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Abstract

:

Background: China initiated its national free antiretroviral therapy program in 2004 and saw a dramatic decline in mortality among the population with HIV. However, the morbidity of non-AIDS-defining cancers such as breast cancer is steadily growing as life expectancy improves. The aim of this study was to investigate the clinical characteristics and prognosis of breast cancer patients with HIV in China. Materials and methods: Data from 21 breast cancer patients with HIV and 396 breast cancer patients without HIV treated at the Shanghai public health clinical center from 2014–2022 was collected. After propensity score matching, 21 paired patients in the two groups were obtained and compared. The optimal cut-off value of preoperative biomarkers for recurrence was determined via maximally selected log-rank statistics. Preoperative biomarkers were categorized into high and low groups, based on the best cut-off values and compared using Kaplan–Meier survival curves and the log-rank test. The Cox proportional hazards regression model was used to perform univariate and multivariate analyses. Results: The median follow-up time was 38 months (IQR: 20–68 months) for the propensity-score-matching cohort. The progression-free survival at 1, 2 and 3 years for patients with and without HIV were 74.51%, 67.74%, and 37.63% and 95.24%, 95.24%, and 90.48%, respectively. The overall survival for patients with HIV at 1, 2 and 3 years were 94.44%, 76.74%, and 42.63%. After multivariate analysis, Only HIV status (hazard ratios (HRs) = 6.83, 95% [confidence intervals (CI)] 1.22–38.12) were associated with progression-free survival. Based on the best cut-off value, CD8 showed discriminative value for overall survival (p = 0.04), whereas four variables, the lymphocyte-to-monocyte ratio (p = 0.02), platelet-to-lymphocyte ratio (p = 0.03), CD3 (p = 0.01) and CD8 (p < 0.01) were suggested be significant for progression-free survival. The univariate analysis suggested that CD3 (HRs = 0.10, 95% [CI] 0.01–0.90) and lymphocyte-to-monocyte ratio (HRs = 0.22, 95% [CI] 0.05–0.93) were identified as significant predictors for progression-free survival. Conclusion: In this study, breast cancer in patients with HIV in China reflected a more aggressive nature with a more advanced diagnostic stage and worse prognosis. Moreover, preoperative immune and inflammatory biomarkers might play a role in the prognosis of breast cancer patients with HIV.
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1. Introduction


Ever since the introduction and widespread application of the potent combination antiretroviral therapy (cART) in 1996, the fatality ratio for AIDS-defining cancers has considerably diminished, to a substantial extent [1]. However, as people living with HIV continue to enjoy an extended lifespan, the morbidity rate of non-AIDS-defining cancers has gradually risen [2], with the tumor spectrum increasingly aligning with that of the general population [3]. In recent years, breast cancer has emerged as the predominant malignancy among women [4], with the United States witnessing a ten-fold rise in the absolute number of breast cancer cases among people living with HIV between 1991and 1995 and 2001and 2005 [5]. China initiated its nationwide ART program as recently as 2004, leading to a striking decline in HIV mortality rates over the succeeding decades [6]. Despite numerous studies [7,8,9] examining the epidemiology and prognosis of breast cancer among people living with HIV in Africa and North America, there is still a woeful lack of information concerning the situation in China.



The immune system of people with HIV is suppressed before the administration of cART. Even after the medication is prescribed, the lingering chronic immune alteration has the potential to impact the local immune response, according to recent research [10]. In the field of tumor biology, distinct types of immune cells may contribute differently. CD3 is present on almost all T cells, and a higher CD3 expression is believed to indicate better prognosis in breast cancer [11]. Furthermore, CD4 lymphocytes (the primary targets of HIV) are indicative of immune function, with their quantities reflecting immune function levels to a significant extent. Generally, higher CD4 counts are associated with stronger immune function [12]. In fact, prior studies [13,14] have evidenced a high correlation between degree of immunosuppression based on CD4 cell counts and the incidence and prognosis of AIDS-defining cancers. Additionally, CD8 lymphocytes with their cytotoxic effects and cytokine excretion exhibit anti-tumor behavior, which was demonstrated in colorectal, esophageal, and pancreatic cancers [15,16,17]. The CD4/CD8 ratio is a monitoring indicator for immune recovery in patients with HIV undergoing treatment. It is widely recognized to be positively associated with improved prognosis [18]. However, the connection between breast cancer and immunosuppression in patients with HIV remains largely unexplored.



In addition to immunodeficiency, patients with HIV experience chronic inflammation and immune activation, despite effective viral suppression. The tumor microenvironment comprises various cellular components, including monocytes, neutrophils, platelets, and lymphocytes, which collectively influence tumor growth and development. Specifically, neutrophils and monocytes have been observed to promote tumor progression and facilitate primary tumor evasion [19,20]. Conversely, lymphocytes exhibit anti-tumor effects [21]. Platelets, on the other hand, often represent a non-specific response to inflammation, which can contribute to the promotion of tumor cell growth [22]. Biomarkers reflecting systemic inflammation, such as the neutrophil-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, and platelet-to-lymphocyte ratio, have been extensively studied and are widely recognized for their association with tumor prognosis [23,24,25,26]. Furthermore, the efficacy of inflammatory biomarkers in predicting the prognosis of non-AIDS-defining cancers and AIDS-defining cancers among patients with HIV has also been certified [27]. However, there is a dearth of research investigating the correlation between biomarkers such as the lymphocyte-to-monocyte ratio and the prognosis of breast cancer in patients with HIV. It is currently unclear if the inflammatory response of tumors among individuals with chronic immunosuppression is comparable to that of the general population.



Thus, the primary objective of this study was to examine the clinical characteristics and subsequent prognosis of breast cancer in Asian persons living with HIV, as opposed to that of the general population. Moreover, our endeavor was to delve deeply into the relationship between immune and inflammatory biomarkers in the peripheral blood and the overall prognosis in the aforementioned populace.




2. Materials and Methods


2.1. Patients


The clinical data of patients who were pathologically diagnosed with breast cancer between July 2014 and January 2022 at the Shanghai public health clinical center were collected consecutively and analyzed retrospectively. A total of 417 patients were included, which were divided into the patients-with-HIV group (n = 21) and patients-without-HIV group (n = 396). The inclusion criteria were: 1. Confirmed pathological diagnosis of breast cancer; 2. HIV infection status determined through laboratory tests, including enzyme-linked immunosorbent assay (ELISA) and Western blot analysis; 3. Mandatory HIV assessment before commencing treatment for breast cancer; 4. Comprehensive collection of clinical characteristics and follow-up data (including patients’ age, race, gender, menopausal status, tumor stage, molecular type, and preoperative blood test (neutrophils, lymphocyte, monocyte, platelet, CD4 cell counts, CD8 cell counts, and CD3 cell counts) from HIV patients, as immunological indicators were not routinely assessed preoperatively in patients without HIV. All patients were females. The ethical approval of this study was granted by the ethics committee of the Shanghai public health clinical center (No: 2022-S087-02). The Shanghai public health clinical center ethics committee waived the need for informed consent from patients, since it was a retrospective study.




