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HPV status and its genomic integration affect survival of patients with cervical
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The aim of this study is the evaluation of relapse-free and overall survival of HPV-positive patients with regard to the
physical status of type 16 HPV and of HPV-negative patients with primary cervical cancer. As a main result of the study, the
predictive value of the physical status of type 16 HPV was determined for relapse-free and overall survival of patients with
cervical cancer. Episomal form of the virus is a favorable predictive factor. Integrated form of the virus is a severely unfavorable predictive factor and survival of such patients is significantly lower than of HPV-patients and patients with mixed form
of the virus. The results of the research are data on survival of patients with cervical cancer depending on the physical status
of the virus (for HPV+ patients) and of patients with HPV-negative cancer.
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According to the latest epidemiological data, cervical
cancer (CC) is sixth in incidence in Russian women and
third in incidence among diseases of female reproductive
system after breast cancer and uterine cancer. Morbidity and
mortality from this oncopathology in Russia are high – last
year showings indicated 6 522 and 4 248 women, respectively
[1]. Besides, the recent years have shown a steady growth in
incidence of malignant epithelial cervical tumors connected
with human papilloma virus (HPV) of high risk, which is
the main causative factor of cervical carcinogenesis [2, 3].
Having entered an organism, HPV infects the basal layer
of epithelium in the area of cervix transformation. After
penetrating a basal cell of stratified squamous epithelium,
the high-risk HPV DNA released from its capsid enters a
nucleus, where it is supported as an episome. HPV persistence may be followed by HPV DNA integration into the
genome of cells in cervix epithelium, which further leads
to genomic instability, disruption of apoptosis, and is a key
factor of malignant transformation in cervix epithelium
cells [4]. HPV-DNA integration followed by a decrease in E2
virus protein functional activity leads to hyper-expression of
E6 and E7 virus proteins [5]. Thus, the virus DNA may exist
in an infected cell in various states: episomal form (out of
the cell chromosomes), integrated form (integrated into the
cell genome), and mixed form (there are free virus DNA and
integrated into the host-cell genome DNA) [6].

According to various research, up to 80–90% of patients
diagnosed with CC in Russia are carriers of high-risk
HPV [7], so 10–20% of cervical tumors do not contain the
virus. This gives reasons to suggest that a certain number
of tumors may occur without this group of viruses (or the
virus is eliminated during carcinogenesis), i.e. the tumors
are HPV-negative. Some researchers believe that detection of
this subtype of CC not associated with the virus is possible
only if there are inaccuracies in laboratory research [8].
There is another point of view: HPV-negative tumors do not
occur only in HPV-associated CC, but they belong to a more
aggressive group, and their carcinogenesis differs significantly from the development mechanisms of HPV-positive
tumors [9].
Study of head and neck tumors showed that HPV-negative
tumors have higher relapse and mortality rates than HPV+
tumors [10, 11, 12]. Meta-analyses of squamous head and
neck tumors showed that HPV-positive patients have higher
overall and relapse-free survival [13, 14, 15]. Identical results
were obtained from patients with anus tumors. Compared
to HPV16-negative patients, the HPV16-positive group of
patients showed high rates of 4-year relapse-free survival
(63.1% to 15.6%, р<0.001) and overall survival (84.6% to
39.8%, p=0.008) [16]. Study involving 84 patients with CC
showed a much lower relapse-free and overall survival of
HPV patients who received radiotherapy (р=0.005 and
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р=0.007) [17]. Another research also determined predictive
value of having HPV for patients with CC [18].
Thus, differently located virus-negative tumors have
the worst prognosis and response to treatment. As for
cervical cancer, we can say that large majority of tumors are
HPV-positive, and for such kind of tumors an additional
virus-associated prognosis criterion is needed, one
which would allow to determine those patients from an
HPV-positive group who have favorable and unfavorable
prognosis.
It is known that 90% of healthy women have HPV infection spontaneously eliminated from their organisms [19].
The possibility of virus elimination from the host cell is determined by many factors, including the physical status of HPV
DNA. Episomal form of HPV leads to HPV being eliminated
in most cases, with no dysplasia and CC [7]. Integrated form
of the virus exists for a longer period of time, which is why
it is detected in high-grade epithelial dysplasia and CC. It
induces proliferative processes in cells, genomic instability,
and mutations [20, 21]. Due to this, it is interesting to study
the connection between the physical status of the virus and
survival of HPV+ patients.
Patients and methods
Patients characteristics. The study involved 140 inhabitants of the Tomsk Region aged from 21 to 79 years diagnosed
with primary CC of stages I–IVA, who were examined and
treated in Tomsk Cancer Research Institute. The diagnosis
was verified histologically; the tumors were described
according to the FIGO classification. The volume of surgical
treatment depends on the stage of the disease. So, in stage

