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Abstract

Patients with CTCL are at increased risk for bacteremia which is a leading cause of morbidity and 

mortality. We assessed risk factors for and the impact of bacteremia on survival in a retrospective 

cohort of 188 CTCL patients at a single US academic institution treated between 1990 and 2018. 

With a median follow up of 6.2 years, 20% of patients (n = 36) developed 79 bacteremia events. 

Risk factors for bacteremia included advanced stage, female gender, African American (AA) race, 

invasive lines, and chemotherapy. Bacteremia was associated with an increased risk of death on 

univariate and multivariable models. Bacteremia is associated with an increased risk of death in 

patients with CTCL. The greatest avoidable risk factors included chemotherapy treatment and 

presence of an invasive line.
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Introduction

Infections are a major cause of morbidity, mortality, and resource utilization among patients 

with CTCL [1]. CTCL patients are particularly susceptible to cutaneous infection due to 

widespread disruptions in their skin barrier [1]. In particular, staphylococcal infections and 

colonization are common in patients with CTCL, with colonization present in up to 63% of 

patients [2,3]. In addition to contributing to localized and systemic infections, 

staphylococcus aureus also has an etiologic role in the development and progression of this 

malignancy [4,5]. S. aureus super-antigens promote tumor progression while aggressive, 

transient antibiotic treatment results in clinical improvement and regression of CTCL as 
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evidenced by inhibition of malignant T cells in lesional skin [3,5,6]. Areas of cracked skin, 

ulceration, and tumors predispose to cutaneous infections and may contribute to increased 

risk for subsequent systemic infection. Furthermore, patients with CTCL may have reduced 

immunity due to disease-and treatment-related factors. The tumor microenvironment in the 

skin inhibits local immune response with a shift toward an increasingly immunosuppressive 

TME to with advancing stage [7]. Similarly, patients with Sézary syndrome have reduction 

in functional effector responses for viral immunity [8,9]. Chemotherapy and novel agents 

further diminish immune response through reduction of neutrophils and lymphocytes 

[10,11].

While the risks and incidence of cutaneous infections have been reported, there is very 

limited data on risks of bacteremia in CTCL patients [1,12,13]. Bacteremia is an important 

contributor to death and hospitalizations in this vulnerable population. Prior data has 

demonstrated that infection was leading cause to death in up to 60% of patients when 

accompanied by a gram negative superinfection [13]. Yet a comprehensive assessment of 

infections including bacteremia has not been published in over 20 years [1,13]. There is also 

limited guidance on best practices regarding reducing the risk for bacteremia or the 

appropriate use of prophylactic antibiotics. The primary purpose of this project was assess 

risk factors for bacteremia among CTCL patients and to determine the impact of bacteremia 

on patient outcomes.

Methods

Data collection

We conducted a single center retrospective analysis at the Winship Cancer Institute of 

Emory University. The study was performed according to the Declaration of Helsinki 

protocol, and only healthcare data that are routinely used for clinical reasons in CTCL 

patients. We selected patients from an existing cutaneous lymphoma database diagnosed 

with CTCL between 2 January 1990 and June 1, 2019. Patients without at least 2 visits with 

a provider in dermatology or hematology/oncology were excluded. We assessed for the 

presence or absence of bacteremia at any point following diagnosis. Bacteremia was defined 

as identification of at least one microbe in the bloodstream on culture. Baseline 

demographics included gender, ethnicity/race, age, and diagnosis. Disease and treatment 

related factors included diagnosis and date of diagnosis, stage by International Society of 

Cutaneous Lymphoma (ISCL), treatment, and timing of treatment, use of skin prophylactic 

antibiotics and outpatient dermatology consult at any time. Prophylactic skin antibiotics 

were defined in the notes as ‘prophylactic’ i.e. not being used to treat active cellulitis or 

other infections. CTCL treatment included phototherapy, topical nitrogen mustard (NM), 

topical corticosteroids (CS), chemotherapy, romidepsin, vorinostat, mogamulizumab, 

methotrexate, brentuximab, interferon (INF), extracorporeal photopheresis (ECP), oral 

retinoids, total skin electron beam (TSEB) therapy, and radiation therapy (RT).

Infection characteristics were also recorded for both cutaneous cultures and bacteremia. 

These included culture data, sensitivities, symptoms, antibiotic treatment and response. 

Symptomatic bacteremias were defined as patients with symptoms which required 

hospitalization due to the bacteremia which included a fever greater than 38 Celsius, 
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hypotension, chills, or wound infection. To assess risk factors, we assessed presence of 

invasive devices (central venous catheter, peripherally inserted central catheters (PICC), and 

hardware) placed prior to bacteremia, duration of hospitalization before bacteremia and 

laboratory values at admission.

