
INTRODUCTION

The role of high-risk human papillomavirus (HPV) in the 
etiology of cervical cancer has been well established. HPV 
testing is becoming an integral component of cervical cancer 
screening. Multiple methods with various sensitivities and 
specificities have been proposed for detecting HPV in cervical 

samples [1]. Among them, the hybrid capture 2 (HC2) test is 
one of the most widely used methods.

Several studies using HC2 have reported that an increased 
HPV viral load correlates with the severity, progression and 
recurrence of cervical lesions [2-7], and a few studies have 
revealed that the initial HPV viral load measured by the HC2 
test is associated with the prognosis of cervical cancer pa-
tients treated with primary radiotherapy [8-10]. Among these 
studies, a prospective observational study of 169 radiotherapy 
patients [8] has suggested that a low initial HPV viral load is a 
strong independent prognostic factor associated with higher 
overall relapse rates.

The initial HPV viral load may be an important predictor of 
the outcome of radiotherapy in patients with invasive uterine 
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cervical cancer; however, it is unclear whether the initial HPV 
viral load is an important prognostic factor for patients with 
surgically treated cervical carcinoma. The purpose of this 
study was to evaluate the prognostic implication of preopera-
tive HPV viral load in patients with cervical carcinoma treated 
with radical hysterectomy.

MATERIALS AND METHODS

1. Patient population
A retrospective review of patients with stage IA2 through 

stage IIIA cervical carcinoma (International Federation of 
Gynecology and Obstetrics [FIGO]) who underwent radical 
hysterectomy and pelvic lymphadenectomy at Sun Yat-
sen University Cancer Center between January 2005 and 
December 2009 was conducted. Patients were included only 
if they had undergone a preoperative HC2 test to detect HPV 
DNA. We reviewed the clinical records of 500 cervical cancer 
patients treated with radical hysterectomy and pelvic lymph-
adenectomy, 68 patients with no HPV DNA test on record or 
HPV DNA-negative results were excluded. Among the remain-
ing 432 patients, 34 patients were excluded from the study 
due to loss to follow-up, 52 of 124 patients who received the 
neoadjuvant treatments were excluded, because they had no 
initial record of HPV DNA test before neoadjuvant treatments. 
Ultimately, 346 cervical cancer patients who underwent 
radical hysterectomy and pelvic lymphadenectomy with HPV 
DNA-positive results were enrolled in this study.

A total of 72 patients (20.8%) received chemotherapy or 
radiation therapy before undergoing radical hysterectomy 
and pelvic lymphadenectomy. For these patients, the HPV 
DNA test was performed before the neoadjuvant treatments, 
not before the surgery. Furthermore, postoperative adjuvant 
radiation therapy, chemotherapy, or concurrent chemoradia-
tion was performed in patients with risk factors such as lymph 
node metastasis, parametrial invasion, deep stromal invasion 
(>two-thirds), lymphovascular space invasion (LVSI), large 
tumor size (>4 cm), positive or close resection margins. In 346 
patients, 248 patients (71.7%) received adjuvant therapy after 
surgery. 44 of 248 patients (17.7%) received radiation therapy 
alone, 81 of 248 patients (32.7%) received chemotherapy 
alone, and 123 of 248 patients (49.6%) received concurrent or 
sequential chemoradiation.

Post-treatment surveillance consisted of follow-up visits 
every 3 months for 2 years, every 6 months between years 
3 and 5, and yearly after 5 years. During the post-treatment 
surveillance, each visit consisted of a clinical history assess-
ment, physical and pelvic examinations, ultrasonography of 

the abdomen and pelvis and serum tumor marker measure-
ment. Chest/abdominal/pelvic computed tomography and 
magnetic resonance imaging were performed as clinically 
indicated.

Disease-free survival (DFS) was defined as the interval be-
tween the date of primary surgery and the date of recurrence, 
and overall survival (OS) was defined as the interval between 
the date of primary surgery and the date of death.

2. Collection of cervical samples
Before surgery, cervical cells for HPV DNA testing were col-

lected by placing a cytobrush into the exocervix and rotating 
the brush three times. The brush and the collected cellular 
material were then placed into a vial of Preserv-Cyt solution 
(Digene, Gaithersburg, MD, USA) before testing.

