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Purpose: To determine the disparities in survival outcomes between stage IIB-IVA cervical squamous cell carcinoma (SCC) and
adenocarcinoma (AC) treated with chemoradiotherapy.

Methods: Patients diagnosed between 2004 and 2015 were retrospectively included from the Surveillance, Epidemiology, and End
Results databases. Propensity score matching (PSM) was used in this study. The primary endpoints were cervical cancer-specific
survival (CCSS) and overall survival (OS).

Results: A total of 2752 patients were identified, including 87.5% (n=2408) were SCC and 12.5% (n=344) were AC. Patients with AC
had inferior 5-year CCSS (67.5% vs 54.8%, P<0.001) and OS (58.4% vs 47.2%, P<0.001) compared to those with the SCC subtype.
The hazard curve of cervical cancer-related death in AC peaked at 2 years (19%) and still small peaks in the 7 and 11 years of follow-
up. Regarding SCC, cervical cancer-related deaths peaked at 2 years (15%) and the hazard rate was 2.0% during the six years of
follow-up. The multivariate Cox regression analyses indicated that histology was an independent prognostic factor associated with
survival outcomes. Patients with AC had significantly poor CCSS (P<0.001) and OS (P<0.001). Similar results were found after PSM.
Conclusion: Our study demonstrates a significantly better prognosis for cervical SCC patients compared to those with cervical AC
undergoing chemoradiotherapy. These results highlight the importance of histological subtyping in predicting treatment outcomes and
tailoring therapeutic strategies.
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Background

Cervical cancer (CC) represents an important global health issue and remains the main cause of cancer-related deaths in
women. There are approximately 604,217 new cases of CC worldwide annually, including 111,820 cases in China.'* It is
a heterogeneous disease that can be classified into various histological subtypes, with the most common being squamous
cell carcinoma (SCC) (70%), followed by adenocarcinoma (AC) (10-25%).>> SCC originates from the squamous
epithelium of the cervix, while AC arises from the glandular cells. Tumors containing glandular elements are associated
with resistance to radiotherapy and poorer survival outcomes.®’ In those receiving definitive radiotherapy or post-

operative radiotherapy, several studies have shown AC patients had a higher risk of pelvic recurrence and a lower
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survival outcome than those in the SCC group both in early- and locally advanced-stage CC.*° Moreover, several studies
also have highlighted the distinct biological characteristics of cervical AC and SCC, suggesting potential variations in
growth patterns, response to therapies, and likelihood of metastasis.'®'* These findings indicated that the clinical
behavior of the tumor cells and the effectiveness of radiotherapy may be different between SCC and AC.

In the current treatment guidelines for stage I[IB-IVA CC, concurrent chemoradiotherapy (CCRT) is a widely accepted
treatment approach for this patient setting and the recommended treatment strategies for SCC are similar to those with
AC.""'% In our previous study, we found that the survival of the cervical AC who received definitive radiotherapy had an
inferior prognosis compared to those with SCC.'” However, the information regarding chemotherapy was not included in
the analysis.'” Therefore, it is essential to investigate if there are any survival differences between SCC and AC of the
cervix when subjected to chemoradiotherapy. In light of this, this study aimed to investigate the differential clinical
outcomes of patients with locally advanced cervical AC and SCC who received chemoradiotherapy. This knowledge
could inform personalized treatment decisions and contribute to improved management strategies for CC patients.

Materials and Methods

Patients

Patients diagnosed with CC from 2004 to 2015 were retrospectively included using the Surveillance, Epidemiology, and
End Results (SEER) database.'® The SEER Research Plus Data contains population-based data from 18 cancer registries
covering approximately 27.8% of the United States population. This dataset provides information regarding demo-
graphics, tumor characteristics, treatment, and follow-up of the patients. We have obtained permission to access the
SEER database with the approval number 21354-Nov2021. We included patients who met the following inclusion
criteria: 1) patients who were diagnosed with stage IIB-IVA cervical SCC or AC; 2) patients who received definitive
radiotherapy and chemotherapy. Patients who had non-positive pathological diagnoses or who did not receive implants or
isotopes irradiation were excluded from this study. This study was approved by the Ethics Committee of the First
Affiliated Hospital of Xiamen University (approval number 2022J011379).