Additionally, we explored patterns of skin cultures and concurrent bacteremia, antibiotic use 

in the outpatient setting and their association with bacteremia incidence and outcomes.

Statistics

Associations between clinical and biological parameters and the first infectious event (yes, 

no) were investigated using chi-square tests, Fisher’s exact tests, or ANOVA, where 

appropriate. Univariate analysis was used to analyze each factor of interest for each different 

outcome using logistic regression for binary outcomes and Cox proportional hazards models 

for time-to-event outcomes. Multivariable analysis was then conducted with selected factors. 

Associations with p < .05 were deemed statistically significant. Overall survival (OS) was 

defined as time from diagnosis to death or last follow-up, where those alive at last follow-up 

were censored. Bacteremia-free survival was defined as time from diagnosis to bacteremia 

or last follow-up, where those without bacteremia at last follow-up were censored. Survival 

distributions were estimated using the Kaplan Meier method, and survival was compared 

using log-rank tests. All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, 

NC).

Results

Patient characteristics

Among 548 patients in our institutional cutaneous lymphoma database, 180 patients with 

complete follow up were included in this analysis. Patients were excluded for incomplete 

data (221), pathologic review only (83), or limited follow up of less than 1 year (64).

In the overall population the median follow up time was 6.2 years (range 0.1–28 years) there 

was equal male: female predominance, 48.3% were African American (AA) and 51.7% were 

Caucasian or Hispanic. Mycosis fungoides (MF) was the most common diagnosis (75%); 

10% had SS, with 15.0% other CTCL diagnoses. The stage at diagnosis early stage (1–2 A) 

in 48.8% and advanced (2 b–4) in 51.2%, and missing in 12 patients; 53.4% of patients 

received oral antibiotics for prophylaxis of skin infection.

Thirty-six of 180 patients (20.0%) developed at least one episode of bacteremia, with 80 

episodes recorded (range 0–10 per patient). Fifteen patients had one episode of bacteremia 

and 21 had > 1 episode. The baseline patient characteristics by group for 144 without 

bacteremia and 36 with are presented in Table 1. By subgroup, the median age at diagnosis 

was 57.5 in the non-bacteremia patients and 49.5 in those who developed bacteremia. More 

patients who developed bacteremia were AA race. There were also different distributions by 

stage and patterns of treatment in the bacteremia vs. no bacteremia groups.
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Factors associated with first incidence of bacteremia

We identified several factors associated with bacteremia incidence (Table 2). African 

American race and female gender were correlated with increased odds of bacteremia. 

Additional factors associated with increased odds of bacteremia included advanced stage, 

and treatment with chemotherapy, romidepsin, vorinostat, methotrexate, brentuximab 

vedotin, interferon, and total-skin electron beam therapy (TSEB). By far, the treatment 

associated with the greatest odds was chemotherapy with an odds ratio (OR) of 15.71, 95% 

CI 2.06–119.50; p = .008. Mogamulizumab, ECP, topical NM, phototherapy, and localized 

RT were not correlated with bacteremia. By stage, the greatest odds was identified in those 

with stage 3 disease vs. stage 1 (OR 17.52, 95% CI 3.73–82.31; p<.001). Stage 2 A and 4 A-

B also had statistically significant increased odds compared to stage 1, whereas stage 2B vs. 

stage 1 had an odds ratio > 1, but did not meet statistical significance.

Presence of an invasive line was associated with increased odds of bacteremia, but the type 

of line (port, peripherally inserted central catheter or others) and length of line did not reach 

statistical significance. It is worth noting, however, that the median duration of an invasive 

line in patients who developed bacteremia was 40 days compared to only 7.5 in those who 

did not develop bacteremia.

Regular outpatient dermatology follow up was associated with a reduced odds of bacteremia 

(OR 0.25 95% CI 0.11–0.56, p<.001), as was treatment with corticosteroids.

Survival analysis

We assessed the impact of bacteremia on survival in our cohort in univariate and 

multivariable models (Table 3). Two patients were set to missing for OS, and 4 patients were 

set to missing for time to bacteremia, resulting in 178 and 176 patients respectively for the 

survival analysis. We found that age > 65, diagnosis, advanced stage, and development of 

bacteremia were associated with an increased risk of death on univariate analysis. On 

multivariable analysis controlling for age, diagnosis, stage, and race, only age and 

bacteremia remained significant. Outpatient dermatology follow up was not associated with 

survival. In this model, bacteremia was highly significant for risk of death with a hazard 

ratio of 6.73 95% CI 2.48–18.26; p<.001.

