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Abstract

This was a nation-wide retrospective study in Japan examining women who underwent radical 

hysterectomy for clinical stage IB–IIB cervical cancer with pelvic and/or para-aortic lymph node 

metastasis between 2004 and 2008. Time to recurrence or death and patterns of disease recurrence 

were compared based upon the adjuvant treatment pattern: whole pelvic radiotherapy alone (n = 

253), concurrent chemoradiotherapy (CCRT, n = 502) and chemotherapy alone (n = 319). Women 

who received chemotherapy alone had similar recurrence (5-year rates, 36.6% vs. 34.1%, adjusted-

hazard ratio [HR] 0.95, 95% confidence interval [CI] 0.70–1.28, P = 0.72) and cervical cancer 

mortality (24.7% vs. 21.8%, adjusted-HR 0.96, 95% CI 0.67–1.38, P = 0.83) rates compared to 

those who received CCRT on multivariate analysis. However, when recurrence patterns were 
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stratified, chemotherapy treatment was independently associated with decreased risk of distant 

recurrence (5-year cumulative rates, 19.2% vs. 24.6%, adjusted-HR 0.47, 95% CI 0.31–0.71, P < 

0.001) but increased risk of local recurrence (23.9% vs. 14.3%, adjusted-HR 2.03, 95% CI 1.34–

3.08, P = 0.001) compared to CCRT. Non-squamous histology, parametrial involvement and high 

lymph node ratio were independent predictors for local recurrence, and presence of multiple risk 

factors was associated with high 5-year cumulative local recurrence rate in the chemotherapy 

group: no risk factor 3.9%, single factor 14.2–22.1%, and multiple risk factors 27.8–71.9% (P < 

0.001). In conclusion, while exhibiting different recurrence patterns, systemic chemotherapy may 

be as effective a postoperative treatment as radiation-based therapy in node-positive high-risk 

stage IB–IIB cervical cancer. When tumor exhibits certain risk factors, chemotherapy alone is 

likely insufficient for local control and adding pelvic irradiation to systemic chemotherapy is 

recommended in this subgroup.
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Cervical cancer remains the most common gynecologic malignancy worldwide.1 While 

advanced-stage disease is often difficult to cure, early-stage disease generally has a good 

prognosis and cure is highly achievable with treatment (5-year overall survival rate, 94.8–

97.5% for stage IA, 75.7–89.1% for stage IB, 65.8–73.4% for stage II, 39.7–41.5% for stage 

III and 9.3–22.0% for stage IV diseases).2 Surgery remains the mainstay of treatment for 

early-stage cervical cancer, consisting of radical hysterectomy and pelvic lymphadenectomy.
3 Surgical-pathological risk factors are histological findings from the tumor specimen, and 

these are historically classified into intermediate- and high-risk groups based on the type of 

tumor factors.4–6 Pelvic lymph node involvement is considered a high-risk factor associated 

with adverse survival outcome.3,6

Per the National Comprehensive Cancer Network guidelines, use of pelvic irradiation with 

concurrent administration of weekly chemotherapy (CCRT) is recommended as adjuvant 

therapy for node-positive early-stage cervical cancer.7 However, a recent meta-analysis 

showed that CCRT is associated with increased risk of severe toxicity.8 Owing to this 

toxicity profile which is mostly related to radiotherapy, systemic chemotherapy has been 

considered as an alternative treatment option for adjuvant therapy after primary surgical 

treatment for this high-risk group. While some studies suggested a possible utility of 

systemic chemotherapy, others concluded that systemic chemotherapy does not improve 

survival outcome.9–14 However, these studies were either performed with relatively small 

sample sizes or lacked specific data for node-positive high-risk disease making the results 

difficult to adopt.

