
1/12https://ejgo.org

ABSTRACT

Objective: To examine the association between tumor grade and survival for women with 
squamous cervical cancer.
Methods: This retrospective observational study utilized the Surveillance, Epidemiology, and 
End Result program data between 1983 and 2013 to examine women with squamous cervical 
cancer with known tumor differentiation grade. Multivariable analyses were performed to 
assess independent associations between tumor differentiation grade and survival.
Results: A total of 31,536 women were identified including 15,175 (48.1%) with grade 3 
tumors, 14,084 (44.7%) with grade 2 neoplasms and 2,277 (7.2%) with grade 1 tumors. 
Higher tumor grade was significantly associated with older age, higher stage disease, larger 
tumor size, and lymph node metastasis (all, p<0.001). In a multivariable analysis, grade 2 
tumors (adjusted-hazard ratio [HR]=1.21; p<0.001) and grade 3 tumors (adjusted-HR=1.45; 
p<0.001) were independently associated with decreased cause-specific survival (CSS) 
compared to grade 1 tumors. Among the 7,429 women with stage II–III disease who received 
radiotherapy without surgical treatment, grade 3 tumors were independently associated with 
decreased CSS compared to grade 2 tumors (adjusted-HR=1.16; p<0.001). Among 4,045 
women with node-negative stage I disease and tumor size ≤4 cm who underwent surgical 
treatment without radiotherapy, grade 2 tumors (adjusted-HR=2.54; p=0.028) and grade 3 
tumors (adjusted-HR=4.48; p<0.001) were independently associated with decreased CSS 
compared to grade 1 tumors.
Conclusion: Our study suggests that tumor differentiation grade may be a prognostic factor 
in women with squamous cervical cancer, particularly in early-stage disease. Higher tumor 
grade was associated with poorer survival.
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INTRODUCTION

Globally, cervical cancer is recognized as the most common gynecologic malignancy with 
more than 500,000 women diagnosed in 2012 [1]. Nearly one third of women succumb to 
the disease in the first 5 years following diagnosis [2]. The most common histologic subtype 
of cervical cancer is squamous cell carcinoma (SCC), accounting for two-thirds of cases 
[3]. The prognosis of women with cervical cancer, including that of squamous histology, is 
largely dependent on tumor factors including the presence of nodal metastasis, parametrial 
involvement, tumor size, deep stromal invasion, and lympho-vascular space invasion (LVSI) 
[4,5]. Another possible prognostic factor may include the degree of tumor differentiation.

The prognostic significance of tumor grade has been controversial, and, historically tumor 
grade has not been factored into treatment decisions for SCC [6]. While some studies have 
demonstrated decreased survival for higher grade tumors, others found no association with 
survival [3,7-15]. Because these studies were performed a few decades ago with relatively 
small sample sizes, the interpretation of their findings is somehow difficult to adopt.

Recently, comprehensive high-throughput genomic and molecular analyses of cervical cancer 
were performed [16]. This study demonstrated that the keratin patterns are an integral part 
in clustering SCC and are associated with survival [16]. As the evaluation of keratinization 
is a key element in grading of SCC, there is a biologic basis by which grade may impact 
outcomes [6]. To date, large studies specifically examining the association with tumor grade 
and survival have been lacking. We performed a population-based analysis to examine the 
association between tumor grade and survival for women with squamous cervical cancer.

MATERIALS AND METHODS

This retrospective study utilized the National Cancer Institute's Surveillance, Epidemiology, 
and End Results (SEER) program, the largest population-based tumor registry in the United 
States [17]. This database was launched and has been maintained since 1973. This tumor 
registry covers approximately 27.8% of the US population, and is publicly available and de-
identified. The data entry and management is performed by trained staff personnel who are 
certified by the National Cancer Registrars Association with rigorous quality control [18]. The 
Institutional Review Board at the University of Southern California exempted this study due 
to the use of said deidentified public data resource.

We used SEER*Stat 8.3.2 to extract the SEER18 cases, generating the dataset from “Cervix 
Uteri” limited to women with malignant cervical tumors. Women with primary cervical cancer 
whose tumors had SCC histology with known tumor grade between 1983–2013 were eligible 
for the analysis. Metastatic tumors to the uterine cervix, other histologic types, and tumors 
with unknown grade were excluded from the analysis. ICD-0-3 site/histology validation list 
and World Health Organization (WHO) histological classification were utilized to identify SCC 
histology (8070-3, 8071-3, 8072-3, and 8073-3) as described previously [19,20].

