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Abstract

 Objectives—The Non-Invasive Treatment of Abdominal Aortic Aneurysm Clinical Trial (N-

TA3CT) is a Phase IIb randomized, placebo-controlled clinical trial, testing doxycycline (100 mg 

bid) for inhibition of growth in the greatest transverse, orthogonal diameter of small abdominal 

aortic aneurysms (AAA).

 Methods—We will enroll 258 patients, ≥ 55 years of age who have AAA, men: 3.5–5.0 cm 

and women: 3.5–4.5 cm on CT scans confirmed centrally. The primary outcome is growth in 

maximal transverse, orthogonal diameter from baseline to 24-month follow-up. Secondary 

analyses address doxycycline effects on clinical events, aneurysm volume, and biomarkers. 

Primary analysis will be performed according to the principle of intention-to-treat accounting for 

death and ruptures by use of normal scores in analysis of covariance. At the time of the data file 

reported, 200 subjects have been randomized. We started enrollment in mid-2013 and will 

complete enrollment by mid-2016.

 Results—Participant average age = 70.9 years, (SD = 7.6 years) and maximum transverse 

diameter = 4.3 cm for men (SD = 0.4) and 4.0 cm for women (SD = 0.3).
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 Conclusion—N-TA3CT is a critical experiment to determine whether doxycycline reduces 

growth of small AAA and systemic markers of inflammation previously seen in bench 

experiments and observational human studies to be associated with AAA growth. Our patient 

population baseline measurements agree with the design assumptions supporting our expectation 

of 90% power or greater to reject a null hypothesis in favor of an alternative hypothesis when 

growth is reduced by at least 40%. Registration: clinicaltrials.gov #NCT01756833.

 INTRODUCTION

Prospective abdominal ultrasound screening by Alcorn et al for infrarenal aortic diameters 

greater than 3.0 cm, identified abdominal aortic aneurysms (AAA) in 9.5% of the population 

over the age of 65 years [1]. The natural history of AAA is one of asymptomatic, progressive 

expansion at 2.6 to 3.3 mm per year until rupture; the best predictor of rupture is aneurysm 

diameter [2–5]. Early detection and elective surgical repair [6–8], endovascular for most 

patients and open surgical repair for the remainder [9–11] prevents rupture. Endovascular 

repair risk is equivalent to or greater than the risk of rupture for AAAs less than 5.5 cm in 

men and 5.0 cm in women [12, 13].

Laboratory studies document that elastin and collagen degradation, mediated in large part by 

matrix metalloproteinases (MMPs) [14–19], are responsible for weakening and dilatation of 

the aortic wall and aneurysm rupture [20–22]. MMP-1, -2, -9 -12 and -13 are found in the 

extracellular matrix of aneurysm tissues, and MMP-9 is elevated in the plasma of patients 

with AAAs [16, 22]. Tetracyclines inhibit MMPs [23, 24]. Doxycycline suppresses 

inflammation and MMPs in degenerative human aortic aneurysms [22, 24, 25]. Doxycycline 

inhibits MMP-9 content through both translational (decreased mRNA) and post-translational 

mechanisms. The post-translational mechanisms are thought to be related to ribosome 

interactions with the message but this mechanism has not been fully elucidated. At dosages 

well above the therapeutic window, doxycycline can directly interfere with the activity of 

MMP-9.

In elastase-induced injury to the rat aorta, doxycycline suppresses aortic wall MMP activity, 

elastin degradation, and aneurysm development in a dose dependent fashion [26, 27]. In 

calcium chloride-induced injury to the mouse aorta, doxycycline demonstrates dose-

dependent inhibition of aneurysm expansion [28]. In a 32-patient, placebo-controlled 

clinical trial of doxycycline (150 mg/day) for three months, ultrasound differences in 

expansion that could have occurred by chance were observed over 18 months follow-up 

