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Abstract

The epidemiology of herpes zoster (HZ) in contemporary autologous hematopoietic cell transplant 

(HCT) recipients, and the impact of acyclovir/valacyclovir (ACV/VACV) prophylaxis, is not well 

described. In this observational study from 2002–2010, we retrospectively identified 1,000 

varicella zoster virus (VZV) seropositive autologous HCT recipients with up to five years of 

follow up. The incidence of HZ and use of ACV/VACV prophylaxis were determined through 

review of medical records and mailed questionnaires. Risk factors for HZ were determined by 

multivariable Cox regression. Over a period of five years post-autologous HCT, 194 patients 

developed at least one HZ episode with a cumulative incidence of 21%; 159/194 (82%) were not 

on prophylaxis at the time of HZ. A second episode of HZ occurred in 31/194 (16%) patients. 

Patients taking ACV/VACV had reduced risk for HZ (adjusted hazard ratio [aHR], 0.59; 95% CI, 

0.37–0.91), whereas those older than the median age (≥55.5 years) had increased risk (aHR 1.42, 

95% CI 1.05–1.9). Disseminated VZV was reported in 8% and post-herpetic neuralgia in 13% of 

patients. We demonstrate a high burden of HZ late after autologous HCT, despite long-term 
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antiviral prophylaxis. Improved prevention strategies are needed to provide sustained protection 

against HZ after autologous HCT.
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INTRODUCTION

Autologous hematopoietic cell transplantation (HCT) is a favored treatment option for many 

hematologic malignancies. The increasing use of novel chemotherapeutic regimens, T-cell 

depleting agents (e.g., CD34 selection, Thymoglobulin) and biologics, and maintenance 

therapies, along with an aging HCT population, poses a heightened risk for infections in this 

patient population1–5. Studies have reported herpes zoster (HZ) as a common infectious 

complication after autologous HCT in 16%-30% of patients, with most events occurring in 

the first year after HCT6–8.

In addition to the typical presentation of HZ with a painful dermatomal rash, HCT recipients 

often experience complications such as post-herpetic neuralgia, ocular disease, and 

potentially fatal disseminated disease in one-third or more of affected patients5,9–14. Given 

the significant advances in the treatment and supportive care for autologous HCT recipients 

over the past decade, including the increased use of novel drugs for maintenance therapy 

after HCT (e.g., bortezomib, lenalidomide)1,2, a contemporary understanding of the long-

term risk of HZ in this population is important.

Long-term varicella zoster virus (VZV) prophylaxis with acyclovir/valacyclovir (ACV/

VACV) has been shown to be safe and effective in allogeneic HCT recipients9,14–17. There is 

also evidence to support the utility of prolonged antiviral prophylaxis for up to two years 

after autologous HCT18. The 2009 international guidelines recommend ACV/VACV 

prophylaxis among VZV seropositive patients for one year post-allogeneic (B1 

recommendation) and autologous (CII recommendation) HCT recipients19. The guidelines 

have a lower evidence rating in the setting of autologous HCT due to a limited number of 

studies19, and consequently, the duration of prophylaxis ranges widely between HCT 

centers20. Despite that the number of autologous HCTs exceeds that of allogeneic HCTs21, 

there is a relative lack of contemporary data regarding the epidemiology of HZ after 

autologous HCT and the impact of VZV prophylaxis in this population. Recent findings of 

substantially increased healthcare costs and utilization among cancer and HCT patients with 

HZ lends additional support to the need for such data22.

The purpose of this study was to determine the incidence of and risk factors for HZ over a 5-

year period after autologous HCT in a large retrospective cohort of patients who were 

prescribed long-term ACV/VACV for VZV prophylaxis.
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MATERIALS AND METHODS

Data Collection

Databases and available medical records were retrospectively reviewed for patient 

demographics and clinical characteristics, including details regarding HZ episodes and use 

of antiviral prophylaxis. In addition to patient follow up at our center, the Fred Hutchinson 

Cancer Research Center (Fred Hutch) Long Term Follow Up (LTFU) program prospectively 

sent post-HCT survey questionnaires to providers and patients followed outside of our center 

at 6 months post-HCT and then annually. Physician medical records were also requested. 

