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Objective

To examine the effect of primary recurrence patterns on the prognosis of squamous cervical cancer after initial treatment.



Methods

Primary recurrence patterns and prognostic factors were examined in stage IB-IIA cervical cancer patients after initial treatment. Recurrence site (locoregional recurrence and distant metastasis or in-field and out-field recurrence for patients receiving adjuvant radiotherapy) and subtype (nodal and organ recurrence) were examined. Clinicopathological characteristics and survival rates were evaluated to generate a prognostic nomogram.



Results

A total of 472 patients were included. The median follow-up period, 5-year overall (OS) rate, and median OS were 59.1 months, 33.7%, and 24.0 months, respectively. Overall, 38.8% and 61.2% of the patients had locoregional recurrence and distant metastasis, respectively, and survival rates were comparable in these groups. Patients with nodal recurrence had better OS than those with organ recurrence (38.3% vs 30.7%, respectively; P = 0.001). Patients not receiving adjuvant radiotherapy had increased risk of pelvic recurrence [odds ratio (OR) = 0.148; 95% confidence interval[(CI): 0.075–0.291, P = 0.000]. Positive lymph-vascular space invasion (OR= 1.928; 95% CI: 1.151–3.229, P = 0.013) and no chemotherapy (OR = 0.521; 95% CI: 0.317–0.733, P = 0.040) increased the risk of distant metastasis. Positive lymph node status after initial treatment were associated with nodal recurrence (OR = 3.729; 95% CI: 1.838–7.563, P = 0.000), while elevated preoperative squamous cell carcinoma antigen (SCC-Ag) levels were associated with organ recurrence (OR = 1.642; 95% CI: 1.325–2.265, P = 0.002). Recurrence subtype, therapy for relapse, the International Federation of Gynecology and Obstetrics stage, adjuvant radiotherapy, preoperative SCC-Ag levels, and risk subgroup were independently associated with OS.



Conclusions

Primary recurrence patterns were associated with specific clinicopathological characteristics of cervical cancer. Recurrent cervical cancer prognosis was mainly affected by recurrence location and subtype.
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Introduction

Cervical cancer is the fourth most common gynecologic cancer worldwide and a leading cause of cancer-related deaths in developing countries (1). The incidence of cervical cancer has decreased owing to extensive screening and vaccination programs, with the latter targeting patients with high-risk human papilloma virus genotypes (2, 3). Standard treatment for early-stage cervical cancer [International Federation of Gynecology and Obstetrics (FIGO 2009) stage IB-IIA] includes radical surgery with or without adjuvant radiotherapy (RT) (4, 5). Consecutive editions of clinical guidelines have improved cervical cancer management, thus increasing remission rates and decreasing the risk of relapse; these changes have resulted in recently reported 5-year overall survival (OS) rates of early stage cervical cancer in the range of 70%–90% (6, 7). This progress notwithstanding, approximately 10%–15% of patients with early-stage disease experience recurrence (8).

Cervical cancer recurrence patterns may vary; however, they generally include locoregional recurrence (LR) and distant metastasis (DM). Recurrent disease management requires a personalized approach depending on the site of recurrence, which may determine prognosis. Previous studies have shown that patient prognosis after initial treatment was associated with clinicopathological characteristics, recurrence patterns, and relapse therapy type (9–11). However, few studies have examined risk factors for recurrence and the relationship between different recurrence patterns and prognosis. This study aimed to examine patients experiencing cervical cancer recurrence to identify their clinicopathological characteristics, recurrence patterns, and treatment type received, and to evaluate the relationship between different clinicopathological characteristics and recurrence patterns; this study aimed to examine the impact of recurrence patterns on prognosis.



Materials and Methods

We retrospectively extracted data of 472 patients with recurrent cervical cancer who underwent standard abdominal radical hysterectomy and pelvic lymph node (LN) dissection at the Department of Gynecologic Oncology, Fudan University Shanghai Cancer Center, China, between May 2006 and January 2014. All included patients had histologically confirmed squamous cell carcinoma and the 2009 FIGO stage IB–IIA disease after initial treatment. All patients provided consent for their data to be used for research purposes. Data on clinicopathological and prognostic characteristics, including age at diagnosis, the FIGO stage, postoperative pathological findings[histological type, tumor grade, lymph-vascular space invasion (LVSI) status, tumor volume, and LN status], treatment modalities, date and type of recurrence, and date of death or last follow-up, were collected. The study was approved by the Ethics Committee of Fudan University Shanghai Cancer Center, Shanghai, China.


