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Invasive and in situ cervical cancer associated with pregnancy: Analysis from the French cancer network (CALG: Cancer Associé à La Grossesse)
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Purpose: To describe the oncologic and obstetric outcomes of patients diagnosed with invasive cervical cancer (ICC) and in situ adenocarcinoma (ISA) during pregnancy or during the year following delivery. Methods: This retrospective observational study involved a cohort of 28 patients diagnosed with invasive cervical cancer (20 patients) or in situ adenocarcinoma (8 patients) during pregnancy or during the year following delivery who received expert opinion from physicians of the CALG (Cancer Associé à La Grossesse) network between 2005 and 2018. Descriptive results were expressed in median, range and interquartile range (IQR). Results: Between 2005 and 2018, 20 patients with ICC and eight with ISA received expert opinion from physicians of the CALG network. Both ICC and ISA were mostly diagnosed during pregnancy with a median term at diagnosis of 23.3 weeks of gestation (WG) for ICC and 7.3 WG for ISA. Overall, the median age at diagnosis for both ICC and ISAwas33 years. Most ICCs (n=9) had FIGO stage IB2 and five underwent neoadjuvant chemotherapy at a median term of 22.5 WG. Seventeen patients with ICC underwent surgery. Three patients had medical termination of the pregnancy. Two patients experienced recurrence and three died. Median time of follow-up was 59.3 months (IQR 30.5-129.2). Conclusion: Management of cervical cancer during pregnancy is challenging especially in terms of maternal outcomes with a relative poor prognosis requiring a multidisciplinary expert advice.

INTRODUCTION

Cervical cancer is defined as being associated with pregnancy when diagnosed during pregnancy or during the year following delivery. [START_REF] Petrek | Breast cancer during pregnancy[END_REF] Cervical cancer remains the fourth most common cancer in women of childbearing age after breast cancer, melanoma and thyroid cancer [START_REF] Mccormick | Cancer in Pregnancy[END_REF], even though prevention by Human Papillomavirus (HPV) vaccination and screening for cervical cancer has greatly improved in recent years [START_REF] Mitchell | Increasing HPV Vaccination Rates Through National Provider Partnerships[END_REF].

Although cervical cancer during pregnancy is rare, with an estimated incidence of 12 to 15 per 100.000 pregnancies [START_REF] Smith | Cancer associated with obstetric delivery: results of linkage with the California cancer registry[END_REF][START_REF] Eibye | Incidence of Pregnancy-Associated Cancer in Denmark, 1977-2006[END_REF], an increase in the number of cases has been observed during the last two decades particularly because of delayed childbearing [START_REF] Mathews | First Births to Older Women Continue to Rise[END_REF]. It constitutes a major medical challenge related to the impact of treatment on both maternal and fetal outcomes. In the absence of randomized trials guiding treatment, the management of cervical cancer during pregnancy is based on expert consensus taking into account gestational age, stage at diagnosis, the desire to continue the pregnancy, and the trade-off between optimal effective treatment and preservation of the health of the fetus. These women should thus be followed by an expert center.

The aim of the current study was to describe the oncologic and obstetric outcomes of patients diagnosed with invasive cervical cancer (ICC) and in situ adenocarcinoma (ISA) during pregnancy or during the year following delivery.

PATIENTS AND METHODS

The CALG network was created in France by funding from the Institut National du Cancer (INCa) mainly to optimize management of patients with cancer associated pregnancy. Data of women with histologically proven ICC and ISA recorded in the prospective database of the CALG network between June 2005 and July 2018 were retrospectively analyzed. We included all patients who were treated in Tenon University Hospital or whose treating physician had consulted the CALG network.

The extent of the pelvic tumor was assessed by clinical examination and magnetic resonance imaging (MRI). The 2018 FIGO classification based on MRI was used for ICC. [START_REF] Thomeer | Clinical examination versus magnetic resonance imaging in the pretreatment staging of cervical carcinoma: systematic review and meta-analysis[END_REF][START_REF] Mitchell | Early invasive cervical cancer: tumor delineation by magnetic resonance imaging, computed tomography, and clinical examination, verified by pathologic results, in the ACRIN 6651/GOG 183 Intergroup Study[END_REF][START_REF] Bhatla | Cancer of the cervix uteri[END_REF] The following data were recorded: epidemiologic data; circumstances of diagnosis; histologic data; and treatment details. The type of surgery, term and mode of delivery were also recorded as were modalities of NACT and adjuvant chemotherapy and adjuvant therapy.

