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Abstract

BACKGROUND: Pelvic lymph node metastasis carries the highest impact on decreased survival 

among surgical–pathological risk factors for early-stage cervical cancer. Although concurrent 

administration of chemotherapy during postoperative radiotherapy is the current standard 

treatment for surgically treated high-risk early-stage cervical cancer, its effectiveness specific to 

node-positive disease has not been completely studied.

OBJECTIVE: To examine the association between the use of concurrent chemotherapy and 

survival in women with early-stage cervical cancer and nodal metastasis receiving adjuvant 

radiotherapy.

MATERIALS AND METHODS: This is a population-based cohort study using the Surveillance, 

Epidemiology, and End Results Program from 1988 to 2016. Women with stage T1–2 cervical 

cancer with pelvic lymph node metastasis who underwent hysterectomy and received 

postoperative radiotherapy were examined. Trends, characteristics, and overall survival were 

compared between women who received postoperative radiotherapy alone (n = 729) or in 

combination with concurrent chemo-radiotherapy (n = 1809). Propensity score–based inverse 

probability of treatment weighting was used to account for the effect of measured covariates on 

treatment selection.

RESULTS: Among 2538 women, there was a marked increase in the use of concurrent 

chemotherapy from 1997 to 2000 (20.7% to 78.5%, P = .052), followed by a more gradual rise 

through 2016 (88.3%, P < .001). In a multivariable model, women with non–squamous cell 

carcinomas and those diagnosed more recently were more likely to receive concurrent chemo-

radiotherapy, whereas older women were less likely to receive concurrent chemo-radiotherapy (all, 

P < .05). At the population level, the 5-year overall survival rates remained unchanged (annual 

percent change for 1997–2012: −0.1; 95% confidence interval, −1.2 to 1.0; P = .776). In a 

propensity score weighted cohort, women who received concurrent chemo-radiotherapy had a 5-

year overall survival rate similar to women treated with radiotherapy alone (73.1% vs 73.6%; 

hazard ratio, 1.004; 95% confidence interval, 0.887–1.136; P = .955). Significant differences were 

also not seen in older women, nonsquamous types, stage T2 disease, and multiple node metastases 

(all, P > .05).

CONCLUSION: Despite the marked increase in the use of concurrent chemo-radiotherapy for 

women with early-stage cervical cancer and nodal metastases, there was no association between 

use of concurrent chemotherapy during postoperative radiotherapy and improved survival.
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Cervical cancer is the third most common gynecologic malignancy in the United States, with 

an estimated 13,170 new diagnoses in 2019.1 Treatment of women with cervical cancer is 

generally based on the extent of disease. Radical hysterectomy is the surgical treatment of 

choice for women with stage IA2–IB1 tumors.2 Histopathological information obtained 

from the surgical specimen is useful to identify patients at increased risk for disease relapse 

and mortality. Historically, surgical–pathological risk factors have been categorized into 3 

groups (low-, intermediate-, and high-risk),3-5 and tailored postoperative therapy is 

recommended based on the risk category.2

In addition to parametrial involvement and positive surgical margins, pelvic lymph node 

metastasis represents 1 of the 3 recognized high-risk surgical–pathological factors in 

cervical cancer, and is found in up to one-fourth of stage T1–2 cases.2,3,6,7 This has the 

highest impact on adverse disease outcome among the 3 high-risk factors, and in early-stage 

cervical cancer it confers a substantial risk of distant metastasis (22.3–24.2%).8,9

Postoperative radiotherapy has long been used for women with high-risk features after 

hysterectomy.2,10,11 Concomitant administration of chemotherapy during postoperative 

radiotherapy is the current standard of care, as it enhances the treatment effectiveness. This 

is based on the results of a randomized controlled trial for high-risk early-stage cervical 

cancer that demonstrated a 50% decrease in all-cause mortality in women who received 

concurrent chemo-radiotherapy (CCRT) compared to those treated with radiotherapy alone.3 

The results of this trial and others prompted the National Cancer Institute (NCI) to issue a 

special announcement in 1999 recommending cisplatin-based chemotherapy with 

radiotherapy for women with cervical cancer.12,13

Despite the superiority of CCRT over radiotherapy alone in a randomized controlled trial, 

recent observational data have suggested a more modest benefit for combined-modality 

therapy in the setting of node-positive early-stage disease. A national cohort study from 

Japan demonstrated that recurrence rates, distant failure, and mortality were similar between 

women with early-stage cervical cancer and nodal metastases treated with CCRT compared 

to radiotherapy alone.9 These findings suggest that CCRT for node-positive high-risk early-

stage cervical cancer may not be adequate for disease control. Data describing population-

based trends and outcomes of CCRT use for node-positive early-stage cervical cancer 

patients in the United States has been missing.