2.2. Follow-Up


Postoperative follow-up was performed every 3 months for 2 years after surgery and every 6 months thereafter, according to the National Comprehensive Cancer Network guidelines. The criteria for diagnosing recurrence or metastasis were: 1. Pathological diagnosis using puncture biopsy; 2. For patients who failed to undergo a biopsy of suspected metastases, the definitive diagnosis of recurrence was established by imaging modalities such as computer tomography, magnetic resonance imaging, mammography and ultrasound or blood tests such as tumor markers. The progression-free survival time was defined as the interval between cancer diagnosis and time of recurrence, disease progression, or death from any cause. The overall survival time was defined as the interval between cancer diagnosis and time of breast cancer-related death.




2.3. Statistical Analysis


Categorical variables were reported as integers and proportions, and continuous variables were reported as median (interquartile range (IQR)) or mean (standard deviation (SD)), as appropriate. Propensity score matching was utilized to achieve a covariate balance between the two groups and reduce confounding factors. The propensity score was defined here as the probability of living with HIV versus living without HIV in breast cancer patients with clinicopathological characteristics. It was estimated using the logistic regression model that had been established from the factors potentially affecting the prognosis, including age at diagnosis, stage and molecular subtype. The propensity score matching was performed using 1:1 nearest-neighbor matching without setting the maximum caliper, due to the small sample of patients from the HIV group [28]. The optimal cut-off value of preoperative biomarkers for recurrence was determined via maximally selected log-rank statistics [29]. Preoperative biomarkers were categorized into high and low groups, based on the best cut-off values and compared using Kaplan–Meier survival curves and the log-rank test. The association of the clinicopathologic characteristics between the two groups was analyzed using Fisher’s exact test or the Mann–Whitney U test, as appropriate. The Cox proportional hazards regression model was used to perform univariate and multivariate analyses, which provided estimates of hazard ratios (HRs), their 95% confidence intervals (95% CIs), and p values using the Wald test. All statistical analyses were determined using the R software (version 4.1.2, http://www.r-project.org, accessed on 1 November 2021). The R packages “gmodels”, “survival”, “survminer” and “matchit” were used. A two-sided p < 0.05 was considered statistically significant.





3. Results


3.1. Demographic and Clinicopathological Characteristics


The study included a cohort of 417 breast cancer patients, who were stratified into two groups based on their HIV status: a cohort of 21 patients with HIV and a cohort of 396 people without HIV. The clinicopathological characteristics of the two groups before propensity score matching were outlined in Table 1, revealing significant differences between patients with and without HIV. Specifically, patients with HIV had larger tumor diameter (p < 0.01), exhibited higher HER-2 positivity (p = 0.04), and presented with a more advanced tumor stage (p = 0.03) compared to those without HIV. However, there were no significant discrepancies in other factors, such as age, menstrual status, hormone receptor status, lymph node involvement, and molecular subtype between the two groups. A total of 21 patients with HIV and 21 patients without HIV were included after propensity score matching (Table 2). A statistically significant difference in tumor size remained between the two groups, even after propensity score matching (p = 0.01). However, upon dividing the tumor size into three categories based on size and conducting a Fisher’s exact test, no statistically significant difference was found between the two groups (p = 0.55). This might be attributed to the larger size of tumors in patients with HIV at the onset of diagnosis and the limited sample size of this group. In contrast, there were no significant variations in other baseline characteristics across groups.



Out of the 21 patients diagnosed with HIV, the median duration between their HIV diagnosis and breast cancer diagnosis was 19 months (IQR: 1–66 months). Due to limited availability of initial information at the time of HIV infection, blood test data was collected during the patient’s diagnosis of breast cancer. Immunological markers, such as CD3, were not routinely tested in patients without HIV before their surgery; therefore, data from those without HIV was not included in the study. The mean CD4 was 369.33 ± 225.44/μL and the mean CD4/CD8 was 0.78 ± 0.77. The mean neutrophil-to-lymphocyte ratio, lymphocyte-to-monocyte ratio and platelet-to-lymphocyte ratio was 2.39 ± 1.91, 4.58 ± 2.93 and 154.09 ± 70.60, respectively. All patients were treated with standardized cART. The clinical immune and inflammatory biomarker features of patients with HIV are summarized in Table 3.




3.2. Prognosis Comparison between Patients with and without HIV


The median follow-up time was 38 months (IQR: 20–68 months) for the propensity-score-matching cohort (n = 42). At the end of follow-up, five patients died and three patients progressed in the group with HIV, compared with one death and two progressions in the group without HIV. Patients with HIV demonstrated progression-free survival rates of 74.51%, 67.74%, and 37.63% at the end of 1, 2, and 3 years, respectively, whereas patients without HIV demonstrated relatively higher progression-free survival rates of 95.24%, 95.24%, and 90.48%, for the same time intervals. The log-rank test affirmed that HIV infection represented a statistically significant risk factor for disease progression in breast cancer (p < 0.01). Additionally, the overall survival rates for patients with HIV were 94.44%, 76.74%, and 42.63% at 1, 2, and 3 years, compared with 100%, 100% and 100% for patients without HIV during the same time period. And the six-year survival rate for patients without HIV was as high as 90.00%. The log-rank test demonstrated that patients with HIV had a poorer prognosis than patients without HIV (p < 0.01). Figure 1 illustrates the survival curves for overall survival and progression-free survival.



Univariate and multivariate COX regression analyses were then conducted on the propensity score matching data (Table 4). Hormone receptor status (hazard ratios (HRs) = 0.15, 95% [confidence intervals (CI)] 0.03–0.71), tumor size (HRs = 3.36, 95% [CI] 1.26–8.97), lymph node involvement (HRs = 10.29, 95% [CI] 1.31–80.73), molecular subtype (HRs = 1.99, 95% [CI] 1.01–3.92), tumor stage (HRs = 4.73, 95% [CI] 1.38–16.19) and HIV status (HRs = 8.26, 95% [CI] 1.64–41.66) were found in association with breast cancer disease progression by a univariate COX analysis. Only HIV status (HRs = 6.83, 95% [CI] 1.22–38.12) was associated with progression-free survival after the multivariate analysis. Notably, COX regression analysis did not uncover any statistically significant association between any of the variables and overall survival.




