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Abstract

Background—-Bacterial dyshiosis was previously described in human malignancies. In a recent
animal model, tumor susceptibility was transmitted using fecal transplantation. Our aim was to
further evaluate possible association between antibiotic exposure and cancer risk.

Methods—We conducted nested case-control studies for 15 common malignancies using a large
population-based electronic medical records database. Cases were defined as those with any
medical code for the specific malignancy. Individuals with familial cancer syndromes were
excluded. For every case, four eligible controls matched on age, sex, practice site, and duration of
follow-up before index-date were selected using incidence-density sampling. Exposure of interest
was antibiotic therapy >1 year before index-date. Adjusted odds-ratios (AORs) and 95%Cls were
estimated for each antibiotic type using conditional logistic regression.

Results—125,441 cases and 490,510 matched controls were analyzed. For gastro-intestinal
malignancies, the use of penicillin was associated with an elevated risk of esophageal, gastric, and
pancreatic cancers. The association increased with the number of antibiotic courses and reached
1.4 for gastric cancers associated with >5 courses of penicillin (95%CI 1.2-1.8). Lung cancer risk
increased with the use of penicillin, cephalosporines, or macrolides (AOR for >5 courses of
penicillin: 1.4 95%CI 1.3-1.6). The risk of prostate cancer increased modestly with the use of
penicillin, quinolones, sulphonamides and tetracyclines. The risk for breast cancer was modestly
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associated with exposure to sulphonamides. There was no association between use of anti-virals
and anti-fungals and cancer risk.

Conclusion—Recurrent exposure to certain antibiotics may be associated with cancer risk in
specific organ sites.
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Introduction

Antibiotic therapy is commonly used with up to 15% of the western population receiving at
least one antibiotic course per-year!. In addition to targeting pathogenic bacteria, antibiotics
alter the composition and decrease the diversity of human microbiota.2:3

Bacterial dysbiosis has been described in gastrointestinal*—®, genito-urinary’ and breast
cancers® as well as pre-malignant lesions in the colon.® Numerous mechanisms have been
proposed to explain the association between bacterial dysbiosis and cancer risk, including
induction of chronic inflammation; changes in the normal tissue metabolism; direct
genotoxic effects; and weakening of the immune response.>9-13

Previous epidemiologic studies in humans evaluated the possible impact of antibiotic
exposure on cancer risk in the lungl4, breast!®, prostatel®, colon!?, and skinl? with
conflicting results. Important limitations of these studies included lack of adjustment for
common cancer risk factors, reverse causality (cancer patients are at higher risk for
infections), confounding by indication (infection may be a risk factor for cancer),
protopathic bias (medication was prescribed due to symptom of undiagnosed cancer) and
failure to account for changes in trends of antibiotic prescription over time as well as
changes in antibiotic types used.

In a recent study in mice that were genetically susceptible to CRC, a distinct microbiota
composition following high fat diet had a causative role in tumor progression. This
phenotype could be transmitted to healthy mice using fecal samples while antibiotics were
able to block tumor progression?®. In addition, we recently reported a higher risk for
colorectal cancer (CRC) associated with penicillin use >1 year before diagnosis date. The
risk increased with increasing number of antibiotic courses prescribed (> 10 courses,
adjusted OR 1.2, 95%CI 1.1-1.3).19 These data suggest the possibility that repeated
antibiotic exposure and a subsequent change in microbiota diversity, both in the gut as well
as in other body sites may promote cancer formation.

The current study aims to further evaluate the association between antibiotic exposure and
cancer risk in multiple organ sites including the lung, breast, skin, gastrointestinal and
genitourinary tract. As possible negative controls for this association, we selected melanoma
(associated with exposure to ultraviolet radiation) and cervical cancer (associated with
human papilloma virus). By analyzing different time intervals of prescriptions, detailed
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information regarding previous infectious events, and thorough cancer risk factors, we tried
to avoid the bias that impaired the conclusions of previous studies.

Study Design

Data source

We conducted nested case-control studies for 15 different epithelial, mesenchymal and
hematologic malignancies using The Health Improvement Network (THIN) database. This
design is computationally more efficient than a cohort-study, and produces odds-ratios
(ORs) that are unbiased estimates of incidence-rate-ratios.2? The study was approved by the
Institutional Review Board at the University of Pennsylvania and by the Scientific Review
Committee of THIN.