Measures

The following demographic and clinicopathological variables were included in the analysis: age, race, histological
subtypes, grade, and Federation of International of Gynecologists and Obstetricians (FIGO) stage. The FIGO staging
was based on the sixth edition of the American Joint Committee on Cancer tumor node metastasis (TNM) classification
staging. Before 2018, the FIGO staging and TNM staging for the same patient with CC were identical. The primary
endpoints were cervical cancer-specific survival (CCSS) and overall survival (OS).

Statistical Analysis

Categorical variables were compared by the Chi-square tests. The Kaplan—Meier method with the Log rank test was
performed to compare the CCSS and OS. The life-table method was conducted to estimate the annual CC-related death
hazard rate. We used propensity score matching (PSM) to minimize selection bias including the following variables: age,
race, tumor grade, and FIGO stage. Multivariate Cox regression analyses were performed to determine the independent
prognostic factors associated with survival outcomes. Sensitivity analyses were performed to determine the impact of
histology on survival outcomes after stratification by age, race, tumor grade, and FIGO stage. All statistical analyses were
performed using the SPSS statistical software package (version 26.0; IBM Corporation, Armonk, NY, USA). A P-value
of <0.05 was considered statistically significant.

Results
Patient Baseline Characteristics
A total of 2752 patients were included in this study (Figure 1), including 87.5% (n=2408) of SCC and 12.5% (n=344) of

AC (Table 1). The median age at CC diagnosis was 52 years (range, 19-91 years). Patients with the AC subtype were
more likely to be older age (P=0.001), white race (P=0.019), and well-differentiated disease (P=0.001). The mean age
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Figure | The patient selection flowchart.
Abbreviations: NOS, no other specific; SCC, squamous cell carcinoma; AC, adenocarcinoma.

was 52.2 years and 55.4 years in patients with SCC and AC, respectively (P<0.001). A total of 340 pairs of patients were
completely matched using PSM (Table 1).

Survival Analyses

The median follow-up was 56 months (range, 2-191 months). A total of 1376 patients died, including 791 from SCC and
163 from AC. The 5-year CCSS and OS were 65.9% and 57.3% in the entire cohort. Patients with AC had inferior CCSS
(5-years: 67.5% vs 54.8%, P<0.001) (Figure 2A) and OS (5-years: 58.4% vs 47.2%, P<0.001) (Figure 2B) compared to
those with SCC subtype. Similar results were found after PSM (Figure 3A and B).

Hazard Function

There were significant differences in hazard function between SCC and AC. The hazard curve of CC-related death in AC
peaked at 2 years (19%) but then slowly decreased over time. However, there were still small peaks in the 7 and 11 years
of follow-up and the risk of death reached 0 in the 12th year. Regarding SCC, the CC-related deaths peaked at 2 years
(15%), and then slowly decreased over time, where the hazard rate was 2.0% during the six years of follow-up. Figure 4
lists the hazard curve of CC-related deaths by specific histological subtypes.
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Table | Patient Baseline Characteristics Before and After Propensity Score Matching
Variables Before PSM After PSM
n SCC (%) AC (%) P n scc AC P

Age (years)
<50 1184 1071 (44.5) 113 (32.8) 0.001 244 112 112 |
50-64 1088 939 (39.0) 149 (43.3) 292 146 146
265 480 398 (16.5) 82 (23.8) 164 82 82

Race
White 2049 1783 (74.0) 266 (77.3) 0.019 528 264 264 I
Black 369 339 (14.1) 30 (8.7) 60 30 30
Other 334 286 (11.9) 48 (14.0) 92 46 46

Grade
Well differentiated 124 85 (3.5) 39 (11.3) 0.001 70 35 35 |
Moderately differentiated 918 835 (34.7) 83 (24.1) 166 83 83
Poorly/undifferentiated 969 852 (35.4) 117 (34.0) 234 117 117
Unknown 741 636 (26.4) 105 (30.5) 210 105 105

FIGO stage
1IB 1051 902 (37.5) 149 (43.3) 0.096 292 146 146 |
n 1607 1421 (59.0) 186 (54.1) 372 186 186
IVA 94 85 (3.5) 9 (2.6) 16 8 8

Abbreviations: PSM, propensity score

adenocarcinoma.

