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Objective: This study assessed stent healing patterns and cardiovascular outcomes by optical coherence tomography (OCT) in cancer patients after drug-eluting stent (DES) placement.

Background: Cancer treatment, owing to its cytotoxic and antiproliferative effects, could delay stent healing and increase stent thrombosis risk, especially when dual antiplatelet therapy (DAPT) is discontinued early for oncological treatment. OCT can assess stent endothelialization and other healing parameters, which may provide clinical guidance in these challenging scenarios.

Methods: This single-center retrospective study enrolled all cancer patients who underwent OCT for assessment of vascular healing patterns after prior DES placement from November 2009 to November 2018. Primary study endpoints were stent healing parameters, including stent coverage, apposition, degree of expansion, neointimal hyperplasia heterogeneity, in-stent restenosis, stent thrombosis, and overall survival (OS).

Results: A total of 67 patients were included in this study. Mean time between DES placement and OCT evaluation was 154 ± 82 days. Stent healing matched published values for DES in non-cancer patients (P ≥ 0.063). At 1 year, the OS was 86% (95% confidence interval [CI]: 78–96%) with 0% incidence of acute coronary syndrome. Advanced cancers and active chemotherapies were associated with inferior OS (P = 0.024, hazard ratio [HR]: 3.50, 95% CI: 1.18–10.42 and P = 0.026, HR: 2.65, 95% CI: 1.13–6.22, respectively), while stent healing parameters were unassociated with OS. Forty-one patients (61%) had DAPT duration ≤6 months.

Conclusions: Stent healing of contemporary DES appears similar in cancer and non-cancer patients. Cardiovascular risk of cancer patients after DES placement can be managed to facilitate timely cancer therapies, as the underlying malignancy and active chemotherapy ultimately determine survival.
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INTRODUCTION

Approximately 30% of patients with cardiovascular disease have a current cancer diagnosis with 10% of percutaneous coronary interventions (PCI) occurring in cancer patients (1, 2). Thrombocytopenia and bleeding risk related to malignancies or their treatment as well as the need for timely surgical interventions may require premature dual antiplatelet therapy (DAPT) discontinuation, specifically P2Y12 inhibitors, more often in this patient population. However, discontinuing DAPT prematurely can increase stent thrombotic risk in an already prothrombotic cancer patient population. These competing concerns present a challenging dilemma of when to discontinue DAPT in cancer patients with concomitant coronary artery disease.

Optical coherence tomography (OCT) has been used to guide DAPT discontinuation decisions in cancer patients (3) by offering high resolution and detailed visualization of stented coronary artery segments (4), restenosis, and other stent healing parameters (5–7). Therefore, the current study utilized OCT to accomplish its objectives. The objectives of this study were to evaluate stent healing in cancer patients with previous PCI and drug-eluting stent (DES) implantation, decipher whether stent healing differed from patients without cancer based on published data, assess the impact of cancer stage and active chemotherapy on stent healing, and evaluate the impact of early (<6 months) DAPT discontinuation on overall survival (OS).



MATERIALS AND METHODS


Study Design and Patient Selection

We conducted a single-center, retrospective study of patients with a cancer diagnosis treated at The University of Texas MD Anderson Cancer Center in Houston, Texas, who received coronary stents placed between November 2009 through November 2018. Patients who were treated with PCI with DES implantation, received DAPT, and subsequently underwent OCT evaluation for clinical indications were eligible for inclusion. Clinical indications included abbreviated DAPT course, shortness of breath, acute coronary syndrome, cardiomyopathy, positive biomarkers indicating cancer therapy causing myocarditis, non-specific troponin elevation, and abnormal ECG. OCT at the time of DES implantation was not performed. The local institutional review board approved the study protocol (“A Retrospective Review of Cardiac Catheterization Data in a Cancer Population”); no informed consent was required due to the study's retrospective nature.

Patients' baseline demographics and clinical data were recorded at the time of cardiac catheterization: age, sex, BMI, cardiovascular risk factors (hypertension, smoking history, dyslipidemia, diabetes mellitus, coronary artery disease, and peripheral artery disease), and clinical history including stent number and territory, as well as laboratory data with complete blood counts, creatinine levels, and fasting lipid panel results (8–10).

The antiplatelet regimen was individualized by the operators based on OCT images and evaluation by the cardio-oncology team. Antiplatelet medications were recorded throughout the cancer treatment. Decisions concerning DAPT discontinuation were made based on available literature (3). Patients with a history of mediastinal radiation therapy were excluded to avoid the possible confounding factor of radiation-induced heart disease. Since most PCIs occurred in outside hospital facilities, patients with an unknown stent brand or type, stent placement with multiple stent brands, and undocumented date of stent placement were excluded.



Stratification of Cancer Diagnosis

Cancers were stratified into early and advanced-stage based on staging guidelines and literature-documented risk factors associated with poor prognosis. Overall, advanced cancer was defined as the presence of metastasis, stage III or higher in solid tumors, relapsed and/or refractory disease, or history of stem cell transplant in hematological malignancies. All cancers where treatment was not with curative intent were considered palliative. When all treatments were exhausted and no active treatment was provided, patients were considered hospice. All patients included in this study had at least 50% or greater probability of a 1-year survival. Sources for this literature survey are provided in the Supplementary Material.



Aims and Outcomes of the Study

The primary endpoints of the study were stent healing parameters as determined by completeness of strut coverage (11) and apposition (12), degree of expansion (13), neointimal hyperplasia heterogeneity (14), in-stent restenosis (15), stent thrombosis (16), and OS. All parameters recorded have been demonstrated to correlate with OS or with other stent healing parameters (11–16). The 12-month incidence of acute coronary syndrome (ACS) was also recorded. Mean neointimal hyperplasia was also calculated as a secondary assessment of strut and stent coverage. Outcomes were compared to values reported in the literature for populations with cardiovascular disease but without a cancer diagnosis (17–22).



OCT Analysis

A C7 Dragonfly OCT catheter and C7-XR OCT intravascular imaging system (St. Jude Medical, St. Paul, MN) were used to obtain OCT data (3). OCT images were analyzed in a semi-automated fashion using the proprietary software QCU-CMS, developed by Dijkstra et al. (Leiden University Medical Center) (23). Manual corrections for detection errors were performed by two independent observers (M.K.A. and C.A.I.). Strut apposition and coverage were detected by whether the strut was located above, at, or below the lumen contour (Figure 1). Data were excluded from analysis if during pullback adequate blood clearance was not obtained or stent struts were not clearly identified. Follow-up was obtained through review of hospital and clinic records.