[29]. Six-month interval analyses of growth found less expansion in the doxycycline patients 

at 12 months [29]. Consequently, we planned a placebo-controlled Phase IIb clinical trial to 

determine whether doxycycline (100 mg bid) will inhibit growth in the greatest transverse 

diameter of small AAAs (3.5–5.0 cm in men, 3.5–4.5 cm in women) as measured by CT 

scan over 24-months. Secondary analyses address doxycycline effects on interval aortic 

diameters and volume, on levels of MMP-9, interferon-gamma and high sensitivity C-

Reactive Protein (hs-CRP). At the time we were about to initiate our clinical trial the results 

of a 286-patient, placebo-controlled trial of doxycycline (100 mg/day) for 18 months were 

published observing an accelerated growth rate on ultrasound associated with doxycycline 

and concluding that doxycycline therapy did not reduce aneurysm growth.[30]
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 METHODS

 Administration and Organization

N-TA3CT has four principal entities: (1) a Clinical Coordinating Center (CCC) and Clinical 

Consortium (21 clinical sites, see appendix), (2) Imaging Core Laboratory (ICL), (3) 

Biomarkers Core Laboratory (BCL), and (4) Data Coordinating Center (DCC). Biomarker 

assays are performed by the BCL at Vanderbilt University, Nashville, TN, except for hs-CRP 

assays which are performed at Washington University in St. Louis. Circulating doxycycline 

levels are assayed in the University of Maryland School of Pharmacy. An independent 

Biostatistical Center, Axio Research LLC, Seattle, WA, and the DCC statistician at UMB 

perform interim analyses for data monitoring.

N-TA3CT is exempt from IND requirements of the US Food and Drug Administration 

(FDA) and is registered at ClinicalTrials.gov (NCT 01756833). The protocol has been 

approved by the Institutional Review Boards (IRBs) for each of the central units and each of 

the clinical and laboratory performance sites. The National Institute on Aging appointed an 

independent Data and Safety Monitoring Board (DSMB).

 Patient Population

Eligible patients are 55 years of age or older and have AAAs that are not the result of known 

heritable diseases. Coordinators approach patients for consent to review CT scans centrally. 

Patients have small AAA on ICL reading of CT scans obtained within 30 days of 

randomization. Screened patients are excluded if they have health problems that compromise 

participation. Inclusion and exclusion criteria are below.

 Inclusion Criteria

1. Patients 55 years of age or older, women post-surgical menopause or at 

least two years since last menses if natural menopause.

2. CT scan documented infrarenal abdominal aortic aneurysm with 

maximum transverse diameter larger than 35 mm and no greater than 50 

mm, in men, and larger than 35 mm and no greater than 45 mm in women.

 Exclusion Criteria

1. Prior repair of the abdominal aortic aneurysm.

2. Renal artery involvement or suprarenal extension of the aneurysm.

3. Documented failure of the aneurysm to increase in size over the two years 

prior to enrollment if the aneurysm is < 4.0 cm in maximal transverse 

diameter.

4. Iliac artery aneurysm > 2.9 cm in diameter.

5. Iliac artery occlusive disease planned for repair.

6. Renal artery stenosis with planned open repair.
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7. Known thoracic aortic aneurysm > 3.5 cm, for aneurysms that are saccular 

or observed to be expanding at a rate greater than ordinary and > 4.0 cm, 

for aneurysms that are not saccular and are expanding at accustomed rates.

8. Known connective tissue disease (e.g., collagen vascular disorder), 

heritable or genetic syndrome (e.g., Marfan Syndrome, Ehlers-Danlos 

Syndrome) underlying the abdominal aortic aneurysm.

9. Stage II hypertension (patients whose blood pressure is persistently in the 

range of systolic > 160 mm Hg or diastolic > 100 mm Hg despite personal 

physician’s best effort to achieve adequate therapy).

10. Creatinine > 2.0 g/dL or creatinine clearance < 30 ml/min.

11. Allergy or intolerance of tetracyclines.

12. Use of tetracyclines within past six months.

13. Taking anti-epileptic pharmaceutical agents (e.g., carbamazepine, 

diphenylhydantoin).