Adjuvant Therapy

Patients with intermediate-risk factors that met the Sedlis criteria, including tumor diameter, depth of stromal invasion (DSI), or LVSI status, and patients with more than one high-risk factor (including parametrial involvement, positive LN, or positive surgical margins) received adjuvant RT (ART) or concurrent chemoradiotherapy. Patients received pelvic intensity-modulated radiotherapy with computed tomography (CT) planned. Target delineation was based on the Radiation Therapy Oncology Group Consensus Guidelines (12, 13). Concurrent cisplatin was administered weekly at a dose of 40 mg/m2. Brachytherapy was administered among patients with vaginal margin invasion. Patients with one or more high-risk factors received 4–6 cycles of paclitaxel (135 mg/m2) and carboplatin (AUC = 5) on day 1.



Recurrence Classification and Treatment

Recurrence was confirmed based on findings from biopsy and/or imaging-based examinations such as CT, magnetic resonance imaging (MRI), or positron emission tomography (PET) scanning, obtained ahead of treatment planning. LR was defined as isolated pelvic recurrence, including vaginal recurrence with or without pelvic LN recurrence. DM was defined as distant site failure at either an organ or LN site. Multiple-site recurrence was defined as recurrence both inside and outside the pelvis; this type of recurrence was classified as DM. In-field and out-field recurrences were defined as recurrence inside or outside the pelvis for patients after ART. LN recurrence (LNR) included bilateral upper neck, supraclavicular, mediastinal, celiac, and pelvic and inguinal regions. Organ recurrence included recurrences in the vagina and other organs. Therapy for relapse included external beam radiation therapy and brachytherapy, surgery, and systemic chemotherapy. RT and surgery were classified as local therapy.



Statistical Analyses

Patients’ demographic and clinicopathological characteristics and treatments for recurrent disease were reported as frequencies. Univariable survival curves were created using the Kaplan-Meier method. Between-group comparisons were performed using the log-rank test. Cox proportional hazards regression was used for univariate and multivariate analyses. Variables with p-values of <0.10 in univariate analysis were included in multivariate analyses. For all statistical tests, two-tailed p-values of <0.05 were considered significant. A prognostic nomogram was generated based on multivariable analysis results. Harrel’s concordance index (C-index) and a calibration curve were used to evaluate nomogram performance. The accuracy and reliability of the recurrence model were evaluated based on time-dependent receiver operating characteristic curves. All statistical analyses were performed in SPSS version 25.0 (SPSS, Chicago, IL) and R software ver. 4.0.5.




Results

This study included 472 women who underwent pelvic LN dissection for cervical squamous cell carcinoma with FIGO stages IB-IIA. The patients’ median age was 47 (range: 22–77) years. All tumors were pathologically staged after radical surgery and included stages IB1 (n = 112, 23.7%), IB2 (n = 61, 12.9%), IIA1 (n = 162, 34.3%), and IIA2 (n = 137, 29.0%). Preoperative squamous cell carcinoma antigen (SCCA) levels of ≥2.55 ng/mL, bulky tumor size of ≥4 cm, DSI greater than 1/2 thickness, positive LVSI, and parametrial invasion were observed in 62.0% (n = 240), 56.8% (n = 268), 85.8% (n = 400), 63.0% (n = 289), and 14.4% (n = 64) of the patients, respectively. Thirty-eight (8.5%) patients had positive vaginal margins. Positive LN (PLN) was detected in 224 (50.3%) patients. The median number of harvested LNs was 23 (range: 7–77); a single (range: 0–37) PLN was harvested. A total of 356 (75.4%) patients underwent ART. Among 305 (85.0%) patients who underwent chemotherapy, 204 (64.2%) received concurrent chemotherapy (Table 1).


Table 1 | Baseline characteristic.




Recurrence Patterns and Prognostic Factors

LR and DM accounted for 38.8% (183/472) and 61.2% (289/472) of recurrence cases, respectively. A total of 26.1% (n = 123) and 73.9% (n = 349) of failures were LNR and organ recurrence, respectively (Table 2).