3.3. Prognosis Role of Preoperative Biomarkers in Breast Cancer Patients with HIV


The optimal cut-off values of the preoperative biomarkers and the log-rank values calculated from maximally selected log rank statistics for the breast cancer patients with HIV are shown in Table S1, and the distribution plot of overall survival and progression-free survival are shown in Figures S1 and S2. The maximally selected log-rank analysis revealed that CD8 cell counts (p = 0.04) may potentially be related to overall survival, while lymphocyte-to-monocyte ratio (p = 0.02), platelet-to-lymphocyte ratio (p = 0.03), CD3 cell counts (p = 0.01), and CD8 cell counts (p < 0.01) could be potentially linked with progression-free survival in breast cancer patients affected by HIV. Kaplan–Meier survival curves were used to compare high and low groups, separated based on the optimal cut-off values of preoperative biomarkers for overall survival and progression-free survival. The lower CD8 group (<758.00) exhibited a relatively poor overall survival compared to the higher group (Figure 2). In terms of progression-free survival, patients with higher CD3 (>1033.80), higher CD8 (>662.70), higher lymphocyte-to-monocyte ratio (>3.59) and lower platelet-to-lymphocyte ratio (98.17) had a relatively better prognosis (Figure 3).



The associations between clinical immune and inflammatory biomarkers and the prognosis of breast cancer patients affected by HIV through COX regression analysis are demonstrated in Table 5. In the univariate analysis, the lymphocyte-to-monocyte ratio (HRs = 0.22, 95% [CI] 0.05–0.93) and the CD3 cell count (HRs = 0.10, 95% [CI] 0.01–0.90) were considered to be associated with progression-free survival outcomes. However, multivariate analysis failed to indicate any statistically significant association between these variables and progression-free survival outcomes. Additionally, no statistically significant association between these variables and overall survival outcomes was recorded in the univariate analysis.





4. Discussion


In this study, our primary focus was to conduct an exploratory clinicopathological and prognostic analysis of the breast-cancer-patient cohort living with and without HIV in a solitary Asian center. Our findings indicated that patients with concomitant HIV infection exhibited a more advanced stage of cancer at diagnosis and a substantially worse prognosis. Multivariate analyses revealed that only HIV infection demonstrated a significant correlation with a breast cancer prognosis. Additionally, our study’s preliminary investigation of pre-treatment biomarkers has identified several biomarkers that warrant further examination in subsequent studies, to assess their potential prognostic value. A lowered platelet-to-lymphocyte ratio, an increased lymphocyte-to-monocyte ratio, an elevated CD8 count, and a higher CD3 count might all contribute positively to a better prognosis.



Previous research has shown that people living with HIV were diagnosed with breast cancer at a relatively younger age compared to those without HIV [9,10,30]. Furthermore, a younger age has been shown to be associated with a more aggressive disease upon diagnosis [31]. Consequently, people living with HIV tend to present with biologically more aggressive breast cancer, resulting in later stages of diagnosis and worse survival outcomes [10]. Our study showed that patients with HIV and breast cancer had an average age of 51.05, approximately 47.62% of whom were under the age of 50. No noteworthy difference was observed between the age of the two groups, conceivably due to the limited data available on HIV patients. Among the total number of patients diagnosed, seven (33.33%) were found to be in advanced stages (III and IV). Likewise, a study by Cubasch [9] revealed that over half of all HIV-positive breast cancer patients were diagnosed at an advanced stage, with around 78.00% being under the age of 50. Similarly, Coghill [32] analyzed 1197 breast cancer patients with HIV in the United States, finding that stage III and IV breast cancer accounted for nearly 37.20% of cases.



In recent years, the 5-year overall survival rate of breast cancer in the Chinese population has reached more than 80.00% [33]. In our study, while we acknowledge the potential bias due to the small sample size, it is worth noting that the 6-year overall survival rate of breast cancer patients without HIV matched by propensity score matching reached 90.00%, which provides informative insights into the long-term outcomes of this cohort. In contrast, the overall survival and progression-free survival rates at three years for patients diagnosed with HIV in our study registered as low as 42.63% and 37.63%, respectively. Univariate and multivariate analyses demonstrated that HIV infection was a significant prognostic factor associated with poorer outcomes. Limited access to general mammography screening, a higher likelihood of not seeking timely treatment when issues are detected, and poorer adherence to treatment among patients with HIV might collectively contribute to the less-favorable prognosis observed in this population. While our study indicated a potential association between HIV and a poorer prognosis in breast cancer patients, it is crucial to emphasize that larger-scale data are necessary to establish a definitive conclusion.



Inflammation-based biomarkers, such as the lymphocyte-to-monocyte ratio, have been confirmed to be associated with the prognosis of various tumors, including colorectal cancer [24], gastrointestinal tumors [25], and renal carcinomas [26]. It is well-established that the induction of tumorigenesis can trigger a systemic inflammatory response characterized by an upregulation of cell proliferation, the production of toxic reactive oxygen species, and a series of other deleterious consequences [34]. The influence of different inflammatory cells on the tumor environment can yield opposing effects. On one hand, monocytes and macrophages promote the proliferation and advancement of tumors, thereby promoting the migration of breast cancer cells, creating a vascular endothelial network, and consequently creating a conducive environment for tumor survival [19]. On the other hand, lymphocytes have been observed to play a crucial role in tumor monitoring and editing, and exhibit an anti-tumor effect [21]. Our study found that preoperative inflammation-based biomarkers, such as lymphocyte-to-monocyte ratio, exhibited predictive potential for the prognosis of breast cancer patients with HIV. Similar to in the general population, a higher lymphocyte-to-monocyte ratio value was indicative of better clinical outcomes. The elevated lymphocyte-to-monocyte ratio score reflected a higher concentration of lymphocytes and a lower level of monocytes in the peripheral blood, leading to an unfavorable environment for tumor growth.