14. Current or planned treatment with chemotherapy or radiation therapy for 

cancer other than squamous cell cancer of the skin.

15. Current or planned treatment with systemic immunosuppressive agents 

(e.g., prednisone, azathioprine, methotrexate, cyclosporine for 

autoimmune disease or following transplantation of bone marrow, heart, 

liver, lung or other solid organ).

16. Chronic infection managed with long-term antibiotics, frequent courses of 

antibiotic therapy or self-administration of antibiotic therapy.

17. Personal physician/surgeon is not willing to follow the protocol.

18. Prognosis less than two-year survival or other reason the Clinical Site 

director believes the patient is not a suitable candidate for N-TA3CT (e.g., 

history of repeatedly missing follow-up appointments or regular residence 

outside of the U.S.)

19. Enrollment in another, concurrent clinical trial study.

20. Refusal or inability of patient to provide written informed consent.

Most patients are identified through vascular surgery clinics, referral from vascular 

surgeons/interventional radiologists, or direct patient contact after search of medical center 

data bases of radiology reports. Some patients have been recruited through community 

publicity (e.g., newspaper articles, newspaper advertisements, radio interviews, radio 

advertisements), and direct mail to patients agreeing to research in a commercial screening 

program (Life Line Screening, Austin, TX).

 Imaging Studies

Our acquisition protocol for CT scans for multi-detector, helical CT is: 1) narrow field-of-

view centered on aorta, <36 cm encouraged; 2) tube current and energy to be set to best 
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clinical standards (least radiation exposure) for image quality; 3) CT scout without contrast, 

study without contrast unless contrast is judged to be clinically necessary by the treating 

physician; 4) scan from top of diaphragm to symphysis pubis; 5) section thickness less than 

or equal to 2.5 mm; 6) reconstruction overlap minimum 50%, i.e., 1.25 mm intervals, 2.5 

mm thickness.

CT scans are transferred from clinical sites to the ICL on DICOM formatted CDs. The study 

assigned patient ID number (PID) and alphabetic code (Letcode) are the only identifiers that 

appear on the CD. Visit (Baseline, six-month, 12-month, 18-month, 24-month) appears in 

the electronic header.

CT scans are more expensive than ultrasound studies and require ionizing radiation. Some 

otherwise eligible patients have refused enrollment because of the cost of clinically indicated 

CT scans and others because of recent publicity concerning the exposure to ionizing 

radiation involved in CT scans. CT scans do provide a much more complete picture of the 

aneurysm because of their three dimensional nature. Abdominal aortic aneurysm (AAA) 

diameter can be measured relative to the longitudinal axis which is critical because many 

AAA are tortuous. The largest transverse diameter can be measured in the 360 degree radius 

relative to this axis. With ultrasound studies, the reader is dependent on the images captured 

and recorded by the technologist. Obesity and bowel gas may obscure the best images. 

Because of the inability to account for tortuosity, most standardized ultrasound 

investigations used the AP diameter. This single plane image compared to the 360 degree 

view measurable by CT scan is less likely to capture small changes in diameter.

 Study Treatments

Study treatments consist of 100 mg capsules of doxycycline hyclate purchased from West 

Ward Pharma (NDC 00143-3142-05) and placebo (over)encapsulated at Catalent Pharma 

Solutions, Philadelphia, PA. Numbered treatment kits are shipped by Catalent to 

investigational pharmacies or dispensing physicians at clinical sites, under the direction of 

Axio Research, LLC, which is responsible for random assignment, distribution and tracking 

of treatment kits as part of the DCC.

Returned capsules are counted at clinic visits as part of adherence documentation. At the 

time of monitoring visits by CCC staff, capsule counts are verified and returned kits shipped 

to the University of Nebraska Medical Center Pharmacy for accountability, disposition and 

quality control.

