB2-IIB

cervical cancer compared with CCRT, which was consistent with the results of subgroup analy-

sis in IIB stage.

In terms of OS, the results suggested that NACT+S did not improve OS compared with

CCRT in all patients or in stage IIB patients. However, it is important to note that 23.1%-96.1%

of patients in the NACT+S group received postoperative adjuvant therapy. Although some stud-

ies [31, 32] have shown that adjuvant radiotherapy or chemotherapy is recommended when the

patient has certain risk factors after surgery, it can also increase the medical burden and cause

other serious complications. In addition, Lee [23] pointed out that some patients who

responded well (complete + partial response) to NACT did not have superior OS or DFS than

patients who received CCRT. Therefore, CCRT still has advantages over NACT+S.

In the DFS analysis, we found that NACT did not improve DFS in all patients (HR 0.94,

95% CI 0.57–1.56) or in patients with stage IIB disease (HR 1.10, 95% CI 0.70–1.71). However,

the results showed obvious heterogeneity, which was still obvious after using the random-

effects model. After sensitivity analysis for nationality, adjuvant therapy, synchronous drugs,

pathologic type, research method, number of cases, and age, it seemed that the heterogeneity

may have been derived from including patients with different nationalities. After the removal

of the 3 studies from China, the heterogeneity was eliminated and the results were changed.

CCRT improved DFS in all patients (HR 1.47, 95% CI 1.12–1.93), but for stage IIB patients,

CCRT did not improve DFS (HR 0.83, 95% CI 0.65–1.05, P = 0.12). Such results may be related

to differences in ethnicity, treatment options, and radiotherapy equipment between different

countries. Although the initial results suggested that NACT+S is comparable to CCRT in

improving DFS, further analysis suggested that CCRT improves DFS over NACT+S.

In terms of toxic effects, 3 studies reported early adverse effects and cumulative late adverse

effects of CCRT. Short-term adverse effects were mainly hematologic toxicity and gastrointes-

tinal toxicity caused by chemotherapy or radiotherapy [12, 32]. Long-term adverse effects,

such as lymphedema [33] and intestinal and bladder injuries and complications [34, 35], are

generally caused by surgery or radiotherapy. After gynecologic oncology treatment (radiother-

apy/surgery ± chemotherapy), approximately 40% of patients have gastrointestinal reactions

that affect quality of life [36]. Some patients even need surgery to treat urinary tract injury

(surgery vs. radiotherapy: 6.3% vs 11.2%) [37]. Our study showed that the NACT+S group
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appeared to have an advantage in cumulative toxicity compared to the CCRT group. Addition-

ally, radiotherapy can cause ovarian failure in female cancer patients [38, 39]. According to the

National Cancer Center, 36.5% of cervical cancer patients are aged<45 years [40]. Therefore,

for patients with stage IB2-IIB cervical cancer, NACT+S may be considered as an alternative

treatment for young patients who prefer to preserve endocrine function, and this alternative

treatment may also be administered when radiotherapy is unavailable.

However, there are still some shortcomings of this study. Six of the included studies were

retrospective, and the cycles and drugs of NACT and CCRT were not uniform. We look for-

ward to more large multi-center randomized clinical trials to further confirm the results. Cur-

rently, there are ongoing large randomized controlled trials evaluating the efficacy of NACT+S

and CCRT. The ongoing European Organization for Research and Treatment of Cancer Trial

(EORTC) (ClinicalTrials.gov identifier: NCT00039338) is testing the effect of NACT+S versus

that of CCRT in patients with stage IB2-IIB disease using cisplatin-based chemotherapy regi-

mens. Unfortunately, the data are unpublished and therefore could not be included in this

meta-analysis. We await additional results from this landmark study to help shed light on the

role of NACT+S and CCRT.

Conclusion

As a systematic review study affected by many factors, our study suggested that NACT+S was

not superior to CCRT in terms of survival in stage IB2-IIB cervical cancer, and they can be

alternative treatment options. In some respects, CCRT still has advantages. However, patients

who are at greater risk of adverse effects or are treated in hospitals without radiological equip-

ment should receive NACT+S. Our conclusions were limited by the retrospective nature of the

data. Future prospective studies with a larger sample size are required to confirm our findings.
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