By Kaplan–Meier assessment, overall survival was significantly shorter in patients who 

developed bacteremia (p = .0012) (Figure 1). Fourteen patients without (10%) and 12 

patients with (33%) bacteremia died during follow up. The absolute difference in survival 

was 10.7% at five years. Accounting for stage (early vs. advanced) this difference remained 

(log rank p = .0003) and further stratified patients. Five-year survival was 100%, 91.7%, 

81.8%, and 76.4% in those with no bacteremia and early stage, bacteremia and early stage, 

no bacteremia and advanced stage, and bacteremia and advanced stage, respectively. 

Additionally, time to bacteremia was shorter in patients with advanced stage vs. early stage 

(Figure 2). Five-year bacteremia free survival was 98.5% in those with stage 1–2 A disease 

compared to 68.3% in those with advanced stage.
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Skin prophylaxis and culture data

We additionally assessed use of oral prophylactic antibiotics in this population. We found 

that there was increased usage of oral antibiotic prophylaxis among those who developed 

bacteremia with 42% prophylaxis in those without bacteremia and 92% in those who did (p 
< .001). We also assessed skin culture data, and found that 31 patients had positive skin 

cultures prior to bacteremia and 38 negative cultures; 19 of the positive skin cultures 

matched subsequent bacteremia cultures and thus were likely related. For those on 

antibiotics prior to bacteremia with positive skin cultures, 21 were sensitive to the antibiotic 

prescribed and 8 were resistant.

Discussion

With a median follow up time of > 6 years, 20.0% of patients (n = 36) in our cohort 

developed 79 discrete episodes of bacteremia. Risk factors for bacteremia in our cohort 

included advanced stage, female gender, African American race, presence of an invasive 

line, and certain treatments, particularly chemotherapy. Bacteremia was associated with 

>15x increased risk of death accounting for stage and other baseline features.

The largest prior comprehensive review of infections in this population was published 28 

years ago and there has been a single update in a small single center institution in recent 

years [1,12]. Our data are generally consistent these publications, identifying advanced stage 

and chemotherapy as risk factors for bacteremia [1,12,13]. In the largest series to date, 36 

episodes of bacteremia were identified in 356 patients with MF/SS [1]. The authors noted 

that bacteremia cases were often nosocomial (77% of cases) and were a major infectious 

cause of death in this population. In our population, nosocomial infection was not the major 

source, with only 15 of 79 documented nosocomial cases in our population.

Also consistent with our report, multi-agent chemotherapy was associated with increased 

risk of bacteremia in 2 prior publications [1,13]. In our population, treatment with 

chemotherapy was associated with greater than 15x increased risk of bacteremia. 

Interestingly, this appears largely independent of the risk of neutropenia, as neutropenia is 

rare in this population [1,12]. Only 1 patient was neutropenic at the time of bacteremia in 

our study. That patient had stage 4B disease and prior treatment with methotrexate, 

romidepsin, chemotherapy, and was receiving carfilzomib at the time of infection. Similarly, 

9.5% of patients receiving chemotherapy in the study by Axelrod et al. were neutropenic 

during chemotherapy. Many other systemic treatments and TSEB were associated with 

bacteremia. However, biologics and traditional therapy used for Sézary such as ECP, oral 

retinoids, and mogamulizumab were not. Given the risk of morbidity and mortality with 

bacteremia, these data may further support the use of these biologic therapies in appropriate 

patients prior to cytotoxic or immunosuppressive agents.

We found interesting patterns by disease stage. Patients with stage 3 comprised a minority of 

our population (n = 15), but may pose the greatest risk for bacteremia in our population 

compared to stage 1 with an odds ratio >17. Stage 2 A and 4 represented similar risks, while 

patients with patients with stage 2B disease did not reach statistical significance. We 

hypothesized the over-representation of stage 2 A, 3, and 4 among bacteremic patients may 
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be related to erythroderma or extent of skin involvement, however, T stage did not predict 

for infection in our model (data not shown). It is possible that a more detailed analysis using 

percentage of body surface area or the modified severity weighted index would better assess 

this correlation. However, it is interesting to note that Axelrod et al. similarly reported 

increased risk of infection with advanced stage independent of T stage, suggesting that 

factors associated with advanced stage itself may predispose to infection [1].

We identified novel associations of African American race and female gender with increased 

risk of bacteremia. The reason for these associations are unclear. Other reports have noted 

aggressive presentations with more advanced disease in AA females, so it is possible that 

this correlation is related to a higher prevalence of advanced stage in this group [14]. 

Compared to other institutions, we have a higher proportion of AA patients. Our population 

consisted of nearly 50% AA patients, thus increasing our power to detect differences by 

race. Consistent with prior studies, age was not related to bacteremia but did predict for 

inferior survival [1,12,13].

As demonstrated in other reports, invasive lines were associated with increased risk of 

bacteremia. However, we lacked power to detect which types of lines were the highest risk. 