In our study, we did not include cases with microinvasive SCC (8076-3) because the vast 
majority of these cases (82.9%) did not have information for tumor grade. In addition, rare 
variants of SCC (adenoid, spindle cell, and clear cell types) were not included in this analysis.
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Among the eligible cases for the study, patient demographics, tumor characteristics, 
initial treatment, and survival information were abstracted from the database. Patient 
demographics included age, year, race, marital status, and registration area. Tumor 
characteristics included cancer stage, tumor grade, tumor size, and regional lymph node 
status. Initial treatment types included the use of radiotherapy and surgical treatment. 
Survival information included cause-specific survival (CSS) and overall survival (OS).

In this database, the tumor grade was recorded as grade 1 (well-differentiated), grade 2 
(moderately-differentiated), and grade 3 (poorly-differentiated) [17]. In our study, tumors 
with “high grade,” “undifferentiated” and “anaplastic” were grouped as grade 3 tumors. 
Recorded cancer stage was based on the American Joint Committee on Cancer (AJCC) 7th 
surgical-pathological staging classification schema [21]. CSS was defined as the time interval 
between the cancer diagnosis and the death from the cervical cancer. OS was defined as 
the time interval between the cancer diagnosis and the death from any reason (all-cause). 
Women alive at the last follow-up were censored. In this database, cause of death is linked 
with the National Death Index and the state mortality records [22].

The primary interest of analysis was to examine the association of tumor grade and survival 
of women with squamous cervical cancer. The secondary interest of analysis was to examine 
the association of tumor grade and clinico-pathological characteristics. Differences in 
continuous variables between groups were assessed using One-way analysis of variance 
(ANOVA) test or Kruskal-Wallis H test as appropriate. Categorical and ordinal variables across 
the multiple groups were assessed with χ2 test.

Kaplan-Meier method was used to construct survival curves, and log-rank test was used to 
assess differences between the curves for univariable analysis [23]. Cox proportional hazard 
regression models were used to assess the independent association of tumor grade and 
survival after adjustment for other covariates of interest [24]. Data are reported as adjusted-
hazard ratio (HR) with 95% confidence intervals (CIs).

In a sensitivity analysis, we assessed the association between tumor grade and survival in 
various clinical settings. First, we examined this association in women with node-negative 
stage I disease who underwent surgical treatment alone without radiotherapy (representing 
surgical disease). Second, we examined this association in women with stage II–III disease 
who received radiotherapy without surgical treatment (representing radiation disease). An 
interaction between grade and stage for survival was also examined because stage is known 
to be surrogate factor for survival, and treatment type is largely based on stage [25].

All the analyses in this study were performed based on 2-sided hypothesis tests, and a p<0.05 
was considered statistically significant. Statistical Package for Social Sciences (SPSS, version 
24.0; IBM Corp., Armonk, NY, USA) was used for the analysis.

RESULTS

A total of 31,536 women with known tumor grade were included in the analysis (Table 1). The 
most common tumor grade was grade 3 (n=15,175, 48.1%) representing nearly a half of the study 
population, followed by grade 2 (n=14,084, 44.7%) and grade 1 (n=2,277, 7.2%) neoplasms.
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Older age was associated with higher tumor grade (p<0.001). White women were more likely 
to have grade 1 tumors than other races whereas non-white women were more likely to have 
grade 3 tumors (p=0.002). Married women had a higher chance of grade 1 tumor than other 
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Table 1. Patient demographics, tumor characteristics, and treatment types (n=31,536)
Characteristics Grade 1 Grade 2 Grade 3 p-value
No. 2,277 (7.2) 14,084 (44.7) 15,175 (48.1)
Age 49.7±15.6 51.0±15.0 52.0±15.6 <0.001

<40 689 (8.8) 3,544 (45.2) 3,609 (46.0)
40–49 582 (7.2) 3,696 (45.7) 3,808 (47.1)
50–59 423 (6.5) 2,909 (45.0) 3,129 (48.4)
60–69 286 (6.1) 2,110 (45.1) 2,283 (48.8)
70–79 182 (6.5) 1,193 (42.4) 1,441 (51.2)
≥80 115 (7.0) 632 (38.3) 905 (54.8)