The objective of this study was to examine survival outcomes and recurrence patterns of 

women with node-positive stage IB–IIB cervical cancer who received only postoperative 

systemic chemotherapy after radical hysterectomy as compared to those women who 

received radiation-based therapy.
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Patients and Methods

Eligibility

This was a nation-wide large-scale retrospective observational study conducted in 116 

Japanese Gynecologic Oncology Group (JGOG) designated institutions. The survey 

collected consecutive cases of clinical stage IB–IIB cervical cancer treated with primary 

radical hysterectomy between January 1, 2004 and December 31, 2008. The survey period 

for the data acquisition was between October 1, 2012 and February 28, 2013. Institutional 

Review Board approval was obtained at Tottori University and served as the host institution, 

and the JGOG-participating institutions reviewed the protocol and obtained the Institutional 

Review Board approval as indicated.

Eligibility criteria for this study were node-positive high-risk stage IB–IIB cervical cancer 

treated with adjuvant therapy after upfront type III radical hysterectomy and pelvic 

lymphadenectomy. Node metastasis included pelvic and/or para-aortic lymph nodes. Women 

who received neoadjuvant therapy prior to hysterectomy had distant metastasis other than 

para-aortic lymph node and microscopic findings of malignant cells in peritoneal cytology, 

and who did not receive adjuvant treatment were excluded from the analysis. The STROBE 

guidelines for a retrospective observational study were consulted to outline this study.15

Clinical information

Clinical and tumor information was abstracted from archived medical and pathological 

records by investigators in each participating institution. These included age, histologic 

subtype, clinical and pathological stages, tumor size, pelvic/para-aortic lymph node status 

(sampled number and tumor-involved number), parametrial involvement, deep stromal 

invasion (outer half), lymphovascular space invasion, uterine corpus involvement, peritoneal 

cytology results, ovarian involvement and presence of distant metastasis at surgery. LNR 

was defined as the percent proportion of tumor-involved lymph node among total sampled 

lymph nodes, dichotomized with the median value based on a previous study (high vs. low, 

≥6.6% vs. <6.6%).16

Adjuvant treatment information included the three modalities: whole pelvic radiotherapy 

alone (RT group), concurrent chemoradiotherapy which consisted of pelvic irradiation and 

weekly chemotherapy administration (CCRT group) and systemic chemotherapy alone 

(chemotherapy group). Use of additional radiotherapy for aortic boost and vaginal 

brachytherapy were also recorded. Regimen and administered cycles of chemotherapy were 

abstracted.

Survival information included time to recurrence and death from cervical cancer. Time to 

recurrence was defined as the time interval between the hysterectomy date and the first 

recurrent date. Time to death was defined as the time interval between the date of 

hysterectomy and the date of death due to cervical cancer. The patients were censored if 

alive at the last follow-up or died of another cause. Among recurrent cases, locations of 

recurrence were grouped into local recurrence (vaginal cuff and/or pelvis) and distant 

recurrence (any site other than local).

Matsuo et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2020 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical analysis

The primary interest of analysis was to examine survival outcome of women with 

chemotherapy-treated node-positive stage IB–IIB cervical cancer. The secondary interest of 

analysis was to profile recurrence patterns based on types of adjuvant therapy.

Kaplan–Meier method was used to construct cumulative incidence curves for recurrence and 

cervical cancer death,17 and statistical significance between the curves was determined by 

log-rank test. Cox proportional hazard regression models were used for multivariate 

analysis.18 First, an association of adjuvant treatment patterns and survival outcomes were 

adjusted by a priori survival factors such as age, histology, parametrial involvement, deep 

stromal invasion, tumor size, lymphovascular space invasion, uterine corpus involvement, 

ovarian involvement, peritoneal cytology and lymph node status. Second, an association of 

adjuvant treatment pattern and recurrence pattern (local vs. distant) was adjusted by 

significant survival factors as above. Magnitude of statistical significance was expressed 

with adjusted HR and 95% CI.