Among tetracyclines, doxycycline was selected because: 1) animal and human preliminary 

data suggest that it is safe and possibly efficacious for reducing the rate of growth of small 

AAA; 2) it has a high level of absorption from the upper gastrointestinal tract; 3) its half-life 

allows for sustained blood levels with daily or bid dosing; 4) its clearance by both renal and 

hepatic/intestinal mechanisms reduces the possibility of overdose toxicity; 5) irreversible, 

severe or serious adverse effects were found to be rare after decades of use.
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 Randomization and Treatment Allocation

Treatment assignments are based on randomization schedules prepared separately for each 

clinical site, stratified for sex (male/female), and in randomly varying block sizes of 2, 4, 

and 6 with 1:1 ratio of doxycycline: placebo. After complete baseline information is entered 

via electronic data capture (eDC), clinical site personnel log onto the randomization web site 

to obtain the number of a blinded treatment kit in the clinical site inventory to be dispensed 

to the subject.

 Follow-Up

After randomization, subjects return for clinic visits every three months, to: 1) review health 

status with special reference to expected adverse effects and to serious or unexpected 

adverse effects; 2) return used treatment kits for capsule counts; 3) discuss adherence and, 4) 

obtain new treatment kits. At the 6-, 12-, 18- and 24-month visits, CT scans are obtained for 

reading in the ICL. Serum and plasma samples are forwarded to the BCL for later analysis; 

participants complete the SF-36 quality of life assessment. CT scans obtained in the intervals 

between visits for clinical indication may replace scheduled CT scans to avoid unnecessary 

radiation exposure. Clinical site staff may conduct visits by telephone in preference to 

missing visits altogether. When a patient cannot return for a visit involving a CT scan, 

efforts are made to schedule CT scans off-site. Study treatments are discontinued for any 

patient whose aneurysm grows to a size or manifests symptoms that lead to repair, but 

follow-up continues at six-month intervals.

 Primary Outcome

We used growth in AAA maximum transverse orthogonal diameter on CT scan from 

baseline to follow-up assessment two years after randomization as measured in the ICL for 

power calculations as the metric of treatment effect. In a pilot investigation of ICL 

measurement of maximum transverse diameters, intra- and inter-observer intraclass 

correlation coefficients (ICC) exceeded 0.99.

 Data Analysis of the Primary Outcome

We will compare the changes in AAA maximum transverse diameter from baseline to two 

years after randomization according to treatment assignment consistent with the principle of 

intention-to-treat, using linear regression (ANCOVA) with baseline AAA maximum 

transverse diameter, sex, and an indicator of treatment assignment in the model. The test for 

differences between treatments will be conducted at an overall one-sided alpha-level of 

0.025. Prior to performing the primary outcome analysis, an interaction term for the 

randomization stratum (sex) with treatment assignment will be assessed in the ANCOVA 

model. If there is significant (at two-sided alpha = 0.05) evidence of difference in treatment 

effect according to sex, other than a small difference in the same direction, the analysis will 

be performed separately for men and women.

The primary analysis will be performed on normal scores corresponding to percentile rank 

of each patient at baseline and follow-up [31, 32]. At baseline all scores will be based on 

rank of AAA maximum transverse diameter. At two-year follow-up, ranks worse than any 

CT scan based rank will be assigned according to survival and repair status for patients who 
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did not undergo a two-year CT scan, with deaths being ranked worst. After deaths, next 

worst ranks will be assigned according to patient condition at the time of surgical 

intervention, from rupture to symptoms or signs of imminent rupture to undergoing repair 

for reason of maximum transverse diameter exceeding 5.5 cm. for men or 5.0 cm. for 

women to other less urgent indications. Within each category, ranks will be assigned in order 

of time from randomization to occurrence. Multiple imputation methods will be used for 

those few patients who do not, for unanticipated reasons, complete a CT scan at two years.