3. HPV DNA testing 
The HPV DNA titer was measured using the Hybrid Capture 

2 High-Risk HPV DNA Test (HC2 test, Digene). The HC2 test 
is an in vitro nucleic acid hybridization assay; it uses signal 
amplification with microplate chemiluminescence to detect 
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 in 
cervical specimens. In this assay, luminescence is measured 
with a luminometer and expressed as relative light units (RLUs). 

Table 1. Characteristics of patients (n=346)

Characteristic No. (%)

HPV viral load (RLU/CO)

    Median (range) 132.5 (1.1–3318.3)

    >132.5 173 (50.0)

    ≤132.5 173 (50.0)

Age (yr)

    Median (range) 44 (22–86)

    >44 175 (50.6)

    ≤44 171 (49.4)

FIGO stage

    IA2–IB 250 (72.3)

    IIA–IIB 95 (27.4)

    IIIA 1 (0.3)

Neoadjuvant treatment

    Yes 72 (20.8)

    No 274 (79.2)

Disease recurrence 32 (9.2)

Dead of disease 15 (4.3)

Follow-up (mo), median (range) 48.1 (4.3–108.4)

FIGO, International Federation of Gynecology and Obstetrics; HPV, 
human papillomavirus; RLU/CO, relative light unit/cutoff.
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The RLU/cutoff (RLU/CO) ratio is defined as the ratio of speci-
men luminescence to the luminescence of the 1.0 pg/mL HPV 
16 cutoff standard. An RLU/CO ≥1.0 was considered positive.

4. Statistical analysis
Demographic and clinical characteristics are presented as 

counts and percentages for the categorical variables; medians 

Table 2. Association between human papillomavirus viral load and clinicopathologic characteristics

Characteristic Low HPV viral load group (n=173)
(HPV viral load ≤132.5 RLU/CO)

High HPV viral load group (n=173)
(HPV viral load >132.5 RLU/CO) p-value

HPV viral load (RLU/CO), median (range) 23.1 (1.1–131.8) 677.7 (133.2–3,318.3)

Age (yr) 0.237

    Median (range) 44 (22–86) 45 (24–68)

    ≤44 93 (53.8) 82 (47.4)

    >44 80 (46.2) 91 (52.6)

FIGO stages 0.495

    IA2–IB 122 (70.5) 128 (74.0)

    IIA–IIB 50 (28.9) 45 (26.0)

    IIIA 1 (0.6) 0 (0)

Histologic grade 0.200

    Well 7 (4.1) 11 (6.4)

    Moderate 53 (30.6) 68 (39.3)

    Poor 105 (60.7) 86 (49.7)

    Unclassified 8 (4.6) 8 (4.6)

Histologic type 0.077

    Squamous cell carcinoma 146 (84.4) 159 (91.9)

    AD/ASC 25 (14.4) 12 (6.9)

    Others* 2 (1.2) 2 (1.2)

Tumor size (cm) 0.132

    ≤4 152 (87.9) 142 (82.1)

    >4 21 (12.1) 31 (17.9)

Depth of stromal invasion 0.024

    ≤Two-thirds 99 (57.2) 78 (45.1)

    >Two-thirds 74 (42.8) 95 (54.9)

Lymph node metastasis 0.496

    Negative 137 (79.2) 142 (82.1)

    Positive 36 (20.8) 31 (17.9)

lymphovascular space invasion 0.026

    Negative 163 (94.2) 151 (87.3)

    Positive 10 (5.8) 22 (12.7)

Parametrial involvement 0.311

    Negative 167 (96.5) 170 (98.3)

    Positive 6 (3.5) 3 (1.7)

Vaginal resection margin 0.474

    Negative 168 (97.1) 170 (98.3)

    Positive 5 (2.9) 3 (1.7)

Values are presented as number (%).
AD/ASC, adenocarcinoma/adenosquamous carcinoma; FIGO, International Federation of Gynecology and Obstetrics; HPV, human 
papillomavirus; RLU/CO, relative light unit/cutoff.  
*Neuroendocrine carcinoma and sarcomatoid carcinoma.
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and ranges are provided for the continuous variables. Pearson 
chi-square tests were performed to assess the relationships 
between viral load and clinical characteristics in the two 
groups. Kaplan-Meier survival curves were compared using 
the log-rank test to determine DFS and OS. Multivariate 
analysis was performed using the Cox regression method. 
Hazard ratios (HRs) with their 95% confidence intervals (CIs) 
are reported. Statistical calculations were performed using 
the SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). All reported p-
values are two-sided. p-values less than 0.05 were considered 
to be statistically significant.

