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Abstract
Objective. To determine whether distance to a tertiary care center is an independent risk factor for recurrence of VIN 2/3 or invasive vulvar cancer.
Methods. A retrospective chart review included individuals with VIN 2/3 from southwest Virginia and surrounding states treated at a single institution. The patients were treated from 1/1/2010 to 12/31/2020. Medical records were reviewed for demographics, risks factors, distance to care determined by a geographic information system (GIS) software, treatment modality, and recurrent disease. 
Results. We identified 251 patients. Most patients were Caucasian (92%) and had history of tobacco use (current [49%] and former [27.5%] tobacco users). Patients traveled an average of 20 miles for care (range: 0.3-113.9 miles). Most commonly, VIN 2/3 was treated with excision (n=136), excision and ablation (n=59), or ablation alone (n=31). The average lesion size was 20 mm (range: 2, 100 mm). Thirty-five percent of patients (n=88) developed recurrent VIN 2/3, on average, 9.6 months (range: 0.1, 7.8 years) following treatment. Recurrences were associated with increased body mass index (p=0.049), immunocompromised status (p=0.039), steroid use (p=0.024), and positive margins (p=0.0003). No subsequent diagnoses of cancer were made. Logistic regression showed that margin status was the only field impacting recurrence (p=0.0075; OR=2.63, 95% CI: 1.30-5.35). Distance to care was not related to recurrence risk (p>0.05).
Conclusions. Our findings confirm known risk factors for current disease, while indicating that distance to care does not impact their recurrence. Further research is merited to investigate other recurrence risk factors that were not included in our model. 
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Introduction
Investigation of healthcare disparities is a priority of the National Institutes of Health which encourages identification and mitigation of factors that lead to differences in health outcomes [9]. Disparities exist in many areas, including gender, race, ethnicity, socioeconomic status, and geographic location. Appalachia, an expansive region that spans 13 states, from New York to Mississippi, is an area of particular interest within this field as its residents tend to have lower levels of education, lower socioeconomic status, and higher levels of poor health behaviors (for example, higher levels of smoking and lower rates of human papilloma virus vaccination) when compared to the rest of the United States [1] .  In this vulnerable group, disparities in cancer incidence have been well-documented this includes human papilloma virus (HPV) related cancers, such as vulvar, vaginal, and cervical cancers [12,16].
Several studies have examined factors that influence cancer outcomes among Appalachians and have reported differences in outcomes between rural and urban Appalachians [16]. These studies suggest that, in addition to other healthcare barriers – low levels of college completion, poverty rates higher than United States national average, poor health behaviors – “rurality” or physical distance from a healthcare center may be an independent factor that impacts rural Appalachians' health outcomes. Breast and cervical cancers have been well-studied in the Appalachian population, but there is comparatively less information regarding vulvar dysplasia and cancer [12,16]. Regarding cervical cancer, Barrington et al. [2] demonstrated poorer overall survival for patients living further than 100 miles from a Comprehensive Cancer Center. Previous studies [6, 15] have identified a number of risk factors for recurrence of vulvar intraepithelial neoplasia (VIN) and vulvar cancer such as smoking, larger lesion size, and positive margins on pathologic specimen, but none have investigated if there are risk factors specific to Appalachian populations. Additionally, the impact of distance to care has not been investigated in this high-risk group. 
To address this gap in the literature, a large data series was used to investigate differences in recurrence rates of VIN 2/3 based on known risk factors [15] as well as the proposed risk factor of distance from a tertiary care center with a catchment area including a portion of Appalachia. 