Additionally, our findings indicate that the cut-off thresholds of biomarkers appear to be lower in patients with HIV when compared to the general population. Yin [35] posited that individuals with a lymphocyte-to-monocyte ratio >4.85 in the general population tend to have a more favorable prognosis, while our study suggests a cut-off value of 3.59 for lymphocyte-to-monocyte ratio. Regrettably, a statistical comparison could not be performed, due to the unavailability of preoperative peripheral blood markers from patients without HIV. Studies conducted previously have indicated that chronic HIV infection can result in permanent alterations in the lymph node structure due to perturbations in the CD4 homeostasis, even with cART administration [36]. In situations of prolonged immune suppression, reduced lymphocyte-to-monocyte ratio values can still indicate a certain level of anti-tumor defense. Comparable lymphocyte-to-monocyte ratio cut-off values have been identified in previous studies carried out on patients with HIV. For instance, Zeng et al. [37] highlighted a strong association between a diminished lymphocyte-to-monocyte ratio (<2.74) and unsatisfactory survival outcomes in individuals with diffuse large B-cell lymphoma. Of course, a sophisticated randomized controlled trial would be necessary to lend weight to these results.



CD8 lymphocytes are widely recognized for their significant contribution in reducing HIV replication and enhancing immunity [38]. Prior immunohistochemical studies [39,40] have demonstrated the ability of CD8 lymphocytes to interact with tumor cells, resulting in the production of interferons, which in turn triggered a series of antitumor responses, including cell cycle inhibition and the induction of macrophage tumoricidal activity. As a result, several studies [40,41] have suggested that a higher infiltration of CD8 is associated with a more favorable prognosis among breast tumor patients. Our study also observed a positive correlation between CD8 and the prognosis of breast cancer in patients with HIV using the Kaplan–Meier approach. However, no significant association was observed between them in a univariate analysis. It is important to note that this paradox of association may be attributed to the limitations posed by our small sample size. Consequently, it becomes imperative to expand the sample size in future studies to conduct a more comprehensive assessment of this association.



CD3 is expressed in all developmental stages of T lymphocytes, and is present in various subpopulations, including Treg cells, CTL cells, TH1 cells and TH2 cells, each exhibiting different interactions with the tumor targets. TH and Treg cells secrete cytokines such as IL-2 that regulate the immune response and inhibit tumors [42]. People living with HIV experience severe loss of CD3 T cell homeostasis [43]; however, previous studies found that after long-term use of cART drugs, the percentage of CD3 T cells remained relatively constant, despite significant alterations in the CD4 and CD8 T cell subsets [44]. Previous studies have investigated CD3 in the context of tumor prognosis. Galon et al. [15]. suggested that CD3 displayed a stronger prognostic value as compared to CD8 in colon cancer. Similarly, Savas et al. [45]. considered that higher CD3 T cell numbers indicated a more robust antigen-experienced, anti-tumor immune response, and were associated with better breast cancer prognosis. Our study indicates that CD3 may have a predictive role for breast cancer patients with HIV. Our univariate analysis revealed a positive correlation between CD3 and breast cancer prognosis. However, the association did not remain significant in the multivariable analysis. It is imperative to conduct additional experiments to reconfirm our conclusions, particularly in patients with HIV undergoing specific mechanistic changes. Furthermore, it is essential to acknowledge that the data cannot be presented as statistically significant. The limited sample size likely influenced these outcomes, indicating that the study was underpowered to detect a significant difference.



This study boasts several strengths compared to prior research on breast cancer patients in the Chinese HIV population. To date, there have been few investigations into this area, which is hindered by insufficient knowledge and the discriminatory attitudes towards HIV that persist in China. Countless individuals tend to reject treatment or show poor compliance upon discovering their illness. Consequently, it is imperative to not only educate the populace about HIV, but also to conduct regular breast cancer screenings among women >40 with HIV, as recommended by the European AIDS Clinical Society [46]. Improvements are necessary to ensure that women living with HIV are diagnosed with breast cancer at an earlier stage, so that they can receive timely and appropriate care for a breast cancer diagnosis. Moreover, our study delved into the prognostic value of preoperative immune and inflammatory biomarkers on breast cancer, a promising area of exploration that could only provide preliminary findings yet succeeded in drawing renewed attention from scholars via this article.



Several limitations were also identified in this article. Firstly, the study utilized a retrospective design. Secondly, the number of patients included was relatively small, and the follow-up duration was comparably brief. This limited sample size gave rise to the possibility of bias, thereby impacting the robustness and reliability of the results. Lastly, despite the implementation of a propensity-score-matching approach to equalize the clinical characteristics of the two groups, a significant difference in tumor size persisted, which could potentially undermine the conclusions drawn. For greater confidence in the legitimacy of the results, future studies should encompass a more expansive study population, an extended follow-up period, and a multicenter trial setting.




5. Conclusions


In conclusion, our exploratory study elucidated the fact that breast cancer in the Chinese HIV population manifests a more aggressive nature, with advanced diagnostic stages and poorer prognoses. Furthermore, preoperative immune and inflammatory biomarkers may influence the prognosis of breast cancer patients with HIV and need to be further investigated. The correlation between HIV infection status and breast cancer prognosis, the interplay between cART and postoperative adjuvant therapy, and the optimal standards of care for this specific demographic merit clinical consideration. We urgently recommend intensifying breast cancer screening in women with HIV to amplify the prognosis of breast cancer patients with HIV. We fervently hope to stimulate subsequent research to explore broader horizons in this realm and to improve outcomes for breast cancer patients with HIV.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/v15071490/s1, Figure S1: Distribution plot of different preoperative biomarkers for progression free survival in breast cancer patients with HIV; Figure S2: Distribution plot of different preoperative biomarkers for overall survival in breast cancer patients with HIV; Table S1: Diagnostic value of different prognosis biomarkers calculated by Max rank statistic.





Author Contributions


Q.W. collected the data and was a major contributor in writing the manuscript; L.D. analyzed and interpreted the patient data; Y.C. made substantial contributions to the conception; S.L. designed the work and revised it. All authors have read and agreed to the published version of the manuscript.




Funding


The present study was supported by the clinical research program of the Shanghai Public Health Clinical Center (KY-GW-2022-17).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


The ethical approval of this study was granted by the ethics committee of the Shanghai Public Health Clincal Center (No: 2022-S087-02). The Shanghai Public Health Clinical Center Ethics Committee waived the need of informed consent from patients, since it was a retrospective study. All methods were performed in accordance with the Declaration of Helsinki.




