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The NNT Color recommendation Green (benefits = harms)

Summary Heading Significantly reduces the risk of cervical pre-cancer in women 15 to 25
years old

Benefits in NNT - NNT of 60 for preventing one cervical pre-cancer (women 15 to 25

years old with or without HPV infection)

Benefits in Percentages - 1.7% lower risk of cervical pre-cancer (women 15 to 25 years old with
ar without HPV infection)

Harms in NNT (NNH) Not applicable: No significant difference between the vaccinated and
unvaccinated individuals

Harms in Percentages Not applicable: No significant difference between the vaccinated and
unvaccinated individuals

Efficacy Endpoints Pre-cancer cervical lesions, cervical cancer

Harm Endpoints Serious adverse events, death, pregnancy-related adverse events
(spontaneous abortion, stillbirth, congenital malformations)

Who was in the studies 73,428 mostly between 15 to 25 years of age from 26 trials.
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Narrative

Human papillomaviruses (HPV) are sexually
transmitted infections that are common in young
people. In the United States, HPV infects nearly 80
million people. Approximately, one in four Americans
are currently infected with HPV. About 14 million
individuals become infected with HPV each year in the
United States'. Usually these viruses are cleared by the
immune system and pose little threat. However, high-
risk (hr) types of HPV can cause persistent infection
which can lead to precancerous changes in cells.
Precancerous changes are defined as infection of at
least two thirds of the surface layer of cervical cells.
Some people with this pre-cancerous abnormality
will go on to develop cervical cancer; unfortunately,
we don't know which individuals with infection will
clear these changes and which will develop cancer.
A number of different hrHPV types cause cervical
pre-cancer and cancer, the most important of which
are HPV16 and 18. These high-risk types cause about
70% of cervical cancers worldwide?. Cervical cancer is
the fourth most common cause of cancer in women
worldwide, and 86% of worldwide cervical cancer
cases occur in developing countries. The lifetime
risk of cervical cancer is approximately 0.6% and the
chance of dying from cervical cancer is approximately
0.2%3. Vaccination with HPV-like particles triggers
the production of antibodies which protect against
the development of precancerous cervical changes.
The Cochrane review discussed here assesses the
benefits and harms of prophylactic HPV vaccination
against cervical pre-cancer and HPV16/18 infections
in adolescent girls and women?. The assumption is
that if HPV vaccine effectively prevents precancerous
changes by hrHPV infection, vaccination should
prevent a majority of cases of cervical cancer.

A total of 26 studies involving 73,428 adolescent girls
and women were included in the Cochrane meta-
analysis. Theauthors performed pre-planned analyses
separatelyin groups of women 15-25 and 26-45, as the
majority of trials enrolled subjects 25 years of age or
younger?2, Participants were divided into sub-groups;
the first group had no evidence of baseline infection
with high-risk human papillomaviruses types, the
second group had no evidence of baseline infection
with HPV types included in the vaccines, and the third
group had unknown baseline infection with HPV.
The review included all trials that evaluated vaccine
safety over a period 0.5 to 7 years and ten trials with
follow-up 3.5 to 8 years. Cervical cancer could not be

evaluated as an outcome due to inadequate study
sample sizes and insufficient follow up duration2.
The summary of the Cochrane review analyses results
is presented in the table.

There were no significant differences in serious
adverse events between vaccinated and unvaccinated
individuals (RR: 0.98, 95% Cl 0.92 to 1.05; 71,597
participants; high-quality evidence) independent
of type or dosage of HPV vaccine. The HPV vaccine
administration was not associated with increased
risk of pregnancy-related adverse outcomes either
(moderate to high quality evidence).

Caveats

Vaccination against HPV is performed to reduce
the incidence of cervical cancer. Unfortunately, this
outcome could not be assessed in the meta-analysis,
because the included trials lacked sufficient power
and adequate follow up2 Additionally, this meta-
analysis extracted efficacy data from peer-reviewed
published reports. Incomplete reporting of the
original trials limited the number of studies that could
be included in each of the analyses? Furthermore,
HPV vaccines were not yet standardized at the time
of the studies so the potency for specific anti-HPV
serological responses may be a variable®*.