Table 2 | Univariate logistic regression models for different recurrence sites and subtypes.



RT, systemic chemotherapy, and surgery for relapse accounted for 44.0% (54/123), 41.5% (51/123), and 13.8% (17/123) of therapies for LNR, respectively. The corresponding rates for organ recurrence were 26.6% (93/349), 64.2% (224/349), and 9.2% (32/349), respectively (Table 1).

In univariate analysis, PLNs, SCCA levels of ≥2.55 ng/mL, tumor size of ≥4 cm, DSI, positive LVSI, parametrial invasion, and no ART were predictors of LR and DM (Table 2). In multivariate analysis, DSI (odds ratio [OR] = 1.494; 95% confidence interval [CI]: 1.286–2.853, P = 0.011) and ART (OR = 0.148; 95% CI: 0.075–0.291, P = 0.000) were independently associated with LR. LVSI (OR= 1.928; 95% CI: 1.151–3.229, P = 0.013) and adjuvant chemotherapy (OR = 0.521; 95% CI: 0.317–0.733, P = 0.040) were independently associated with DM. In addition, PLNs (OR = 3.729; 95% CI: 1.838–7.563, P = 0.000) and ART (OR = 0.470; 95% CI: 0.176–0.843, P = 0.003) were independently associated with LNR. SCCA levels of ≥2.55 ng/mL (OR = 1.642; 95% CI: 1.325–2.265, P = 0.002) and LVSI (OR = 1.462; 95% CI: 1.203–2.048, P = 0.005) were independently associated with organ recurrence (Table 3).


Table 3 | Multivariate logistic regression models for different recurrence sites and subtypes.





Survival and Stratification Analyses

For cases of disease recurrence, the median follow-up time was 59.1 (range 1.9–146.6) months. The 5-year OS rate was 33.7%, and the median OS was 24.0 months. Patients with LR (5-year OS rate, 28.1%; median OS = 40 months) and those with DM (5-year OS rate, 38.9%; median OS = 37 months) (P = 0.755) had similar survival rates (Figure 1A). However, the prognosis was poorer for patients with LR with ART than for those without ART (Figure 1B). LNR (5-year OS rate, 38.3%; median OS = 51 months) had a better survival than organ recurrence (5-year OS rate, 30.7%; median OS = 34 months) (P = 0.001) (Figure 1C). Prognosis associated with pelvic LNR (5-year OS rate, 18.3%; median OS = 37 months) was poorer than that associated with LNR outside of the pelvis (5-OS rate, 36.9%; median OS = 50 months) (P = 0.019) (Figure 1D). Among patients with organ recurrence only, lung metastasis (5-year OS rate, 32.5%; median OS = 48 months) was associated with survival rates that were better than those associated with other organ recurrence sites (5-year OS rate, 19.7%; median OS = 34 months) (P = 0.039) (Figure 1E). Patients with vaginal recurrence (5-year OS rate, 31.7%; median OS = 34 months) had a worse prognosis than did those without vaginal recurrence (5-year OS rate, 46.0%; median OS = 51 months) (P = 0.001) (Figure 1F). According to ART stratification, in-field recurrence was associated with poorer prognosis (5-year OS rate, 24.9%; median OS = 29 months) than out-field recurrence (5-year OS rate, 30.8%; median OS = 42 months) (P = 0.024) (Figure 1B). For all recurrent cases, surgery was associated with 5-year OS rates that were better than those associated with RT and chemotherapy (5-year OS rate of surgery, RT and chemotherapy: 56.9%, 35.7% and 27.3%; median OS: NA, 46 months and 32 months, respectively, P < 0.001). For in-field recurrence only, surgery (5-year OS rate, 36.5%; median OS = 36 months) was associated with OS that was better than that associated with secondary RT (5-year OS rate, 12.2%; median OS = 24 months) (P = 0.047). In patients with LR, LNR, and organ recurrence, outcomes associated with surgery and RT were better than those associated with systemic chemotherapy (P = 0.011).




Figure 1 | (A) Five-year overall survival (OS) rates for different recurrence sites. (B) OS rates for patients with locoregional recurrence (LR) with or without adjuvant radiotherapy (ART) and the OS for patients with the out-field recurrence. (C) Five-year OS rates for patients with different recurrence subtypes, (D) patients with lymph node recurrence, (E) patients with or without isolated lung metastasis, and (F) patients with or without vaginal stump.