Race 0.002
White 1,213 (7.7) 7,465 (45.0) 7,853 (47.3)
Black 341 (6.7) 2,253 (44.2) 2,504 (49.1)
Hispanic 440 (6.7) 2,894 (43.9) 3,253 (49.4)
Asian 154 (6.2) 1,103 (44.5) 1,220 (49.3)
Others 69 (8.6) 369 (46.1) 363 (45.3)

Marital status 0.009
Married 1,029 (7.9) 5,798 (44.5) 6,208 (47.6)
Single 525 (6.6) 3,583 (45.2) 3,817 (48.2)
Others 619 (6.8) 4,039 (44.4) 4,448 (48.8)
Unknown 104 (7.1) 664 (45.2) 702 (47.8)

Area 0.070
West 1,194 (7.1) 7,468 (44.3) 8,193 (48.6)
Central 460 (7.1) 3,000 (46.0) 3,062 (46.9)
East 623 (7.6) 3,616 (44.3) 3,920 (48.0)

Year at diagnosis <0.001
Before 1990 263 (9.2) 1,223 (42.6) 1,384 (48.2)
1990 to 1999 485 (6.9) 2,932 (41.9) 3,581 (51.2)
2000 to 2009 1,037 (6.6) 7,095 (45.2) 7,563 (48.2)
2010 or later 492 (8.2) 2,834 (47.4) 2,647 (44.3)

Stage <0.001
I 1,337 (58.7) 6,094 (43.3) 5,497 (36.2)
II 320 (14.1) 2,589 (18.4) 2,841 (18.7)
III 329 (14.4) 3,240 (23.0) 3,729 (24.6)
IV 160 (7.0) 1,429 (10.1) 2,308 (15.2)
Unknown 501 (5.8) 732 (5.2) 800 (5.3)

Tumor size (cm) <0.001
<2 580 (25.5) 2,438 (17.3) 1,713 (11.3)
2.1–4 182 (8.0) 2,093 (14.9) 2,560 (16.9)
4.1–6 219 (9.6) 1,956 (13.9) 2,563 (15.9)
>6 217 (9.5) 1,613 (11.5) 2,096 (13.8)
Unknown 1,079 (47.4) 5,984 (42.5) 6,243 (41.1)

Lymph node <0.001
Not involved 1,573 (69.1) 8,945 (63.5) 8,682 (57.2)
Involved 208 (9.1) 2,523 (17.9) 3,468 (22.9)
Unknown 496 (21.8) 2,616 (18.6) 3,025 (19.9)

Surgery <0.001
No 776 (34.1) 6,128 (43.5) 7,230 (47.6)
Yes 1,466 (64.4) 7,721 (54.8) 7,696 (50.7)
Unknown 35 (1.5) 235 (1.7) 249 (1.6)

Radiotherapy <0.001
No 1,193 (52.4) 4,933 (35.0) 4,509 (29.7)
Yes 1,048 (46.0) 8,923 (63.4) 10,453 (68.9)
Unknown 36 (1.6) 228 (1.6) 213 (1.4)

Number with percent per row or mean with standard deviation are shown. One-way analysis of variance test or χ2 test for p-values. Significant p-values are 
emboldened.
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marital status (p=0.009). There was an increase in the incidence of grade 2 tumors from 
41.9% to 47.4% from 1990s to 2010s and a decrease in the occurrence of grade 3 tumors from 
51.2% to 44.3% over the same time period (p<0.001).

Tumor characteristics were examined by tumor grade (Table 1). Women with grade 1 tumors 
were more likely to have stage I disease compared to those who had grade 2–3 tumors (58.7% 
vs. 36.2%–43.3%, p<0.001). Conversely, women with grade 3 tumors had a higher chance of 
stage IV disease compared to those who had grade 1–2 tumors (15.2% vs. 7.0%–10.1%, p<0.001). 
Women with lower grade tumors more often had small tumors; conversely, women with higher 
grade tumors more frequently had larger tumors (p<0.001) and nodal metastasis (p<0.001).

Treatment type was examined per tumor grade (Table 1). Women with lower grade tumors 
more often underwent surgical treatment (64.4% for grade 1 tumors, 54.8% for grade 2 
tumors, and 50.7% for grade 3 tumors, p<0.001). On the other hand, women with higher 
grade tumors more often received radiotherapy (68.9% for grade 3 tumors, 63.4% for grade 2 
tumors, and 46.0% for grade 1 tumors, p<0.001).