[image: Figure 1]
FIGURE 1. Sample assessment of stent healing parameters. Stent (A) and strut (B) measurements.




Statistical Analysis

OS was defined as the time from OCT measurement to death or last contact and was estimated by the Kaplan-Meier method. The log-rank test was used to analyze differences in OS between patients with early-stage and advanced cancer diagnoses. Parameters affecting OS were established with Cox regression. An ANOVA variance analysis with a linear mixed-effect model was used to assess the relationship between stent brand, patient demographics, clinical characteristics, and stent healing parameters to account for patients with multiple stents. The Wilcoxon signed rank test was used to compare stent measurements with corresponding published values in patients without a cancer diagnosis. Studies from which published values were derived are cited in the manuscript. Comparisons were made only if the number of days from DES placement to OCT fell within the time range from which the published value was derived to ensure validity. A 2-sided P < 0.05 was considered statistically significant. SAS version 9.4 and S-Plus version 8.04 were used to carry out the computations for all analyses.




RESULTS


Study Population

One hundred twenty-two patients had coronary stents placed from November 2009 through November 2018 and underwent OCT as part of their clinical care. After 55 patients with incomplete data were excluded, there were 67 patients with 97 stents analyzed (Figure 2) with more than 15,000 strut cross sections. Baseline demographics are presented in Table 1. Patients were predominantly male (82.09%) with high prevalence of cardiovascular risk factors: hypertension (91.04%), smoking (58.21%), dyslipidemia (94.03%), diabetes (34.33%), and family history of coronary artery disease (40.30%). Thirteen of these patients (19.40%) were undergoing active chemotherapy; 8 of these 13 patients had history of chemotherapy (11.94%). The mean time between stent placement and OCT evaluation was 154 ± 82 days (Figure 3). Forty-nine of 67 patients (73%) underwent OCT to evaluate the possibility of an abbreviated DAPT course. Forty-one of 67 patients (61%) [with 59 of 97 stents (61%)] had DAPT discontinued for cancer treatment <6 months after stent placement. The mean time between stent implantation and DAPT discontinuation for this subset was 105 ± 45 days.


[image: Figure 2]
FIGURE 2. Study design and stent brand distribution.



Table 1. Descriptive data for the study cohort (N = 67).
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FIGURE 3. Distribution of days between stent placement and OCT evaluation.




Strut and Stent Parameters

Strut coverage, completeness of apposition, and degree of expansion, as well as neointimal hyperplasia and maximum in-stent restenosis are reported in Figure 4. ANOVA with linear mixed-effect model demonstrated equivalent stent healing among stent brands (P ≥ 0.204). Cancer prognosis was not associated with stent healing (early vs. advanced; P ≥ 0.095). Active chemotherapy and history of chemotherapy did not impact stent healing (P ≥ 0.194); chemotherapies in this patient population included cisplatin, docetaxel, FOLFIRINOX regimen, carboplatin, pembrolizumab, pemetrexed, MVAC regimen, cabazitaxel, melphalan, R-CHOP regimen, ibrutinib, cytarabine, and bevacizumab.


[image: Figure 4]
FIGURE 4. Stent healing parameters by different stent brands. (A) Stent expansion (P = 0.502). (B) Stent coverage (P = 0.707). (C) Stent apposition (P = 0.210). (D) Mean neointimal hyperplasia (mm) (P = 0.736). (E) Standard deviation of neointimal hyperplasia (P = 0.591). (F) Maximum in-stent restenosis (ISR; P = 0.204).


The impact of baseline characteristics and their association with stent healing are presented in Table 2. Stratified comparisons to literature values by follow-up duration of OCT after DES placement and stent brand (Resolute, Promus, and Xience stents) were performed with results noted in Table 3 (17–22). For inclusion in a particular comparison, the follow-up duration of OCT needed to fall within the follow-up duration of stents included in the published study that generated a literature value. Stent healing in our cohort of cancer patients was similar to published data from patients with only cardiovascular disease (P ≥ 0.063).


Table 2. Descriptive OCT stent measurements (N = 97 stents in 67 patients).
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Table 3. Stent healing comparison with literature values.
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Clinical Outcomes

The median follow-up time was 2.5 years. Median OS was 3.4 years (95% confidence interval [CI]: 2.3–4.5 years). Long-term survival was driven by cancer-related mortality. The OS at 1 year from stent placement was 86% and further decreased to 57% at 3 years (Figure 5). The cause of death for all patients was cancer. Neither stent thrombosis nor ACS occurred in the analyzed cohort of patients. Deep venous thrombosis incidence at 1 year was 11.9% (eight patients).


[image: Figure 5]
FIGURE 5. Overall survival of studied population. Survival at 1 and 3 years provided.




Factors Associated With Survival

A univariate Cox regression was conducted to determine which patient characteristics, stent parameters, and strut parameters correlated with OS (Table 4). Of all characteristics noted, only cancer prognosis (early vs. advanced), active chemotherapy, and aspirin discontinuation correlated with OS. Continued use of aspirin was associated with longer OS (hazard ratio [HR]: 0.18, 95% CI: 0.04–0.88, P = 0.034). Patients on active chemotherapy had a higher mortality with an HR of 2.65 (95% CI: 1.13–6.22, P = 0.026). Patients with an advanced cancer stage had a higher mortality with an HR of 3.50 (95% CI: 1.18–10.42, P = 0.024). None of the stent healing parameters, including strut coverage, strut apposition, stent expansion, in-stent restenosis, mean neointimal hyperplasia, and heterogeneity of neointimal hyperplasia, correlated with OS (P ≥ 0.098). Differences in OS between early and advanced cancers were significantly different as per the log-rank test (P = 0.017; Figure 6).


Table 4. Cox proportional Hazard model to determine associations of baseline characteristics and stent healing parameters with survival.
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FIGURE 6. Overall survival of cohort when stratified by cancer prognosis (early vs. advanced). E, events; N, number of patients; OS, overall survival. P-value determined from log-rank test.





DISCUSSION

While past studies have used parameters associated with stent healing to guide DAPT discontinuation in cancer patients (3), this is the first study to compare stent healing in cancer patients who underwent intravascular imaging with OCT after DES implantation to a non-cancer population. With the increased incidence of patients with concomitant cardiovascular disease and cancer due to shared risk factors and population aging, the question of how to manage patients with PCI has increased relevance; stent healing is an important part of this question.