Predictive Factors for OS and Nomogram

In multivariate analysis, type of recurrence, therapy for relapse, the FIGO stage, ART, baseline serum SCCA levels, and risk factor subgroup were independently associated with prognosis after recurrence (Table 4). All relevant predictors were used to construct a prognostic nomogram, and points were assigned based on corresponding factor coefficients; the total score was used to predict 5-year OS rates. The C-index of the nomogram was 0.724 (95% CI, 0.679–0.769) in the internal validation set (Figure 2A). Calibration curves are presented in Figure 2B. The results indicated that the nomogram was well-calibrated. In addition, this nomogram was compared to commonly used risk prediction methods, including the FIGO stage and Sedlis criteria and other previously used models. The AUC of our nomogram was greater than those of models previously used (0.846 vs. 0.720 vs. 0.677, P < 0.001) (Figure 2C).


W 4 | Multivariate Cox proportional hazards models for 5-year overall survival.






Figure 2 | (A) Nomogram predicting 5-year OS rates for patients with relapse after initial treatment. The nomogram was based on scores corresponding to each independent variable. The total score (bottom of the scale) indicates the probabilities of 5-year OS rates. (B) The predicted and observed 5-year OS rates were used for model calibration. The x-axis displays nomogram-predicted probability, while the y-axis displays observed survival rates estimated using the Kaplan-Meier method. The dotted line indicates excellent model calibration, with good concordance between the predicted and observed survival rates. The vertical bars represent 95% confidence intervals. (C) Receiver operating characteristic curves with area under the curve values compare nomogram and traditional model discrimination. The blue lines represent survival rates predicted by the nomogram.






Discussion

In the present study, primary recurrence patterns were associated with the prognosis of squamous cervical cancer after initial treatment. The patterns of recurrence in cervical cancer vary, and thus, different treatments for relapse may result in different prognoses. The National Comprehensive Cancer Network Guidelines recommend individualized therapy for relapse, including surgery, RT, and chemotherapy. For localized recurrence after initial treatment, radical retreatment, including RT and/or chemotherapy, and surgery may be administered. However, radical retreatment options may vary among recurrence sites; for example, patients with regional LN recurrence may be suitable candidates for radical surgery and RT. In such cases, patients eligible for radical treatment may achieve long-term disease-free survival rates of approximately 40% (14). Most previous studies evaluated prognosis based on patients’ clinicopathological features and recurrence sites. However, few studies have examined the relationship between specific parameters and recurrence patterns. The present study examined the prognostic relevance of recurrence patterns and subtypes, and that of clinicopathological factors.

In our cohort, there were more cases of DM than LR (61.2% vs. 38.8%). Furthermore, the incidence of organ recurrence was higher than that of LNR. Vaginal recurrence was the most common recurrence site, followed by the lung and bone. Previous population-based studies reported vaginal recurrence as the most common local recurrence site in patients with cervical cancer; meanwhile, the lung and bone were the common sites of distant metastases (15, 16). In our study, LNR was a particular kind of recurrence pattern; in addition, approximately 12.5% and 8.3% of recurrence cases were observed at para-aortic and supraclavicular LNs, respectively. The para-aortic lymphatic system is connected to the cervix and pelvic LNs, resulting in a high recurrence rate in para-aortic LNs (17, 18). Kim et al. reported rates of 59.5% and 40.5% for distant and pelvic recurrence, respectively (combined: 21.5%, central: 10.7%, pelvic 8.3%) (19). Pamela et al. used PET scans to detect recurrences in para-aortic LNs and reported a rate of 18.7%, which was consistent with the present study findings (20). Tae et al. reported a 5.4% recurrence rate in the supraclavicular region after radical hysterectomy in patients with early-stage cervical cancer (21).

Common prognostication methods include the FIGO staging system and the Peters and Sedlis criteria. However, these models fail to account for the effects of recurrence patterns. When patients experience disease recurrence, little attention is given to baseline clinical characteristics, which may help assess the risk of recurrence. Studies on the relevance of recurrence patterns and initial treatment types to the risk of relapse are rare. Nevertheless, baseline clinicopathological characteristics may help inform treatment as these factors may affect the risk of relapse. Consequently, we examined the associations among baseline clinicopathological characteristics, recurrence patterns, therapy for relapse, and prognosis to establish a predictive model to inform clinical practice.