We noted that the median length of line was longer in those who developed bacteremia at 40 

vs. 7.5 days in those who did not, however when adjusting for time before line placement 

this was 20 vs. 7.5 days. Of 47 lines in all cases of bacteremia, 29 were documented to be 

removed at the time of hospitalization.

We were interested in use of prophylactic antibiotics for skin infection as a mitigating factor 

for bacteremia. The increased administration of oral antibiotic prophylaxis among those who 

developed bacteremia likely suggests that clinicians were able to identify those at risk for 

infection. While the intricate role of staph aureus and antibiotics in disease progression has 

been recently elucidated, a much larger study would be necessary to assess its utility in 

preventing systemic infection [6]. In our cohort, there was a high rate of resistance to oral 

antibiotics, with matching multidrug-resistant infections in skin and blood cultures. The 

protective relationship of outpatient dermatology follow up was also of note. While this may 

be related to a skewing of lower stage patients, it would be interesting to assess whether 

improved skin care may also reduce risks of bacteremia in future analyses.

Our study had some limitations including those inherent to a single center retrospective 

study. The long interval of follow up including older data originating from 1990 increased 

the heterogeneity of treatment and data capture. We therefore had to exclude a large number 

of older cases due to incomplete data, while those diagnosed prior to 2000 were abstracted 

from paper records. Our definition of bacteremia included any patient with at least 1 positive 

blood culture. While we did assess whether patients were symptomatic it is possible some of 

these cases were due to contaminant rather than infection. It is worth noting that among 79 

bacteremic episodes, 49 cases were symptomatic, but there was no difference in outcomes 

between the symptomatic and asymptomatic cases.

Overall, we provide a detailed update on risk factors for bacteremia in patients with CTCL 

and demonstrated its detrimental impact on overall survival. Altogether, 47 cases of 
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bacteremia were associated with lines, 15 were nosocomial, and 19 were associated with 

prior skin infection or colonization. Based on these data we would recommend treatment 

with non-immune suppressing modalities such as biologics when possible, avoidance of 

central line placement and prompt removal when necessary. There remain gaps in 

knowledge regarding the best use of antibiotic prophylaxis and effective methods to prevent 

bacteremia and associated poor outcomes, however in absence of more robust data we would 

advise adequate skin care including regular dermatology follow up and appropriate 

treatment of colonization and infection in select patients.
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KEY POINTS

• 20% of patients developed bacteremia at any point in time in this analysis.

• Bacteremia is associated with an increased risk of death in patients with 

CTCL

• Risk factors for bacteremia include advanced stage, female gender, AA race, 

invasive line, and chemotherapy.
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Figure 1. 
(a) Overall survival by bacteremia; (b) Overall survival by bacteremia and stage.
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Figure 2. 
Time to bacteremia in early and advanced stage cutaneous T-cell lymphoma.
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Table 1.

Patient characteristics.

Variable Level N=180 %

Age at diagnosis Median (range) 56.5 (12–95)

Sex Female 86 47.8

Male 94 52.2

Race White/Hispanic 93 51.7

Black 87 48.3

Diagnosis MF 135 75.0

SS 18 10.0

CD30+ 6 3.3

NOS 12 6.7

Other/Unknown 9 5.0

Stage 1 49 29.2

2A 33 19.6

2B 41 24.4

3A-B 15 8.9

4A-B 30 17.9

Missing 12 -

Bacteremia No 144 80.0

Yes 36 20.0

Bacteremia episodes Range 0–10

Skin prophylaxis No 82 46.6

Yes 94 53.4

Missing 4 -

Treatment

Chemotherapy 106 73.1

Romidepsin 24 13.3

Vorinostat 40 22.2

Mogamulizumab 12 6.7

Methotrexate 32 17.8

Brentuximab 16 8.9

IFN 51 28.3

ECP 24 13.3

Oral retinoids 89 49.4

Topical CS 35 19.6

Topical NM 60 33.5

Phototherapy (UVB or PUVA) 62 34.4

Outpatient dermatology consult 113 73.9

TSEB 65 36.3

Localized RT 55 30.7

Device at any time* Yes 29 16.1
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Variable Level N=180 %

Type of line Port 6 13.6

PICC 26 59.1

CVC 7 15.9

Other tunneled line 5 11.4

Missing 136 -

Length of line ≤30 days 21 53.8

>30 days 18 46.2

Missing 141 -

MF: mycosis fungoides; SS: Sézary syndrome; CTCL: NOS cutaneous T-cell lymphoma not otherwise specified; IFN: interferon; ECP: 
extracorporeal photopheresis; NM: nitrogen mustard; UV: ultraviolet B or A; TSEB: total skin electron beam therapy; RT: radiation therapy; PICC: 
peripherally inserted central catheter; CVC: central venous catheter (non-tunneled).

*
Invasive line placed prior to first bacteremia event, or at any time in patients without bacteremia.
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