The objective of our study was to examine the effect of concomitant chemotherapy on 

survival of women who received postoperative radiotherapy for high-risk early-stage 

cervical cancer with lymph node metastasis.
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Materials and Methods

Data source

This is a retrospective observational study examining the National Cancer Institute’s 

Surveillance, Epidemiology, and End Results (SEER) Program data between 1988 and 

2016.14 The SEER Program is the largest population-based tumor registry in the United 

States and has been in operation since 1973. The program covers nearly 34.6% of the US 

population in the latest version, and their data are publicly available and deidentified.

Patient identification, data entry, and quality control for this database are managed by 

registered personnel trained by the program and the National Cancer Registrars Association.
15 The University of Southern California and Tokai University Institutional Review Boards 

exempted the current study protocol due the use of deidentified, publicly available data.

Study cohort

Women with invasive cervical cancer who had stage T1–2, N1, M0-x disease diagnosed 

from 1988 to 2016 who underwent hysterectomy followed by postoperative pelvic 

irradiation were examined. Cases prior to 1988 were excluded because of a lack of sufficient 

information regarding lymph node status and treatment type. Histologic types were limited 

to squamous, adenocarcinoma, and adenosquamous as in prior studies.3,9 Cases with stage 

T3–4/distant metastatic/unknown disease stage, unknown lymph node status, or no lymph 

node metastasis were excluded. Similarly, women treated with neoadjuvant radiotherapy, 

and those who received no or unknown postoperative radiotherapy, were excluded.

Clinical information

Among the eligible cases, patient demographics, tumor characteristics, treatment type, and 

survival outcomes were abstracted from the database. Patient demographics included age 

(<30, 30–39, 40–49, 50–59, 60–69, and ≥70 years), year of diagnosis (categorized as 1988–

1997, 1998–2007, and 2008–2016), race/ethnicity (white, black, Hispanic, Asian, and 

others), registry area (West, Central, and East), and marital status (married, single, and 

others).

Tumor characteristics included histologic type (squamous, adenocarcinoma, and 

adenosquamous), tumor differentiation (well, moderate, and poor), T stage (1a, 1b, 2a, and 

2b), tumor size (<2.0, 2.0–3.9, 4.0–5.9, and ≥6.0 cm), and number of sampled pelvic lymph 

nodes and tumor-containing lymph nodes. Treatment types included type of hysterectomy 

(simple/pan, radical, and not otherwise specified), pelvic lymphadenectomy (adequate vs 

inadequate) and concurrent chemotherapy use. Survival outcomes included follow-up time 

after cervical cancer diagnosis and vital status (dead or alive). Survival status in the database 

was externally linked to the National Death Index for validation.16

Study definition

The International Classification of Disease for Oncology, third edition, site/histology 

validation list and World Health Organization histological classification were used for 

histologic coding to identify cases as described previously.17 The American Joint Committee 
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on Cancer staging classification schema were used for identifying T1–2 stage. 

Lymphadenectomy performance was based on the SEER coding for “Regional Nodes” that 

was introduced in 1988 and has not changed since.

Lymph node ratio (LNR) was defined as the ratio of the number of tumor-containing lymph 

nodes to the total number of sampled lymph nodes, and a cutoff of >7.6% was defined as 

high LNR because of adverse survival impacts in cervical cancer.18 Adequate 

lymphadenectomy was defined as ≥8 of sampled lymph node count based on the 

Gynecologic Oncology Group definition.19

CCRT was defined as the use of both postoperative external beam radiation and 

chemotherapy, and radiotherapy alone was defined as the use of external beam radiation 

without chemotherapy. Overall survival (OS) was defined as the time interval between the 

cervical cancer diagnosis and death from any cause. Women who had no survival event at 

the last follow-up were censored.