As an alternative corroboration to examine the association of adjuvant chemotherapy and 

survival outcome of women with node-positive clinical stage IB–IIB cervical cancer, we 

performed propensity score matching to adjust the background differences between the 

chemotherapy group and the CCRT group. Propensity score for chemotherapy treatment was 

computed for each case determined by multivariate logistic regression analysis 

(chemotherapy vs. CCRT). Patient demographics and tumor factors were entered in the 

propensity score model. One-to-one propensity score matching between the chemotherapy 

group and the CCRT group was performed via an automated algorithm with the propensity 

score difference cut-off being 1%.

Additionally, a subgroup analysis was performed to examine histology subtypes (squamous 

vs. non-squamous). For each histology subtype, association of treatment modality 

(chemotherapy vs. radiotherapy) and recurrence pattern was examined on multivariate 

analysis as described above. The ratio of events of interest per the adjusting covariates was 

assessed for overfitting (cut-off level <10). All statistical analyses were two-sided, and a p 
value of <0.05 was considered significant. Statistical Package for Social Sciences (IBM 

SPSS Statistics version 24.0) was used for the analysis.

Results

The selection schema is shown in Figure 1. Among 6,003 cases in the study cohort, there 

were 1,074 cases eligible for this analysis. These included the CCRT group (n = 502), the 

chemotherapy group (n = 319) and the RT group (n = 253). Demographics across the three 

groups and chemotherapy regimens are shown in Table 1 (Supporting Information, Table 

S1). A taxane/platinum-doublet was the most common choice among chemotherapy 

regimens (56.4%). The median number of administered chemotherapy cycles was 6, and 

51.7% received 6 cycles of chemotherapy.

The proportion of women who received chemotherapy increased significantly during the 

study period (15.0% in 2004 to 22.9% in 2008, P < 0.001; Table 1). Women who received 
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adjuvant chemotherapy were more likely to be young, and have non-squamous histology, 

uterine corpus involvement, and ovarian metastasis (all, P < 0.05). Chemotherapy group had 

the highest number of sampled para-aortic lymph nodes among the groups (P = 0.003). Para-

aortic lymph node metastasis, seen in 71 (6.6%) cases, was significantly associated with use 

of chemotherapy (P = 0.003). Women who had malignant cells in pelvic cytology were more 

likely to receive systemic chemotherapy although it did not reach statistical significance.

There were 364 recurrences and 241 deaths due to cervical cancer identified in the study. 

Median follow-up time of the cases without any events of recurrence or cervical cancer 

death was 64.5 months for the entire cohort. The chemotherapy group had a similar 5-year 

cumulative recurrence rate (34.1% for CCRT group, 29.1% for RT group and 36.6% for 

chemotherapy group, P = 0.49) and cervical cancer mortality rate (21.8% for CCRT group, 

21.7% for RT group and 24.7% for chemotherapy group, P = 0.29) compared to the CCRT 

and RT groups (Figs. 2a and 2b). After propensity score matching (Supporting Information, 

Table S2), women who received chemotherapy had similar recurrence (5-year cumulative 

rates, 34.2% vs. 35.1%, P = 0.94) and cervical cancer mortality (21.9% vs. 24.7%, P = 0.48) 

rates relative to those who received CCRT.

On multivariate analysis controlling for survival factors (Table 2), the chemotherapy group 

had similar recurrence (adjusted HR 0.95, 95% CI 0.70–1.28, P = 0.72) and cervical cancer 

mortality (adjusted HR 0.96, 95% CI 0.67–1.38, P = 0.83) risks relative to the CCRT group. 

After propensity score matching (Supporting Information, Table S3), women who received 

chemotherapy had similar recurrence (adjusted HR 1.19, 95% CI 0.82–1.74, P = 0.36) and 

cervical cancer mortality (adjusted HR 1.04, 95% CI 0.66–1.64, P = 0.87) risks compared to 

those who received CCRT. Among women with clinical stage I disease (n = 646) and stage 

II disease (n = 428), the results were virtually identical to the main cohort (Supporting 

Information, Tables S4 and S5).