Median follow-up time was 7.2 years. In this cohort, there were 9,990 (31.7%) women who 
died of cervical cancer and 14,225 (45.1%) women who died of any cause. On univariable 
analysis, tumor grade was significantly associated with CSS (5-year rates: 79.6% for grade 
1 tumors, 70.4% for grade 2 tumors, and 62.3% for grade 3 tumors, p<0.001; Fig. 1A). In 
a multivariable analysis (Table 2 and Supplementary Table 1), grade 2 tumors (adjusted-
HR=1.21; p<0.001) and grade 3 tumors (adjusted-HR=1.45; p<0.001) were independently 
associated with increased cervical cancer mortality compared to grade 1 tumors. This 
independent association was also seen when grade 3 tumors were compared to 2 tumors 
(adjusted-HR=1.20; p<0.001).

Similarly, tumor grade was significantly associated with OS (5-year rates: 72.6% for grade 
1 tumors, 63.9% for grade 2 tumors, and 55.4% for grade 3 tumors, p<0.001; Fig. 1B). In 
a multivariable analysis (Table 2 and Supplementary Table 1), grade 2 tumors (adjusted-
HR=1.10; p=0.011) and grade 3 tumors (adjusted-HR=1.26, p<0.001) were independently 
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Fig. 1. Survival curves based on tumor differentiation grade (n=31,536). Log-rank test for p-values. Survival curves are shown for (A) CSS and (B) OS. 
CSS, cause-specific survival; OS, overall survival.
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associated with decreased OS compared to grade 1 tumors. When analyses were limited 
to cases with known tumor size and nodal status, similar results were demonstrated 
(Supplementary Table 2).
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Table 2. Multivariable analysis for survival outcome (n=31,536)
Characteristics Cause-specific survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value
Age (continuous) 1.01 (1.01–1.01) <0.001 1.03 (1.03–1.03) <0.003
Race

White 1.00 1.00
Black 1.09 (1.03–1.16) 0.002 1.08 (1.03–1.13) 0.001
Hispanic 0.79 (0.75–0.84) <0.001 0.79 (0.75–0.83) <0.001
Asian 0.69 (0.63–0.75) <0.001 0.64 (0.60–0.69) <0.001
Others 0.91 (0.80–1.04) 0.190 0.91 (0.81–1.02) 0.090

Marital status
Married 1.00 1.00
Single 1.19 (1.13–1.26) <0.001 1.24 (1.18–1.29) <0.001
Others 1.12 (1.07–1.18) <0.001 1.17 (1.12–1.22) <0.001
Unknown 1.00 (0.90–1.11) 0.960 1.05 (0.96–1.14) 0.300

Area
West 1.00 1.00
Central 0.99 (0.94–1.05) 0.730 1.02 (0.97–1.06) 0.530
East 0.94 (0.90–0.99) 0.029 0.95 (0.91–0.99) 0.019

Year at diagnosis
Before 1990 1.00 1.00
1990 to 1999 1.11 (1.03–1.20) 0.005 1.12 (1.05–1.19) <0.001
2000 to 2009 1.01 (0.94–1.09) 0.840 1.02 (0.96–1.09) 0.530
2010 or later 0.92 (0.84–1.01) 0.090 0.95 (0.87–1.03) 0.190

Stage
I 1.00 1.00
II 1.97 (1.83–2.12) <0.001 1.51 (1.42–1.59) <0.001
III 3.42 (3.17–3.68) <0.001 2.34 (2.21–2.48) <0.001
IV 8.77 (8.11–9.49) <0.001 5.50 (5.16–5.86) <0.001
Unknown 2.20 (1.98–2.43) <0.001 1.75 (1.62–1.90) <0.001

Tumor size (cm)
≤2 1.00 1.00
2.1–4 1.71 (1.53–1.93) <0.001 1.40 (1.28–1.52) <0.001
4.1–6 2.05 (1.83–2.29) <0.001 1.65 (1.52–1.80) <0.001
>6 2.47 (2.20–2.77) <0.001 1.94 (1.78–2.12) <0.001
Unknown 2.15 (1.93–2.39) <0.001 1.72 (1.59–1.86) <0.001