Statistical analysis

The Chi-square tests were used to examine differences in categorical variables between 

women treated with CCRT versus radiotherapy alone. A multivariable model with binary 

logistic regression analysis was fitted to identify the independent clinico-pathological factors 

associated with CCRT use. Patient demographics, tumor characteristics, and treatment types 

were entered in the final model to estimate the likelihood of CCRT use with adjusted odds 

ratios (OR) and 95% confidence intervals (CI). The Hosmer–Lemeshow test was used to 

assess the goodness-of-fit in the final model, and a value of >.05 was interpreted as a good-

fit model.20

The National Cancer Institute’s Joinpoint Regression Program (version 4.4.0.0) was used to 

assess the temporal trend of CCRT use and the 5-year OS rates.21 Results were assessed 

with annual increment, which analyzed trends by linear segmented regression and log-

transformation and was then fitted to determine the annual percent change (APC) of the each 

slope with 95% CI.

The propensity score–based inverse probability of treatment weighting (PS-IPTW) was used 

to balance the background differences between the 2 groups.22 The PS-IPTW model creates 

a weighted cohort that differed based on treatment type (CCRT vs radiotherapy alone) but 

was similar with respect to other baseline demographics. First, the PS was estimated by 

fitting a multivariable binary logistic regression model to predict the use of CCRT.23 All of 

the covariates assessed in the study including time period were entered into the model. The 

PS-IPTW approach assigned women who received CCRT a weight of 1/PS, and assigned 

those who received radiotherapy alone a weight of 1/(1-PS). We used the stabilized weight 

for analysis, and the threshold technique was used at the first and 99th percentile of the 

weight distribution.22

In the weighted model, demographics in the 2 groups were assessed for distributions, and a 

standardized difference (SD) of >0.20 was considered a presence of clinical size effect. The 

Kaplan–Meier method was used to construct survival curves. Cox proportional hazard 
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regression models were fitted to estimate the effect size of receipt of concurrent 

chemotherapy on OS, expressed with a hazard ratio (HR) with 95% CI. Proportional hazard 

assumption was satisfied and had no interaction to time.

In a sensitivity analysis, the association of postoperative radiotherapy and OS was examined 

in poor-survival groups: age ≥50 years per arbitrary cutoff around the median age, T2 

disease, nonsquamous histology with adenocarcinoma and adenosquamous, high LNR, and 

multiple node metastases per prior study.6,24-26 PS-IPTW analysis was conducted in each 

cohort. A quasi-experimental approach with interrupted time-series was used to assess the 

causal effect of the 1999 NCI alert on CCRT use, and we sought to examine whether the 

alert was associated with increased use of CCRT.12,13 We also tested the hypothesis that the 

increase in the use of CCRT use was associated with improved survival at a population level.

All statistical analyses were based on a 2-sided hypothesis, and a P value of <.05 was 

considered statistically significant. The Statistical Package for Social Sciences, version 24.0 

(IBM SPSS, Armonk, NY) and R version 3.5.3 (R Foundation for Statistical Computing, 

Vienna, Austria) were used for all the analyses. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines were consulted to outline this 

observational cohort study.27

Results

Among 95,218 cases identified in the initial search, there were 2538 women who had stage 

T1–2 cervical cancer with pelvic lymph node metastasis who underwent primary 

hysterectomy and had postoperative radiotherapy between 1988 and 2016 (Figure 1). Of 

those, 1809 women (71.3%) received CCRT, whereas 729 women (28.7%) received 

radiotherapy alone.

Use of CCRT was unchanged from 1988 until 1997 (APC, 4.2; 95% CI, −3.3 to 12.4; P 
= .267) (Figure 2A). After 1997, there was a marked treatment shift from radiotherapy alone 

to CCRT from 1997 to 2000 (20.7% to 78.5%; APC, 36.8; 95% CI, −0.3 to 87.3, P = .052). 

CCRT use continued to increase thereafter (78.5% to 88.3% between 2000 and 2016; APC, 

1.1; 95% CI, 0.7–1.5, P < .001). In an interrupted time-series analysis, the 1999 NCI alert 

contributed to the increase in CCRT use from 65.7% to 75.5% (15% relative increase), but 

the rapid surge in the CCRT use had already begun a few years prior to the announcement 

from 20.3% to 65.7% between 1997 and 1999 (APC, 57.7; 95% CI, 11.9–122.3, P = .016) 

(Figure S1)

As a cohort, the median age was 44 years (interquartile range [IQR], 36–54), and the 

majority of women were white (n = 1430, 56.3%). The majority of the tumors were 

squamous histology (n = 1695, 66.8%), poorly differentiated tumors (n = 1257, 49.5%), 

stage T1b disease (n = 1529, 60.2%), and had high LNR of >7.6% (n = 1482, 58.4%). Most 

of the women underwent adequate lymphadenectomy (n = 2192, 86.4%).