Patterns of recurrence were examined (Supporting Information, Table S6). Local recurrence 

was seen in 172 (16.0%) cases including 57 (5.3%) cases of vaginal cuff recurrence. Distant 

recurrence was seen in 239 (22.3%) cases with para-aortic lymph nodes (n = 100, 9.3%) 

being the most common anatomical sites of recurrence followed by lung (n = 81, 7.5%) and 

thoracic/cervical lymph nodes (n = 59, 5.5%). The chemotherapy group had higher local 

recurrence (5-year cumulative rate, 14.3% for CCRT group, 13.3% for RT group and 23.9% 

for chemotherapy alone group, P < 0.001) but lower distant recurrence (24.6% for CCRT 

group, 22.1% for RT group and 19.2% for chemotherapy alone group, P = 0.05) rates 

compared to the CCRT group (Figs. 3a and 3b). Similar results were observed after 

propensity score matching.

On multivariate analysis (Table 3), chemotherapy treatment was independently associated 

with increased local recurrence (adjusted HR 2.03, 95% CI 1.34–3.08, P = 0.001) but 

decreased distant recurrence (adjusted HR 0.47, 95% CI 0.31–0.71, P < 0.001) risks 

compared to CCRT. Similarly, after propensity score matching (Supporting Information, 

Tables S7 and S8), the chemotherapy group had an independently increased local recurrence 

(adjusted HR 1.94, 95% CI 1.17–3.22, P = 0.01) but decreased distant recurrence (adjusted 

HR 0.61, 95% CI 0.38–0.98, P = 0.041) risks compared to the CCRT group.
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Local recurrence risk in the chemotherapy group was stratified based on the patterns of 

independent tumor factors for local recurrence such as non-squamous histology, parametrial 

involvement and high LNR (Table 3). In the absence of these tumor factors, the 5-year 

cumulative local recurrence rate was 3.9%. However, with the presence of multiple risk 

factors, local recurrence risks were significantly increased (5-year cumulative risk for single 

factor 14.2–22.1%, two risk factors 27.8–71.9% and three risk factors 58.5%; Supporting 

Information, Table S9).

Recurrence patterns were examined per histology subtype (Supporting Information, Table 

S10). Across the histology subtypes, a multivariate analysis showed that chemotherapy use 

was independently associated with decreased distant recurrence risk compared to 

radiotherapy: 5-year cumulative rates 13.2% vs. 21.7%, adjusted HR 0.35, 95% CI 0.19–

0.65, P = 0.001 for squamous type; and 25.8% vs. 33.8%, adjusted HR 0.54, 95% CI 0.31–

0.94, P = 0.028 for non-squamous type. Contrary, the chemotherapy group had a higher local 

recurrence risk compared to the radiotherapy group in the non-squamous group (5-year 

cumulative rates 32.7% vs. 22.5%, adjusted HR 2.21, 95% CI 1.25–3.89, P = 0.006). In the 

squamous group, this increased risk of local recurrence with chemotherapy was marginal 

and the difference did not reach statistical significance (15.6% vs. 11.8%, adjusted HR 1.61, 

95% CI 0.95–2.75, P = 0.08).

Discussion

This study found that systemic chemotherapy alone had a comparable survival outcome 

compared to CCRT for surgically treated women with node-positive early-stage cervical 

cancer. Specifically, systemic chemotherapy treatment decreased distant recurrence but 

increased local recurrence when compared to CCRT.

Utility of systemic chemotherapy as an adjuvant therapy in high-risk early-stage cervical 

cancer has been an issue of longstanding debate over the past decades but an ultimate answer 

has been missing. Our study results are similar to prior studies that demonstrated 

comparable survival outcomes between systemic chemotherapy and pelvic irradiation as 

post-hysterectomy adjuvant therapy.11,13,14 Because these prior studies were either small in 

sample size or did not solely examine node-positive high-risk cases, our data are more 

definitive to clarify this research question.