Grade
1 1.00 1.00
2 1.21 (1.01–1.33) <0.001 1.10 (1.02–1.19) 0.011
3 1.45 (1.32–1.60) <0.001 1.26 (1.17–1.36) <0.001

Lymph node
Not involved 1.00 1.00
Involved 0.98 (0.93–1.04) 0.500 1.01 (0.96–1.07) 0.720
Unknown 1.29 (1.21–1.37) <0.001 1.25 (1.19–1.31) <0.001

Radiotherapy
No 1.00 1.00
Yes 0.82 (0.77–0.87) <0.001 0.86 (0.82–0.90) <0.001
Unknown 1.18 (1.01–1.39) 0.043 1.21 (1.05–1.38) 0.007

Surgery
No 1.00 1.00
Yes 0.52 (0.49–0.55) <0.001 0.54 (0.52–0.57) <0.001
Unknown 0.95 (0.83–1.08) 0.410 0.93 (0.83–1.04) 0.180

A Cox proportional hazard regression model for p-values. All covariates were entered in the final model. Significant p-values are emboldened.
CI, confidence interval; HR, hazard ratio.
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CSS was then examined by cancer stage (Fig. 2). While tumor grade was significantly 
associated with CSS across the four stages (all, p<0.05), survival differences between the 
3 grades were wider in earlier stage diseases compared to more advanced stage diseases 
(absolute differences in 5-year CSS rate: 9.0%, 6.8%, 3.0%, and 3.4% for stage I, II, III, and 
IV diseases, respectively). Interaction of stage and grade indicates that grade is a prognostic 
factor in each stage (p<0.001; Supplementary Fig. 1).

A number of sensitivity analyses were performed (Table 3). First, 6,869 women with node-
negative stage I disease who underwent surgery alone without radiotherapy were examined. 
In a multivariable analysis, grade 2 tumors (adjusted-HR=2.26; p=0.002) and grade 3 tumors 
(adjusted-HR=3.55; p<0.001) remained independent prognostic factors associated with 
decreased CSS compared to grade 1 tumors. When the cohort was further limited to patients 
with tumor size ≤4 cm (n=4,045), the magnitude of statistical significance became more 
pronounced (grade 2 tumors: adjusted-HR=2.54, p=0.028; and grade 3 tumors: adjusted-
HR=4.48, p<0.001).
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Fig. 2. Stage-specific CSS based on tumor differentiation grade. Log-rank test for p-values. CSS curves are shown for (A) stage I, (B) stage II, (C) stage III, and (D) 
stage IV disease based on tumor grade. 
CSS, cause-specific survival.
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Next, 7,429 women with stage II–III disease who underwent radiotherapy without surgery 
were examined. When compared to grade 2 tumors, grade 3 tumors were independently 
associated with decreased CSS (adjusted-HR=1.16; p<0.001). Grade 3 tumors were also 
independently associated with decreased CSS compared to grade 1 tumors (adjusted-
HR=1.29; p=0.003).

DISCUSSION

Previous studies have been conflicting regarding the impact of tumor differentiation grade 
on survival in squamous cervical cancer [3,7-15]. Our results are similar to previous studies 
that demonstrated that higher tumor grade is associated with poorer prognosis [3,7,8,13,15]. 
Thus, our study validates these prior studies by utilizing more recent data and all-stage 
disease. In addition, because these studies were either conducted in the 1970–1980s [7,13], 
were limited to stage I disease alone [15,20], or were not specific to the SCC [3,7], our large 
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Table 3. Sensitivity analyses for cause-specific survival
Characteristics Stage I, node mets (−), surgery (+),  

RT (−) (n=6,869)
Stage I, node mets (−), surgery (+),  

RT (−), size ≤4 cm (n=4,045)
Stage II–III, surgery (−), 

RT (+) (n=7,429)
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age (continuous) 1.02 (1.01–1.03) <0.001 1.01 (1.00–1.02) 0.053 1.01 (1.01–1.01) 0.003
Race

White 1.00 1.00 1.00
Black 1.33 (0.98–1.80) 0.070 1.26 (0.81–1.95) 0.300 1.10 (0.99–1.21) 0.060
Hispanic 0.95 (0.71–1.28) 0.730 1.29 (0.88–1.90) 0.200 0.82 (0.74–0.91) <0.001
Asian 0.98 (0.67–1.43) 0.900 0.98 (0.56–1.70) 0.930 0.70 (0.60–0.81) <0.001
Others 0.54 (0.22–1.31) 0.170 0.77 (0.24–2.46) 0.660 1.06 (0.86–1.31) 0.580