RESULTS

1. Patient characteristics
The patient characteristics are listed in Table 1. The median 

HPV viral load was 132.5 RLU/CO (range, 1.1 to 3,318.3). The 
median age was 44 years (range, 22 to 86 years). The FIGO 
stage was divided into three groups for analysis: IA2/IB, IIA/IIB 
and IIIA. Of the 346 patients, 250 patients (72.3%) had stage 
IA2/IB, 95 patients (27.4%) had stage IIA/IIB, and 1 patient 
(0.3%) had stage IIIA cervical cancer. The median duration of 
follow-up for all patients was 48.1 months. A total of 32 pa-
tients (9.2%) experienced disease recurrence, and 15 patients 
(4.3%) died as a result of the disease.

2. Initial HPV DNA titer and associated clinicopathologic 
characteristics

The patients were classified into a low or high viral load 
group according to the median value of 132.5 RLU/CO. HPV 
viral load was correlated with several clinicopathologic param-
eters. Tumors with higher viral load had LVSI more frequently 

than those with lower viral load (12.7% vs.5.8%; p=0.026). 
Tumors with higher viral load had deep stromal invasion 
(>two-thirds) more frequently than those with lower viral 
load (54.9% vs. 42.8%; p=0.024); however, age, FIGO stage, 
histologic grade, histologic type, lymph node metastasis, and 
tumor size were not associated with viral load (Table 2).

3. Analysis of prognosis
Low viral load was associated with poor DFS in univariate 

analysis (p=0.037), no statistically significant difference in OS 
(p=0.220) were observed between the low and high viral load 
groups (Fig. 1). Other prognostic parameters for DFS included 
lymph node metastasis (p<0.001), histologic type (p<0.001), 
parametrial involvement (p=0.026), and depth of stromal 
invasion (p=0.018). However, histologic grade, LVSI, FIGO 
stage, vaginal resection margin positive and tumor size which 
also assessed for an impact on survival were not significantly 
associated with DFS in univariate analysis.

In multivariate analysis, low HPV viral load showed significant 
relationship with poor DFS (HR, 2.39; 95% CI, 1.11 to 5.16; 
p=0.027). Multivariate analysis also identified lymph node me-
tastasis (HR, 4.42; 95% CI, 1.99 to 9.81; p<0.001), and specific 
histologic type (neuroendocrine carcinoma and sarcomatoid 
carcinoma) (HR, 32.62; 95% CI, 8.55 to 124.42; p<0.001) as 
significant poor prognostic factors for DFS, respectively. These 
analyses are summarized in Table 3.

DISCUSSION

In this study, we found that low HPV viral load was associ-
ated with poor DFS in patients with surgically treated cervical 
carcinoma both in univariate analysis and multivariate analysis. 

Fig. 1. (A) Disease-free survival and (B) overall survival according to human papillomavirus (HPV) load in 346 patients.
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Once a patient is diagnosed with cervical cancer, the preop-
erative detection of HPV with the HC2 test may be necessary, 
because low initial HPV viral load maybe a poor predictor of 
cervical cancer patients treated with radical hysterectomy and 
pelvic lymphadenectomy.

However, the relationship between low HPV viral load and 
poor OS was not statistically significant, we give possible 
reasons as follows: the population of the study was not large 
enough, the duration of follow-up was not quite long and 
the limit of retrospective nature of current study. The role of 
low HPV viral load in treatment failure of cervical cancer need 
more evidences and studies to verify. Our results indicated 
that low HPV viral load may be associated with poor outcomes 
of surgically treated cervical cancer patients. We explain our 
results as follows. The replication of HPV as an episome leads 
to a large increase in viral DNA copy number [11]; however, in 
cervical cancer, HPV often replicates as an extrachromosomal 
DNA inside the nucleus of the host cell [12], integration of 
the viral genome disrupts the E1 and E2 genes, therefore the 
transcriptional repression of early genes is lost [13], results 
in increased expression of the E6 and E7 oncoproteins [14], 
although the viral life cycle terminate as large portions of the 
genome are disrupted and the actual viral DNA copy number 
is reduced [12]. Furthermore, several studies have reported 

that E6 and E7 oncoproteins are retained and expressed in 
cervical tumors and cell lines after viral replication has ceased 
[15-17]. Previous work has shown that increased expression 
of viral E6 and E7 can contribute to enhanced chemotherapy 
and radiation therapy resistance [18,19]. In 346 patients of our 
study, most patients (71.7%) received adjuvant chemotherapy 
or radiation therapy after surgery. Thus, low HPV viral load in-
dicates the resistance of chemotherapy and radiation therapy, 
consistent with our result that low viral load maybe associated 
with poor outcome after comprehensive therapy based on 
operation.