A hypothesis generated from our results is that this study functions as a “proof-of-principal” 

study in that (i) nodal metastasis is a surrogate marker for distant recurrence, and pelvic 

irradiation alone is not adequate to control such distant recurrence outside the radiation field, 

and that (ii) cervical cancer is sensitive to radiation. This hypothesis is based on the notion 

in this study that systemic chemotherapy decreased distant recurrence while there was more 

risk of local recurrence when pelvic irradiation was not administered in early-stage cervical 

cancer with nodal metastasis.

Rationale of preferring systemic chemotherapy over radiotherapy is to avoid complications 

related to pelvic irradiation after radical pelvic surgery. This was based on a randomized 

clinical trial demonstrating high complication rates after post-hysterectomy pelvic 
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irradiation compared to surgery alone.19 While there is no head-to-head clinical trial directly 

comparing efficacy and adverse events between adjuvant chemotherapy and radiotherapy in 

high-risk early-stage cervical cancer, current available evidence points toward fewer 

intestinal and urinary complication rates with chemotherapy treatment.9–11

There are potential clinical implications drawn from our study results. First, systemic 

chemotherapy can be an alternative adjuvant treatment option to CCRT in high-risk early-

stage disease. This can be particularly applicable to women who are not a candidate for 

pelvic radiotherapy after surgery, for example, due to extensive pelvic adhesive disease or 

intraoperative substantial pelvic organ injury (urinary tract, intestinal and vascular). Notably 

we found that non-squamous histology, parametrial involvement and high LNR are 

independent predictors for local failure, and that the presence of multiple factors had a 

disproportionally high risk of local recurrence in the chemotherapy group (Supporting 

Information, Table S9). This result implies that chemotherapy alone is likely insufficient for 

local control when the tumor exhibits multiple factors especially with non-squamous 

histology and parametrial involvement, and it is reasonable to recommend pelvic irradiation 

in addition to systemic chemotherapy when these factors are present. On the same line, 

chemotherapy without radiotherapy may be safely offered in the absence of these tumor 

factors. Further studies are warranted to outline the optimal candidates for adjuvant systemic 

chemotherapy after radical hysterectomy.

Our results showed that treatment responses were different across the histology subtypes. 

This finding is consistent with the current view of literature in that squamous and non-

squamous types have a different treatment response.20 Specifically, histology-specific 

analysis of GOG-92 trial demonstrated that the reduction in the rate of recurrence after 

pelvic irradiation was markedly larger in the adenocarcinomas as compared to squamous 

carcinomas, implying that cervical adenocarcinoma is more radiosensitive than squamous 

carcinoma.5,21 Our study supports this hypothesis in that radiotherapy had a lower rate of 

local recurrence compared to chemotherapy among the non-squamous cases, whereas this 

association was not clearly seen in the squamous cases.

With regards to histology-specific chemotherapy response, various studies have suggested 

that chemotherapy may be more effective in non-squamous type than squamous type.22–24 In 

our study, chemotherapy was effective in reducing distant recurrence observed in both 

histology subtypes but it seems that the squamous type may respond better than non-

squamous type (adjusted HR 0.35 vs. 0.54). However, as this comparison was between 

chemotherapy and radiotherapy and not a direct comparison between squamous and non-

squamous histology subtypes, the interpretation of these different observations between ours 

and others needs to be distinguished. In addition, difference in the targeted patient 

population may be the causality of these findings. While past studies were conducted in the 

salvage setting for metastatic or recurrent disease reflecting different tumor biology after 

multiple treatments, our study was conducted in the setting of upfront treatment. Further 

study is warranted to examine the histology-specific treatment response in cervical cancer.

Limitations of this study are that this is a retrospective study that may miss confounding 

factors. For instance, there was no standard objective measurement to assess surgical 
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radicality and completeness of hysterectomy and lymphadenectomy. In addition, the exact 

indication for treatment allocation to chemotherapy versus radiotherapy was not abstracted. 