The patient survey includes a question asking whether the patient had ‘…chicken pox or a 

Herpes zoster or Varicella zoster (VZV) infection (shingles)’ and the area of the body 

involved since the prior questionnaire, as well as a section to list or select active 

medications. The physician survey includes a checkbox to indicate the diagnosis of ‘HZ/

Shingles’ since the last follow up along with sections to document other medical 

complications. The survey did not inquire about microbiologic testing. Data obtained from 

medical records was given preference, followed by physician and then patient 

questionnaires. Report of HZ in any record was counted as an event in this study.

Herpes zoster, the primary endpoint, was classified as 1) localized, defined as the presence 

of lesions distributed in one or two contiguous dermatomes or as 2) disseminated, with 

lesions involving more than two dermatomes or any visceral or central nervous system 

involvement. Ocular involvement was classified as local disease for the purposes of this 

study. Diagnosis was at the discretion of the treating providers and may not have included 

microbiologic confirmation, as HZ is often a clinical diagnosis without additional 

microbiologic testing. Start and stop dates were collected from available records. If no clear 

date was indicated for the start of a HZ episode, the midpoint from date of last contact 

without notation of an event and date of first notation of the event was used. If the event was 

only indicated in physician or patient questionnaires, the midpoint from the dates covered by 

the questionnaires was used in the absence of additional data. Antiviral prophylaxis and 

maintenance therapy start and stop dates were abstracted using the same approach.

Patients

The study population included 1,000 consecutive patients who underwent autologous HCT 

at Fred Hutch between November 2002 and December 2010, including tandem autologous-

autologous HCT recipients receiving transplants within 6 months (Figure S1). Patients were 

excluded if they received a planned tandem autologous-allogeneic HCT, were VZV 

seronegative, received a VZV vaccine without prior HZ or died within 30 days of HCT. 

Patients undergoing HCT for autoimmune diseases received regimens including CD34 

selection and/or rabbit anti-thymocyte globulin in addition to conditioning with total body 

irradiation-based or high-dose chemotherapy.

Antiviral prophylaxis with ACV 800 mg by mouth twice daily or VACV 500 mg by mouth 

twice daily for one year after autologous HCT was routinely prescribed in this cohort per 

Fred Hutch guidelines. Most post-HCT maintenance therapy protocols, especially those 
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using steroids or bortezomib, recommended continuation of ACV/VACV for 2 months 

beyond completion of maintenance therapy.

The Fred Hutch Institutional Review Board approved the study. Informed consent was 

signed by all participating patients in accordance with the declaration of Helsinki.

Statistical Analysis

The incidence rate of first HZ episode per person years and 1,000 person days after first 

autologous HCT were calculated, accounting for date of death or last date of patient contact 

recorded in our system. Cumulative incidence curves were used to estimate the probability 

of developing an initial or recurrent episode of HZ with death treated as a competing risk. 

The effect of ACV/VACV prophylaxis on the occurrence of first HZ episodes was evaluated 

in Cox regression models including demographic, HCT and clinical characteristics. 

Univariable analysis for risk factors associated with a recurrent HZ episode was also 

performed, but limited events precluded an adjusted analysis. ACV/VACV prophylaxis and 

maintenance therapy were analyzed as time-dependent variables. Absolute lymphocyte 

count (ALC) thresholds above and below the lower quartile (760 cells/µl) were used due to 

limited events at lower thresholds.

Variables with biological relevance or P value ≤0.2 in univariable analyses were considered 

for multivariable analyses. Statistical significance was defined as 2-sided P <0.05. SAS 

version 9.3 (SAS Institute, Cary, NC) was used for analyses.