THIN is a large population-based electronic medical records database from the UK that
contains data on approximately ten million patients treated by general practitioners (http://
www.thin-uk.com/). THIN includes information on patient demographics, socioeconomic
status, medical diagnoses, lab results, and drug prescriptions. Registration date is defined as
the date when patients were first registered with a practice in THIN and Vision date is the
date that a practice began using in-practice Vision software that collects information for the
THIN database.?! Data quality is monitored through routine analysis of the entered data.2?
The database has been previously used for pharmaco-epidemiology studies, showing
excellent quality of information.23

Study cohort

All people receiving medical care from 1995-2013 from a THIN practitioner were
potentially eligible for inclusion. Patients without acceptable medical records (i.e.,
incomplete documentation or out of sequence date of birth, registration date, date of death,
or date of exit from the database) were excluded. Follow-up started at the later of either the
Vision date or 183 days after the date on which the patient registered with the general
practitioner24, and ended on the earliest of cancer diagnosis date, date of death, transferring
out of the database, or the end date of the database.

In order to focus our analysis on sporadic cancer cases we excluded subjects that were
diagnosed with any cancer before the age of 20 as well as individuals with familial cancer
syndromes.

Case selection

Cases were defined as all individuals in the cohort with at least one Read code for the
specific cancer during follow-up. Subjects who were diagnosed with cancer within the first
183 days after registration were excluded in order to avoid prevalent cases.24 The date of
cancer diagnosis was regarded as the index-date for each case.
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Selection of controls

Controls were selected based on incidence-density sampling.2% The eligible control pool for
each case consisted of all individuals who remained at risk for the cancer at the time when
the case was diagnosed. Up to four eligible controls were matched with each case on age,
seX, practice site and both duration and calendar period of follow-up. Controls were assigned
the same index-date as their matched cases.

Exposures and Covariates

The primary exposure of interest was number of antibiotic courses (0,1,2-5 and >5 courses),
>1 year prior to index-date, with one of seven antibiotic classes commonly used in the
outpatient setting: penicillins, cephalosporins, macrolides, tetracyclines, sulphonamides,
quinolones, and nitroimidazole. The analysis was performed for each antibiotic class
separately. We also assessed anti-viral and antifungal medications as potential negative
exposure controls.

As potential confounders, we examined a comprehensive list of variables including obesity
(BMI1>30), smoking history (ever/never), and alcohol consumption (non-users, any use and
alcoholism/alcohol dependence); medical co-morbidities including diabetes mellitus,
chronic obstructive pulmonary disease (COPD), gastro-esophageal reflux disease, Barrett’s
esophagus, and H.Pylori infection, number of past respiratory and urinary infections, as well
as medications which may influence cancer risk such as aspirin/NSAIDs, hormone
replacement therapy and anti-diabetic drugs. Each medical diagnosis was identified using
Read codes and each medication was identified using multilex codes. All covariates were
measured prior to index-date. The adjusted analysis included all covariates. Table 1 specify
the list of variables used for adjustment in each malignancy.

Statistical Analysis

The primary analysis was a conditional logistic regression to estimate OR and 95%
confidence intervals (ClIs) for the association between number of antibiotic courses and
cancer risk. The reference group consisted of individuals without documented therapy with
that specific antibiotic. The analysis was performed separately for each cancer type and was
adjusted to all potential confounders for the specific cancer. We performed Bonferroni
correction to account for multiple comparisons due to assessment of multiple antimicrobial
classes. We also analyzed the association between timing of last antibiotic prescription (1-5,
>5-10 and >10 years) and cancer risk among penicillin users. This analysis was done only
among penicillin users since this was the most commonly used antibiotic group, allowing
large statistical power.

Since bladder cancer is known to be associated with recurrent urinary-tract infections (UTI),
we performed a secondary analysis for this malignancy only among individuals with
recurrent infections (three or more UTI) and an additional analysis only among individuals
without documented infection prior to index-date, in order to exclude confounding by
indication. All analyses were performed using STATA 13 (Stata Corp., College Station, Tx,
USA).
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The study population consisted of 125,441 cases with 15 different cancer types and 490,510
matched controls (Table 2). The most common cancer types were breast among females
(31,131 cases) and prostate among males (27,212 cases). Penicillin was the most common
antibiotic group used during the follow-up period with more than 45% of individuals
(279,777) having at least one prescription.