 Interim Analysis Plan and Critical Values

The DSMB will convene to review N-TA3CT conduct and safety at six-month intervals, 

performing interim analyses with a possibility of early termination for efficacy when one 

third (approximately) of subjects have completed two-year follow-up, at a critical z-

boundary of 3.291 (p = 0.0005, one-sided) and when two thirds (approximately) of subjects 

have completed follow-up at the same critical z-boundary, leading us to adjust the final 

analysis critical value to z = 1.965 (p = 0.0247). These interim analysis boundaries are of the 

Haybittle-Peto type [33,34] but with an adjustment at the final analysis. An adjustment in the 

final critical values will be made as necessary if the times of the interim analyses change. At 

the time of the second interim analysis for efficacy, we propose a futility analysis to 

terminate the clinical trial if there is less than a 20% chance (conditional power) to reject the 

null hypothesis of no difference favorable to doxycycline in comparison to placebo at a one-

tailed alpha level of 0.025, under the assumption of a 40% reduction in growth (the 

alternative hypothesis) for the remaining one third of patients [35].

The distinction between the correlation of measurements of abdominal aorta diameter from 

the correlation of growth in abdominal aorta diameter is important to N-TA3CT design and 

analysis. The correlation of abdominal aorta diameter measurements over time (r) is 

expected to be large, 0.80–0.94, as observed in longitudinal studies. The correlation of 

measurements of growth in abdominal aorta diameter over six-month intervals is not well 

known, and is expected to be small, especially between early and later intervals. For 

example, we anticipate, as Mosorin et al. [29] observed, that six-month CT scan 

measurements will reflect random variation in growth from baseline and be little correlated 

with growth over the course of two years.

After the start of N-TA3CT, the results of the Pharmaceutical Aneurysm Stabilisation Trial 

(PHAST) were published, with the finding that, “Doxycycline treatment was associated with 

increased aneurysm growth (4.1 mm in the doxycycline group vs. 3.3 mm in the placebo 

group at 18 months...P = 0.016...) [30].” Although the results were difficult to interpret 

because patients who stopped taking study medication withdrew from the study, which 

affected analyses based on intention-to-treat, we took seriously the possibility that 

doxycycline might be harmful instead of beneficial to individuals who have small AAAs. 

Most (75%) of the difference in growth unfavorable to doxycycline in PHAST was observed 

in the first six months of treatment. We negotiated with our Data and Safety Monitoring 

Board a one-sided monitoring boundary at z =1.645 (p = 0.05), an approach similar to that 

of Pocock [36], to be assessed at every interim analysis in which new six-month CT scan 

data are available, using the same analysis methods as for the primary outcome analysis. If 
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six-month CT scans document growth unfavorable to doxycycline treatment at that critical 

boundary, termination of the clinical trial will be considered.

 Secondary Analyses

The interaction of baseline aneurysm size with treatment group in effect on growth is of 

interest. Linear regression models will be used to explore age, statin use and other factors for 

effects on aneurysm growth. Secondary outcomes of interest include changes in aneurysm 

volume, the occurrence of clinical events such as death, the occurrence of myocardial 

infarction or death, measures of health related quality of life, high sensitivity C-reactive 

protein, MMP-9 levels, interferon gamma levels, other measurements made on CT scans and 

outcomes in clinically defined subgroups. Analyses of adherence and per protocol analyses 

will be used for Phase III clinical trial planning. To take account of multiplicity in secondary 

analyses, a p-value <0.01 will be required for some evidence of difference, and P<0.001 for 

strong evidence.

 Power Calculations and Study Size

We have specified the alternative hypothesis as a 40% reduction in maximal transverse 

diameter growth, from 2.5 mm/year to 1.5 mm/year over two years, a minimal clinically 

important difference, based on a Monte Carlo simulation. Using age-stratified mortality in 

the US male population in 2006 and an age and aneurysm size distribution from our clinical 

sites, the proportion of patients whose aneurysms would indicate surgical repair over the 

course of a lifetime changes from just over 3/4 to just under 2/3.