The Ethical Review Committee (CEROG) approved this study (CEROG 2019-GYN-603). Written informed consent was obtained from all patients.

Statistical analysis was performed with R Studio version 3.5.2. Descriptive results were expressed in median, range and interquartile range (IQR).

RESULTS

3.1.Epidemiologic characteristics of the population

Between June 2005 and July 2018, 20 patients with ICC and eight with ISA were recorded in the database of the CALG network. Characteristics of the patients are summarized in Table 1.

3.2.Patients with ICC

Of the 20 patients, twelve were treated in Tenon University Hospital. Eighteen cases were diagnosed during pregnancy at a median term of 23. Eleven of the 20 ICCs were squamous-cell carcinomas, eight were invasive adenocarcinomas and one was an undifferentiated carcinoma. Histologic type and FIGO classification of the ICCs are shown in Table 2.Most of the patients (n=14) were stage IB2 at diagnosis. Four (22.2%) patients underwent a PET-scan, one during pregnancy at 28 WG.

Sixteen patients (80%) underwent MRI, 13 during pregnancy.

Medical and surgical management of patients with ICC

Five patients underwent NACT (Table 3) at a median term 22.0 WG [min18.7-max23.6; IQR (20.4; 22.8)].

Patient 1: The exact FIGO stage was not evaluable for this patient as the MRI at 22 WG was normal and no clinical exam details were available. This patient was diagnosed with invasive adenocarcinoma at 19 WG following a cervical smear test HSIL HPV 18+. She received four cycles of carboplatin and taxol. She had a cesarean delivery (C-section) at 37+1 WG and underwent radical hysterectomy. Histologic findings did not show any tumor residue. Eighteen patients (80%) with ICC underwent surgery (Table 3).One patient with IB1 stage adenocarcinoma underwent pelvic lymphadenectomy by laparoscopy during the second trimester of pregnancy. No details of the lymph node status or surgical and pregnancy outcomes were available.

One patient with a IIB stage squamous-cell carcinoma underwent a retroperitoneal para-aortic lymphadenectomy at 11+5 WG. None of the 18 lymph nodes removed were positive. She refused medical pregnancy termination and received concomitant radio-chemotherapy resulting in uteri fetal death at 17+4 WG. She underwent a completion radical hysterectomy 6 weeks after radiotherapy. Histology did not find tumor residue.

Three patients underwent medical termination of pregnancy: one at 30 WG because of myelomeningocele diagnosed in utero and the two others during the first trimester for FIGO IB2 and IIIC1.Of the 18 patients with ICC diagnosed during pregnancy, eight gave birth to healthy children by C-section. Median term at delivery was 37 WG (IQR 35.5; 37). Of the remaining 10 patients, three had a medical termination of pregnancy, and one had a fetal death in utero. No data on pregnancy outcomes were available for the six remaining patients treated out of Tenon Hospital.

Follow-up and recurrence in patients with ICC

The median time of follow-up was 51.2months (IQR 24.5; 156.4). Two patients experienced recurrence and three died of the disease. In the first case, recurrence occurred 4 years after diagnosis of an adenocarcinoma on the Troisier lymph node; she died 6.5 years after the first diagnosis. In the second case, the patient was diagnosed at 33+2 WG with welldifferentiated IB1 stage squamous-cell carcinoma. She underwent radical hysterectomy and pelvic lymphadenectomy 4 weeks after C-section at 37 WG. Out of the 10 pelvic lymph nodes removed, one was positive. The patient underwent para-aortic lymphadenectomy one month later removing 18 negative lymph nodes. Final FIGO stage was IIIC1. She received adjuvant radiotherapy and chemotherapy with a carboplatin-taxol regimen followed by paclitaxel with cisplatin. She relapsed at the iliac level 3 months after radical hysterectomy and pelvic lymphadenectomy and died 10 months after initial diagnosis.

The third patient underwent NACT for a differentiated IB3 squamous cell carcinoma at 21 WG. She had two cycles of NACT by taxol and carboplatin. Reassessment showed local progression and the patient underwent a C-section at 28 WG with pelvic and para-aortic lymphadenectomy. The patient continued to progress despite treatment and died 4 months after diagnosis.