Past literature based on animal and in-vitro human cell and tissue studies has generated an expectation of delayed stent healing in cancer patients. Tissue factor (24), von Willebrand factor (25), and ADP (26) have been deemed common metabolites contributing to stent thrombosis and cancer pathogenesis; therefore, one would naturally expect that heightened levels of these metabolites from cancer pathogenesis would delay stent healing by contributing to stent thrombosis. However, the accelerated healing kinetics of contemporary DES (27) appear unaffected by vascular toxicities of cancer therapies and biological deterioration from cancer progression. The time scale of stent healing for contemporary DES has shortened to the extent that stent healing is now minimally impacted by cancer pathogenesis. When zooming in on the stent healing process, the rather short time interval required for healing for DES appears very close to a biological plateau minimally impacted by cancer or its treatments.

OCT evaluation is a valuable and effective tool to analyze stent healing and drives a convergence and a quantitative approach where unique clinical characteristics and treatments would make any form of randomization impractical. In addition to the numerous patient characteristics that affect stent thrombosis and in-stent restenosis including age (28), coronary artery disease (29), lack of appropriate statin use (30), low high-density lipoprotein (31), plasma-oxidized low-density lipoprotein (32), diabetes mellitus (33), renal failure (34), prior myocardial infarction (35), prior PCI (35), family history of cardiovascular disease (36), and low ejection fraction (37), increased additional complexity is brought by stent characteristics: polymer, platform, and eluting medication; (38) operator variability; (39) and the prothrombotic nature of the malignancy (40). From 2009 to 2011, a study by Shafiq et al. indicated a 69% variation in the likelihood of DES implantation among physicians in similar hospital settings caring for patients with identical characteristics (39). Since P2Y12 inhibitor discontinuation decisions in the cancer population rely on stent healing parameters (3), a study based purely on clinical characteristics to address the risk of P2Y12 inhibitor discontinuation also represents an impossible task.

A randomized control trial of 117,762 patients conducted in 2012 indicated differences in restenosis and thrombosis between stent brands (41). While assessment of the impact of stent brand in thrombosis incidence is difficult due to the small sample size and absent events, all stent healing parameters trended similarly regardless of stent brand. Of note, in-stent restenosis was similar among brands. Despite differences in platform, polymer, and eluting medication, overall advancements in stent technology may have abated these once clinically significant differences (42).

Since advances in stent technology have reduced the time scale of stent healing, the finding that cancer no longer or minimally impacts stent healing in newer-generation DES is increasingly plausible. Of note, stent healing was also unassociated with active chemotherapy. Ultimately, these findings can generate optimism and increase involvement to address cardiovascular comorbidities and improve resilience to cancer treatment challenges by permitting cancer pathogenesis and stent healing to be treated as two independent processes. Supporting this notion is the non-negligible incidence of deep venous thrombosis consistent with malignancy-based hypercoagulability despite routine prophylaxis and zero stent thrombosis.

This idea elicits the question of whether patients may receive cancer treatment independent of stent healing by discontinuing the P2Y12 inhibitor to manage bleeding risk. Our OCT study demonstrated the relative safety of premature P2Y12 discontinuation independent of cancer stage or treatment. Zero ACS events occurred at 1 year, including no stent thrombosis despite more than half of this patient population discontinuing DAPT at <6 months and the prothrombotic nature of cancer and cancer treatments (43). These results observed for patients with cancer are similar to non-cancer patients (44). A recent randomized control trial that included both cancer and non-cancer patients with indications for remaining on DAPT for only 1 month is also consistent with these results (45). In our study, neither P2Y12 inhibitor discontinuation decisions themselves nor the stent healing parameters used to generate these decisions impacted OS. Therefore, cancer status and active chemotherapy, due to their association with OS, should be prioritized when evaluating risks associated with P2Y12 inhibitor discontinuation. Emergent cancer treatments should not be delayed merely due to DAPT discontinuation guidelines.

One may ask why not continue the traditional practice of stenting with bare metal stents (BMS) in cancer patients to circumvent the question of premature P2Y12 discontinuation? While BMS provide rapid endothelization, shorter DAPT duration, and relatively low stent thrombosis risk compared to the first-generation of DES (46), second- and third-generation DES have demonstrated even lower stent thrombosis risk than BMS (47). With a contemporary almost default stenting with DES, we have witnessed an accelerated decrease of DAPT duration over the last 5 years as stent designs have improved. While European Society of Cardiology (ESC) guidelines permit 1-month DAPT with DES for specific indications, current American Heart Association (AHA)/American College of Cardiology (ACC) guidelines still indicate that DAPT can be shortened to 3–6 months in patients with increased bleeding risk (48). However, in our cohort of cancer patients, more than half the patients discontinued DAPT <6 months (mean duration 3–4 months) after stent placement. Examination of the two most commonly used P2Y12 inhibitors, clopidogrel and ticagrelor, indicates that their discontinuation had no effect on survival. While continuation of aspirin was associated with strut apposition and appeared to improve OS, it may have also been associated with cancer prognosis (early vs. advanced). While recognizing that patients with greater cardiovascular risk benefit from longer DAPT (>12 months) (49), each cancer patient with cardiovascular burden should have a personalized approach to DAPT discontinuation that accounts for cancer status and prognosis.


Limitations

A major limitation of this study is the lack of a control group when comparing stent healing of cancer patients; the center at which this study was conducted treats only patients with a cancer diagnosis. Therefore, a sample cohort with purely cardiovascular pathologies who could be directly compared to the studied population under identical conditions could not be constructed. Ultimately, populations from various published studies were used as comparison groups.

Another limitation concerns the stents used in this study. An ideal scenario for a cancer patient who requires PCI would include 4 or preferably 2 weeks of DAPT, with overall low or absent thrombotic risk and minimal in-stent restenosis during a proinflammatory and prothrombotic treatment. Select stents are approaching these goals; however, they are too recent to be included in this study (45).

Ideally, immediate status of stent healing and placement can serve as an important indicator of late stent healing status. However, since the center at which this study was conducted is a tertiary care center, DES implantation occurred at outside hospitals in which OCT was not conducted immediately after stent implantation. Therefore, information regarding initial stent status and its relationship to OS in this population is unavailable. Nevertheless, in a study published in the Journal of American College of Cardiology in 2020, no difference in survivorship was observed when comparing cancer patients with intravenous ultrasound or OCT taken during DES placement vs. cancer patients receiving OCT follow-up after DES placement (50).