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arts, E.J.; Hazuda, D.J. HIV-1 Antiretroviral Drug Therapy. Cold Spring Harb. Perspect. Med. 2012, 2, a007161. [Google Scholar] [CrossRef]

	



Yarchoan, R.; Uldrick, T.S. HIV-Associated Cancers and Related Diseases. N. Engl. J. Med. 2018, 378, 1029–1041. [Google Scholar] [CrossRef]

	



Patel, P.; Hanson, D.L.; Sullivan, P.S.; Novak, R.M.; Moorman, A.C.; Tong, T.C.; Holmberg, S.D.; Brooks, J.T. Incidence of types of cancer among HIV-infected persons compared with the general population in the United States, 1992–2003. Ann. Intern. Med. 2008, 148, 728–736. [Google Scholar] [CrossRef]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef]

	



Shiels, M.S.; Pfeiffer, R.M.; Gail, M.H.; Hall, H.I.; Li, J.; Chaturvedi, A.K.; Bhatia, K.; Uldrick, T.S.; Yarchoan, R.; Goedert, J.J.; et al. Cancer Burden in the HIV-Infected Population in the United States. J. Natl. Cancer Inst. 2011, 103, 753–762. [Google Scholar] [CrossRef]

	



Zhang, F.; Dou, Z.; Ma, Y.; Zhang, Y.; Zhao, Y.; Zhao, D.; Zhou, S.; Bulterys, M.; Zhu, H.; Chen, R.Y. Effect of earlier initiation of antiretroviral treatment and increased treatment coverage on HIV-related mortality in China: A national observational cohort study. Lancet Infect. Dis. 2011, 11, 516–524. [Google Scholar] [CrossRef]

	



Gomez, A.; Montero, A.J.; Hurley, J. Clinical outcomes in breast cancer patients with HIV/AIDS: A retrospective study. Breast Cancer Res. Treat. 2015, 149, 781–788. [Google Scholar] [CrossRef]

	



Grover, S.; Martei, Y.M.; Puri, P.; Prabhakar, P.; Mutebi, M.; Balogun, O.D.; Price, A.J.; Freeman, A.H.; Narasimhamurthy, M.; Rodin, D.; et al. Breast Cancer and HIV in Sub-Saharan Africa: A Complex Relationship. J. Glob. Oncol. 2018, 4, 1–11. [Google Scholar] [CrossRef]

	



Cubasch, H.; Joffe, M.; Hanisch, R.; Schuz, J.; Neugut, A.I.; Karstaedt, A.; Broeze, N.; Berg, E.v.D.; McCormack, V.; Jacobson, J.S. Breast cancer characteristics and HIV among 1,092 women in Soweto, South Africa. Breast Cancer Res. Treat. 2013, 140, 177–186. [Google Scholar] [CrossRef]

	



Brandão, M.; Bruzzone, M.; Franzoi, M.-A.; De Angelis, C.; Eiger, D.; Caparica, R.; Piccart-Gebhart, M.; Buisseret, L.; Ceppi, M.; Dauby, N.; et al. Impact of HIV infection on baseline characteristics and survival of women with breast cancer. AIDS 2020, 35, 605–618. [Google Scholar] [CrossRef]

	



Rathore, A.; Kumar, S.; Konwar, R.; Srivastava, A.; Makker, A.; Goel, M. Presence of CD3+ tumor infiltrating lymphocytes is significantly associated with good prognosis in infiltrating ductal carcinoma of breast. Indian J. Cancer 2013, 50, 239–244. [Google Scholar] [CrossRef] [PubMed]

	



Frater, J.; Ewings, F.; Hurst, J.; Brown, H.; Robinson, N.; Fidler, S.; Babiker, A.; Weber, J.; Porter, K.; Phillips, R.E. HIV-1-specific CD4(+) responses in primary HIV-1 infection predict disease progression. AIDS 2014, 28, 699–708. [Google Scholar] [CrossRef] [PubMed]

	



Polesel, J.; Franceschi, S.; Suligoi, B.; Crocetti, E.; Falcini, F.; Guzzinati, S.; Vercelli, M.; Zanetti, R.; Tagliabue, G.; Russo, A.; et al. Cancer incidence in people with AIDS in Italy. Int. J. Cancer 2010, 127, 1437–1445. [Google Scholar] [CrossRef] [PubMed]

	



Polesel, J.; Clifford, G.M.; Rickenbach, M.; Maso, L.D.; Battegay, M.; Bouchardy, C.; Furrer, H.; Hasse, B.; Levi, F.; Probst-Hensch, N.M.; et al. Non-Hodgkin lymphoma incidence in the Swiss HIV Cohort Study before and after highly active antiretroviral therapy. AIDS 2008, 22, 301–306. [Google Scholar] [CrossRef]

	



Galon, J.; Costes, A.; Sanchez-Cabo, F.; Kirilovsky, A.; Mlecnik, B.; Lagorce-Pagès, C.; Tosolini, M.; Camus, M.; Berger, A.; Wind, P.; et al. Type, Density, and Location of Immune Cells within Human Colorectal Tumors Predict Clinical Outcome. Science 2006, 313, 1960–1964. [Google Scholar] [CrossRef]

	



Ashida, A.; Boku, N.; Aoyagi, K.; Sato, H.; Tsubosa, Y.; Minashi, K.; Muto, M.; Ohtsu, A.; Ochiai, A.; Yoshida, T.; et al. Expression profiling of esophageal squamous cell carcinoma patients treated with definitive chemoradiotherapy: Clinical implications. Int. J. Oncol. 2006, 28, 1345–1352. [Google Scholar] [CrossRef]

	



Fukunaga, A.; Miyamoto, M.; Cho, Y.; Murakami, S.; Kawarada, Y.; Oshikiri, T.; Kato, K.; Kurokawa, T.; Suzuoki, M.; Nakakubo, Y.; et al. CD8+ Tumor-Infiltrating Lymphocytes Together with CD4+ Tumor-Infiltrating Lymphocytes and Dendritic Cells Improve the Prognosis of Patients with Pancreatic Adenocarcinoma. Pancreas 2004, 28, e26–e31. [Google Scholar] [CrossRef]

	



Han, W.M.; Apornpong, T.; Kerr, S.J.; Hiransuthikul, A.; Gatechompol, S.; Do, T.; Ruxrungtham, K.; Avihingsanon, A. CD4/CD8 ratio normalization rates and low ratio as prognostic marker for non-AIDS defining events among long-term virologically suppressed people living with HIV. AIDS Res. Ther. 2018, 15, 13. [Google Scholar] [CrossRef]

	



Kang, S.U.; Cho, S.Y.; Jeong, H.; Han, J.; Chae, H.Y.; Yang, H.; Sung, C.O.; Choi, Y.-L.; Shin, Y.K.; Kwon, M.J. Matrix metalloproteinase 11 (MMP11) in macrophages promotes the migration of HER2-positive breast cancer cells and monocyte recruitment through CCL2–CCR2 signaling. Lab. Investig. 2022, 102, 376–390. [Google Scholar] [CrossRef]