Prognostic Analyses

matching; FIGO, Federation of International of Gynecologists and Obstetricians; SCC, squamous cell carcinoma; AC,

We performed Multivariate Cox regression analyses to determine the independent prognostic factors related to CCSS and

OS (Table 2). The results showed that histology was an independent prognostic factor associated with survival outcomes.
Patients with AC had significantly poor CCSS (hazard ratio [HR] 1.683, 95% confidence interval [CI] 1.417-1.999,
P<0.001) and OS (HR 1.486, 95% CI 1.279—1.727, P<0.001). Using sensitivity analysis, we also found that those with
AC had inferior CCSS and OS compared to those with SCC after stratification by age, race, tumor grade, and FIGO stage
(Table 3). Age and FIGO stage were also independent prognostic factors related to survival outcomes. We also found that
patients with AC had significantly poor CCSS (HR 1.755, 95% CI 1.370-2.248, P<0.001) and OS (HR 1.759, 95% CI
1.421-2.178, P<0.001) after PSM (Table 4).
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Figure 2 Comparison of cause-specific survival (A) and overall survival (B) between cervical squamous cell carcinoma (SCC) and adenocarcinoma (AC) before propensity
score matching.
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Figure 3 Comparison of cause-specific survival (A) and overall survival (B) between cervical squamous cell carcinoma (SCC) and adenocarcinoma (AC) after propensity
score matching.
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Figure 4 Annual hazard rates for cervical cancer-related death between cervical squamous cell carcinoma (SCC) and adenocarcinoma (AC) (the horizontal axis refers to
the year of follow-up; the vertical axis refers to annual hazard rates).

Discussion

In this study, we used a population-based cohort to investigate the effect of histology on survival outcomes in stage I11B-
IVA CC patients who received chemoradiotherapy. We found significant differences in the patterns of hazard function
between SCC and AC. In addition, patients with cervical AC had inferior survival outcomes compared to those with
SCC. Our study highlighted the importance of histological subtyping in predicting treatment outcomes and determining
optimal therapeutic strategies.

There were conflicting results regarding age distribution between SCC and AC of the cervix. Several small sample
size studies have found that the age distribution of SCC and AC was similar.”'**® Moreover, two recent population-
based studies showed that patients with AC were more likely to be diagnosed at a young age.?'*> However, our study
found that women with AC are more likely to be older compared to those with SCC (the mean age was 52.2 years in SCC
and 55.4 years in AC, P<0.001). It is necessary to elaborate on the differences in age distribution between the two
histological subtypes. The study by the National Cancer Database showed that AC patients of older age were less likely
to be diagnosed with early-stage disease compared to those with SCC.?* Therefore, the impact of CC screening may play

International Journal of Women’s Health 2024:16 https: 405

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hong et al Dove

Table 2 Multivariate Prognostic Analysis for Independent Prognostic Factors Associated with Cervical Cancer-
Specific Survival and Overall Survival Before Propensity Score Matching

Variables CCsSS oS
HR 95% CI P HR 95% CI P

Age (years)

<50 | |

50-64 0.963 0.836-1.108 0.595 1.183 1.049-1.334 0.006

265 1.079 0.900-1.295 0411 1.633 1.413-1.887 <0.001
Race

White | |

Black 1.049 0.868—1.266 0.623 1.055 0.903-1.233 0.500

Other 0.848 0.688-1.045 0.121 0.843 0.710-1.000 0.051
Grade

Well differentiated | |

Moderately differentiated 111 0.800-1.543 0.531 1.032 0.788-1.352 0818

Poorly/undifferentiated 1.320 0.955-1.824 0.093 1.242 0.952-1.619 0.11

Unknown 1.053 0.755-1.467 0.761 1.016 0.775-1.333 0.909
FIGO stage

1B | |

11l 1.929 1.669-2.230 <0.001 1.807 1.606—2.034 <0.001

IVA 3317 2.472-4.450 <0.001 2.834 2.192-3.664 <0.001
Histology

SCC | |

AC 1.683 1.417-1.999 <0.001 1.486 1.279-1.727 <0.001

Abbreviations: PSM, propensity score matching; FIGO, Federation of International of Gynecologists and Obstetricians; SCC, squamous cell
carcinoma; AC, adenocarcinoma; HR, hazard ratio; Cl, confidence interval; CCSS, cervical cancer-specific survival; OS, overall survival.