Additionally, while our study addressed the relative safety of early P2Y12 inhibition discontinuation irrespective of cancer stage and treatment, our time frame was insufficient to address the interesting aspect of prolonged (>1 year) P2Y12 inhibition and its impact on cancer or cardiovascular mortality (51). One previous study examining prolonged P2Y12 inhibition in cancer patients suggests that it had no effect on cancer or mortality (51).

While cause of death was appropriately established based on the medical record, the retrospective nature of this study primarily establishes associations; causations of additional or aggregate findings are challenging to validate. Furthermore, the time from stent placement to OCT in the studied population was 154 ± 82 days, implying that these conclusions regarding stent healing can only be applied for healing occurring during this time frame. Future studies should assess stent healing via OCT evaluation beyond this limited time frame. Additionally, OCT devices are currently unable to specifically pinpoint fibrin deposition, which would be prothrombotic despite appearing as covered and healed stent struts (52). Finally, published values were not available for all measured parameters of each individual stent brand.




CONCLUSIONS

Cancer patients with coronary artery disease receiving DES appear to have a primarily cancer-driven prognosis; therefore, decisions concerning DAPT and especially P2Y12 inhibitor discontinuation should prioritize cancer treatment and active chemotherapy considerations over thrombotic risk. The comparable stent healing visualized by OCT between cancer and non-cancer patients regardless of stent brand and the P2Y12 inhibitor discontinuation not impacting survival should encourage a personalized approach to stent healing management that accounts for cancer status and prognosis. Emergent cancer treatments should be prioritized since cancer status and active chemotherapy ultimately determine OS.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by MD Anderson Institutional Review Board. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MKA participated in conception and design, analysis, interpretation of data, drafting of the manuscript, and revising it critically. JH, KM, MC, and JL-M participated in conception of study and revising the manuscript critically. DVB, TD, VZ, and HA participated in revising the manuscript critically. BP, HL, GT, and JD participated in analysis and interpretation of data. TH and MF participated in analysis, interpretation of data, and revising the manuscript critically. MP participated in drafting of the manuscript. DM participated in study design and revising the manuscript critically. CI participated in conception and design, analysis, interpretation of data, and revising the manuscript critically. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by the Clayton Foundation for Research in Houston, Texas.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.665303/full#supplementary-material



REFERENCES

 1. Potts JE, Iliescu CA, Lopez Mattei JC, Martinez SC, Holmvang L, Ludman P, et al. Percutaneous coronary intervention in cancer patients: a report of the prevalence and outcomes in the United States. Eur Heart J. (2019) 40:1790–800. doi: 10.1093/eurheartj/ehy769

 2. Bonsu J, Charles L, Guha A, Awan F, Woyach J, Yildiz V, et al. Representation of patients with cardiovascular disease in pivotal cancer clinical trials. Circulation. (2019) 139:2594–6. doi: 10.1161/CIRCULATIONAHA.118.039180

 3. Iliescu CA, Cilingiroglu M, Giza DE, Rosales O, Lebeau J, Guerrero-Mantilla I, et al. “Bringing on the light” in a complex clinical scenario: Optical coherence tomography-guided discontinuation of antiplatelet therapy in cancer patients with coronary artery disease (PROTECT-OCT registry). Am Heart J. (2017) 194:83–91. doi: 10.1016/j.ahj.2017.08.015

 4. Di Vito L, Yoon JH, Kato K, Yonetsu T, Vergallo R, Costa M, et al. Comprehensive overview of definitions for optical coherence tomography-based plaque and stent analyses. Coron Artery Dis. (2014) 25:172–85. doi: 10.1097/MCA.0000000000000072

 5. Murata A, Wallace-Bradley D, Tellez A, Alviar C, Aboodi M, Sheehy A, et al. Accuracy of optical coherence tomography in the evaluation of neointimal coverage after stent implantation. JACC Cardiovasc Imaging. (2010) 3:76–84. doi: 10.1016/j.jcmg.2009.09.018

 6. Tada T, Byrne RA, Simunovic I, King LA, Cassese S, Joner M, et al. Risk of stent thrombosis among bare-metal stents, first-generation drug-eluting stents, and second-generation drug-eluting stents: results from a registry of 18,334 patients. JACC Cardiovasc Interv. (2013) 6:1267–74. doi: 10.1016/j.jcin.2013.06.015

 7. Prati F, Zimarino M, Stabile E, Pizzicannella G, Fouad T, Rabozzi R, et al. Does optical coherence tomography identify arterial healing after stenting? An in vivo comparison with histology, in a rabbit carotid model. Heart. (2008) 94:217–21. doi: 10.1136/hrt.2006.112482

 8. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the metabolic syndrome: a joint interim statement of the international diabetes federation task force on epidemiology and prevention; national heart, lung, and blood institute; American heart association; world heart federation; international atherosclerosis society; and international association for the study of obesity. Circulation. (2009) 120:1640–5. doi: 10.1161/CIRCULATIONAHA.109.192644

 9. The International Expert Committee. International expert committee report on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care. (2009) 32:1327–34. doi: 10.2337/dc09-9033

 10. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 International society of hypertension global hypertension practice guidelines. J Hypertens. (2020) 38:982–1004. doi: 10.1097/HJH.0000000000002453

 11. Amabile N, Souteyrand G, Ghostine S, Combaret N, Slama MS, Barber-Chamoux N, et al. Very late stent thrombosis related to incomplete neointimal coverage or neoatherosclerotic plaque rupture identified by optical coherence tomography imaging. Eur Heart J Cardiovasc Imaging. (2014) 15:24–31. doi: 10.1093/ehjci/jet052

 12. Cook S, Wenaweser P, Togni M, Billinger M, Morger C, Seiler C, et al. Incomplete stent apposition and very late stent thrombosis after drug-eluting stent implantation. Circulation. (2007) 115:2426–34. doi: 10.1161/CIRCULATIONAHA.106.658237

 13. Fujii K, Carlier SG, Mintz GS, Yang YM, Moussa I, Weisz G, et al. Stent underexpansion and residual reference segment stenosis are related to stent thrombosis after sirolimus-eluting stent implantation: an intravascular ultrasound study. J Am Coll Cardiol. (2005) 45:995–8. doi: 10.1016/j.jacc.2004.12.066