	



Coussens, L.M.; Werb, Z. Inflammation and cancer. Nature 2002, 420, 860–867. [Google Scholar] [CrossRef]

	



Dunn, G.P.; Old, L.J.; Schreiber, R.D. The Immunobiology of Cancer Immunosurveillance and Immunoediting. Immunity 2004, 21, 137–148. [Google Scholar] [CrossRef]

	



Thomas, M.R.; Storey, R.F. The role of platelets in inflammation. Thromb. Haemost. 2015, 114, 449–458. [Google Scholar] [CrossRef]

	



Proctor, M.J.; Morrison, D.S.; Talwar, D.; Balmer, S.M.; Fletcher, C.D.; O’Reilly, D.S.J.; Foulis, A.K.; Horgan, P.G.; McMillan, D.C. A comparison of inflammation-based prognostic scores in patients with cancer. A Glasgow Inflammation Outcome Study. Eur. J. Cancer 2011, 47, 2633–2641. [Google Scholar] [CrossRef]

	



Gawiński, C.; Michalski, W.; Mróz, A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and Tumor-Infiltrating Lymphocytes (TILs) in Left-Sided Colorectal Cancer Patients. Biology 2022, 11, 385. [Google Scholar] [CrossRef]

	



Chen, Y.; Zhang, C.; Peng, Z.; Qi, C.; Gong, J.; Zhang, X.; Li, J.; Shen, L. Association of Lymphocyte-to-Monocyte Ratio with Survival in Advanced Gastric Cancer Patients Treated with Immune Checkpoint Inhibitor. Front. Oncol. 2021, 11, 589022. [Google Scholar] [CrossRef]

	



Mano, R.; Flynn, J.; Blum, K.A.; Silagy, A.W.; DiNatale, R.G.; Marcon, J.; Wang, A.; Sanchez, A.; Coleman, J.A.; Russo, P.; et al. The predictive role of preoperative and postoperative neutrophil-lymphocyte ratio in sarcomatoid renal cell carcinoma. Urol Oncol. 2019, 37, 916–923. [Google Scholar] [CrossRef]

	



Raffetti, E.; Donato, F.; Pezzoli, C.; Digiambenedetto, S.; Bandera, A.; Di Pietro, M.; Di Filippo, E.; Maggiolo, F.; Sighinolfi, L.; Fornabaio, C.; et al. Systemic Inflammation-Based Biomarkers and Survival in HIV-Positive Subject with Solid Cancer in an Italian Multicenter Study. Am. J. Ther. 2015, 69, 585–592. [Google Scholar] [CrossRef]

	



Rassen, J.A.; Shelat, A.A.; Myers, J.; Glynn, R.J.; Rothman, K.J.; Schneeweiss, S. One-to-many propensity score matching in cohort studies. Pharmacoepidemiol. Drug Saf. 2012, 21 (Suppl. S2), 69–80. [Google Scholar] [CrossRef]

	



Hothorn, T.; Zeileis, A. Generalized maximally selected statistics. Biometrics 2008, 64, 1263–1269. [Google Scholar] [CrossRef]

	



Simonds, H.M.; Jacobson, J.S. Breast cancer survival in women living with HIV. Lancet HIV 2022, 9, e141–e142. [Google Scholar] [CrossRef]

	



Collins, L.C.; Marotti, J.D.; Gelber, S.; Cole, K.; Ruddy, K.; Kereakoglow, S.; Brachtel, E.F.; Schapira, L.; Come, S.E.; Winer, E.P.; et al. Pathologic features and molecular phenotype by patient age in a large cohort of young women with breast cancer. Breast Cancer Res. Treat. 2012, 131, 1061–1066. [Google Scholar] [CrossRef] [PubMed]

	



Coghill, A.E.; Han, X.; Suneja, G.; Lin, C.C.; Jemal, A.; Shiels, M.S. Advanced stage at diagnosis and elevated mortality among US patients with cancer infected with HIV in the National Cancer Data Base. Cancer 2019, 125, 2868–2876. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, R.S.; Sun, K.X.; Zhang, S.W.; Zeng, H.M.; Zou, X.N.; Chen, R.; Gu, X.Y.; Wei, W.W.; He, J. Report of cancer epidemiology in China, 2015. Zhonghua Zhong Liu Za Zhi 2019, 41, 19–28. [Google Scholar] [PubMed]

	



Dubrow, R.; Silverberg, M.J.; Park, L.S.; Crothers, K.; Justice, A.C. HIV infection, aging, and immune function: Implications for cancer risk and prevention. Curr. Opin. Oncol. 2012, 24, 506–516. [Google Scholar] [CrossRef]

	



Yin, Y.; Zhang, Y.; Li, L.; Zhang, S.; Liu, N.; Yuan, S. Prognostic Value of Pretreatment Lymphocyte-to-Monocyte Ratio and Development of a Nomogram in Breast Cancer Patients. Front. Oncol. 2021, 17, 650980. [Google Scholar] [CrossRef]

	



Cutrell, J.; Bedimo, R. Non-AIDS-defining Cancers among HIV-Infected Patients. Curr. HIV/AIDS Rep. 2013, 10, 207–216. [Google Scholar] [CrossRef]

	



Zeng, J.; Zhang, X.; Jia, L.; Wu, Y.; Tian, Y.; Zhang, Y. Pretreatment lymphocyte-to-monocyte ratios predict AIDS-related diffuse large B-cell lymphoma overall survival. J. Med. Virol. 2021, 93, 3907–3914. [Google Scholar] [CrossRef]

	



McDermott, A.B.; Koup, R.A. CD8+ T cells in preventing HIV infection and disease. AIDS 2012, 26, 1281–1292. [Google Scholar] [CrossRef]

	



Smyth, M.J.; Dunn, G.P.; Schreiber, R.D. Cancer Immunosurveillance and Immunoediting: The Roles of Immunity in Suppressing Tumor Development and Shaping Tumor Immunogenicity. Adv. Immunol. 2006, 90, 1–50. [Google Scholar] [CrossRef]

	



Mahmoud, S.M.; Paish, E.C.; Powe, D.G.; Macmillan, R.D.; Grainge, M.J.; Lee, A.H.; Ellis, I.O.; Green, A.R. Tumor-Infiltrating CD8+ Lymphocytes Predict Clinical Outcome in Breast Cancer. J. Clin. Oncol. 2011, 29, 1949–1955. [Google Scholar] [CrossRef]