The association between cancer risk, according to organ site, and the number of specific
antibiotic courses is presented in Figure 1 and Supplementary index 1.

In the gastrointestinal tract, exposure to penicillin was associated with an elevated risk of
esophageal, gastric, and pancreatic cancers. The association increased in strength with the
number of antibiotic courses. For example, the adjusted OR for esophageal cancer was 1.1
(95%CI 1.0-1.2) among individuals with a single course of penicillin compared to 1.2 for >5
courses (95%CI 1.0-1.4). The risk for biliary tumors was elevated only among individuals
with >5 courses of macrolides (AOR 2.5 95%CI 1.3—-4.9). There was no increase in risk of
Hepatocellular carcinoma.

The risk for lung cancer increased with the use of penicillins, cephalosporines, or macrolides
and was the highest among individuals who were exposed to >5 courses (AOR of 1.4,
95%Cl 1.3-1.6; 1.3, 95%CI 1.0-1.6 and 1.3, 95%CI 1.1-1.6, respectively). Multiple
myeloma was also associated with exposure to penicillins, cephalosporines, and macrolides
with an AOR of 1.8 (95%CI 1.4-2.3) for individuals with >5 antibiotic courses of penicillin.

The risk for breast cancer increased only among users of sulphonamides with an AOR of 1.2
for >5 courses (95%CI 1.0-1.4). For tumors of the urinary-tract, the risk of prostate cancer
increased modestly with the use of penicillins, quinolones, sulphonamides, and tetracyclines
with an OR of 1.2 (95%CI 1.1-1.3) for >5 courses of penicillin. The risk for bladder and
renal cancers also increased with the use of penicillins, sulphonamides, quinolones, and
macrolides with AOR for renal cancer of up to 1.6 (95%CI 1.1-2.2) for >5 courses of
penicillin.

In a sensitivity analysis, we further analyzed bladder cancer risk in individuals with and
without bladder infections prior to the index date. Among those without prior bladder
infection, cancer risk increased with the number of penicillin and sulphonamides
prescriptions up to an AOR of 1.3 (95% CI 1.1-1.5) and 2.0 (95% CI 1.1-3.4) for >5
antibiotic courses respectively. Among those with prior bladder infection, the risk remained
elevated among individuals with exposure to >5 courses of penicillin and macrolides with an
AOR of 1.4 (95% CI 0.7-2.6) and 2.1 (95% CI 0.5-8.1) respectively, however the statistical
power for this analysis was low.

Of note, there was no association between antibiotic use and carcinoma of the cervix,
gallbladder, osteosarcoma and melanoma. Among the antibiotic classes, tetracyclines were
not associated with increased cancer risk, except for prostate cancer. The use of anti-virals
and anti-fungals was not associated with increased cancer risk. There was no change in risk
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when only individuals with >5 years of follow-up were included in the analysis
(Supplementary index 2).

Additionally, among penicillin users we evaluated the association between timing of last
penicillin prescription and specific cancer risk. In most malignancies, there was no
difference in the direction of association between individuals with last prescription 1-5, >5-
10 and >10 years before index-date (Table 3). For gastric, hepatocellular and pancreatic
cancers there was no increase in cancer risk for individuals with last prescription >10 years
before index date.

Discussion

In the current population based nested case-control study we evaluated the association
between exposure to antibiotic classes commonly used in the community and 15 different
cancers. We observed a differential association according to tumor type and antibiotic group
used. In the gastrointestinal system, the use of penicillin was associated with an elevated risk
of esophageal, gastric and pancreatic cancers in addition to the higher risk for CRC we
previously reported!®. The risk for biliary tumors was elevated only among individuals with
>5 courses of macrolides. Breast cancer risk was mildly increased with exposure to
sulphonamides. Lung cancer risk increased with the use of penicillins, cephalosporines, and
macrolides and similar increase in risk was seen in myeloma patients as well. For tumors of
the urinary-tract, the risk of prostate cancer increased slightly with the use of penicillins,
quinolones, sulphonamides, and tetracyclines. Similar risk was also observed in bladder and
renal cancers. There was a correlation between number of antibiotic courses and cancer risk,
specifically for gastro-intestinal and lung tumors. In most malignancies there was no
association between any single antibiotic course and cancer risk. We observed no
association between antibiotic use and melanoma, carcinoma of the cervix, osteosarcoma,
hepatocellular and gallbladder carcinoma. Importantly, there was also no association
between use of anti-virals and anti-fungals and increased cancer risk.