Our Monte Carlo simulation experiment [37, 38] (SAS 9.1.3, SAS Institute, Inc) was 

designed to project the number of abdominal aortic aneurysm invasive repairs that could be 

prevented by doxycycline treatment in an older U.S. AAA prevalence sample, within a 20-

year time frame.

 Simulation settings

• A prevalence sample of 60,000 older AAA patients (>=55 years old) in the 

U.S. was simulated using data from the preliminary survey described 

above. Age and AAA diameter distributions are displayed in Table 1.

• Follow-up was assessed in 6 month intervals:

1. We specified the reduction in AAA diameter growth rate in 

the doxycycline treatment group and assumed that invasive 

repair procedures would be ordered at AAA diameter of 

5.5 cm.

2. Patients were censored according to age-specific mortality, 

as in Table 2: estimated from CDC 2005 Mortality report 

[39].

• The impact of treatment was assessed by simulating different effect sizes 

and other parameters (Table 3, Table 4, Figure 1).
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At the end of 20-year follow-up, almost all patients will have surgical repair or be censored 

by mortality, Figure 1. Assuming doxycycline treatment reduces the average aneurysm 

expansion rate from 2.5 mm (0.25 cm) per year to 1.5 mm (0.15 cm) per year, doxycycline 

could prevent 5865 (16.3%) of 35,929 elective invasive repair procedures, Table 3. Fixing 

the growth rate of AAA in the placebo group at 2.5 mm (0.25 cm) per year, 40%, 30%, and 

20% reductions in growth rate in the doxycycline group result in 13%, 8%, and 5% absolute 

decreases in the number of invasive repairs made during a 20-year follow-up, Table 4.

A 5% difference between 78% and 73% undergoing surgery as we project for a 20% 

reduction in growth rate is unimpressive. The difference between a probability of about 3/4 

of surgical repair and a probability of 2/3 appeared to our vascular surgeons to be the 

smallest that would convince patients to take daily medication for the rest of their lives. 

Therefore, we predicated N-TA3CT power calculations on a 40% reduction in growth rate as 

the alternative hypothesis.

We found a Pearson correlation, r, of 0.88 between baseline and 18-month AAA 

measurements in 12 placebo recipients and r = 0.94 in doxycycline recipients in a small 

randomized clinical trial [29]. In our pilot study r was 0.88 [40], and in an unpublished data 

set provided by Dr. Frank Lederle, r = 0.94 for measurements one year apart. In these same 

data sets we found standard deviations (SD) ranging from 4.6 to 9.6 mm. Predicating 

effective sample size on r = 0.82 and SD = 7 mm, we arrived at treatment group sizes of 85 

each, for a one-sided alpha level = 0.025 and power 0.90, based on a t-test and equal-sized 

groups, using a standard formula for the efficiency of ANCOVA [41]. We calculated the 

power of a study with 85 subjects per treatment group for several values of r (0.80, 0.88, 

0.96) and SD (5 mm, 7 mm, 9 mm).

Power exceeds 0.99 when r ≥ 0.88 and SD = 5 mm or when r ≥ 0.96 and SD is between 5 

mm and 9 mm. If r = 0.80, power > 0.80 for SD ≤ 7 mm; for r = 0.80 and SD = 9 mm, power 

is approximately = 0.67. The normal scores analysis we plan is asymptotically equivalent in 

power to a t-test for normal distributions [31, 32]. Allowing for noise introduced into the 

analysis by non-adherence of 10% in each treatment group and 15% unavailable for CT scan 

at two-year follow-up, we increased the group size from 85 to 85/(1−0.1)2/(1−0.15) = 124. 

To allow for recruitment of 10 extra women, we increased the group size again to 129. 

Representation of women in N-TA3CT is important even though there is not enough power 

to analyze data separately for women. Abdominal aortic aneurysm is not as well studied in 

women as in men, and we believe that information will be valuable.