Patients with ISA

Of the eight patients, four were treated in Tenon Hospital. Five were diagnosed on biopsy and the three others on conization because of suspicion of cervical intraepithelial neoplasia (CIN) 2 or 3 on biopsy. Four were diagnosed during pregnancy with a median term at diagnosis of 7.3 WG [min 6.1-max 8; IQR (6.7; 7.7)]; four were diagnosed in the year following delivery. None were HIV positive. Median age at diagnosis was 33 years old [min 26-max 43; IQR (30.3; 34.5)]. One patient was a current smoker. All the patients underwent surgery. Two of these had a hysterectomy: one after conization followed by trachelectomy, and the second in a 43-year-old patient who refused fertility sparing surgery. The six remaining patients underwent a conization including one during pregnancy at a term of 10+6 WG. Table 4 summarizes the surgical management of the women with ISA. Median term of follow-up was 79.00 months (IQR 63.1; 103.7) without recurrence.

DISCUSSION

The present study reports the experience of the CALG network on the management of cervical cancer associated with pregnancy and confirms the possibility of maintaining the pregnancy in spite of a relatively high rate of recurrence and death.

In our population, 55% had squamous-cell carcinoma and 40% had adenocarcinoma. This distribution of histologic types is in agreement with those of the meta-analysis of Halaska et al [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF] but differs from those reported in a literature review by Song et al [START_REF] Song | Efficacy of neoadjuvant platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated systematic review and meta-analysis[END_REF]who reported that 73.8 % of the women (45 of 61) were diagnosed with squalors-cell carcinoma and 14.8 %with invasive adenocarcinoma. Similarly, Kärrberg et al [START_REF] Kärrberg | Support for down-staging of pregnancyassociated cervical cancer[END_REF]reported rates of 76.6 % (36 of 47) and 17% ( 8) for squamous-cell carcinoma and adenocarcinoma, respectively. This apparent discrepancy cannot be related to differences in the epidemiologic characteristics: our population was similar to those of previous studies with most patients being Caucasian [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF][START_REF] Song | Efficacy of neoadjuvant platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated systematic review and meta-analysis[END_REF] but by difficulties in detecting adenocarcinoma. Several publications suggest that screening is less effective for adenocarcinoma than for squamous-cell carcinoma of the cervix [START_REF] Pettersson | Cervical cancer in the screening era: who fell victim in spite of successful screening programs?[END_REF][START_REF] Zappa | Lower protection of cytological screening for adenocarcinomas and shorter protection for younger women: the results of a casecontrol study in Florence[END_REF][START_REF] Castanon | Is cervical screening preventing adenocarcinoma and adenosquamous carcinoma of the cervix?[END_REF][START_REF] Mancini | Incidence and survival trends of cervical adenocarcinoma in Italy: Cytology screening has become more effective in downstaging the disease but not in detecting its precursors[END_REF]. This is because glandular lesions are mainly located in the cervical canal making sampling difficult and thus reducing the chance of early detection [START_REF] Castanon | Is cervical screening preventing adenocarcinoma and adenosquamous carcinoma of the cervix?[END_REF][START_REF] Davy | Cervical cancer: effect of glandular cell type on prognosis, treatment, and survival[END_REF][START_REF] Pirog | Cervical Adenocarcinoma: Diagnosis of Human Papillomavirus-Positive and Human Papillomavirus-Negative Tumors[END_REF]. Moreover, several authors reported a lower accuracy of colposcopy in pregnant than in nonpregnant women [START_REF] Morimura | Cervical cytology during pregnancy _ comparison with non-pregnant women and management of pregnant women with abnormal cytology[END_REF][START_REF] Russa | Invasive cervical cancer in pregnancy[END_REF]. Finally, Ciavattini et al observed a better reliability of colposcopy in the two first trimesters and especially before 20 WG while the median term at diagnosis was 22.3 WG in the current study.