Table 1. Comparison of the basic clinical and pathological values of
HPV+ and HPV– patients.
HPV+
(n=108)
Histologic type
Squamous
106 (98.1%)
Adenocarcinoma
2 (1.9%)
Age, year
42.1±1.7
Tumor size
T1
35 (32.4%)
T2
45 (41.7%)
T3
25 (23.1%)
T4
3 (2.8%)
Lymph node status N0
98 (90.7%)
N1
10 (9.3%)
Pregnancy
4.5±0.4
Parturition
1.6±0.1
Abortions
2.6±0.3
Miscarriage
15 (13.9%)
Mioma
27 (25.0%)
Ectropion/erosion
76 (70.4%)
PIS (pelvic inflammatory diseases)
38 (35.2%)
Clinical and pathological parameter

HPV–
p-value
(n=32)
30 (93.8%)
2 (6.3%)
0.224
45.5±1.6
0.461
10 (31.3%) 0.542
13 (40.6%) 0.541
6 (18.7%) 0.397
3 (9.4%)
0.132
29 (90.6%)
3 (9.4%)
1
4.7±0.59
0.886
1.5±0.2
0.862
2.6±0.5
0.929
7 (21.9%) 0.306
10 (31.3%) 0.499
22 (68.8%)
1
11 (34.4%)
1

IA2 patients received surgical treatment in the extent of
radical trachelectomy combined with pelvic lymphadissection, in stages IB–IIA patients received combined treatment
in the extent of extended extirpation uterus with/without
appendages followed by radiotherapy, in patients with locally
advanced cervical cancer (stages IIB–IIIA) chemo-radiation
therapy was conducted.
As a study material, we used endocervical scraping and
external orifice scraping samples. All patients underwent
detection and genotyping of HPV DNA. We distinguished a
group of patients who were HPV carriers (n=108); patients
with type 16 HPV (monotype or in combination with other
types) also underwent type 16 HPV DNA physical status
determination.
Detection and genotyping of HPV DNA was performed
via multiplex polymerase chain reaction (PCR) in real time
using RotorGene 6000 (Corbette Research, Australia) device
and sets of reagents produced by Amplisens® (“AmpliSens® HPV HCR-screen-titre-FL”; “AmpliSens® HPV
HCR-genotype-FL”). HPV16 DNA physical status was determined using the “AmpliSens®” HPV HCR-screen-titre-FL”
(with differentiation of genotype 16), (Moscow, Russia). The
value of viral load was calculated in genomic equivalents of
HPV DNA/105 cells, relevant viral load threshold was set to
3 lg HPV DNA/105 cells in a scraping. Detection of E6 region
with E1/E2 region missing was interpreted as HPV integration into the human DNA, detection of E6 region with E1/E2
region – as mixed form/partial integration of the virus into
the human DNA, and missing E6 region with E1/E2 region –
as an episomal form of the virus.
Statistical analyses. For evaluation of statistical relevance
of differences in distribution of qualitative characters’ occurrence between groups, Fisher’s two-tailed test has been used
http://vassarstats.net/odds2x2.html. For quantitative characters we used Mann – Whitney U-test. Survival evaluation
was performed via the Kaplan-Meier estimator.
Results
Survival of HPV+ and HPV– patients with CC. 108
patients (77.1%) were diagnosed with one of the several types
of HPV, and 32 patients (22.9%) had HPV-negative tumors.
We gathered samples from HPV-negative patients one more
time, isolated the DNA, identified and genotyped HPV in
the studied samples. Absence of HPV was verified as a result.
Based on HPV status, the patients were divided into 2 study
groups: HPV-positive (n=108) and HPV-negative patients
(n=32). The groups did not differ in terms of the basic clinical
and pathological values: tumor size, lymphatic cancer spread
and histotype and more (Table 1).
Studying the survival, we noted a decline in both relapsefree survival (p=0.02) and overall survival (р=0.0009)
in HPV-negative patients with CC compared to HPV+
(Figure 1a, 1b). The relapse-free survival median for HPV–
was 20 months, the overall survival was 37 months. For
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the HPV+ group, the medians of relapse-free and overall
survival were not reached in 68 and 123 months of the study,
respectively (Figure 1). Thus, our study proved the predictive
value of HPV infection for patients with CC. HPV+ patients
showed high relapse-free and overall survival rates.
Survival of HPV+ patients with CC based on a viral
load. It is well-known that viral load is connected to a risk
of CC development in patients with dysplasia. Viral load
of less than 105 genomic equivalents (GE) HPV HCR in a
scraping or 103 GE for 105 human cells is considered clinically irrelevant, because it almost never occurs in high-grade
dysplasia and CC, and it is associated with a minimal risk
of their development. On the contrary, viral load more than
105 GE for 105 cells is considered high, it is associated with a
higher risk of high-grade dysplasia development, and occurs
more often in cases of CC [22].
Our study showed that the number of patients with low
viral load was 19.5% and 80.5% of patients had clinically
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relevant viral load. Relapse-free and overall survival of
HPV+ patients was evaluated depending on the type of the
viral load (Figure 2). We did not detect statistically relevant
differences for this value. Thus, viral load does not possess
the predictive value for HPV+ patients with CC.
Survival of HPV+ patients with CC based on the
physical status of the virus. Out of the 108 HPV+ patients
with CC, 87 (80.6%) had type 16 HPV (monotype or a combination of it with other types). The physical status of their viral
DNA was studied. The rest of the patients had other types
of the virus: type 31 HPV – 8 patients (7.4%), type 33 HPV
– 6 patients (5.6%), type 56 HPV – 4 patients (3.7%), types
45/52 HPV – 3 patients (2.8%), types 39/51/58/59 HPV – 2
patients (1.9%). According to our previous studies, infection of women with CC with type 16 HPV was higher and
equaled 85.0% [23]. It is known that integration of HPV into
the cell genome is considered one of the main factors for
high-grade dysplasia development and tumor transforma-