 14. Kim JS, Lee JH, Shin DH, Kim BK, Ko YG, Choi D, et al. Long-term outcomes of neointimal hyperplasia without neoatherosclerosis after drug-eluting stent implantation. JACC Cardiovasc Imaging. (2014) 7:788–95. doi: 10.1016/j.jcmg.2014.05.004

 15. Schuhlen H, Kastrati A, Mehilli J, Hausleiter J, Pache J, Dirschinger J, et al. Restenosis detected by routine angiographic follow-up and late mortality after coronary stent placement. Am Heart J. (2004) 147:317–22. doi: 10.1016/j.ahj.2003.10.002

 16. Ong AT, Hoye A, Aoki J, van Mieghem CA, Rodriguez Granillo GA, Sonnenschein K, et al. Thirty-day incidence and six-month clinical outcome of thrombotic stent occlusion after bare-metal, sirolimus, or paclitaxel stent implantation. J Am Coll Cardiol. (2005) 45:947–53. doi: 10.1016/j.jacc.2004.09.079

 17. Kubo T, Akasaka T, Kozuma K, Kimura K, Fusazaki T, Okura H, et al. Vascular response to drug-eluting stent with biodegradable vs. durable polymer. Optical coherence tomography substudy of the NEXT. Circ J. (2014) 78:2408–14. doi: 10.1253/circj.CJ-14-0337

 18. Hashikata T, Tojo T, Namba S, Kitasato L, Hashimoto T, Kameda R, et al. Neointimal coverage of zotarolimus-eluting stent at 1, 2, and 3 months' follow-up: an optical coherence tomography study. Heart Vessels. (2016) 31:206–11. doi: 10.1007/s00380-014-0598-0

 19. Guagliumi G, Ikejima H, Sirbu V, Bezerra H, Musumeci G, Lortkipanidze N, et al. Impact of drug release kinetics on vascular response to different zotarolimus-eluting stents implanted in patients with long coronary stenoses: the LongOCT study (optical coherence tomography in long lesions). JACC Cardiovasc Interv. (2011) 4:778–85. doi: 10.1016/j.jcin.2011.04.007

 20. Kim JS, Kim JS, Shin DH, Kim BK, Ko YG, Choi D, et al. Optical coherence tomographic comparison of neointimal coverage between sirolimus- and resolute zotarolimus-eluting stents at 9 months after stent implantation. Int J Cardiovasc Imaging. (2012) 28:1281–7. doi: 10.1007/s10554-011-9943-x

 21. Asano T, Jin Q, Katagiri Y, Kogame N, Takahashi K, Chang CC, et al. A randomised comparison of healing response between the BuMA Supreme stent and the XIENCE stent at one-month and two-month follow-up: PIONEER-II OCT randomised controlled trial. EuroIntervention. (2018) 14:e1306–15. doi: 10.4244/EIJ-D-18-00461

 22. Poerner TC, Otto S, Gassdorf J, Nitsche K, Janiak F, Scheller B, et al. Stent coverage and neointimal proliferation in bare metal stents postdilated with a Paclitaxel-eluting balloon versus everolimus-eluting stents: prospective randomized study using optical coherence tomography at 6-month follow-up. Circ Cardiovasc Interv. (2014) 7:760–7. doi: 10.1161/CIRCINTERVENTIONS.113.001146

 23. Wang A, Eggermont J, Dekker N, Garcia-Garcia HM, Pawar R, Reiber JH, et al. Automatic stent strut detection in intravascular optical coherence tomographic pullback runs. Int J Cardiovasc Imaging. (2013) 29:29–38. doi: 10.1007/s10554-012-0064-y

 24. Wang JG, Geddings JE, Aleman MM, Cardenas JC, Chantrathammachart P, Williams JC, et al. Tumor-derived tissue factor activates coagulation and enhances thrombosis in a mouse xenograft model of human pancreatic cancer. Blood. (2012) 119:5543–52. doi: 10.1182/blood-2012-01-402156

 25. Bauer AT, Suckau J, Frank K, Desch A, Goertz L, Wagner AH, et al. von Willebrand factor fibers promote cancer-associated platelet aggregation in malignant melanoma of mice and humans. Blood. (2015) 125:3153–63. doi: 10.1182/blood-2014-08-595686

 26. Grignani G, Jamieson GA. Platelets in tumor metastasis: generation of adenosine diphosphate by tumor cells is specific but unrelated to metastatic potential. Blood. (1988) 71:844–9. doi: 10.1182/blood.V71.4.844.844

 27. Torii S, Jinnouchi H, Sakamoto A, Kutyna M, Cornelissen A, Kuntz S, et al. Drug-eluting coronary stents: insights from preclinical and pathology studies. Nat Rev Cardiol. (2020) 17:37–51. doi: 10.1038/s41569-019-0234-x

 28. Daemen J, Wenaweser P, Tsuchida K, Abrecht L, Vaina S, Morger C, et al. Early and late coronary stent thrombosis of sirolimus-eluting and paclitaxel-eluting stents in routine clinical practice: data from a large two-institutional cohort study. Lancet. (2007) 369:667–78. doi: 10.1016/S0140-6736(07)60314-6

 29. Schober A, Hoffmann R, Opree N, Knarren S, Iofina E, Hutschenreuter G, et al. Peripheral CD34+ cells and the risk of in-stent restenosis in patients with coronary heart disease. Am J Cardiol. (2005) 96:1116–22. doi: 10.1016/j.amjcard.2005.06.042

 30. Kamishirado H, Inoue T, Sakuma M, Tsuda T, Hayashi T, Takayanagi K, et al. Effects of statins on restenosis after coronary stent implantation. Angiology. (2007) 58:55–60. doi: 10.1177/0003319706295223

 31. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian S, Kannel WB. Incidence of coronary heart disease and lipoprotein cholesterol levels. The Framingham study. JAMA. (1986) 256:2835–8. doi: 10.1001/jama.1986.03380200073024

 32. Naruko T, Ueda M, Ehara S, Itoh A, Haze K, Shirai N, et al. Persistent high levels of plasma oxidized low-density lipoprotein after acute myocardial infarction predict stent restenosis. Arterioscler Thromb Vasc Biol. (2006) 26:877–83. doi: 10.1161/01.ATV.0000209886.31510.7f