In contrast to ISA, which was often diagnosed during the first trimester of pregnancy, most of the patients with ICC had a FIGO stage IB2 and were mainly diagnosed during the second half of the second trimester of pregnancy. Halaska et al [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF] recently published a multicenter matched cohort that gathered data from six European centers between 1990 and 2012 with a total of 132 pregnant patients. Their data were similar to our study with a median age at diagnosis of 34 years but a median gestational age at diagnosis slightly earlier at 18.4 WG, and with most patients (80.3 %) being diagnosed with early stage disease. However, FIGO staging was essentially based on clinical examination, with a risk of misdiagnosis as previously demonstrated [START_REF]Clinical examination versus magnetic resonance imaging in the pretreatment staging of cervical carcinoma: systematic review and meta-analysis[END_REF][START_REF] Mitchell | Early Invasive Cervical Cancer: Tumor Delineation by Magnetic Resonance Imaging, Computed Tomography, and Clinical Examination, Verified by Pathologic Results, in the ACRIN 6651/GOG 183 Intergroup Study[END_REF], while in the current study MRI was often performed [START_REF] Song | Efficacy of neoadjuvant platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated systematic review and meta-analysis[END_REF]. In 2018, the FIGO classification was revised to take into account imaging and pathologic findings [START_REF] Bhatla | Cancer of the cervix uteri[END_REF]. The contribution of imaging in this new classification is a major asset in the staging of cervical cancer associated with pregnancy. Physiologic changes, especially the presence of cervical edema related to pregnancy, might alter the clinical assessment of tumor size [START_REF] Michael | Pregnancy-related changes: a retrospective review of 278 cervical smears[END_REF]and MRI can be safely performed during pregnancy not only to evaluate the initial FIGO stage but also to determine response to chemotherapy and hence to adapt therapy [START_REF]Clinical examination versus magnetic resonance imaging in the pretreatment staging of cervical carcinoma: systematic review and meta-analysis[END_REF][START_REF] Mitchell | Early Invasive Cervical Cancer: Tumor Delineation by Magnetic Resonance Imaging, Computed Tomography, and Clinical Examination, Verified by Pathologic Results, in the ACRIN 6651/GOG 183 Intergroup Study[END_REF]. Moreover, patients with lesions under 2 cm are eligible for conization or simple trachelectomy (used in 21% of our population) which appears to be a safe and effective treatment during pregnancy [START_REF] Salvo | Simple trachelectomy with pelvic lymphadenectomy as a viable treatment option in pregnant patients with stage IB1 (≥2 cm) cervical cancer: Bridging the gap to fetal viability[END_REF][START_REF] Umemoto | Obstetrical prognosis of patients who underwent vaginal radical trachelectomy during pregnancy[END_REF][START_REF] Yoshihara | The Safety and Effectiveness of Abdominal Radical Trachelectomy for Early-Stage Cervical Cancer During Pregnancy[END_REF].

In the current study, excluding the patient with a myelomeningocele diagnosed in utero, only two patients (11%) underwent a medical termination for advanced stage disease (IIB). This is a lower rate than that noted in Halaska et al study(26.5%) [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF] and suggests that continued pregnancy is possible for most women with cervical cancer associated with pregnancy. Moreover, Perrone et al [START_REF] Perrone | Cervical cancer in pregnancy: Analysis of the literature and innovative approaches[END_REF] reported that termination of pregnancy was refused by two-thirds of patients even in the case of advanced cervical cancer. This raises the issue of NACT during pregnancy. After exclusion of the three patients undergoing pregnancy termination and the two patients diagnosed in the postpartum period, NACT was used in onethird of our population. Song et al [START_REF] Song | Efficacy of neoadjuvant platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated systematic review and meta-analysis[END_REF]published a meta-analysis including 39 studies published between 1997 and 2018 including 88 patients with cervical cancer associated with pregnancy treated by platinum-based chemotherapy. In their meta-analysis, 87.5 % of the patients were diagnosed with early stage (I and IIA -FIGO 2009) and 12.5% with advanced stage (IIB, III and IV) disease. Eighty-eight babies were delivered including 71 completely healthy neonates. In 2018, the ESGO-ESTRO-ESP [START_REF] Cibula | The European Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology Guidelines for the Management of Patients With Cervical Cancer[END_REF]guidelines point out that, in view of the low incidence of cervical cancer during pregnancy and the lack of high level of evidence, patients should be exclusively managed in expert centers with the advice of a multidisciplinary committee taking into account gestational age, FIGO stage, the maternal and fetal risk-benefit ratio of each option, and the desire of the patient to maintain the pregnancy.

No cancer treatment or surgical staging is proposed before 12 WG [START_REF] Cardonick | Use of chemotherapy during human pregnancy[END_REF][START_REF] Köhler | How much platinum passes the placental barrier? Analysis of platinum applications in 21 patients with cervical cancer during pregnancy[END_REF][START_REF] Pereg | Cancer in pregnancy: gaps, challenges and solutions[END_REF]. Over this term, surgery is recommended for early stage disease (Stage Ia-Ib1) and NACT for advanced stages (Ib2-IIa) [START_REF] Perrone | Cervical cancer in pregnancy: Analysis of the literature and innovative approaches[END_REF].