Table 3 Sensitivity Analysis of the Impact of Histology (Adenocarcinoma vs Squamous Cell Carcinoma) on Cervical
Cancer-Specific Survival and Overall Survival After Stratification by Age, Race, Tumor Grade, and FIGO Stage

Variables CCss oS
HR 95% ClI P HR 95% ClI P
Age (years)
<50 1.377 1.028-1.848 0.032 1.256 0.950-1.660 o.110
50-64 1.622 1.246-2.112 <0.001 1.521 1.219-1.897 <0.001
265 2.429 1.692-3.487 <0.001 1.700 1.265-2.286 <0.001
Race
White 1.490 1.227-1.810 <0.001 1.280 1.080-1.517 0.004
Black 3.299 2.010-5415 <0.001 2.880 1.846—4.492 <0.001
Other 1.997 1.215-3.281 0.006 2.138 1.423-3.212 <0.001
Grade
Well- Moderately differentiated 1.466 1.091-1.969 0.011 1.394 1.086-1.791 0.009
Poorly/undifferentiated 1.725 1.312-2.268 <0.001 1.564 1.232-1.987 <0.001
Unknown 1.869 1.358-2.572 <0.001 1.451 1.093-1.927 0.010
FIGO stage
1B 2.039 1.517-2.742 <0.001 1.613 1.250-2.080 <0.001
I-IVA 1.717 1.301-2.267 <0.001 1.430 1.188-1.722 <0.001

PSM, propensity score matching; FIGO, Federation of International of Gynecologists and Obstetricians; SCC, squamous cell carcinoma; AC,
adenocarcinoma; HR, hazard ratio; Cl, confidence interval; CCSS, cervical cancer-specific survival; OS, overall survival.
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Table 4 Multivariate Prognostic Analysis for Independent Prognostic Factors Associated with Cervical Cancer-
Specific Survival and Overall Survival After Propensity Score Matching

Variables CCSss oS
HR 95% CI P HR 95% ClI P

Age (years)

<50 | |

50-64 1.152 0.866—1.533 0.330 1.380 1.066—1.786 0.015

265 1.280 0.921-1.778 0.141 1.790 1.347-2.378 <0.001
Race

White | [

Black 1.483 0.978-2.249 0.063 1.560 1.089-2.236 0.015

Other I.141 0.796—1.635 0.472 1.182 1.865-1.615 0.294
Grade

Well differentiated | |

Moderately differentiated 1.163 0.730-1.852 0.525 1.181 0.796—1.752 0410

Poorly/undifferentiated 1.506 0.973-2.331 0.066 1.462 1.007-2.122 0.046

Unknown 1.092 0.692-1.721 0.706 1.006 0.682—1.485 0.976
FIGO stage

1B | |

1] 1.823 1.408-2.360 <0.001 1.807 1.447-2.258 <0.001

IVA 1.815 0.835-3.947 0.133 2.220 1.150-4.286 0.017
Histology

SCC [ |

AC 1.755 1.370-2.248 <0.001 1.759 1.421-2.178 <0.001

Abbreviations: PSM, propensity score matching; FIGO, Federation of International of Gynecologists and Obstetricians; SCC, squamous cell
carcinoma; AC, adenocarcinoma; HR, hazard ratio; Cl, confidence interval; CCSS, cervical cancer-specific survival; OS, overall survival.

an important role in the difference in age distribution between SCC and AC. Moreover, this age disparity may be also
attributed to differences in the cell of origin and the pathogenesis of these subtypes. It is well-known that SCC is strongly
associated with human papillomavirus (HPV) infection (95%) and affects younger individuals. However, the percentage
of HPV-negative disease was found in approximately 20-30% of patients with cervical ACH®

The predominance of well-differentiated tumors in AC patients compared to SCC patients was another interesting
finding in our study, which was similar to several previous studies including ours.?**’ Well-differentiated tumors are
typically associated with a lower grade, implying a lower histological abnormality and a closer resemblance to the tissue
of origin. In contrast, SCC is often associated with moderate to poorly differentiated tumors, which exhibit more severe
cellular abnormalities. This histological difference may reflect variations in the pathogenesis, genetic alterations, and
molecular profiles between the subtypes, potentially influencing tumor behavior, treatment response, and prognosis.'® '
However, the AC subtype can be further subclassified into 12 different subtypes according to the International
Endocervical Adenocarcinoma Criteria and Classification system after stratification by tumor morphology, HPV status,
and a panel of immunohistochemical markers.?® This adds complexity to our understanding of AC and its biology and
outcome to treatment. Therefore, it is crucial to comprehend the molecular factors, linkage with HPV, tumor character-
istics, and epidemiological implications for proper treatment and prediction of outcomes.