Methods
A retrospective chart review was conducted including all individuals > 18 years of age with a diagnosis of vulvar intraepithelial neoplasia (VIN) from January 1, 2010, to December 31, 2020. Patient identifiers were abstracted from Carilion Clinic’s electronic medical record using diagnosis codes. The identified medical records were reviewed for demographic information, patient address, relevant medical conditions, smoking status, HPV status, pathologic diagnosis, date of diagnosis, treatment type, surgical outcomes (e.g., positive margins), and recurrence/follow-up information. Research team members were trained to collect data in a standardized, uniform fashion to decrease observer bias. Patients with initial diagnosis of VIN 1 alone or cancer/invasive disease at the time of diagnosis were excluded. Records with incomplete treatment information (including patients managed with observation only) or with a PO Box listed as their home address in the electronic medical record were also excluded. Recurrence was defined as diagnosis of VIN 2/3 and/or invasive vulvar cancer after treatment for initial diagnosis VIN 2/3. Data was stored in a Carilion Clinic secured REDCap database [11]. All study procedures were approved by the Carilion Clinic Institutional Review Board (IRB 20-1205).
To determine distance traveled to care, a geographic information system software, ArcGIS [4], was used to calculate the shortest distance from the patient’s home address to Carilion’s main campus hospital where surgical procedures and clinical visits occurred. Outlier distances were identified if they fell below the difference of Q1 and 1.5 times the interquartile range (IQR) or above the sum of Q3 and 1.5 times IQR. 
Recurrence cohorts were compared with respect to primary treatment modality, known risk factors for VIN recurrence (smoking status, lesion size, positive margins at time of primary treatment), mean distance to care, and key demographic factors (age, body mass index [BMI] at diagnosis, and medical conditions) [6, 15].  Numerical values were evaluated with a Wilcoxon Rank Sum Test and are reported as median (IQR). Categorical values were evaluated with a Fisher’s Exact Test and are reported as total number in the respective group (percent of all cohort patients). Values were considered statistically significant if p < 0.05.  Data were analyzed using SAS EG 8.3 (2019-2020, Cary, NC). STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines were followed during manuscript preparation [14].

Results
A total of 490 records were identified with an initial diagnosis of VIN 2/3, of which 263 met study criteria (83 outside date range, 42 records with PO Box address only, 70 records identified as duplicates). Based on the outlier analysis, 12 distances were outliers and were excluded, leaving 251 records in the final analysis (Figure 1). Most patients were diagnosed with VIN 3 (n = 141, 56.2%) at initial diagnosis. The median age at diagnosis was 53.8 years (IQR 16.8 years). Most patients (92.4%) identified as Caucasian. Sixty-seven patients (26.7%) were diagnosed with diabetes, fourteen (5.6%) were immunocompromised, and eight (3.2%) reported chronic steroid use. Smoking history was documented for all patients, with 49% reporting current tobacco use and 27.5% reporting former use. The median lesion size was 20 mm (range: 2 to 100 mm). Full clinical and demographic characteristics are shown in Table 1. Surgical excision was the most common treatment approach (n = 136, 54%), followed by ablation with excision (n = 59, 23.5%), and ablation alone (n = 31, 12.3%) (Table 2). Additional treatment modalities are outlined in Table 2. Margin status was available for 193 of the 251 patients. 
Over the ten-year period, 88 patients (35%) developed recurrent dysplasia. Recurrent disease was more common for patients with immune suppression (n=9, 10%) and chronic steroid use (n=6, 6.8%).  Of those with a documented positive margin (n = 91), forty-five patients recurred (49.4%). Of those with a documented negative margin (n = 102), 24 recurred (23.5%). Univariate analysis indicated that recurrence was statistically associated with a higher BMI (p=0.049), immunocompromised status (p=0.039), steroid use (p=0.024) and the presence of positive margins after primary treatment (p=0.0003). Age at diagnosis, distance to care, lesion size, diagnosis of diabetes, and smoking status were not related to recurrence risk (p>0.05) (Table 3). Primary mode of treatment was not statistically significant for recurrence (p>0.05) (Table 2).
Logistic regression analysis showed that margin status was the only statistically significant field that impacted recurrence (Odds Ratio = 2.63, 95% CI: 1.30 to 5.35, p=0.0075), when controlling for the other variables. (Table 4 and Figure 2). The receiver operator curve model for this logistic regression had an area under the curve of 0.7129 (Figure 3), indicating modest effect and suggesting that there may be other factors that contribute to recurrence risk that are not accounted for in this study.