 Laboratory Methods

Doxycycline and biomarker assays are performed on specimens frozen in cryovials labeled 

with numbers that cannot be linked to PID/Letcode except through the DCC and to 

individuals in the clinical sites only. We use an ultra high performance liquid 

chromatography (UPLC) tandem mass spectrometry (MS/MS) method at the University of 

Maryland School of Pharmacy to measure serum doxycycline levels.

Analysis of hs-CRP will be performed using an immunoturbidimetric latex agglutination 

method (K-Assay [KAI-060], Kamiya Biomedical Co., Seattle, WA). Serum cotinine will be 
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measured with an ELISA (Calbiotech, Spring Valley, CA). Plasma MMP-9 concentrations 

will be measured by an ELISA, two-site sandwich method that is commercially available (R 

& D Systems, Quantikine, DMP900). Interferon-gamma will be measured by a sandwich-

type ELISA also (R&D Systems, Quantikine, DMP900).

 Current Status of the Clinical Trial

As of December 14, 2015, 1,152 patients -- 929 (82%) male, 210 (18%) female, 6 (0.5%) 

missing data -- had been screened, resulting in 200 (17%) -- 179 (90%) male and 21 (10%) 

female -- randomized in the clinical trial, Figure 2.

The average age was 72.8 years (SD = 8.3) for those screened and 70.9 (SD = 7.6) for those 

randomized. Among randomized patients, the average maximum transverse diameter for 

men was 4.3 cm (SD = 0.4) and for women 4.0 cm (SD = 0.3). Anti-hypertensive 

medications were being taken by 157 (79%), and aspirin or other anti-platelet agents by 150 

(75%). HMG-CoA reductase inhibitors (statins) were being taken by 163 (82%). We started 

enrollment in mid-2013 and will complete enrollment by mid-2016.

 Discussion

N-TA3CT is a Phase IIb clinical trial because the primary outcome is a continuous, 

anatomical measurement that patients do not perceive, instead of a clinical event important 

to patients (i.e., repair, rupture, death) that would be required for a Phase III clinical trial. We 

are gaining information about the distribution, growth and correlations of CT scan 

measurements of AAA maximum transverse diameter, adherence to study treatment, adverse 

effects of study treatment, retention and completeness of follow-up that will be necessary for 

a Phase III clinical trial. Our analysis plan addresses concerns with the vagaries of 

randomization in Mosorin’s work [29, 42] and criticism of PHAST for lack of intention-to-

treat analysis [30].

N-TA3CT is designed as a critical experiment that will determine whether doxycycline can 

reduce MMP-9 levels and reduce systemic markers of inflammation (interferon- gamma and 

hs-CRP) in ways that we associate in bench experiments and observational human studies 

with AAA growth. We will learn whether or not we are pursuing a pathogenesis that applies 

in humans and whether we are pursuing an efficacious or an inefficacious treatment. If 

doxycycline has an effect of marginal clinical relevance, the search for more potent or 

specific MMP inhibitors could be the next step. Even if doxycycline has no effect on 

aneurysm growth, we will be assaying specimens for candidate biomarkers and banking 

specimens for possible assay of new biomarker candidates that could be surrogates for 

expansion.

Based on the present state of knowledge, a hypothesis that inflammation results in AAA 

growth and elevates MMP-9 and hs-CRP levels as systemic markers of this inflammation is 

plausible. Under this scenario, we hypothesize doxycycline will produce a series of events: 

1) therapeutic levels of doxycycline are achieved in the aneurysm; 2) a reduction of MMP-9 

levels is observed; 3) a reduction in hs-CRP is observed; 4) a reduction in aneurysm 

expansion is observed. This sequence of events takes time to change the course of aneurysm 
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growth. No effect may be seen at early time points while doxycycline may prove effective in 

the longer term. Consequently, we designed the primary end point of this trial to be 

measured after 24 months.

The publication of PHAST results caused us to re-examine the assumptions in N-TA3CT 

design. The subjects in PHAST received only 100 mg daily of doxycycline once per day. 