Figure 1. Relapse-free survival (A) and overall survival (B) of HPV+ and HPV- patients with cervical cancer; the method Kaplan-Meier.

Figure 2. Relapse-free survival (A) and overall survival (B) of HPV+ patients with cervical cancer based on the type of viral load; the method
Kaplan-Meier.
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tion of cervix epithelium [10, 11]. According to the results of
not numerous research, integrated form of HPV DNA occurs
in not more than 35% of cases depending on the grade of
dysplasia, and episomal form is rarer – up to 15% of cases
[24, 25]. Our research showed that incidence of type 16 HPV
forms distributed in the following manner: episomal form
occurred in 8.9% of cases, mixed and integrated in 64.6%
and 26.5% of cases, respectively, which does not contradict
the literature data.
The next step was to study the outcome of the disease
depending on the physical status of the virus. Figures 3a and
3b demonstrate relapse-free and overall survival of patients
with CC depending on the physical status of type 16 HPV+,
and it also shows the data on the HPV– group for comparison. It was determined that distribution of relapse-free and
overall survival for all four groups of patients is statistically
relevant. Patients with episomal form of HPV16 show 100%
of relapse-free and overall survival. The median of relapsefree survival for patients with mixed HPV16 was 52 months,
the median of overall survival was not reached. This is higher
than the values for HPV– patients, who have median of

relapse-free and overall survival of 20 and 37 months. The
most unfavorable outcomes occur in patients with integrated
form of HPV16. The relapse-free survival median for them
was 7 months, the overall one was 25 months.
We compared the basic clinical and pathological parameters for patients of all four groups represented, and no
statistically relevant differences in parameters distribution
were registered (data not presented). Moreover, overall
and disease-free survival in patients with locally advanced
cervical cancer (stage IIB–IIIA) has been studied. This group
of patients also presented with similar differences in survival
among patients depending on the physical status of the virus
(Figure 4). This means that the physical status of HPV is an
independent factor of CC prognosis.
Thus, as a result of the study the predictive value of the
physical status of type 16 HPV was determined for relapsefree and overall survival of patients with CC. Episomal form
of the virus is a favorable predictive factor. Integrated form
of the virus is a severely unfavorable predictive factor and
survival of such patients is significantly lower than that of
HPV– patients and patients with mixed form of the virus.