In a multivariable analysis (Table 1), women with adenocarcinoma were more likely to 

receive CCRT (adjusted OR, 1.331; 95% CI, 1.026–1.726) than those with squamous 

histology. In contrast, concurrent chemotherapy was less commonly used in older women 
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(use of CCRT among women 40–49, 60–69, and ≥70 years of age was 50%, 67%, and 83% 

less compared to those <30 years of age; all, P < .01) (Table 1). In addition, residents of the 

central United States were 32% less likely to receive CCRT compared to those in the 

western United States (P = .014).

After PS-IPTW, the baseline covariates of women who received CCRT (n = 1995) compared 

to radiation alone (n = 1220) were well balanced (all, standardized difference, ≤0.10) (Table 

2). The median follow-up time of the censored cases was 8.8 years (IQR, 4.0–14.3), and 

there were 1052 deaths among 3215 cases recorded during the study period. The 5-year 

survival rate was 73.1% (95% CI, 71.0–75.2) in women treated with CCRT vs 73.6% (95% 

71.0–76.2) in those treated with RT alone. This difference was not statistically significant 

(HR, 1.004; 95% CI, 0.887–1.136, P = .955) (Figure 3).

The association between postoperative radiotherapy type and OS was examined in various 

subgroups (Figure 4 and Figure S2). Among women ≥50 years of age (5-year rates, 66.0% 

vs 67.0%; HR, 1.107; 95% CI, 0.918–1.335; P = .288), those with nonsquamous tumors 

(65.1% vs 66.7%; HR, 1.061; 95% CI, 0.862–1.307; P = .576), those with stage T2 disease 

(66.3% vs 61.8%; HR, 1.115; 95% CI, 0.909–1.368, P = .297), those with high LNR (70.1% 

vs 69.3%; HR, 0.914; 95% CI, 0.785–1.065; P = .249), and those with multiple nodal 

metastases (69.2% vs 69.3%; HR, 0.981; 95% CI, 0.839–1.147; P = .812), CCRT was not 

associated with improved survival compared to radiotherapy alone. This nonsignificant 

association was also observed in the post–NCI alert era (75.5% vs 77.5%; HR, 1.040; 95% 

CI, 836–1.294; P = .724).

Finally, survival outcome was examined at a population level (Figure S3). The 5-year OS 

rates statistically remained unchanged during the study period (APC, 0.5; 95% CI, −0.2 to 

1.3; P = .175). As the use of CCRT started increasing in 1997, we examined the populational 

survival rate after 1997 to examine whether increasing CCRT use resulted in improving 

populational survival (Figure 2B). This analysis showed no improvement in the 5-year OS 

rate during this time period (APC, −0.1; 95% CI, −1.2 to 1.0; P = .776).

Comment

Principal findings

These data suggest that in the late-1990s, CCRT became the mainstay of adjuvant therapy 

for women with early-stage cervical cancer and nodal metastases. Despite the findings of a 

randomized controlled trial, at the population level, CCRT did not improve overall survival 

compared to radiotherapy alone.

Results

The drastic treatment shift in the use of CCRT around the time of the 1999 NCI alert was an 

expected observation, but this practice pattern change has not previously been examined at a 

populational level. Our results demonstrate that the use of CCRT with radiotherapy per the 

NCI has been successfully implemented at a national level. Interestingly, the 1999 NCI alert 

accounted for only a fraction of the marked treatment shift, and the rapid adaptation of 

CCRT had actually started few years prior to the announcement. Increased use of CCRT in 

Matsuo et al. Page 7

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



this setting may stem from the results of other trials that showed a benefit of concurrent 

chemotherapy for the treatment of locally advanced cervical cancer.28-32

The finding of nonsuperior survival benefit of postoperative CCRT compared to 

radiotherapy in high-risk early-stage cervical cancer with lymph node metastasis was 

unexpected. As demonstrated in a prior trial, women with high-risk early-stage cervical 

cancer appeared to benefit from postoperative CCRT.3 As their eligibility criteria were the 

presence of any 1 of 3 high-risk factors (pelvic lymph node metastasis, parametrial tumor 

involvement, and surgical margin involving tumor),3 our divergent results may be due to 

restricting the study population to only the “highest–high risk” group, those with pelvic 

lymph node metastasis.