Marital status
Married 1.00 1.00 1.00
Single 1.22 (0.94–1.59) 0.140 1.35 (0.95–1.94) 0.100 1.18 (1.07–1.30) 0.001
Others 1.34 (1.03–1.75) 0.029 1.40 (0.96–2.04) 0.090 1.13 (1.03–1.24) 0.006
Unknown 0.75 (0.39–1.43) 0.380 1.01 (0.44–2.32) 0.990 1.05 (0.86–1.29) 0.640

Area
West 1.00 1.00 1.00
Central 0.98 (0.73–1.32) 0.880 1.15 (0.76–1.73) 0.510 1.01 (0.92–1.12) 0.820
East 0.94 (0.72–1.24) 0.660 1.14 (0.77–1.67) 0.520 1.01 (0.91–1.11) 0.910

Year at diagnosis
Before 1990 1.00 1.00 1.00
1990 to 1999 0.79 (0.49–1.27) 0.320 0.87 (0.43–1.76) 0.690 1.12 (0.98-1.27) 0.110
2000 to 2009 0.58 (0.36–0.93) 0.025 0.70 (0.34–1.41) 0.320 0.89 (0.78–1.02) 0.090
2010 or later 0.67 (0.36–1.25) 0.210 0.82 (0.35–1.95) 0.660 0.81 (0.68–0.97) 0.019

Grade
1 1.00 1.00 0.90 (0.76–1.06) 0.210
2 2.26 (1.35–3.79) 0.002 2.54 (1.10–5.84) 0.028 1.00
3 3.55 (2.13–5.92) <0.001 4.48 (1.96–10.2) <0.001 1.16 (1.08–1.25) <0.001

Tumor size (cm)
≤4 1.00 1.00
>4 2.77 (2.07–3.72) <0.001 1.30 (1.14–1.48) <0.001
Unknown 0.85 (0.67–1.08) 0.180 1.35 (1.19–1.53) <0.001

Lymph node
Not involved 1.00
Involved 0.98 (0.88–1.09) 0.690
Unknown 1.29 (1.17–1.42) <0.001

Stage
II 1.00
III 1.91 (1.76–2.06) <0.001

A Cox proportional hazard regression model for p-values. All covariates were entered in the final model. Significant p-values are emboldened.
CI, confidence interval; HR, hazard ratio; mets, metastasis; RT, radiotherapy.
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sample size study is more definitive to suggest that tumor grade is a prognostic factor in 
squamous cervical cancer.

There were multiple studies concluding that tumor grade is not a prognostic factor in 
squamous cervical cancer [9,10]. In a prospective study examining surgically-treated stage 
IB squamous cervical cancer, tumor grading was examined by central pathology reviews and 
correlated to pathological findings and survival [9]. Various grading patterns were analyzed 
but none of grading system correlated to nodal metastasis and survival [9]. It is likely that 
their sample size could have limited to detect the difference in these outcomes (n=195). By 
analyzing larger sample size, we demonstrated the differences in these outcomes in our study.

We noted that grade 2–3 lesions are much more common that grade 1 lesions for women 
with squamous cervical cancer. This finding serves as an external validation of prior studies 
that were conducted with a limited sample size [11,26]. Importantly, these statistics of tumor 
grade distribution have been the reason why the utility of tumor grading in the management 
of women with squamous type cervical cancer has been limited [6,15]. That is, 1) the vast 
majority of squamous tumors are of higher grade and 2) high grade tumors commonly exhibit 
other known poor prognostic factors. Thus, it has been a consensus that tumor grade alone is 
unlikely to alter the current available treatment choice [6,15].

For this reason, we conducted a sensitivity analysis to identify the practical utility of tumor 
grading in squamous cervical cancer. We chose two typical cohorts that otherwise the 
standard treatment is well-defined in the guidelines (surgery alone cohort and definitive 
radiotherapy cohort) [27]. First, the significance of tumor grade was examined in a subgroup 
of women with presumed minimum risk of recurrence (node-negative stage I disease with 
small tumor). In this group, treatment type with surgery alone without postoperative 
radiotherapy was indicative that the tumors in the subgroup likely exhibited no poor 
prognostic factors. We found that tumor grade is useful to identify a group of women 
with decreased survival outcome with current treatments. Thus, our findings are clinically 
meaningful in that tumor grade matters in such surgically treated cervical cancer.