We also observed that high HPV viral loads were associated 
with LVSI and deep stromal invasion, which have been previ-
ously reported to be correlated with poor prognosis [20-23]. 
However, this result seems to conflict with our finding that 
high HPV viral load was associated with improved DFS. Few 
previous studies have reported the correlations of pretreat-
ment HPV viral load with clinicopathologic characteristics and 
prognosis in cervical cancer patients. Kim et al. [8] performed 
a prospective study that recruited 169 cervical cancer patients 
treated with radiation therapy. The researchers classified their 
patients into low- or high-HPV viral load groups based on 
a median value of 385.8 RLU/CO. The study found that HPV 
viral load was associated with age, histologic type, and lymph 
node metastasis. Additionally, low HPV viral load was associ-
ated with poor radiotherapy outcome. Kim et al. [24] reviewed 
34 early-stage cervical cancer patients treated with radical 
hysterectomy and pelvic lymphadenectomy and placed the 
patients in arbitrary groups based on HPV viral load at 100 
RLU/CO. The researchers reported that HPV viral load was not 
associated with any clinicopathologic characteristics or with 
prognosis. Consequently, the correlations of pretreatment 
HPV viral load with clinicopathologic characteristics and prog-
nosis in cervical cancer patients reported in previous studies 
were inconsistent, the association of pretreatment HPV viral 
load with other prognostic factors is currently unclear.

 In addition, both depth of stromal invasion and LVSI are 
the poor prognosis factors, and they are also the indicators 
of adjuvant chemotherapy and/or radiation therapy after 
surgery. We observed that high HPV viral load group had 
higher proportions of poor prognostic factors which indicate 
higher proportions of receiving adjuvant therapy after surgery. 
Moreover, we have hypothesized that high HPV viral load also 
associated with the sensitivity of chemotherapy and radiation 
therapy, it means that patients with higher initial HPV viral 
load may be more likely to receive adjuvant therapy after 
surgery, and they’re also more sensitive to chemotherapy and 
radiation therapy; thus, patients with higher initial HPV viral 
load may have better outcome.

Table 3. Multivariate analysis for disease-free survival with clinico-
pathologic prognostic factors

Factor Hazard 
ratio

95% Confidence 
interval p-value

HPV viral load

    >Median 1.00

    ≤Median 2.39 1.11–5.16 0.027

Histologic type

    Squamous cell carcinoma 1.00

    AD/ASC 0.97 0.29–3.34 0.970

    Others* 32.62 8.55–124.42 <0.001

Lymph node metastasis

    Negative 1.00

    Positive 4.42 1.99–9.81 <0.001

Depth of stromal invasion

    ≤Two-thirds 1.00

    >Two-thirds 1.35 0.58–3.16 0.490

Parametrial involvement

    Negative 1.00

    Positive 1.72 0.49–5.99 0.394

AD/ASC, adenocarcinoma/adenosquamous carcinoma; HPV, human 
papillomavirus.  
*Neuroendocrine carcinoma and sarcomatoid carcinoma.
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Compared with other studies, our patient population is the 
largest. However, the current study has several limitations. The 
HC2 assays did not adjust for cellularity or multiple infections, 
and median values and ranges vary among laboratories 
depending on the specimen collection method and experi-
mental conditions, although HC2 is commercially available 
with U.S. Food and Drug Administration approval and has 
been demonstrated to be reliable and reproducible [25-29].

In conclusion, low HPV viral load may be a poor prognostic 
factor for cervical cancer patients who underwent radical 
hysterectomy and pelvic lymphadenectomy. However, this 
review had limited power because of its retrospective nature. 
A future large-scale, prospective study may provide clearer 
answers.
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