Our dose (100 mg BID; 200 mg daily) of doxycycline has been shown 1) to reduce AAA 

tissue MMP levels and 2) produce circulating levels of doxycycline in humans similar to the 

circulating levels required in mice to inhibit aneurysm expansion. We would not have 

expected PHAST to demonstrate a reduction in growth of AAAs. Abdul-Hussien et al found 

100 mg daily reduced AAA inflammation [25]. Recently, Kroom and Taanman [43] 

suggested doxycycline may inhibit clonal expansion of T-cells, and once a day dosing leads 

to troughs in doxycycline levels that reduce this effect. Unlike previous human AAA studies, 

we are measuring plasma doxycycline levels. These measurements will allow us to compare 

levels to those in our animal studies and to effects on aneurysm expansion and circulating 

biomarkers.

Previous studies of doxycycline have measured AAA with ultrasound instead of CT scan. In 

PHAST “the largest ultrasonographic measurement was taken of the antero-posterior 

diameter perpendicular to the blood flow and the diameter measured from inner-to-inner 

aortic wall [30].” The effects of doxycycline could differentially affect the major and minor 

diameters [44]. Also, ultrasound measurements do not assure ascertainment of the maximal 

aortic diameter and make taking aortic tortuosity into account difficult.

We agree with the interpretation of PHAST that 100 mg of doxycycline per day does not 

lead to favorable ultrasound-measured AP diameter effects in doxycycline-treated patients. 

Still, the lower dose of doxycycline used in PHAST could be appropriate for prevention of 

aneurysm rupture. In PHAST, the count of deaths and ruptures favored doxycycline over 

placebo, although not more than one could expect by chance. A randomized trial with the 

power to show a difference in clinical event endpoints would be necessary to know whether 

or not there is a clinical event benefit to be obtained from doxycycline at either the PHAST 

dose (100 mg daily) or our dose (200 mg daily).

We look forward to concluding N-TA3CT recruitment and follow-up, obtaining new 

information important for patient care and future research. If doxycycline reduces aneurysm 

growth by 40% or more, changes in medical practice might save a portion of AAA patients 

from invasive treatments that carry inescapable if infrequent adverse outcomes. Biomarker 

data will be helpful in future trials. Finally, we believe that the information obtained from 

this trial will result in new understanding of the biology of human AAA.
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Figure 1. 
Surgery Free Probability Assuming Different Aneurysm Growth Rates
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Figure 2. 
Interim Consort Diagram
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Table 1

Age and AAA Diameter Distribution of Simulated Sample

Age Groups Mean AAA Diameter Standard Deviation Percentage of the Whole Sample %

56–60 4.5 0.7 8

61–65 4.5 0.6 12

66–70 4.9 1.2 16

71–75 4.9 1.2 18

76–80 4.8 0.8 20

81 or older 5.0 0.9 26
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Table 2

U.S. Age-Specific Mortality

Age Groups Estimated Mortality per 6 Month

55–64 0.006

65–74 0.013

75–84 0.032

85 or older 0.075
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Table 3

Assuming 0.15 cm/year Growth Rate in Treatment Group

Follow-up period=6 months

Stratum Total No. of 
simulated patients

No. of patients whose 
diameter were larger 

than 5.5cm at baseline

No. of patients whose 
diameter grows >= 5.5 cm 

during follow-ups

No. of patients 
censored by 

mortality

Control group: Growth 
rate=0.25 cm per year 60,000 13,760 35,929 10,311

Doxycycline group: Growth 
rate=0.15 cm per year 60,000 13,760 30,064 16,176

--------- --------- −16.3% +56.9%
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Table 4

Assuming Different Growth Rates in Treatment Group

% Reduction in 0.250 cm/year growth rate % Operated

Placebo Doxycycline Absolute Reduction Relative Reduction

40% (to 0.150 cm/year) 78% 65% 13% 16%

30% (to 0.175 cm/year) 78% 70% 8% 11%

20% (to 0.200 cm/year) 78% 73% 5% 7%
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