The current study had several unique strengths that support the possibility that the results are
not secondary to confounding. Recurrent infections were suggested to correlate with
elevated cancer risk, as in recurrent UTI and bladder cancer.25 Thus, for prostate and
bladder cancers we adjusted for the number of UTI as part of the analysis. For bladder
cancer we also performed two additional sensitivity analyses in order to exclude
confounding by indication, the first only among individuals with recurrent UTI and the
second only among individuals without UTI prior to index-date. In both cases there were no
changes in results. For multiple myeloma, since there is no specific type of infection that is
associated with the disease, we performed an additional analysis of the association between
recurrent antibiotic exposure and the risk of Myeloma precursor Monoclonal Gammopathy
of Undetermined Significance (MGUS) observing the same increase in risk (data not
shown).

Cancer might also develop years before the actual diagnosis date causing immune
suppression or infection through disturbance to normal body barriers. For this reason we
included in our analysis only antibiotic prescriptions >1 year before diagnosis. The fact that
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the direction of association remained even with last prescriptions >5-10 years before index-
date points against such reverse causality.

Additionally, people with more intense use of medical services might have higher likelihood
for cancer diagnosis and antibiotic prescription. Infection can also be the reason for a
medical encounter and secondarily tumor diagnosis. However, in such a case we would
expect increased cancer risk in association with anti-viral and anti-fungal treatments as well.
Moreover, we would expect similar association for all cancer types. The lack of association
between exposure to any antibiotic group and cancer risk in melanoma, known to be caused
by exposure to ultraviolet radiation, and cervical cancer, caused by HPV, as well as the lack
of breast cancer risk among penicillin users would seem to argue against this possibility as
well as against residual confounding.

The nested case-control design with incidence-density sampling provided us with ORs that
are unbiased estimates of incidence-rate-ratios?? and allowed us to evaluate and adjust for
multiple risk factors for each cancer type. The matching of cases and controls on duration
and calendar period of follow-up prevented time-window bias and bias due to changes in
frequency and antibiotic classes used. Matching on practice site minimized inter-clinic
differences related to antibiotic prescription rate and cancer screening policy. Furthermore,
we evaluated only prescriptions that were given >1 year before cancer diagnosis date in
order to avoid protopathic bias due to drug prescriptions for early, non-specific disease
manifestations.2% We also excluded cancer cases occurring in the first six months after
registration with a clinic in order to avoid prevalent cases.

Since antibiotics has no known direct carcinogenic effect, our main hypothesis focus on
antibiotic’s influence on the composition of the human microbiota. Such a mechanism may
also explain the need for repeated antibiotic exposures, known to cause a lasting change in
bacterial diversity2319 as well as the differential effect of different antibiotic groups. The
microbiome can induce chronic inflammation!?; influence human metabolism by activating
genes that are related to both insulin resistance and cell proliferationZ?; influence the
immune-system response against cancer?’ and certain bacteria can even have a direct
carcinogenic effect on the epithelium.28 It is not clear whether such effects are unique only
to the gut microbiota or can occur by microbiota of other organs as well, such as the skin
and lung. These mechanisms explain the differential effects of specific antibiotic groups on
different tumor types. Since the microbiota varies among populations, between individuals
and within individuals, and because we had no information regarding the microbial
composition of study subjects, we were unable to assess the suggested biological
mechanism. It is also possible that the microbiota is involved in carcinogenesis only in
individuals with a specific genetic or immunologic predisposition.

There are several potential limitation associated with the current study. Our diagnosis relies
on Read codes alone and not on pathology reports. The validity of at least one Read code as
a method to detect cancer patients was previously reported using the General Practice
Research Database (GPRD), a related database that contains some practices which overlap
with THIN.2° Garcia et al. report a confirmation rate greater than 95% for CRC using
pathology report as the gold standard. Recent evidence indicated that the validity of data in
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THIN is comparable to GPRD.30 Lack of pathology reports with detailed histopathology
prevented the differentiation between cancer types in specific organs, such as
adenocarcinomas and squamous cell carcinomas in the lung and esophagus. We also decided
to avoid analysis of head and neck cancers due to lack of information regarding HPV status
and inability to properly differentiate between oropharyngeal and oral cancers.

