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Abstract

Background: Syphilis is an infectious disease that is at least discussed to be premalignant. This potential, combined
with its general pathological impact, raises the question if syphilis increases mortality in oral cancer patients. The aim
of the study was to assess if the five-year survival rates among patients suffering from oral squamous cell carcinoma
(OSCQ) with (cohort 1) and without association with syphilis (cohort II) differ.

Methods: Retrospective clinical data of patients diagnosed with OSCC (International Classification of Diseases [ICD]-
10 codes CO1-06) within the past 20 years from the access date September 25, 2021 were retrieved from the TriNetX
network (TriNetX, Cambridge, Massachusetts, USA) to gain initial cohort 0. Subjects also diagnosed with syphilis
(ICD-10 codes A51-53) were assigned to cohort I. Cohort Il was comprised of the remaining individuals of cohort 0 by
creating a group with the same number of patients as cohort |, and by matching for age and gender. Subsequently,
Kaplan-Meier analysis and Cox proportional hazards regression were performed, and risk, odds and hazard ratios were
calculated.

Results: Of a total of 73,736 patients in cohort 0, 199 individuals were each assigned to cohort | and II. During the
five-year period after tumor diagnosis, 39 and 30 patients in cohort | and Il died. The five-year survival probabilities did
not significantly differ between the cohorts (I vs. lI=74.19% vs. 75.01%; p =0.52; Log-Rank test), nor the risk of dying
(I'vs. II=19.6% vs. 15.08%; risk difference =4.52%; p =0.23). The calculated risk, odds and hazard ratios were 1.3 (95%
confidence interval [C]] =0.84; 2.00), 1.37 (95% Cl=0.81; 2.31) and 1.17 (95% Cl=0.73; 1.88), respectively.

Conclusions: The obtained results indicate that the survival rate of individuals with OSCC might not be negatively
influenced if syphilis is present/associated. However, the results need to be interpreted cautiously due to limitations
related to the retrospective approach, especially as data on the tumor staging were not accessible.

Trial registration: Due to the retrospective nature of the study, no registration was necessary.
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Background

Syphilis is an infectious disease caused by the bacte-
ria Treponema pallidum, subsp. pallidum. It is mostly
transmitted sexually [1]. All stages of the disease can
cause maxillofacial, especially oral, manifestations [2].
Even though the authors of the recent World Health
Organization (WHO) classification did not find suf-
ficient evidence to classify syphilis as an oral poten-
tially malignant disorder (OPMD) [3], it was at least
controversially discussed whether oral lesions caused
by syphilis, as well as the disease itself, could be asso-
ciated with an augmented risk of developing different
malignant neoplasia, inter alia oral squamous cell carci-
noma (OSCC) [4-9]. Among the key alterations funda-
mental to cancer cell development [10], syphilis might
especially establish a tumor-promoting inflammation
and trigger sustaining proliferative signaling. Besides
the fact that the presence of syphilis might enhance the
risk of developing tumors, it also acts as a co-morbid-
ity, regardless of its questionable malignant character.
Both features might potentially impede outcomes in
patients with OSCC. Accordingly, the purpose of the
present study was to analyze if the five-year survival
rates among patients with oral cancer with and with-
out association with syphilis differed. In the recent lit-
erature, this question has not yet been addressed. It was
hypothesized that the survival rate of subjects suffering
from OSCC associated with syphilis was significantly
higher compared to individuals with oral cancer with-
out syphilis.

Regardless of its rising incidence within the last dec-
ades in specific cohorts in high-income countries,
syphilis is still a relatively rare disease [1]. The TriNetX
Global Health Research Network (TriNetX, Cambridge,
Massachusetts, USA) was chosen to retrieve related
retrospective data, as it provides access to a significant
number of medical records. TriNetX is a database that
includes clinical data from more than 120 health care
organizations (HCOs) from 19 countries. Its purpose is
to enable HCOs, contract research institutes and biop-
harmaceutical companies to access and exchange lon-
gitudinal clinical data, and to provide state-of-the-art
analytics. By September 2021, TriNetX had collected
electronic medical records from more than 250 million
patients. It has previously been used to research medi-
cal topics of worldwide interest, including the corona-
virus disease 2019 (COVID-19) pandemic [11, 12].