Next, we examined the impacts of tumor grade in women with stage II–III disease who 
underwent radiotherapy. Similarly, women with grade 3 tumors had worse survival outcome 
as compared to those with grade 1–2 tumors. Thus, our results are clearly impactful even 
with definitive radiation treatment for cervical cancer. Typically, women with stage II–III 
squamous cervical cancer receive definitive radiotherapy without hysterectomy or systemic 
chemotherapy [27]. Therefore, given the decreased survival in higher tumor grade cases, 
it may be of interest to examine whether additional chemotherapy following definitive 
radiotherapy is beneficial in higher grade disease.

Prior studies have been missing a biological plausible link between higher tumor grade 
and decreased survival in squamous cervical cancer. In this histologic subtype, in addition 
to evaluation of nuclear atypia and mitosis, grading of tumor differentiation includes 
identification of keratinization [6]. That is, the presence of keratinization is suggestive of 
a lower tumor grade whereas the absence of keratinization is suggestive for a higher tumor 
grade, implying that the presence of keratinization is associated with survival outcome. 
A recent analysis from findings of The Cancer Genome Atlas (TCGA) partly supports our 
clinical observation in that this study found the keratin pattern to be a fundamental marker 
by which to cluster SCC of the uterine cervix [16].
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Specifically, SCC can be grouped based on keratin pattern: keratin-high versus keratin-low. 
While keratin-high tumors are associated with PI3K/AKT signaling, keratin-low tumors 
are characterized by more aggressive tumor characteristic with epithelial-mesenchymal 
transition. In fact, survival was worse in women whose tumors had epithelial-mesenchymal 
transition than those who had the PI3K/AKT abnormality [16]. Therefore, it is speculated 
that grade 1 tumors are more likely to be keratin-high tumors resulting in good prognosis; 
conversely, grade 2–3 tumors are more likely to be keratin-low tumors resulting in poor 
prognosis. We propose this as a biologically plausible mechanism for the association of 
tumor grade and survival outcome in squamous cervical cancer. Further study is warranted to 
support this association.

A strength of our study is that this is a population-based study examined the largest tumor 
registry in the United States. We demonstrated a consistency of association of tumor 
grade in all stages serving as an internal validation. A weakness of the study is that this is a 
retrospective study, and there may be missing confounders for analysis. For example, this 
study does not have salient tumor factors such as depth of tumor invasion and LVSI. Similarly, 
the database does not have information for chemotherapy including radio-sensitizer. 
Therefore, we were not able to assess if additional chemotherapy is beneficial for tumors with 
higher grade. Moreover, this database does not have information for recurrence.

A limitation of the study is that there was a large number of cases with missing tumor grade 
in this database. Examining data over three decades may be another limitation of the study 
because the standard of treatment has changed during the study period, and concurrent 
chemo-radiotherapy is now considered for locally-advanced disease or high-risk early-
stage disease [4,28]. Indeed, our analysis observed a trend of improving survival over time. 
Presence of lymph node metastasis is also not specified as histo-pathological or radiographic 
in this database. Moreover, central pathology review for tumor grading was not performed. 
However, tumor differentiation grading is likely reproducible with high inter-observer 
agreement among pathologists, and misclassification of tumor grades is unlikely.

In summary, tumor grade is a prognostic factor for squamous cervical cancer, particularly 
early-stage disease. In this population, higher tumor grade is associated with decreased 
survival. Routine evaluation of tumor grade with synoptic description is therefore highly 
recommended in daily practice. Integration of tumor grade into the treatment algorithm of 
squamous cervical cancer has yet examined and further study is warranted.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Multivariate models for association of tumor grade and survival outcome

Click here to view

Supplementary Table 2
Multivariate models for association of tumor grade and cause-specific survival (known tumor 
size and nodal status)

Click here to view
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Supplementary Fig. 1
Interaction term of stage and grade for survival. Adjusted hazard ratio (X-axis) is shown 
based on interaction of stage and grade for CSS (top panel) and OS (bottom panel).

Click here to view
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