Figure 3. Relapse-free survival (A) and overall survival (B) of patients with cervical cancer; the method Kaplan-Meier.

Figure 4. Relapse-free survival (A) and overall survival (B) of patients with locally advanced cervical cancer (stage IIB–IIIA); the method Kaplan-Meier.
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Discussion
During the study, we determined that the presence or
absence of viral element in patients with cervical cancer is
a relevant predictive parameter. We have noted a decline in
relapse-free and overall survival for patients with CC in the
group of HPV– patients. It is possible that prevalence of more
aggressive forms in HPV-negative CC is no coincidence,
and decline in survival of such patients may be explained
by different mechanisms of CC carcinogenesis, which may
explain the reason for differences in disease outcomes. The
study by Harima et al showed that HPV-negative cancers
are a separate group and this subtype responds to the radiotherapy the worst [17]. Holm, R. et al (2008) showed that rates
of overall survival for HPV– patients with CC are lower by a
statistically relevant margin (р=0.03). The authors explain it
by mutations of the ТР53 gene in 50% of HPV– cancers and
on that basis, they consider it to be more aggressive [18].
There was a report in 2006 where the HPV viral load in
endocervical scrapings of patients with CC taken before treatment was studied. It showed that according to the severity of
prognosis, CC are ranked in the following way: HPV-positive
tumors with high viral load, HPV-positive tumors with low
viral load, and prognoses are the worst for HPV-negative
tumors [26].
Now it is known that the HPV DNA viral load may reflect
the severity and prognosis of progress of HPV. The study by
Cricca M. et al. showed that presence of the viral DNA in
the amount lesser than certain threshold is associated with a
high probability of spontaneous elimination of the causative
agent and absence of risks for progression of cervix epithelium damage [24]. Lastly, it is not unreasonable to monitor
the viral load. It is believed that decline of the amount of
HPV DNA by more than 1 lg may be a marker of transient
infection. In such case, growth of the viral load in 3, 6, and 9
months after treatment indicates a possible relapse [27, 28].
A number of authors state that viral load is not only
associated with severity of dysplasia, but it also determines
the probability of a relapse [29, 30]. We did not determine
the predictive value of viral load for relapse-free and overall
survival in patients with CC. This corresponds with the
results by Szőke et al., who showed absence of influence of
viral load on progress of the tumors [31].
Despite the fact that the viral load is recognized by many
authors as a prognostic factor for the development and
progression of cervical disease, the relationship between
initial HPV viral load and prognosis of cervical cancer
patients has not yet been clearly defined. Ting Deng et al.
reviewed a total of 346 HPV+ patients with stage IA–IIIA
cervical cancer. The authors reported that the viral load was
not correlated with parameters such as age, stage, histological
type, lymph node metastases and tumor size. Low HPV viral
load showed significant relationship with poor disease-free
survival (р=0.037). No statistically significant difference in
overall survival was observed between patients with low and
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high viral load (5-year follow-up) [32]. Das et al. analyzed 132
pretreatment cervical tumor biopsies from patients positive
for HPV16 and evaluated the effect of viral load and E6/E7
oncogene expression on the clinical outcome of patients.
Survival analysis was done by Kaplan-Meier method. Neither
the viral load nor the expression of the viral oncogenes
showed significant association with the overall and recurrence-free survival (p>0.05) [33]. Our results were consistent with the above mentioned studies, indicating that HPV
load did not have prognostic significance in cervical cancer
patients. However, several studies reported about the correlation between the viral load and recurrence-free survival, with
p-values between 0.00 and 0.05 [34, 35]. Thus, the prognostic
significance of pretreatment HPV load in cervical cancer is
still controversial. Even if the prognostic significance of the
viral load will be confirmed in future studies, the penetrance
of this marker with respect to the outcome of cervical cancer
will likely be low.
Various sources suggest that we may use types of HPV,
their combination, viral load, and integration of viral DNA
into the host cell genome as predictive factors of CC. In
addition, integration of HPV into the cell genome is considered one of the main factors for high-grade dysplasia development and tumor transformation of cervix epithelium [10,