Patients and methods

Data acquisition, inclusion and exclusion criteria

The TriNetX network was accessed on Saturday, Sep-
tember 25, 2021; whereby the eligibility period was lim-
ited to the previous 20years from the access date to take
account of recent developments in the diagnosis and
therapy of OSCC. The database was searched for patients
who were diagnosed with OSCC (International Classifi-
cation of Diseases [ICD]-10 codes C01-06) between five
and 20years before the access date. Subjects with malig-
nant odontogenic tumors or neoplasia of the lips, salivary
glands, tonsillae, oro-, naso and hypopharynx, recessus
piriformis, as well as tumors located in other areas dif-
ferent from the oral cavity (ICD-10 codes C00, 07-14,
41.02-41.1, 43 and 44) were not included. The obtained
cohort 0 was then tested for diagnosis with early, late or
not further specified syphilis (ICD-10 codes A51-53).
Patients with syphilis connata (ICD-10 code A50) were
not included in the analysis. In order to mitigate con-
founder bias via propensity score, stratified and balanced
sub-cohorts across current age, age at tumor diagnosis
and gender distribution were retrieved from the initial
cohorts. One-to-one matching was applied in order to
replicate randomized conditions as closely as possible by
obtaining cohorts with similar covariate distributions. All
individuals diagnosed with both ICD-10 codes C01-06
and A51-53 were assigned to cohort I (patients suffer-
ing from OSCC and syphilis). Cohort II (subjects with
OSCC, but without syphilis) was subsequently obtained
from the remaining individuals within cohort 0, and by
matching as shown in the CONSORT flow chart (Fig. 1).
The final cohorts were furthermore checked for human
papillomavirus (HPV) and human immunodeficiency
virus (HIV) diagnoses. HPV was diagnosed by means of
testing for HPV-DNA in tumor samples, whereas HIV
diagnoses were based on serological testing (enzyme-
linked immunosorbent assay [ELISA] and HIV antibody
test).

Data analysis

After defining the primary outcome as “death’, Kaplan-
Meier survival analysis and Cox proportional hazards
regression were performed, and risk ratios (RR), odds
ratios (OR), as well as hazard ratios (HR), were calculated
for the respective cohorts. The evaluation was limited to
a period of 5 years after cancer diagnosis as patients are
considered to be healed in the case of absence of OSCC
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and metastases after the respective time. Statistical anal-
ysis was performed applying the Log-Rank test, whereby
p <0.05 was defined as a significance threshold.

Results

Assessment, allocation and matching

A total eligible number of 81,100 patients from 65 health
care organizations from eleven countries with OSCC
(ICD-10 codes C01-06) were retrieved from the data-
base. The number of subjects who were excluded due to
diagnosis with either ICD-10 codes C01-06 or A51-53
over the 20years before the access date were eight (for
OSCC and syphilis) and 7349 (for OSCC, but no syphi-
lis). As a result, a total of 73,736 individuals with OSCC
were available for allocation to cohort 0. Of those, 199
patients were also diagnosed with syphilis (ICD-10 codes
A51-53) and assigned to cohort I (females: 44 [22.11%];
males: 155 [77.89%]; mean(+standard deviation) current
age(Estandard deviation) =62.79+13.52years; mean
age at diagnosis=57.51+ 13.64 years). The same number

of subjects were assigned by matching of both groups to
cohort II, as explained above (females: 43 [21.61%]; males:
156 [78.39%]; mean current age=62.90+13.31years;
mean age at diagnosis=>57.61+13.43years). The groups
did not differ significantly in gender distribution or age
(p =0.90 and 0.93; Log-Rank test). The obtained propen-
sity score was 0.98. Table 1 shows the patient characteris-
tics of both cohorts before and after matching.

Patient survival

During the five-year period after diagnosis of OSCC,
39 patients in cohort I died, whereas 30 individuals in
cohort II passed away, which corresponds to risks of
death of 19.59 and 15.07%, respectively. The difference
between the cohorts was not statistically significant
(p =0.233; Log-Rank test). Accordingly, the survival
probability at the end of the time window was 74.19 and
75.01%, respectively, for subjects among cohorts I and II
(Fig. 2). In addition, no statistical significance was found
(p =0.52). The related RR, OR and HR were 1.3 (95%
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Table 1 Patient characteristics before and after matching of cohorts | (ICD-10 codes CO1-06 and A51-53) and Il (ICD-10 codes C0O1-06

without A51-53)

Patients (n)

Before matching

After matching

Cohort | Cohort I p-value Standardized  Cohortl Cohort I p-value Standardized
mean mean difference
difference

Total 199 73,544 199 199

Male 155 (77.89%) 49,015 (66.65%) < 0.05 0.2531 155(77.89%) 156 (78.39%) 0.90 0.0121
Female 44 (22.11%)  24/488(33.25%) < 005 02519 44(2211%)  43(21.61%) 090 0.0121
Mean current age (years) 62.79 68.18 <005 03956 62.79 62.90 093 0.0082
Standard deviation 1352 13.73 13.52 13.31

Minimum 7 0 7 7

Maximum 90 90 90 90

Mean age at diagnosis 57.51 61.94 <005 03207 57.51 5761 093 0.0077
Standard deviation 13.64 13.97 13.64 1343

Minimum 4 0 4 4

Maximum 90 90 90 90

Percentage refers to gender distribution within the respective cohorts. P-value refers to comparison between both cohorts (Log-Rank test)

Abbreviations: ICD International Classification of Diseases
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confidence interval (CI) lower: 0.84 and upper: 2.00),
1.37 (95% CI lower: 0.81 and upper: 2.31) and 1.17 (95%
CI=0.73; 1.88), respectively, as shown in Fig. 3.