 33. Hong SJ, Kim MH, Ahn TH, Ahn YK, Bae JH, Shim WJ, et al. Multiple predictors of coronary restenosis after drug-eluting stent implantation in patients with diabetes. Heart. (2006) 92:1119–24. doi: 10.1136/hrt.2005.075960

 34. Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G, et al. Incidence, predictors, and outcome of thrombosis after successful implantation of drug-eluting stents. JAMA. (2005) 293:2126–30. doi: 10.1001/jama.293.17.2126

 35. Dangas GD, Caixeta A, Mehran R, Parise H, Lansky AJ, Cristea E, et al. Frequency and predictors of stent thrombosis after percutaneous coronary intervention in acute myocardial infarction. Circulation. (2011) 123:1745–56. doi: 10.1161/CIRCULATIONAHA.110.981688

 36. Thanassoulis G, Vasan RS. Genetic cardiovascular risk prediction: will we get there? Circulation. (2010) 122:2323–34. doi: 10.1161/CIRCULATIONAHA.109.909309

 37. Luscher TF, Steffel J, Eberli FR, Joner M, Nakazawa G, Tanner FC, et al. Drug-eluting stent and coronary thrombosis: biological mechanisms and clinical implications. Circulation. (2007) 115:1051–8. doi: 10.1161/CIRCULATIONAHA.106.675934

 38. Lee DH, de la Torre Hernandez JM. The newest generation of drug-eluting stents and beyond. Eur Cardiol. (2018) 13:54–9. doi: 10.15420/ecr.2018:8:2

 39. Shafiq A, Gosch K, Amin AP, Ting HH, Spertus JA, Salisbury AC. Predictors and variability of drug-eluting vs bare-metal stent selection in contemporary percutaneous coronary intervention: insights from the PRISM study. Clin Cardiol. (2017) 40:521–7. doi: 10.1002/clc.22693

 40. van Werkum JW, Heestermans AA, Zomer AC, Kelder JC, Suttorp MJ, Rensing BJ, et al. Predictors of coronary stent thrombosis: the Dutch stent thrombosis registry. J Am Coll Cardiol. (2009) 53:1399–409. doi: 10.1016/j.jacc.2008.12.055

 41. Bangalore S, Kumar S, Fusaro M, Amoroso N, Attubato MJ, Feit F, et al. Short- and long-term outcomes with drug-eluting and bare-metal coronary stents: a mixed-treatment comparison analysis of 117 762 patient-years of follow-up from randomized trials. Circulation. (2012) 125:2873–91. doi: 10.1161/CIRCULATIONAHA.112.097014

 42. Nikam N, Steinberg TB, Steinberg DH. Advances in stent technologies and their effect on clinical efficacy and safety. Med Devices. (2014) 7:165–78. doi: 10.2147/MDER.S31869

 43. Navi BB, Reiner AS, Kamel H, Iadecola C, Okin PM, Elkind MSV, et al. Risk of arterial thromboembolism in patients with cancer. J Am Coll Cardiol. (2017) 70:926–38. doi: 10.1016/j.jacc.2017.06.047

 44. Noad RL, Hanratty CG, Walsh SJ. Initial experience of bioabsorbable polymer everolimus-eluting synergy stents in high-risk patients undergoing complex percutaneous coronary intervention with early discontinuation of dual-antiplatelet therapy. J Invasive Cardiol. (2017) 29:36–41. 

 45. Kedhi E, Latib A, Abizaid A, Kandzari D, Kirtane AJ, Mehran R, et al. Rationale and design of the Onyx ONE global randomized trial: a randomized controlled trial of high-bleeding risk patients after stent placement with 1 month of dual antiplatelet therapy. Am Heart J. (2019) 214:134–41. doi: 10.1016/j.ahj.2019.04.017

 46. Donisan T, Balanescu DV, Iliescu G, Marmagkiolis K, Iliescu C. Acute coronary syndrome, thrombocytopenia, and antiplatelet therapy in critically ill cancer patients. In: Nates JL, Price KJ, editors. Oncologic Critical Care. Cham: Springer International Publishing. (2020). p. 711–32. doi: 10.1007/978-3-319-74588-6_66

 47. Palmerini T, Benedetto U, Biondi-Zoccai G, Della Riva D, Bacchi-Reggiani L, Smits PC, et al. Long-Term safety of drug-eluting and bare-metal stents: evidence from a comprehensive network meta-analysis. J Am Coll Cardiol. (2015) 65:2496–507. doi: 10.1016/j.jacc.2015.04.017

 48. Capodanno D, Alfonso F, Levine GN, Valgimigli M, Angiolillo DJ. ACC/AHA versus ESC guidelines on dual antiplatelet therapy: JACC guideline comparison. J Am Coll Cardiol. (2018) 72:2915–31. doi: 10.1016/j.jacc.2018.09.057

 49. Palmerini T, Bruno AG, Gilard M, Morice MC, Valgimigli M, Montalescot G, et al. Risk-benefit profile of longer-than-1-year dual-antiplatelet therapy duration after drug-eluting stent implantation in relation to clinical presentation. Circ Cardiovasc Interv. (2019) 12:e007541. doi: 10.1161/CIRCINTERVENTIONS.118.007541

 50. Aziz M, Balanescu D, Donisan T, Song J, Palaskas N, Lopez-Mattei JC, et al. Intracoronary imaging-guided discontinuation of dual antiplatelet therapy in stented patients requiring expedited cancer treatment. J Am College Cardiol. (2020) 75:1408. doi: 10.1016/S0735-1097(20)32035-0

 51. Elmariah S, Doros G, Benavente OR, Bhatt DL, Connolly SJ, Yusuf S, et al. Impact of clopidogrel therapy on mortality and cancer in patients with cardiovascular and cerebrovascular disease: a patient-level meta-analysis. Circ Cardiovasc Interv. (2018) 11:e005795. doi: 10.1161/CIRCINTERVENTIONS.117.005795

 52. Hara T, Ughi GJ, McCarthy JR, Erdem SS, Mauskapf A, Lyon SC, et al. Intravascular fibrin molecular imaging improves the detection of unhealed stents assessed by optical coherence tomography in vivo. Eur Heart J. (2017) 38:447–55. doi: 10.1093/eurheartj/ehv677