Discussion
We found a 35% rate of vulvar dysplasia recurrence following initial treatment of VIN 2/3 over a 10-year period. On univariate analysis, higher BMI, immunocompromised status, steroid use, and positive margins were associated with an increased risk of VIN recurrence in this cohort. After controlling for the known variables associated with recurrent disease, only positive margin status remained statistically significant. We did not observe an association between distance traveled to receive care and rate of vulvar dysplasia recurrence. 
Other studies [6, 13, and 15] have identified positive margin status as a risk factor for VIN recurrence. Studies report a 31-50% chance of recurrence with involved margins, compared to 10-17% with disease free margins. Our study demonstrated similar recurrence rates of 49.4% with positive margins, and 23.5% with negative margins. The clinical challenge of obtaining negative margins is difficult given the presence of microscopic disease. Wide local excision is the preferred management to obtain a specimen for pathologic analysis to exclude invasive cancer. While current American College of Obstetrics and Gynecology guidelines [3] recommend including a gross margin of 0.5-1 cm from visible disease, the high rate of margin positivity suggests that microscopic disease exists beyond the visualized lesions. While positive margins are clearly associated with VIN recurrence, data are lacking to determine whether positive margins alone are a risk factor for progression to invasive disease [13]. Jones and colleagues [6] reviewed four decades of VIN 2/3 cases and noted two distinct patterns of invasive vulvar cancer in patients previously treated for VIN 2/3. In one group, the median treatment-to-invasion occurred in 2.4 years (range: 1.1 to 7 years). It was suggested to represent failed treatment (i.e., progression) at the site of prior dysplasia and/or positive histologic margins. The second group of invasive cancer was late occurring with a median of 13.5 years (range: 3 to 16 years) after VIN treatment. This latter group was described as new “field” carcinomas occurring distant, at urethral and anal margins, to prior dysplastic site. While the latter group would not be impacted with greater surgical margins, the first group, with progression could. We recommend the use of 1 cm margins that are measured with a ruler prior to excision, to enhance accuracy. If sufficient margins cannot be obtained due to proximity of anatomic structures (such as the clitoris or urethra), an ablation can be used at the margin site to extend the treatment impact. As expected, we did not have margin status on patients with topical treatment only. 
Our hypothesis was that, in addition to known risk factors for recurrent dysplasia, distance travelled would also correlate with increased risk of recurrent disease and could contribute to the worse cancer outcomes experienced by rural Appalachian versus urban non-Appalachian counterparts [16]. Research has shown an association of increased distance traveled and worse outcomes [2, 8, and 16].  Barrington et al. [2] examined cervical cancer outcomes and distance from a Comprehensive Cancer Center (CCC) located in Alabama. Overall survival (OS) was adversely impacted when patients lived greater than 100 miles from a CCC.  In contrast, other authors did not find a correlation with cervical cancer recurrence, survival and distance travelled [5, 10]. Gunderson et al. [5] determined similar recurrence rates of cervical cancer regardless of distance to care. There was no difference in 4-year progression free survival (PFS) and OS regardless of distance travelled (+/- 30 miles). While studying locally advanced cervical cancer Rauh et al. [10], also demonstrated no significant impact on PFS or OS based on median distance (+/- 72 miles) to a tertiary care facility. In keeping with the latter studies, we did not find an association between vulvar dysplasia recurrence and travel distance to care. Our average distance to care was 20 miles (range of 114 miles), which is shorter than the distances previously mentioned.  It is important to note that distance to care does not account for travel or road conditions, such as winding mountain roads, or fear of major highways, which could impact follow up care. Research has shown increasing no show rates relating to distance traveled [7]. We were not able to analyze our “no show”/rescheduled appointment data but this is an important outcome deserving future investigation. Our receiver operator curve model for this logistic regression suggests that there are other factors contributing to vulvar recurrence risk, aside from the known risk factors used in our analysis. This indicates that further research should be conducted to identify other modifiable risk factors for recurrence. 
The strength of this study is that it provides data from a moderate-sized cohort of understudied individuals, treated at a single tertiary care center, over a 10-year period to address an unanswered question about distance travelled to care and its relationship to vulvar dysplasia recurrence rate. Additionally, while our facility’s address is not within the defined boundaries of Appalachia, our cohort is Appalachian-representative as most of our catchment area falls within Appalachia and the local practice pattern is for gynecologic oncology referral for vulvar dysplasia management. However, this study has weaknesses, secondary to the retrospective nature of the study design. Diagnosis and treatment data may be incomplete, either due to ongoing treatment or incompletely reported metrics (e.g., lesion size not available for some records (n=48, 19.1%)). It is also important to note that VIN is a slow growing disease, and a longer observation window could result in more comprehensive results. Additionally, although rare, some patients will undergo surveillance with their primary gynecologist following treatment; and if a recurrence was diagnosed outside of our hospital system, it would not be included in our chart review. Furthermore, patients’ currently listed address may have changed or did not reflect their residence at the time of diagnosis and/or treatment. We were able to accurately calculate the shortest distance to care using specific longitude and latitude in the GIS software, however, this does not necessarily reflect the route travelled by the patient, nor does it account for differences in travel time (e.g., interstate travel verses backroad). Additionally, only a small subset of our patients had known risk factors for disease recurrence (such as immunocompromised state, or chronic steroid use), which limits our ability to detect an impact of these conditions on subsequent dysplasia incidence. Finally, our population is also relatively homogenous, with most patients being Caucasian, which aligns with the demographics of the tertiary care center but may not be generalizable.