However, this interpretation should be viewed with caution, as >85% of their study 

population had nodal metastasis. Another possibility to explain the difference between our 

results and their trial may be a follow-up time. At the time of early release of their results 

based on their special interim analysis, the median follow-up time was 3.5 years. As our 

study has nearly 5 years’ longer follow-up time (median, 8.8 years), this large difference in 

follow-up may result in differences in survival outcome between the 2 studies. It is 

speculated that late survival events may have occurred more, and early closure of the trial 

could not have captured these survival events, resulting in possible lead-time bias.

Our study validates a recent nation-wide study in Japan, in which a total of 6005 women 

with early-stage cervical cancer who underwent radical hysterectomy were examined. In this 

study, survival and recurrence patterns were similar between women treated with CCRT and 

radiotherapy alone.9 Our study not only provides patient-level analysis showing an absence 

of survival benefit, but also provides data on populational survival trends, of which the 

results correlated with patient-level analysis, and demonstrated again the absence of survival 

improvement with increasing CCRT use. Collectively, these data suggest that use CCRT for 

high-risk early-stage cervical cancer with lymph node metastasis maybe of modest, if any, 

clinical value.

Hypothesis

A possible explanation for our study results is that the presence of pelvic lymph node 

metastasis is a surrogate for systemic disease with microscopic tumor spread. Thus, current 

treatments may be inadequate in this setting because (1) the radiotherapy may not sterilize 

these tumors located outside of the radiation field, and (2) the chemotherapy dose and 

regimen for the purpose of radiosensitization may not be adequate to eliminate these tumors. 

This concept may be partly supported by the finding that in the women with node-positive 

early-stage cervical cancer who received systemic chemotherapy after surgery, there was an 

approximately 50% lower risk of distant recurrence compared to that in women who 

received CCRT.9 Thus, a treatment strategy with CCRT followed by systemic chemotherapy 

may need to be considered in this highest–high-risk group. As our study did not examine 

this combination treatment for node-positive early-stage cervical cancer, this provocative 

hypothesis and proposal would need to be examined further.
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Study limitations

This study has several limitations. First, as inherent to the nature of retrospective studies, 

unmeasured bias may exist in the analysis. The presence of patient comorbidities, 

performance status, and treatment decision-making processes all affect the choice to initiate 

postoperative radiotherapy, as well as affecting survival, and were not available for analysis. 

Second, the mode of hysterectomy (minimally invasive vs laparotomy) and institutional 

surgical volume were not available in the database but can also have an impact on outcomes.
33-35 Third, details of chemotherapy (regimen and administered cycle) were not available in 

this study, making regimen-specific analysis not feasible.

Fourth, this study examined a nearly 3-decade span of cervical cancer patients, and the 

inclusion of older cases weakens the applicability to current practice. Surgical technique, 

patient care, chemotherapeutic treatment, and radiotherapy techniques have since advanced 

during the study period and may have an impact on outcomes. Fifth, adverse events were not 

available in the database, and composite endpoint analysis together with survival was not 

performed. As the prior trial showed increased risks of adverse events with the addition of 

chemotherapy to radiotherapy,3 lack of this information limits the interpretation of our study. 

Sixth, recurrence information, including the anatomical site of recurrence, was also not 

available in the study, which did not allow for complete outcome assessment.

Seventh, due to indistinguishable surgical codes for hysterectomy, it may be possible that 

certain women in the simple hysterectomy group may have indeed undergone radical 

hysterectomy. Similarly, the use of extended-field radiotherapy was not distinguishable for 

radiation codes for whole-pelvis radiotherapy. Finally, the coding in SEER database limits 

our analysis. Prior to 2016, distinguishing clinical vs pathological stage was not applicable, 

and therefore it was not feasible to exclude clinical stage IIB disease in our analysis. 

However, as the standard treatment approach is definitive radiotherapy for clinical stage IIB 

disease in the United States, cases of stage T2 disease in our study population more likely 

represent pathological parametrial disease found in the hysterectomy specimen.

Moreover, possible misclassification of chemotherapy may have occurred in a small number 

of women.36 By limiting the study population to radiotherapy-administered cases, the 

accuracy of treatment allocation is likely high. In fact, observed results of increasing CCRT 

use around the time of the 1999 NCI alert support the accuracy of the data. The coding also 

reflects whether the chemotherapy was given for the purpose of radio-sensitization vs as 

systemic chemotherapy. Not included in the coding is the use of systemic chemotherapy 

combined with postoperative radiotherapy. This is not a standard treatment strategy in the 

United States, however, and such cases are presumably scant.