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Aziz, Herrmann, Marmagkiolis, Balanescu, Donisan, Pushparaji, Lin, Tomakin, Hoyt, Pham, Dijkstra, Cilingiroglu, Lopez-Mattei, Zaha, Anderson, Feldman, Molony and Iliescu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-665303-g005.gif
10

08
Z 06

z -

= 04  Overall EventsiN=2567
2 Time-to-Event rate (95%CI):
GE- 1-year: 0.86 (0.78, 0.96)

02 Syear: 057 (0.44,074)

00
0 1 2 3 4 5

Number at Risk: Time (years)
67 45 2% 14 7 o





OPS/images/fcvm-08-665303-g006.gif
Advanced Cancer

— No(EIN=4/22)
Yes (E/N=20/40)

P=0017
00
0 1 2 3 4
Time (years)
iy 9 5 3

2% 15 9 n





OPS/images/fcvm-08-665303-g003.gif
16
2 u
|
F5n
&3
oy
Sii g
a5
T
§ 2

B

1t

0 30 60 90 120 150 180 210 240 270 300 330 360
Days






OPS/images/fcvm-08-665303-g004.gif
—
—
-—
C -
—
-
=

<






OPS/images/fcvm-08-665303-t003.jpg
Stent parameter Promus (17) Resolute (18-20)
Mean & SD Mean & SD P Time Mean & SD
cancer patients literature (days)  cancer patients
Stent coverage (%) 80.49 + 12.38 77 0313 241-360  79.09 & 16,61
Stent apposition (%) 96.28 + 5.26 99.8+0.8 0.125 241-360 87.81 + 12.94
Mean neointimal hyperplasia (mm) 0.3 £0.12 0105+0082 1.0 241360 006008

In-stent restenosis (%) NA NA NA NA NA

Mean + SD
literature

966+ 6.5

98.1£19

0.07 £0.01
NA

0.083
0.125
1.0
NA

Time
(days)

31-60

31-60

31-60
NA

Xience (17, 21, 22)

Mean  SD
cancer patients

82.16 £ 3.16
99.24 + 0.47
0.13£0.04
33.37 £6.29

Mean + SD

literature

733213
98.7+28

0.001 £0.08

368+ 156

P Time

(days)

05  31-60
05 241-360
05  241-360
0625 91-180





OPS/images/fcvm-08-665303-t001.jpg
Covariates

Demographics
Age,y
Body mass index, kg/m?
Men
Women
Cardiovascular risk factors
Smoking
Hypertension
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Dyslipidemia
Diabetes

Family history of coronary artery
disease

Clinical

istory
Heart failure
Ejection fraction, %
Coronary artery disease
Myocardial infarction
Coronary artery bypass graft
Previous number of stents
1
2
3
Peripheral artery disease
Chronic renal insufficiency
Indications for OCT analysis
Abbreviated DAPT course
Shortness of breath
Acute coronary syndrome
Cardiomyopathy

Positive biomarkers of cancer therapy
causing myocarditis

Non-specific troponin elevation
Abnormal ECG
Cancer data
Solid
Hematologic
Advanced
Chemotherapy
Active
History of chemotherapy
Laboratory data
Absolute neutrophil count, cells/uL.
Hemoglobin, g/dL.
Platelet count, x 10%/uL
Greatinine pre-OCT, mg/dL
Greatinine post-OCT, mg/dL.
Triglyoerides, mg/dL
Total cholesterol, mg/dL
High-density lipoprotein, mg/dL
Low-density lipoprotein, mg/dL.
DAPT characteristics*
Remained on aspirin
Remained on P2Y12 inhibitor;
Remained on clopidogrel
Remained on ticagrelor
Complete discontinuation
Single antiplatelet treatment
Dual antiplatelet treatment
Not recorded
Subsequent events
Acute coronary syndrome
Death

Mean = standard deviation, median
(Min, Max), or No. (valid %)

65.72 + 9,04, 66 (41, 84)
209+ 6.22 28.7 (2035, 48.78)
55 (82.09)

12 (17.91)

39 (58.21)
61(91.04)

18517 £ 21.8, 132 (92, 198)
73.08 £ 11.25, 72 (49, 102)
63 (04.09)
23(34.39)

27 (40.30)

12 (17.91)
55.91 + 1009, 57.5 (19, 70)
64(95.52)

26 (38.81)
8(11.94)

44 (65.67)
15 (22.39)
8(11.94)
13 (19.40)
12 (17.91)

49 (73.19)
12 (17.91)
11 (16.42)
2(2.99)
1(1.49)

1(1.49)
5(7.46)

57 (85.07)
10 (14.93)
40 (59.70)
13 (19.40)
13 (19.40)
8(11.90)

466 £2.3,4.16 (0, 15.59)
1288 % 1.77, 129 (9.6, 17.4)
212.58 + 82.67, 2015 (9, 439)
1.23 £ 119, 0.98 (0.48, 8.68)
121+ 0.98,0.99 (057, 7.42)
13055 + 49.64, 122 (47, 236)
145.66 & 39.31, 138.5 (91, 239)

44.02 + 13.64, 40 (26, 76)
79.61 £36.71, 71 (36, 192)

59 (88.06)
2(2.99)

2(2.99)
5(7.46)
55 (82.09)
4697)
3(4.48)

000 (0.00)
25 (37.31)

DAPT, clual antiplatelet therapy; OCT, optical coherence tomography.
*DAPT discontinuation occurred at <6 mo post-placement in 41 out of 67 patients (61%).





OPS/images/fcvm-08-665303-t002.jpg
Covariates Strut coverage, Strut apposition, Strut expansion, ~Mean neointimal Neointimal In-stent
% % % hyperplasia, mm hyperplasia restenosis, %
heterogeneity, mm

Demographics

Men 8545+ 1178  9145+£93 5138654 0.1:£006 0.07 £0.05 12,08+ 953
Cardiovascular risk factors

Smoking 86.45+988 9317746  7.56+3857 0,094 0.04 006 0.04* 1145+ 5.14
Hypertension 85961112 9168895  891x41.9 0.1:£007 007 £ 0.06" 1222928
Dysiipidermia 8571+1128  9171+893  10.83+43.28 0.09+0.07 0.07 +0.05 1245+ 9.16
Diabetes 87.03+£072 9287827  -305%31.71" 0.1:£006 0.07 +0.05 12.76 + 683
Family history of coronary artery disease  85.16:+11.89  9124+09.11 8924 43.02 010,09 007 006 183,64 10.79
History