Conclusion
In summary, our study did not demonstrate an association between distance to care and recurrent vulvar dysplasia. Consistent with other studies, positive margins after primary disease treatment were a statistically significant risk factor for dysplasia recurrence. Other factors impacting recurrent disease remain unknown and merit future investigation. 



Table 1 Population Characteristics

		Characteristic	
	Value (N = 251)

	Age at diagnosis (years)+
	53.8 (16.8)

	BMI at diagnosis (kg/m2)+
	29.7 (9.1)

	Distance to care (mi)+
	20.7 (42.3)

	Largest lesion size (mm)+
	20.0 (20.0)

	Time to recur n = 88 (years)+
	0.8 (1.01)

	Race
Black
White
Other
	
15 (6.0%)
232 (92.4%)
4 (1.6%)

	Diabetes
	67 (26.7%)

	Immunocompromised condition
	14 (5.6%)

	Steroid use
	8 (3.2%)

	Smoking status
Current
Former
Never
	
123 (49.0%)
69 (27.5%)
59 (23.5%)


+ Median (IQR)



Table 2 Univariate Analysis of Treatment Modality on Vulvar Dysplasia Recurrence

	Treatment
Modality*
	Recurrence
N=88
	No Recurrence
N =163
	Total
N=251

	Excision Only
	40 (45.5%)
	96 (58.9%)
	136 (54.2%)

	Ablation & Excision 
	27 (30.7%)
	32 (19.6%)
	59 (23.5%)

	Ablation Only
	10 (11.4%)
	21 (12.9%)
	31 (12.4%)

	Topical Only 
	4 (4.6%)
	4 (2.5%)
	8 (3.2%)

	Ablation & Topical 
	3 (3.4%)
	4 (2.5%)
	7 (2.8%)

	Excision, Ablation, & Topical 
	3 (3.4%)
	1 (0.6%)
	4 (1.6%)

	Excision & Topical
	1 (1.1%)
	2 (1.2%)
	3 (1.2%)

	Observation Only
	0 (0.00%)
	2 (1.2%)
	2 (0.8%)

	Observation & Topical 
	0 (0.00%)
	1 (0.6%)
	1 (0.4%)


*Not statistically significant (p=0.2021)



Table 3 Univariate Analysis of Risk Factors Associated with Vulvar Dysplasia Recurrence

	
	Recurrence
(N=88)
	No Recurrence
(N=163)
	P-value

	Age at Diagnosis (yrs)+
	51.9 (17.2)
	54.0 (16.7)
	0.5890

	BMI at Diagnosis (kg/m2)+
	30.5 (9.1)
	29.3 (8.5)
	0.0487*

	Distance to Care (mi)+
	22.1 (42.8)
	20.7 (43.0)
	0.7561

	Largest Lesion Size (mm)+
	20.0 (20.0)
	20.0 (20.0)
	0.1476

	Immunocompromised   
	9 (10.2%)
	5 (3.1%)
	0.0392*

	Diabetes
	25 (28.4%)
	42 (25.8%)
	0.6565

	Steroid Use  
	6 (6.8%)
	2 (1.2%)
	0.0236*

	Smoking Status 
Current
Former
Never
	
38 (43.2%)
30 (34.1%)
20 (22.7%)
	
85 (52.2%)
39 (23.9%)
39 (23.9%)
	0.2141

	Margin Status (N=193) 
Negative
Positive
	N=69
24 (34.8%)
45 (65.2%)
	N=124
78 (62.9%)
46 (37.1%)
	0.0003*



+ Median (IQR)
* Statistically significant p < 0.05



Table 4 Logistic Regression Model for the Association of Risk Factors on Vulvar Dysplasia Recurrence 

	Odds Ratio Estimates and Wald Confidence Intervals

	Risk Factors
	Estimate
	95% Confidence Limits
	p-value

	Distance (miles)
	1.00
	0.99
	1.02
	0.6033

	Age at Diagnosis
	0.99
	0.96
	1.02
	0.3673

	BMI
	1.03
	0.98
	1.08
	0.2741

	Largest Lesion Size (mm)
	1.00
	0.98
	1.03
	0.6992

	Diabetes
	1.52
	0.65
	3.58
	0.3350

	Immunocompromised
	5.35
	0.90
	31.90
	0.0657

	Steroid Use
	2.44
	0.20
	30.40
	0.4878

	Smoking Status: Current vs Never
	0.91
	0.37
	2.25
	0.8388

	Smoking Status: Former vs Never
	1.46
	0.55
	3.86
	0.4499

	Margin Status: Positive vs Negative
	2.63
	1.30
	5.35
	0.0075*


* Statistically significant p < 0.05
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