In our entire cohort, the hazard curve for CC-related death between SCC and AC exhibited a distinct pattern. The
curve of CC-related death in AC peaked at 2 years, with an alarming 19% mortality rate. However, the risk of death
gradually decreased over time. Notably, there were also small peaks observed in the 7th and 11th years of follow-up.
Despite these intermittent peaks, the risk of death eventually reached O in the 12th year. Regarding SCC, the peak of
mortality, occurring at 2 years, was slightly lower at 15% compared to AC. Similarly, the risk of death gradually declined
over time. It is noteworthy that the hazard rate during the six years of follow-up for SCC patients was 2.0%, indicating
a relatively lower risk compared to AC patients. This observation suggested that patients with AC face the highest risk of
mortality during the early years of diagnosis, with a subsequent decrease in death rates over time. These findings
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underscore the importance of recognizing and understanding the differences in survival outcomes between SCC and AC
of the cervix. The peak in CC-related death occurring at 3 years for both histological types calls for heightened vigilance,
potentially warranting more aggressive treatment options or closer monitoring during this period. In addition, long-term
follow-up is also required for cervical AC.

Our study demonstrated an inferior CCSS and OS in patients with AC than in those with SCC, which was similar to
previous studies.'”***® The observed disparity in prognosis may be attributed to several factors. First, the distinct
biological characteristics of SCC and AC might contribute to differential prognosis. The study by Hu et al found that the
risk of patients with para-aortic metastatic lymph nodes was significantly higher in AC compared to those with SCC
(14.1% vs 5.9%, P=0.008)."” In addition, a previous study included 30 patients with AC receiving CCRT, 13 patients and
15 patients developed local recurrence and distant recurrence, respectively.>' The above results showed that AC is a more
aggressive disease phenotype compared to SCC. Secondly, the intrinsic radioresistance exhibited by AC compared to
SCC might play a role in the differential outcomes. Previous studies have reported that AC tumors tend to have lower
radiosensitivity and are associated with decreased response rates to radiotherapy. A previous study from Japan showed
that the response to treatment after definitive CCRT was 88.9%, 8.9%, and 1.3% with complete response (CR), partial
response, and stable disease in SCC, and 66.7%, 20.8%, and 12.5% in AC/adenosquamous carcinoma.” In addition,
adjuvant hysterectomy was performed more frequently in AC/adenosquamous carcinoma patients than in SCC patients.
Several studies also showed that those with AC had lower CR and local control rates and required a longer time to
achieve CR compared to those with SCC after definitive radiotherapy or CCRT.>'**?> Moreover, the discrepancy in
prognosis between SCC and AC could also be influenced by the presence of underlying molecular alterations. Recent
research has identified different molecular profiles in SCC and AC, including distinct patterns of gene mutations and
altered expression of key molecules involved in tumor growth and response to therapy.'®™'* These molecular differences
may contribute to variations in treatment response, metastatic potential, and overall survival rates observed between the
two subtypes.

While our study highlights the significant difference in prognosis between SCC and AC patients undergoing CCRT,
some limitations should be acknowledged. Firstly, inherent biases are unavoidable in any retrospective study, including
issues related to data completeness and accuracy, the extended duration of data collection, and the potential changes in
treatment and diagnostic methods throughout the study period. In this study, we collected the database based on
a population-based database and further employed PSM to reduce potential selection bias. Secondly, the population in
our study was from the United States, potentially limiting the generalizability of the general population worldwide.
However, several studies from China, Japan, and Korea have also found that survival rates in patients with AC receiving
definitive radiotherapy were significantly lower than those with the SCC subtype.””'*** Moreover, other confounding
variables, such as performance status and comorbidities, were not included in our analysis.

Conclusions

In conclusion, our study demonstrates a significantly better prognosis for cervical SCC patients compared to those with
cervical AC undergoing chemoradiotherapy. These results highlight the importance of histological subtyping in predict-
ing treatment outcomes and tailoring therapeutic strategies. Future research should focus on elucidating the underlying
molecular mechanisms, improving treatment approaches, and addressing healthcare disparities to further enhance out-
comes in CC patients by different histological subtypes.
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