In the present study, approximately half of the patients with recurrence had elevated serum SCCA levels at diagnosis and half had positive LN status after surgery. All cases with recurrence presented with intermediate- or high-risk factors or both at baseline. Different recurrence patterns may be associated with specific clinicopathological characteristics at initial treatment. According to univariate and multivariate analyses, DSI and the absence of ART were associated with a high risk of LR. Patients who did not receive adjuvant chemotherapy but had LVSI were more likely to experience DM than their counterparts. PLN status after initial treatment or lack of ART may result in LNR. Preoperative serum SCCA levels and positive LVSI findings were independent predictive factors for organ recurrence. Jeong et al. reported that approximately 59% of recurrence cases had elevated serum SCCA levels at diagnosis (22). Serum SCCA levels are biomarkers commonly used for auxiliary diagnosis and surveillance in cervical cancer; elevated serum SCCA levels are associated with the extent of the disease (23, 24). However, no previous study has examined the association between serum SCCA levels and specific recurrence patterns. According to the Sedlis criteria, DSI is an intermediate risk factor for recurrence in cervical cancer; we have previously shown that DSI may be independently associated with both DFS and OS (25). The effect of LVSI on early-stage cervical cancer remains controversial, and previous studies have yielded conflicting results. Balaya and Obrzut found that LVSI may be associated with decreased 5-year DFS and 10-year OS (26, 27). Meanwhile, Creasman et al. have suggested that LVSI may not be a prognostic factor (28). In the present study, patients with positive LVSI had increased risk of DM, specifically, at distant organs. The present study model was superior to previous models for disease prognostication (29–31).

The prognosis associated with LR was comparable to that associated with DM. More specifically, cases of LNR had better prognosis than cases of organ recurrence; however, pelvic LNR had poor overall prognosis. Isolated LNR may be radically treated with either surgery or RT; in contrast, organ recurrence is difficult to treat with any radical approach. For patients with organ recurrence, vaginal recurrence was associated with poor prognosis; meanwhile, isolated lung metastasis was associated with better OS rates compared to those associated with the other sites of organ recurrence. Isolated lung disease may be treatable with surgery or RT, which may improve prognosis. Previous studies have shown that patients who benefit from aggressive local therapy for oligometastatic disease include those with nodal or lung metastases (32). Nevertheless, pelvic recurrence was associated with poor prognosis in patients with LR after ART. The palliation of pelvic recurrences is difficult at previously irradiated sites that are not amenable to local pain control techniques or surgical resection. These sites are generally not responsive to chemotherapy; consequently, affected patients are often advised to undergo pelvic exenteration or receive systematic chemotherapy; however, pelvic exenteration is a complex procedure susceptible to complications, which may affect prognosis. Thus, the National Comprehensive Cancer Network guidelines recommend pelvic exenteration for very select patients. Moreover, secondary RT is not feasible due to the high risk of adverse effects and dose-limiting toxicity (33, 34). Chemotherapy is often recommended for patients with extra-pelvic metastases or recurrent disease who are not candidates for RT or exenterative surgery.

This study had some limitations that should be considered when interpreting its findings. First, it was a retrospective study, which makes it subject to the effects of selection bias and confounding factors. Second, nodal metastasis has been redefined in the 2018 FIGO staging system; however, this study dataset and the included citations refer mostly to the 2009 FIGO staging system. Finally, although local treatment status emerged as a prognostic factor for OS, the lack of precise information on recurrence treatment may impact the specificity of the present results.



Conclusion

Recurrent cervical cancer is associated with poor prognosis in cases of in-field recurrence. Different clinicopathological characteristics are associated with different recurrence sites and subtypes. The present findings suggest that patients with DSI and absence of ART are at a high risk of LR. Patients who did not receive adjuvant chemotherapy and presented with LVSI were more likely to experience DM than their counterparts. PLNs after initial treatment or lack of ART may increase the risk of LNR. Preoperative serum SCCA levels and positive LVSI status increased the risk of organ recurrence. Recurrent cervical cancer prognosis is associated with recurrence location and subtype.
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