	



Dahlin, A.M.; Henriksson, M.L.; Van Guelpen, B.; Stenling, R.; Öberg, A.; Rutegård, J.; Palmqvist, R. Colorectal cancer prognosis depends on T-cell infiltration and molecular characteristics of the tumor. Mod. Pathol. 2011, 24, 671–682. [Google Scholar] [CrossRef]

	



Williams, M.A.; Tyznik, A.J.; Bevan, M.J. Interleukin-2 signals during priming are required for secondary expansion of CD8+ memory T cells. Nature 2006, 441, 890–893. [Google Scholar] [CrossRef]

	



Gottlieb, M.S.; Schroff, R.; Schanker, H.M.; Weisman, J.D.; Fan, P.T.; Wolf, R.A.; Saxon, A. Pneumocystis carinii pneumonia and mucosal candidiasis in previously healthy homosexual men: Evidence of a new ac-quired cellular immunodeficiency. N. Engl. J. Med. 1981, 305, 1425–1431. [Google Scholar] [CrossRef]

	



Ndumbi, P.; Falutz, J.; Pai, N.P.; Tsoukas, C.M. Delay in cART Initiation Results in Persistent Immune Dysregulation and Poor Recovery of T-Cell Phenotype Despite a Decade of Successful HIV Suppression. PLoS ONE 2014, 9, e94018. [Google Scholar] [CrossRef]

	



Savas, P.; Virassamy, B.; Ye, C.; Salim, A.; Mintoff, C.P.; Caramia, F.; Salgado, R.; Byrne, D.J.; Teo, Z.L.; Dushyanthen, S.; et al. Single-cell profiling of breast cancer T cells reveals a tissue-resident memory subset associated with improved prognosis. Nat. Med. 2018, 24, 986–993. [Google Scholar] [CrossRef]

	



Cancer Screening. EACS Guide l. E. coil. 2022. Available online: https://eacs.sanfordguide.com/prevention-non-infectious-co-morbidities/cancer/cancer-screening-methods (accessed on 30 May 2022).








[image: Viruses 15 01490 g001 550] 





Figure 1. Kaplan–Meier analyses in breast cancer patients with HIV and without HIV. (A) showing overall survival of breast cancer; (B) showing progression-free survival of breast cancer. 
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Figure 2. Prognosis value of different preoperative biomarkers for overall survival in breast cancer patients with HIV. (A) CD3; (B) CD4; (C) CD8; (D) CD4/CD8 ratio; (E) neutrophil-to-lymphocyte ratio; (F) lymphocyte-to-monocyte ratio; (G) platelet-to-lymphocyte ratio. 
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Figure 3. Prognosis value of different preoperative biomarkers for progression-free survival in breast cancer patients with HIV. (A) CD3; (B) CD4; (C) CD8; (D) CD4/CD8 ratio; (E) neutrophil-to-lymphocyte ratio; (F) lymphocyte-to-monocyte ratio; (G) platelet-to-lymphocyte ratio. 
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Table 1. Clinical characteristics before propensity score matching (n = 417).






Table 1. Clinical characteristics before propensity score matching (n = 417).












	Clinical Characteristics
	
	HIV (n = 21)
	Non-HIV (n = 396)
	p Value





	Age
	Mean (SD)
	51.05 (10.40)
	55.14 (12.22)
	0.13



	
	<50
	10 (47.62%)
	134 (33.84%)
	



	
	≥50
	11 (52.38%)
	262 (66.16%)
	0.20



	Menopause
	no
	9 (42.86%)
	131 (33.08%)
	



	
	yes
	12 (57.14%)
	265 (66.92%)
	0.36



	Hormone receptor
	positive
	12 (57.14%)
	268 (67.68%)
	



	
	negative
	9 (42.86%)
	128 (32.32%)
	0.32



	Her-2
	positive
	9 (42.86%)
	91 (22.98%)
	



	
	negative
	12 (57.14%)
	305 (77.02%)
	0.04



	Tumor size (cm)
	Mean (SD)
	4.40 (2.47)
	2.51 (1.29)
	<0.01



	
	t > 5 cm
	3 (14.29%)
	12 (3.03%)
	



	
	5 ≥ t > 2 cm
	13 (61.90%)
	195 (49.24%)
	



	
	t ≤ 2 cm
	5 (23.81%)
	189 (47.73%)
	0.01



	Lymph node involvement
	no
	8 (38.10%)
	220 (55.56%)
	



	
	yes
	13 (61.90%)
	176 (44.44%)
	0.12



	Molecular type
	Luminal A
	1 (4.76%)
	51 (12.88%)
	



	
	Luminal B
	11 (52.38%)
	217 (54.80%)
	



	
	HER-2
	5 (23.81%)
	50 (12.62%)
	



	
	TNBC
	4 (19.05%)
	78 (19.70%)
	0.44



	Stage
	0
	1 (4.76%)
	17 (4.29%)
	



	
	I
	2 (9.52%)
	111 (28.03%)
	



	
	II
	11 (52.38%)
	170 (42.93%)
	



	
	III
	5 (23.81%)
	94 (23.74%)
	



	
	IV
	2 (9.52%)
	4 (1.01%)
	0.03







HIV: human immunodeficiency virus; Her-2: human epidermal growth factor receptor-2; TNBC: triple-negative breast cancer.













[image: Table] 





Table 2. Clinical characteristics after propensity score matching (n = 42).
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	Clinical Characteristics
	
	HIV (n = 21)
	Non-HIV (n = 21)
	p Value





	Age
	Mean (SD)
	51.05 (10.40)
	51.43 (10.16)
	0.91



	
	<50
	10 (47.62%)
	10 (47.62%)
	



	
	≥50
	11 (52.38%)
	11 (52.38%)
	1.00



	Menopause
	no
	9 (42.86%)
	10 (47.62%)
	



	
	yes
	12 (57.14%)
	11 (52.38%)
	0.76



	Hormone receptor
	positive
	12 (57.14%)
	12 (57.14%)
	



	
	negative
	9 (42.86%)
	9 (42.86%)
	1.00



	Her-2
	positive
	9 (42.86%)
	7 (33.33%)
	



	
	negative
	12 (57.14%)
	14 (66.67%)
	0.53



	Tumor size (cm)
	Mean (SD)
	4.40 (2.47)
	2.80 (1.35)
	0.01



	
	t > 5 cm
	3 (14.29%)
	2 (9.52%)
	