11]. In this research, we studied the physical status and the
degree of integration of virus DNA in 87 cervical samples
containing HPV16 (monotype or a combination of it with
other types). In this study, we showed that incidence distribution of episomal, mixed, and integrated forms of HPV16
correspond with the literature data [24, 25].
Our study compared survival depending on the physical
status of the virus for HPV16+ patients, and also compared
it to the survival of HPV– patients. We determined statistically relevant differences in overall and relapse-free survival
between HPV– patients with episomal, mixed, or integrated
forms of virus. Patients with episomal form proved to have
the highest rates of overall and relapse-free survival followed
by the group of patients with mixed form of type 16 HPV,
then HPV-negative patients, and the most unfavorable
prognosis have patients with integrated form of type 16 HPV.
Moreover, as we have shown, among HPV 16+ examined
the frequency of an integrated and mixed forms of HPV
increased with worsening morphological reconstruction
of cervical epithelium. It is reasonable to suggest that the
presence of an integrated form of the virus may be considered as a risk factor for prognosis of cervical intraepithelial
neoplasia and cervical cancer [36].
There are few researches on survival of patients depending
on the physical status of human papilloma virus. One part of
the studies denies the fact that there is a connection of patients’
survival with the physical status of HPV, other research shows
that episomal form of HPV is the most favorable predictive
factor compared to integrated form of the virus. Thus, in the
study by Holm R. et al. the use of this parameter as a predictive
factor in cervical cancer is discussed. Study of survival was
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performed on 202 women with CC. No statistically relevant
differences of overall survival between patients with episomal
and integrated forms of the virus were determined [18].
Another study was dedicated to the physical status of
human papilloma virus of genotypes 16 and 18 including
the examination of 75 patients with CC and showed that
incidence of episomal form was much higher for HPV16
(43.3%) than for HPV18 (10.0%) (р=0.011). Average patient
age with episomal form of HPV16 (48.5±9.2) was statistically much higher than that of patients with integrated form
of HPV16 (42.5±9.4) (р=0.02), and the older age group
(older than 50) showed higher incidence of episomal form
of HPV16 than integrated form of HPV (р=0.041). As for
other clinical and pathological parameters evaluated in the
research, the physical status of types 16 and 18 HPV did not
show any statistically relevant correlation. As to comparison
of survival in groups of patients with episomal and integrated
forms, it was shown that patients with episomal form of
HPV16 had the best prognosis and their two-year overall and
relapse-free survival was 27.0% higher than that of patients
with integrated form of HPV, even though the data was not
statistically relevant (р=0.49). The common conclusion by
the authors of this study is that not only did the clinical and
pathological parameters not show a relevant association with
disease prognosis, but also the two-year overall and relapsefree survival of patients is not connected with the presence of
different types of HPV and their physical status [37].
The data were obtained as a trend from the research by
Vernon et al. (1997). A small set of samples (41 patients)
was the basis for study of survival depending on the physical
status of HPV and it showed that four-year relapse-free
survival was 38.4% for patients with integrated HPV 16 DNA
compared to 80.0% in patients with episomal or mixed form
of the virus (p=0.06) [38].
In a research by Das et al. [33] the authors were observing
132 patients with CC for 18 months. All the patients were
HPV16+. Integrated form (they merged groups of mixed and
integrated forms into one) of HPV was detected in 86.0% of
cases (114 patients), and 18 patients were carriers of episomal
form of the virus. The study evaluated survival in 3 parameters: viral load, level of Е6/Е7 oncogenes expression, and
physical status of the virus. It was shown that neither the
group of patients with high and low viral load, nor groups
with high and low levels of E6/E7 expression showed differences in overall and relapse-free survival. However, the results
showed that patients with episomal form had better overall
and relapse-free survival compared to the patients with
integrated form (p=0.005). Multivariant analysis showed that
of all three studied parameters, the physical status is the most
relevant predictive factor, and that integrated form is associated with decline in relapse-free survival [38].
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