The review identified several notable biases.
Computed efficacy estimates for women who
received only one or two doses were calculated
instead of measured. Another post hoc analysis
limitation was the variation caused by counting
events for participants who received at least one
dose at day one, compared to counting events for
participants who received all three doses on the day
of the last administration2. Another source of bias
originated from the fact that for several outcomes
no information was available for mid-adult women.
Finally, the comparison oftherisks of adverse events
was compromised by the use of different products
administered to participants in the control group,
varying from adjuvant (often aluminum hydroxide
or other aluminum compound) or an alternative
vaccine (often Hepatitis A or Hepatitis B)*, and
therefore, the pooled risks of adverse effects
associated with HPV vaccines and the assumed risks
for control groups must be interpreted carefully.
It must be noted that 25 out of the 26 trials were
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sponsored by the vaccine manufacturers. However, the analyses of bias performed by the Cochrane review
found little evidence of important bias due to trial sponsorship.

The quality of the evidence was deemed to be high, since the dataincluded more than 70,000 women from randomized
trials?. Heterogeneity was minimal in this review since data series did not combine participants with different baseline
HPV status (presence of hrHPV DNA, presence of DNA of the HPV vaccine types). Moreover, younger (15 to 26 years)
women were distinguished from mid-adult women (24 to 45 years). Efficacy estimates were not significantly different
by vaccine type, and jointly pooled estimates were retained. Only when significant heterogeneity by vaccine types
was noted, were separate efficacy estimates by vaccine type pooled?. When significant heterogeneity persisted, the
review used meta-regression to investigate sources of heterogeneity, such as serological status, study design items,
study size and sexual history®’. This process decreased any heterogeneity presented in the data.

While the reason for higher efficacy of HPV vaccine in younger women is not discussed in the Cochrane
review, it is likely that younger age allows for more likelihood of exposure to HPV and potentially developing
pre-cancerous cervical lesions. This factor could justify the recommendations that HPV vaccines should be
administered as early as possible in adolescence. Finally, it is important to remember that the lifetime risk of
cervical cancer is approximately 0.6%3. So even if the vaccine is 100% effective at preventing cervical cancer,
the best NNT for cancer prevention over a lifetime would be 167.

As of December 2018, the cost of HPV vaccine is approximately $261-$461.

Conclusion

The evidence presented in this meta-analysis shows the HPV vaccination confers significant benefit in
preventing cervical pre-cancer. The effect is higher for lesions associated with HPV16/18. The data also
demonstrates an absence of serious adverse events. Therefore, we have assigned a color recommendation
of Green (Benefit > Harm) to this vaccine.

Table. Efficacy of HPV vaccine for preventing cervical pre-cancer in different subgroups based on age and type of cervical abnormality

Subgroups of women aged 15-25 Cervical pre-cancer* with HPV 16/18 Any cervical pre-cancer

ARD: 1.6%

NMNT: 63

RR: 0.01 (0 to 0.05)
Quality of Evidence: High

ARD: 1.8%

NMNT: 56

RR: 0.37 (0.25 to 0.55)
Quality of Evidence: High

Women hrHPV negative

ARD: 1.36%

NNT: 74

RR 0.41(0.32 to 0.52)
Quality of Evidence: High
ARD: 1.68%

ARD: 1.07%

NNT: 94

RR: 0,05 (0.03 to 0.10)
Quality of Evidence: High
ARD: 1.84%

Women HPV 16/18 negative

All Women with or without HPV
infection

Subgroups of women aged 25 to 45

NNT: 55
RR: 0.46 (0.37 to 0.57)
Quality of Evidence: High

NMT: 60
RR 0.70(0.58 to 0.85)
Quality of Evidence: High

Wormen free of hrHPY

Women free of HPV 16/18

No data

Mo data

No data

Mo data

All Women with or without HPV
infection

RR: 0.74(0.52 to 1.05)
Difference not significant
Quality of Evidence: moderate

RR: 1.04(0.83 to 1.30)
Difference not significant
Quality of Evidence: moderate

Abbreviations: hr: High risk; HPV: human papilloma virus; NNT: Number-needed-to-treat, ARD: Absolute risk difference; RR

Relative risk

* Cervical intraepithelial neoplasia, grade 2 and higher (CIN2+). Data for CIN3+ are not reported.
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