Clinical implications

A clinical implication of the study may be in the area of postoperative treatment 

management in high-risk early-stage cervical cancer with pelvic lymph node metastasis. 

First, further validation of our study findings would be of great benefit. Second, given the 

high risk of future disease recurrence, recognition of lymph node metastasis as a surrogate 

for systemic disease would be useful.8,9 Moreover, the unchanged 5-year OS rate over the 
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multiple decades of this study in this highest–high risk group needs to be recognized as a 

call for further investigation to improve survival.

In particular, our results would suggest the need for additional systemic chemotherapy in 

this highest risk group.37 There is currently an ongoing phase III trial in the accrual phase 

(RTOG-0724), in which women with high-risk early-stage cervical cancer will receive 

postoperative CCRT with or without subsequent systemic chemotherapy using paclitaxel and 

carboplatin for 4 cycles.38 The analysis of the node-positive cases in their trial may shed 

light on whether additional systemic chemotherapy improves survival of this highest–high 

risk group.
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Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance

Why was this study conducted?

The presence of pelvic lymph node metastasis carries the highest association with 

decreased survival of the recognized surgical–pathological factors in early-stage cervical 

cancer. Although postoperative concurrent chemo-radiotherapy (CCRT) is the current 

standard treatment for high-risk early-stage cervical cancer, the effectiveness of this 

treatment in node-positive disease has not been completely studied.

Key findings

In an analysis of a population-based tumor registry in the United States from 1988 to 

2016, there was a marked increase in the use of CCRT for surgically treated women with 

early-stage cervical cancer and pelvic lymph node metastasis. Women who received 

CCRT had overall survival similar to that in women who received radiotherapy alone.

What does this add to what is known?

Our study suggests that CCRT may not be adequate to improve survival of women with 

node-positive early-stage cervical cancer, suggesting the necessity of a re-examination of 

current practice.

Matsuo et al. Page 13

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. Study schema
*Included 39 lymphadenectomy cases but unknown histology results. **Included 29 cases 

with trachelectomy, 47 cases with exenteration, and 194 cases with unknown hysterectomy 

status. †Included 3 cases of unknown sequence. ‡Included 1 case with unknown status. A, 

adenocarcinoma; AS, adenosquamous; chemo, chemotherapy; CxCA, cervical cancer; hyst, 
hysterectomy; LN mets, pelvic lymph node metastasis; LND, pelvic lymphadenectomy; 

SEER, Surveillance, Epidemiology, and End Result Program; RT, radiotherapy; SCC, 

squamous cell carcinoma; VBT, vaginal brachytherapy; WPRT, whole-pelvis radiotherapy.
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FIGURE 2. Populational trends and outcomes for concurrent chemo-radiotherapy
A, Proportional distribution of concurrent chemo-radiotherapy (CCRT) and radiotherapy 

alone (RT alone) between 1988 and 2016 is shown. APC for 1988–1997 was 4.2 (95% CI, 

−3.3 to 12.4, P = .267); APC for 1997–2000 was 36.8 (95% CI, –0.3 to 87.6; P = .052); and 

APC for 2000–2016 was 1.1 (95% CI, 0.7–1.5; P < .001). B, Interrupted time-series for 5-

year overall survival rate (5-yr OS rate) per population before and after 1997. The APC for 

1988–1997 was −0.3 (95% CI, −5.0 to 4.8; P = .909), and APC for 1997–2012 was −0.1 

(95% CI, −1.2 to 1.0, P = .776). Dots represent observed value with 95% CI. Bars represent 

modeled value. APC, annual percent change; CI, confidence interval.
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FIGURE 3. Overall survival curves based on postoperative radiotherapy type (PS-IPTW model)
Cox proportional hazard regression model for P value.

CCRT, concurrent chemo-radiotherapy; PS-IPTW, propensity score inverse probability of 

treatment weighting; RT, radiotherapy alone.
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FIGURE 4. Forest plots for overall survival (PS-IPTW model)
Association of postoperative radiotherapy type (CCRT vs RT) and overall survival was 

assessed with Cox proportional hazard regression test in the PS-IPTW model. Circles 

represent HR, and bars represent 95% CI. *Multiple pelvic lymph node metastases. CCRT, 

concurrent chemo-radiotherapy; CI, confidence interval; HR, hazard ratio; LNR, lymph node 

ratio; PS-IPTW, propensity score inverse probability of treatment weighting; RT, 

radiotherapy alone.
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