	
	5 ≥ t > 2cm
	13 (61.90%)
	10 (47.62%)
	



	
	t ≤ 2 cm
	5 (23.81%)
	9 (42.86%)
	0.55



	Lymph node involvement
	no
	8 (38.10%)
	11 (52.38%)
	



	
	yes
	13 (61.90%)
	10 (47.62%)
	0.35



	Molecular type
	Luminal A
	1 (4.76%)
	1 (4.76%)
	



	
	Luminal B
	11 (52.38%)
	11 (52.38%)
	



	
	HER-2
	5 (23.81%)
	5 (23.81%)
	



	
	TNBC
	4 (19.05%)
	4 (19.05%)
	1.00



	Stage
	0
	1 (4.76%)
	1 (4.76%)
	



	
	I
	2 (9.52%)
	5 (23.81%)
	



	
	II
	11 (52.38%)
	9 (42.86%)
	



	
	III
	5 (23.81%)
	6 (28.57%)
	



	
	IV
	2 (9.52%)
	0 (0%)
	0.56
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Table 3. Clinical characteristics of the patients with HIV (n = 21).
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Clinical Characteristics

	
HIV (n = 21)






	
Time of HIV diagnosis to breast cancer diagnosis (months)

	
median (IQR)

	
19 (1–66)




	
≤12

	
10 (47.62%)




	
>12

	
11 (52.38%)




	
CD4 counts (/μL)

	
mean (SD)

	
369.33 (225.44)




	
CD4/CD8 ratio

	
mean (SD)

	
0.78 (0.77)




	
CD8 counts (/μL)

	
mean (SD)

	
637.48 (297.28)




	
CD3 counts (/μL)

	
mean (SD)

	
1047.10 (366.77)




	
Neutrophil (109/L)

	
mean (SD)

	
2.85 (1.51)




	
Lymphocyte (109/L)

	
mean (SD)

	
1.40 (0.50)




	
Monocyte (109/L)

	
mean (SD)

	
0.37 (0.17)




	
Platelet (109/L)

	
mean (SD)

	
193.48 (67.50)




	
Neutrophil-to-lymphocyte ratio

	
mean (SD)

	
2.39 (1.91)




	
Lymphocyte-to-monocyte ratio

	
mean (SD)

	
4.58 (2.93)




	
Platelet-to-lymphocyte ratio

	
mean (SD)

	
154.09 (70.60)
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Table 4. Univariate and multivariate survival analyses for propensity-score-matching cohort (n = 42).
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Progression-Free Survival

	
Overall Survival

	




	

	
Univariate

	
Multivariate

	
Univariate




	
Characters

	
HRs (95% CI)

	
p

	
HRs (95% CI)

	
p

	
HRs (95% CI)

	
p






	
Age (≥50 vs. <50)

	
0.456 (0.13–1.57)

	
0.21

	
-

	
-

	
1.62 (0.29–8.97)

	
0.58




	
Menopause (yes vs. no)

	
0.69 (0.21–2.27)

	
0.54

	
-

	
-

	
4.17 (0.49–35.76)

	
0.19




	
Hormone Receptor (+ vs. −)

	
0.15 (0.03–0.71)

	
0.02

	
0.07 (0.01–1.07)

	
0.06

	
0.16 (0.02–1.37)

	
0.09




	
Her-2 (+ vs. −)

	
2.26 (0.69–7.45)

	
0.18

	
-

	
-

	
1.99 (0.40–9.91)

	
0.40




	
Tumor size (>5 vs. >2 vs. ≤2)

	
3.36 (1.26–8.97)

	
0.02

	
1.75 (0.54–5.74)

	
0.35

	
3.33 (0.85–13.07)

	
0.08




	
Lymph node involvement

(yes vs. no)

	
10.29 (1.31–80.73)

	
0.03

	
4.18 (0.41–43.03)

	
0.23

	
5.07 (0.59–43.70)

	
0.14




	
Molecular subtype

(TNBC vs Her-2 vs. Hormone Receptor+)

	
1.99 (1.01–3.92)

	
0.05

	
0.46 (0.09–2.43)

	
0.36

	
2.07 (0.81– 5.30)

	
0.13




	
Stage (III/IV vs. 0/I/II)

	
4.73 (1.38–16.19)

	
0.01

	
1.76 (0.35–8.84)

	
0.49

	
4.99 (0.91–27.26)

	
0.06




	
HIV (yes vs. no)

	
8.26 (1.64–41.66)

	
0.01

	
6.83 (1.22–38.12)

	
0.03

	
322.47 (0.04–2,563,794.24)

	
0.21








HRs: hazard ratios; CI: confidence intervals.
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Table 5. Univariate and multivariate survival analyses for breast cancer patients with HIV.
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Progression-Free Survival

	
Overall Survival




	

	
Univariate

	
Multivariate

	
Univariate




	
Characters

	
HRs (95% CI)

	
p

	
HRs (95% CI)

	
p

	
HRs (95% CI)

	
p






	
Time of HIV diagnosis to breast cancer diagnosis(>12 vs. ≤12 months)

	
0.37 (0.09–1.55)

	
0.17

	
-

	
-

	
0.15 (0.02–1.31)

	
0.09




	
Neutrophil-to-lymphocyte ratio (High vs. Low group)

	
5.44 (0.65–45.72)

	
0.12

	
-

	
-

	
33.31 (0.01–264,621)

	
0.44




	
Lymphocyte-to-monocyte ratio (High vs. Low group)

	
0.22 (0.05–0.93)

	
0.04

	
0.15 (0.01–1.65)

	
0.12

	
0.20 (0.03–1.28)

	
0.09




	
Platelet-to-lymphocyte ratio (High vs. Low group)

	
42.85 (0.10–17989)

	
0.22

	
-

	
-

	
44.09 (0.02–90,625.90)

	
0.33




	
CD4 (High vs. Low group)

	
0.31 (0.06–1.58)

	
0.16

	
-

	
-

	
2.33 (0.38–14.36)

	
0.36




	
CD8 (High vs. Low group)

	
0.01 (0.00–6.62)

	
0.18

	
-

	
-

	
0.02 (0–27.82)

	
0.28




	
CD4/CD8 (High vs. Low group)

	
35.97 (0.06–20264)

	
0.27

	
-

	
-

	
44.85 (0.03–81381)

	
0.32




	
CD3 (High vs. Low group)

	
0.10 (0.01–0.90)

	
0.04

	
0.35 (0.07–1.74)

	
0.20

	
0.15 (0.01–1.6)

	
0.12
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