Heart failure 86.54 = 11.57 9225+ 7.56 1.06 £ 44.49 0.11 £ 0.06 0.07 £0.04 15.05 £ 9.07
Coronary artery disease 8595+ 1116  9204+879  10.4+4372 0.0940.07 007 £ 0.05* 12,08+ 9.04
Myocardial infarction 87.09 +£9.51 93.37 +6.16 10.3 4 44.34 0.11 £0.09 0.08 +0.06 14.11 £ 10.06
Coronary artery bypass graft 80.31£1066  €9.39+907 21095062 0.06 0,06 0.06 +0.03 822+ 82
Indications for OCT analysis*

Abbreviated DAPT course 85211145 91224931  1288+45.98 0,09 0,07 0.07 +0.04 1154939
Shortness of breath 80.80+951 9477672 057 +4365 0.12.+0.07 0.07 +0.06 14.70 £ 8.64
Acute coronary syndrome 8261+£076 9046662  10.43:+44.39 0.1040.07 0.09+0.08 1195+ 6.18
Gardiomyopathy 81811147 8550042  —522:+7.46" 0.12:+£008 009004 16,87 £ 9.17
Abnomal ECG 9350 £4.75"  97.49£220°  —1.71+28.41 0.12+0.08 0.07 +0.06 16.66 + 12.30
Cancer data

History of chemotherapy 81521356 8970+ 1026  11.09+56.38 0.0840.08 0.07 +0.05 10.30 £ 12.46
Active chemotherapy 8424 +13.8 90.29 + 10.66 729+ 47.64 0.09 £ 0.08 0.08 = 0.06 12.55 + 11.69
Advanced 86.77£1099  9256+8.4 9.4£44.16 0.1£008 0.07 +0.06 13.31 £ 10,03
Antiplatelet medications

Remained on aspirin 858+1133  9153+94 11154604 0.1£008 007 £ 0.06" 1219+ 952
Remained on clopidogrel 87354196 9153136 5922531 0.14 2 0.01* 0.09 0,03 18.7 £5.13"
Remained on ticagrelor 86511122  9334+573  4527+4593 0.1:£008 0,07 +0.02 11.01:£7.89

*P < 0.05, used to determine association with stent parameter.
**Non-specific troponin elevation and positive biomarkers indicating cancer therapy causing myocarditis were not included in this analysis due to small sample sizes of only 1 patient for
each of these groups.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Coronary Stent Healing in Cancer Patients—An Optical Coherence Tomography Perspective



		Introduction



		Materials and Methods



		Study Design and Patient Selection



		Stratification of Cancer Diagnosis



		Aims and Outcomes of the Study



		OCT Analysis



		Statistical Analysis







		Results



		Study Population



		Strut and Stent Parameters



		Clinical Outcomes



		Factors Associated With Survival







		Discussion



		Limitations







		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Coronary Stent Healing in Cancer
Patients—An Optical Coherence
Tomography Perspective





OPS/images/fcvm-08-665303-g001.gif
Covered Struts

(- Guide Wire

Malapposéd: Partially
Struts Covered Strut






OPS/images/fcvm-08-665303-g002.gif
122 patients
11/2009-11/2018
MD Anderson Cancer Center

5 patients excluded

A Y

Other Promus Resolute Xience
11 patients 22patients | | 21 patients 13 patients
13 stents 37 stents 30 stents 17 stents
Other: Synergy (n= 3 patients, 3 stents), Cypher (n =2 patents, 3 sents), lon

patients, 3 stents), Miscellancous (n =3 patients, 4 stents)






OPS/images/fcvm-08-665303-t004.jpg
Parameter

Demographics
Sex

Age

Cardiovascular risk factors

Smoking

Hypertension

Dysiipidermia

Diabetes

Family history of coronary artery disease
History

Heart failure

Coronary artery disease

Myocardial infarction

Coronary artery bypass graft

Peripheral artery disease

Chronic renal insufficiency

Indications for OCT analysis*
Abbreviated DAPT course

Shortness of breath

Acute coronary syndrome
Cardiomyopathy

Abnormal ECG

Cancer Data

History of chemotherapy

Active chemotherapy

Advanced (cancer types in Supplemental Material)
Antiplatelet medications

Remained on aspirin

Remained on clopidogrel

Remained on ticagrelor

Stent healing parameters.

Maximum in-stent restenosis, %

Mean neointimal hyperplasia, mm
*logs(Neointimal hyperplasia heterogeneity, mm)
Mean strut expansion, %

Mean strut coverage, %

Mean strut apposition, %

Classification Method

Female vs. Male
Per year increase

Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No

Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No

Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No

Yes vs. No
Yes vs. No
Advanced vs. early-stage

Yes vs. No
Yes vs. No
Yes vs. No

Per unit increase
Per unit increase
Per fold increase
Per unit increase
Per unit increase
Per unit increase

*P < 0.05, used to determine association with overall survival, NR, not reached.
**Non-specific troponin elevation and positive biomarkers indlicating cancer therapy causing myocarditis were not included n this analysis due to small sample sizes of only 1 patient for

each of these groups.

*Log, transformation of the original variables required due to right-skewed distribution.

0.144
0.643

0.836
0.902
0.792
0.348
0.828

0.099
0.437
0.092
0.694
0.613
0.428

0.110
0.054
0.319
0237
0.499

0.072
0.026*
0.024*

0.034"
0.353
0.658

0.720
0.400
0.651
0.125
0.119
0.098

Hazard Ratio (95% Cl)

042 (001-2.08)
1.01(0.96-1.06)

1.09 (0.49-2.41)
1.14(0.15-8.70)
0.76 0.10-5.85)
1.48 (0.65-3.35)
091 (0.40-2.07)

2.11(0.87-6.11)
2.22(0.30-16.59)
0.43 (0.16-1.15)
1.28(0.38-4.31)
0.78(0.20-2.08)
1.51(0.56-4.13)

0.48(0.20-1.18)
2.44(0.98-6.07)
1.76 (0.58-5.38)
2.42 (0.56-10.46)
1,67 (0.38-7.43)

2.72(0.92-8.08)
265 (1.13-6.22)
350 (1.18-10.42)

018 (004-088)
2,62 (034-20.12)
050 (0.02-10.89)

1.00 (0.97-1.02)
0.08 (0.00-28.95)
091(0.61-136)
099 (0.98-1.00)
098 (0.95-1.01)
097 0.93-1.01)









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