HPV and HIV infection

Both cohorts were negatively tested for difference in
distribution to HPV diagnoses (p>0.05). However, sig-
nificantly more cases of HIV infection were present in
cohort I (n =56; females: 10 and males: 46) compared
to cohort II (p< 0.05). Therefore, subcohorts that were
matched for the presence of HIV, as well as for gender
and age distribution within the infected, and which con-
sisted of 55 patients each, underwent statistical testing

again. In accordance with the results presented above,
the risks of death and survival probabilities did not differ
significantly between those subcohorts (p>0.05).

Discussion

The aim of the present work was to evaluate if the five-
year survival rates among patients suffering from OSCC
and syphilis differed from individuals with oral cancer,
but without syphilis. This study was the first to address
this question by retrospectively evaluating data from
multiple centers to investigate larger cohorts. Differ-
ent from the hypothesis expressed in the introduction,
it was found that the survival rates of individuals with
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OSCC did not differ significantly if syphilis was paral-
lelly diagnosed, compared to subjects without syphilis.
At least, OR was found to be 1.3, which indicates a trend
in accordance with the hypothesis. Furthermore, the sur-
vival curves of the investigated cohorts show intermedi-
ary discrepancies before they align at the end of the time
window (Fig. 2).

The obtained results certainly support the recent WHO
classification, according to which syphilis in no longer
seen as an OPMD due to the lack of sufficient evidence
of any premalignant character [3]. Even authors who dis-
cussed the role of the disease in oral cancer, and attrib-
uted syphilis with an etiologic factor in tumorigenesis,
described it as one of relatively moderate impact [5, 6].
Despite the fact that syphilis itself acts as a co-morbid-
ity, especially in its early stages, it can be sufficiently and
cost-effectively treated with antibiotics [13]. The avail-
ability of a prompt curative treatment, at least in mid-
and high-income countries, might limit the pathological
potential of syphilis in this regard. However, the retrieved
results need to be discussed regarding limitations that
stem from the specific design of the present study. Spe-
cifically, the TriNetX database can be searched for
patients with specific diagnoses by using the respective
ICD-10 codes, which implies that oral malignant neo-
plasia are classified according to their localization. The
vast majority of these tumors were supposedly OSCCs,
as the most frequent malignant tumor of the oral cav-
ity [5, 14, 15]. In addition, certain malignant entities of
odontogenic, lymphatic or osseous origin, for example,
are classified separately within the ICD-10, and have
therefore been excluded. Nevertheless, patients suffer-
ing from different subtypes of OSCCs or even other rare
oral malignant neoplasia (e.g., oral malignant melanoma)
might have been included in the investigated cohorts.
This could have influenced the obtained results as dif-
ferent malignant (sub-)entities show varying biological

and pathological features, such as proliferation rate or
specific risk of developing metastases [16]. Furthermore,
different characteristics have been identified to influence
the survival rates of patients with oral malignant neopla-
sia, even though other features are still discussed contro-
versially [10]. Localization and the staging of the tumor
disease according to the Union Internationale Contre le
Cancer (UICC), including clinical, histological/pathologi-
cal and molecular features, as well as the applied thera-
pies, have especially been found to significantly influence
patient probability of survival [5, 17-23]. Smoking behav-
ior, alcohol abuse and the presence of human papilloma
virus are not only etiological factors, but also factors
that impact the prognosis of patients with oral cancer
[23, 24]. Ideally, the investigated cohorts would have
been matched for UICC stage. From the TriNetX net-
work, no respective data was available. However, features
related to the lacking information might have influenced
the mortality of patients with OSCC/syphilis within the
investigated cohorts. In contrast, matching of the com-
pared cohorts for age and gender might have levelled
out the differences in distribution of these variables, at
least to a certain extent. Due to the limited availability of
certain data, the percentage of patients of cohort II who
tested negatively for syphilis also could not be assessed.
Supposedly, testing was not carried out routinely, at least
in cases without respective suspicion. Therefore, uncer-
tainty remains that undetected cases of syphilis might
have been included in cohort II. Despite the lack of the
mentioned information, the quality of the data retrieved
from the TriNetX database can be classified as high.
The database even matches the strict conditions of the
National COVID Cohort Collaborative N3C, which was
formed to accelerate the understanding of SARS-CoV-2,
and of which TriNetX recently became a part.

To overcome the aforementioned limitations, future
research might consider using a prospective approach
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applying standardized therapies, including routine test-
ing for syphilis, to evaluate if the presented results can be
confirmed thus far. In addition, histological/pathologi-
cal and molecular data may be included into the analy-
sis. Despite this, the relatively low incidence of syphilis
remains problematic regarding an appropriate prospec-
tive study design [1].

Conclusions

Syphilis is no longer classified as OPMD within the
recent WHO classification [3], even though its prema-
lignant potential has at least been discussed. Despite its
questionable role as a contributor to oral cancer, and its
impact as a co-morbidity, the present study did not show
a negative influence of syphilis on the five-year survival
rate of patients with OSCC, compared to patients with-
out syphilis. However, these results should be cautiously
interpreted due to limitations related to the applied
approach.
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