Information about BMI was not available for up to 30% of the study population. We
categorized those individuals as a separate category in our analysis. Moreover, an analysis
restricted among subjects with complete BMI information did not change the results (data
not shown). Of note, the percent of obese individuals with BMI above 30 in our study is
similar to the one reported by the Health Survey for England (HSE) for the general UK
population.

Antibiotics are commonly used in the community and many of the individuals in our study
received more than one antibiotic type during follow-up. The differential association seen
among antibiotic classes with different spectrum of bacterial coverage, such as high cancer
risk among penicillin users compared to almost no cancer risk among tetracyclines users,
shows that despite the described overlap we can still distinguish the unique association with
each antibiotic group in contrast to previous works that assessed any antibiotic treatment.1’

We also assumed 100% compliant with prescribed antibiotic treatment. Even if such
assumption is incorrect, any misclassification would likely be non-differential and thus
would tend to bias the results towards the null hypothesis. Another potential bias might
result from lack of information regarding the amount of unintentional environmental
exposure to antibiotics in the food. The amount of such an exposure could not be assessed in
the current epidemiological work. Although antibiotic prescriptions during hospital
admissions were not available, most of those courses were continued by the general
practitioners after discharge, thus they were included in the analysis.

Finally, the current work required multiple comparisons between different antibiotic classes
in each cancer type, for this reaso6n we applied the conservative Bonferroni correction for
the analysis.

In summary, this large population based study demonstrated a differential increase in cancer
risk (mainly gastro-intestinal, genito-urinary, and lung cancers) secondary to repeated
exposures to certain antibiotic types. There was almost no increase in risk with a single
course of antibiotic. There was almost no change in association when last antibiotic
exposure more than five years before index-date was evaluated. Penicillins were associated
with the most significant cancer risk while tetracyclines as well as anti-virals and anti-
fungals were not correlated with cancer risk. There was no association between antibiotic
exposure and melanoma or carcinoma of cervix. Since the incidence of cancers in THIN
reflects the true incidence of cancer in the UK population we were able to estimate the
absolute risk increase in cancer incidence and found it to be around 20:100,000. One could
argue whether this is a small difference, however it demonstrate the mechanistic relevance
of gut microbiota in certain cancers. Further studies should focus on evaluating the specific
biological pathways behind the association. Since the microbiome is more prone to change
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during the first years of life, additional investigation evaluating the impact of antibiotic
exposure in childhood would be informative. Given their high prevalence of use, it is of
utmost significance to understand the influence of antibiotics on our commensal bacteria as
well as the possible secondary impact on other disease states including cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
e Antibiotic exposure can alter the diversity of the human microbiota.

» Bacterial dyshiosis was described in cancer patients.

» Inour study recurrent exposure to certain antibiotics increased cancer risk.

« No association was found with anti-virals and anti-fungals.

« No association was found with melanoma or carcinoma of the cervix.
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Anti-virals

>5

Anti-fungals

Nitroimidazole

Tetracyclines

Page 12

Macrolides

Cephalosporins

Penicliin

Breast | Lung J Esophagus J Gastric | Pancreas ](i:ll;“:{:; Biliary J§ Gallbladder | Prostate § Renal § Bladder § Melanoma J§ Cervix § Osteosarcoma j§ Myeloma

- No increase in cancer risk.

Change in cancer risk, not significant after applying the Bonferroni correction.

Significant increase in cancer risk, OR 1.01-1.10

Significant increase in cancer risk, OR 1.11-1.20

- Significant increase in cancer risk, OR>1.21

Figure 1.
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Adjusted cancer risk according to organ site as a function of number of specific antibiotic
courses
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Risk factors introduced to the multivariable models evaluating the association between antibiotic exposure and

Page 14

Table 1

specific cancer risk

Cancer type Risk factor introduced to the multivariable model®
Breast BMI, smoking status, alcohol consumption, diabetes, use of hormone replacement therapy
Lung Smoking status, diabetes, COPD, number of previous respiratory infections
Esophagus BMI, smoking status, alcohol consumption, diabetes, gastro-esophageal reflux disease, barrett’s esophagus
Gastric BMI, diabetes, H.pylori infection