The study population was of Asian ethnicity, and generalizability and reproducibility in 

different study populations is unknown. Last, our study did not have information on 

complications related to surgery, chemotherapy and radiotherapy, so this study could not 

evaluate the safety of adjuvant therapy. Strengths of this study include one of the largest 

sample sizes in the literature and inclusion of a homogenous study population. That is, this 

study only examined node-positive early-stage cervical cancer, reflecting the largest 

magnitude of survival significance amongst the surgical-pathological risk factors.25 

Propensity score matching enriched the statistical analysis in the study.

In Japan, infrastructural support and resource for radiotherapy has long been limited in 

availability.26,27 For this reason, gynecologic oncologists heavily rely on treatment modality 

without radiotherapy such as surgery and chemotherapy in the management of stage IB–IIB 

cervical cancer. In fact, more than a quarter of women with stage II cervical cancer 

underwent surgery-based treatment without radiotherapy shown in the 2013 national 

statistics.28 In addition, a concern for radiation toxicity after radical pelvic surgery remains a 

salient factor to avoid postoperative radiotherapy in Japan because Japanese women with 

cervical cancer are generally thin and such body habitus is associated with increased 

radiation toxicity.29,30 In consideration of these circumstances in Japan and based our 

results, the JGOG is going to launch a phase III study comparing postoperative CCRT to 

chemotherapy alone in surgically treated high-risk stage IB–IIB cervical cancer in the future 

(AFTER trial), and this trial will ultimately provide the rationale of effectiveness and 

adverse effects of postoperative systemic chemotherapy in high-risk early-stage cervical 

cancer.

In summary, systemic chemotherapy may be an effective postoperative treatment choice for 

women with surgically treated node-positive stage IB–IIB cervical cancer by reducing 

distant recurrence risk. As systemic chemotherapy seems inferior to control local recurrence 

compared to pelvic radiotherapy, adding radiotherapy to systemic chemotherapy would be 

most effective to reduce local recurrence when certain tumor factors associated with local 

recurrence risk are present.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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JGOG Japanese Gynecologic Oncology Group

LNR lymph node ratio

HR hazard ratio

CI confidence interval

GOG Gynecologic Oncology Group
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What’s new?

Treatment for early-stage cervical cancer commonly involves removal of the uterus and 

pelvic lymph nodes. To improve survival, adjuvant therapy, using either systemic 

chemotherapy or concurrent chemoradiation therapy (CCRT) may also be considered. 

Here, in a cohort of 1,074 Japanese women with node-positive early-stage (IB-IIB) 

cervical cancer who underwent primary radical hysterectomy, similar survival outcomes 

were observed for women who received postoperative systematic chemotherapy 

compared to those who received CCRT. The two modalities, however, had distinct 

recurrence patterns, with systemic chemotherapy associated with increased risk of local 

recurrence and decreased risk of distant recurrence compared to CCRT.
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Figure 1. 
Study selection schema. *Date of surgery was not reported as 1/1/2004–12/31/2008. **Not 

including para-aortic lymph node metastasis. †Clinical stage for the study cohort. ‡Including 

unknown adjuvant therapy type. §Death due to cervical cancer. Abbreviations: JGOG, 

Japanese Gynecologic Oncology Group; NAC, neoadjuvant chemotherapy; RH, radical 

hysterectomy; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; WPRT, whole pelvic 

radiotherapy.
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Figure 2. 
Cumulative incidence curves for recurrence and cervical cancer death based on adjuvant 

treatment types. Cumulative incidence curves based on adjuvant therapy types are shown for 

(a) recurrence and (b) death from cervical cancer. Abbreviations: CCRT, concurrent 

chemoradiotherapy; RT, radiation-based therapy. [Color figure can be viewed at 

wileyonlinelibrary.com]
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Figure 3. 
Cumulative incidence curves for local and distant recurrences based on adjuvant treatment 

types. Cumulative incidence curves based on adjuvant therapy types are shown for (a) local 

recurrence and (b) distant recurrence. Abbreviations: CCRT, concurrent chemoradiotherapy; 

RT, radiation-based therapy. [Color figure can be viewed at wileyonlinelibrary.com]
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