Nevertheless, it should not be forgotten that cervical cancer associated with pregnancy is a severe disease. In the present study, two recurrences and three deaths were observed.

Song et al [START_REF] Song | Efficacy of neoadjuvant platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated systematic review and meta-analysis[END_REF]reported recurrence in 19.8 % of patients, 90 % of whom died from the disease.

Similarly, Halaska et al [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF] reported a recurrence rate of 20% and a death rate of 14% among pregnant women similar to that observed for non-pregnant women (21% of recurrences and 18 % of deaths).

In our study, the rate of surgery during pregnancy, NACT, expectant management till delivery, and premature delivery before treatment were 59%, 29%, 12% and 12%, respectively. Our data are partially in contrast with those of Halaska et al [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF]reporting a 17.4% rate of surgery, 16.7% of NACT, 26.5% of expectant management, and 12.9% of premature delivery [START_REF] Halaska | Characteristics of patients with cervical cancer during pregnancy: a multicenter matched cohort study. An initiative from the International Network on Cancer, Infertility and Pregnancy[END_REF]. This apparent discrepancy can be explained by the long study period of Halaskaet al's cohort and variations according to countries. Some limits of the current study deserve to be underlined. First, the retrospective nature cannot exclude all biases. Second, the low sample size linked to the low incidence of the disease could be a source of misinterpretation. However, it is clear that the lower incidence of pregnancy termination and higher number of NACT administered compared to previous studies confirms the trend for a more conservative management of pregnancy which is also probably linked to delayed pregnancy in western countries. Finally, although all the women included were followed either by the CALG network or by physicians who sought advice from the network, some physicians contributed to analysis bias by failing to report some data especially about treatment options and follow-up.

CONCLUSION

This study reports the experience of the CALG network on the management of cervical cancer associated with pregnancy and supports a more conservative management of cervical cancer associated with pregnancy.

  3 weeks of gestation (WG) [min7-max34.3; IQR (17.1; 28.0)] and two during the year following delivery (8 weeks post-partum in both cases). The median age at diagnosis was 33 years old [min26-max42; IQR (29.0; 36.8)]. Five patients were current smokers, none were HIV positive.

Patient 2 :

 2 This patient was diagnosed with squamous-cell carcinoma at 13 WG with a FIGO IB1 stage on MRI. She underwent a conization and cervical cerclage at 13+6 WG. Histologic findings showed a moderately differentiated squamous-cell carcinoma of 16x10x5 mm with embol. She began chemotherapy with carboplatin and taxol at 22 WG. She underwent a Csection at 32 WG with concomitant radical hysterectomy and pelvic lymphadenectomy. No tumor residue was found. None of the 17 lymph nodes removed were positive. Patient 3: In this patient a FIGO IB2 stage invasive adenocarcinoma was diagnosed at 20 WG. MRI revealed a lesion of 35 mm. She underwent NACT with carboplatin and paclitaxel at 23+4 WG. MRI reassessment found a tumor residue of 17 mm. She had a C-section at 37 WG and underwent radical hysterectomy with pelvic lymphadenectomy by laparoscopy 2weeks later. Histologic findings showed a 25x26x9 mm tumor residue of invasive adenocarcinoma p16 + p53 30%.Of the 24 lymph nodes removed, none were positive. Patient 4: The fourth patient was diagnosed with IB3 stage squamous-cell carcinoma at 21 WG. The MRI found a lesion of 65 mm. The patient refused medical pregnancy termination. She had two cycles of NACT by taxol and carboplatin. Reassessment showed local progression and revealed emergence of a dilatation of the right kidney cavities and bilateral external iliac lymph nodes. She underwent a C-section at 28 WG with pelvic and para-aortic lymphadenectomy. Out of the 15 para-aortic lymph nodes removed, five were positive. She received concomitant radio-chemotherapy. The patient continued to progress despite treatment and died 4 months after diagnosis. Patient 5: The last patient underwent NACT for aIB2 stage squamous-cell carcinoma diagnosed at 25+6 WG. Initial MRI found a lesion of 32x24x27 mm. She began chemotherapy with carboplatin and taxol. MRI reassessment found a tumor residue of 18x6x14 mm and positron emission tomography (PET) scan showed a partial metabolic response. She underwent radical hysterectomy, pelvic and para-aortic lymphadenectomy concomitant to a C-section. No data on final histology was available.
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