Hepatocellular

BMI, smoking status, cirrhosis, alcohol consumption, diabetes

Biliary BMI, smoking status, alcohol consumption, diabetes
Gallbladder BMI, diabetes
Pancreas BMI, smoking status, diabetes
Prostate BMI, smoking status, diabetes, number of previous urinary tract infections
Renal BMI, smoking status, diabetes
Bladder BMI, smoking status, diabetes, chronic NSAIDs/aspirin use, anti-diabetic medications (thiazolidinediones, metformin
and insulin), number of previous urinary tract infections
Melanoma -
Cervix Smoking status
Osteosarcoma BMI, smoking status, alcohol consumption, height

Multiple myeloma

BMI, diabetes

1 . . .
All covariates were measured prior to the index date.
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Association between time from last penicillin prescription and specific cancer risk

Table 3

Time from last penicillin prescription to index datel

Cancer Type

1-5yr >5-10 yr >10yr
Breast
Univariate 1.1 (1.0-1.1) 1.0 (1.0-1.1) 1.0 (0.9-1.1)
Multivariate 1.0 (1.0-1.1) 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Lung
Univariate 1.6 (1.5-1.7) 14 (1.3-1.5) 15(1.3-1.8)
Multivariate 1.2 (1.1-1.3) 1.1(1.0-1.2) 1.3(1.1-1.5)
Esophagus
Univariate 1.3(1.2-1.4) 1.2 (1.1-1.4) 1.3(1.0-1.7)
Multivariate 1.1 (1.0-1.3) 1.1 (0.9-1.3) 1.1 (0.8-1.4)
Gastric
Univariate 1.2 (1.0-1.3) 1.1(0.9-1.3) 1.0 (0.7-1.5)
Multivariate 1.1(1.0-1.3) 1.1(0.9-1.3) 1.0 (0.7-1.4)

Hepatocellular

Univariate 1.4 (1.1-1.7) 1.4 (1.0-1.9) 1.0 (0.6-1.9)
Multivariate 1.1 (0.9-1.5) 1.2 (0.9-1.8) 0.8 (0.4-1.7)
Biliary

Univariate 1.2 (1.0-1.6) 1.1 (0.8-1.6) 1.8 (1.0-3.3)
Multivariate 1.1(0.9-1.4) 0.9 (0.7-1.4) 1.6 (0.9-3.0)
Gallbladder

Univariate 1.1 (0.7-1.6) 1.1 (0.7-1.9) 0.6 (0.2-2.0)
Multivariate 1.1 (0.7-1.6) 1.1 (0.6-1.8) 0.7 (0.2-2.0)
Pancreas

Univariate 1.2(1.1-1.4) 1.2 (1.0-1.4) 1.0 (0.7-1.4)
Multivariate 1.1(1.0-1.3) 1.1 (0.9-1.3) 1.0 (0.7-1.3)
Prostate

Univariate 1.2 (1.2-1.3) 1.2 (1.1-1.3) 1.1(1.0-1.3)
Multivariate 1.2 (1.1-1.2) 1.1(1.1-1.2) 1.1 (1.0-1.3)
Renal

Univariate 1.4 (1.1-1.7) 1.4 (1.1-1.9) 1.4 (0.8-2.3)
Multivariate 1.3(1.0-1.5) 1.3(1.0-1.7) 1.3(0.8-2.1)
Bladder

Univariate 1.4 (1.3-1.4) 1.3 (1.1-1.4) 1.4 (1.2-1.7)
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Time from last penicillin prescription to index datel
Cancer Type
1-5yr | >5-10 yr | >10yr

Multivariate 1.2 (1.1-1.3) | 1.1(1.0-1.2) | 1.3 (1.1-1.6)
Melanoma
Univariate 1.1(1.0-1.2) 1.0 (0.9-1.2) 1.1(0.9-1.4)
Multivariate - - -
Cervix
Univariate 1.1(0.9-1.2) 1.1(0.9-1.3) 1.2 (0.8-1.8)
Multivariate 1.0 (0.9-1.1) 1.0 (0.8-1.3) 1.1(0.7-1.8)
Osteosarcoma
Univariate 1.1(0.7-1.7) 1.3(0.7-2.3) 1.0 (0.3-3.8)
Multivariate 0.9 (0.5-1.8) 1.6 (0.7-3.8) 0.5(0.1-3.9)
Multiple Myeloma
Univariate 1.4 (1.2-1.6) 1.3(1.1-1.6) 1.4 (1.0-2.1)
Multivariate 1.4 (1.2-1.6) 1.3(1.1-1.6) 1.4 (1.0-2.1)

After the Bonferroni correction, the p-value needed to show statistical significance was 0.006.
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