RESULTS

Incidence of HZ

We retrospectively identified 1,000 consecutive VZV seropositive patients receiving an 

autologous HCT at our center from 2002 to 2010. Patient demographic and clinical 

characteristics are presented in Table 1. Patients were followed for a median of 39.7 months 

(interquartile range [IQR], 20.7–66.1 months) and a total of 3,778.1 person years. There 

were 359 deaths in this cohort during the study period at a median of 16.1 months (IQR, 

7.3–37.9). Patients with 5 years of possible follow up had return of questionnaires or records 

for a median of 4 out of 5 years, suggesting good data capture for events spanning the follow 

up period. Additionally, patients on maintenance therapy or recurrent disease often returned 

or communicated with our center for continued follow up.

194 patients developed at least one HZ episode following autologous HCT with an overall 

cumulative incidence of 21% (95% confidence interval [CI], 18%-24%; Figure 1A). First 

HZ episodes occurred at a median of 19 months (IQR, 14.4–30.7; Table 2) after autologous 

HCT. Recurrence of HZ occurred in 31 of these patients (16%) at a median of 14.5 months 

after the first post-HCT HZ episode (IQR, 7.0–24.5; Table 2, Figure 1B). Time-to HZ did 

not differ for patients with disseminated disease (median of 18.2 months) versus localized 

disease (median of 19 months; p=0.4).

The incidence rate of first HZ episode after autologous HCT per person years over the entire 

follow up period was 0.06 (95% CI, 0.05–0.08; Table 3). The highest incidence rate was 
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0.13 in the second year. Patients who had all their follow up with complete medical records 

at our center had a higher crude incidence of HZ (27.1%) than what was determined for 

patients outside of our center (18.2%), suggesting a potential underestimation of the overall 

incidence of HZ in this cohort.

Risk Factors

At the time of first HZ episode, 159/194 patients (82%) were clearly documented as no 

longer receiving ACV/VACV prophylaxis. Of the remaining 35 patients, there was clear 

documentation that 23 patients were still taking ACV/VACV prophylaxis; the additional 12 

patients had follow up questionnaires after their episode of HZ indicating that they were still 

taking prophylaxis. Seventeen of the 35 breakthrough cases occurred in the first year after 

HCT. The median time to first HZ episode after stopping ACV/VACV prophylaxis was 4 

months (IQR, 1.7–7.3). Of the 194 patients who developed HZ, 69 patients received 

subsequent ACV/VACV prophylaxis for a median of 11.7 months (IQR, 3.6–24.5). Of the 31 

patients with recurrent HZ, 15 had received ACV/VACV prophylaxis after their initial 

episode. Recurrent HZ occurred a median of 19.2 months (IQR, 5.1–35) after stopping 

ACV/VACV; 9 patients had documentation supporting development of recurrent HZ while 

on ACV/VACV.

Use of ACV/VACV was associated with a reduced risk for HZ in the univariable analysis 

(hazard ratio [HR] 0.62; 95% CI, 0.4–0.96; p=0.03; Table 4). In a multivariable model 

adjusting for sex, tandem autologous-autologous HCT, pre-HCT HZ, age, and use of 

maintenance chemotherapy, the effect of ACV/VACV prophylaxis remained protective for 

HZ (adjusted HR [aHR], 0.59; 95% CI, 0.37–0.91; p=0.02; Table 4). This effect was greater 

after adjusting for day 365 ALC among the subgroup who survived 1 year and had ALC data 

available (aHR, 0.14; 95% CI, 0.05–0.41; data not shown).

Age greater than the median of 55.5 years was also associated with increased risk for HZ 

(aHR, 1.42; 95% CI, 1.05–1.9; p=0.02). Patients who had a HZ episode pre-HCT (7.4%) had 

increased risk for HZ that did not meet statistical significance (aHR, 1.58; 95% CI, 0.96–

2.61; Table 4). Among the subgroup of patients with data for ALC at day 365 post-HCT, 

those with values below the lower quartile (760 cells/µl) had increased risk for HZ that was 

not statistically significant (aHR, 1.63; 95% CI, 0.84–3.14; p=0.15; data not shown).

Patients who received maintenance therapy for their underlying disease post-HCT (28.1%) 

did not have an increased risk for HZ in an adjusted time-dependent analysis. We also 

compared patients receiving bortezomib maintenance therapy (n=23) to those receiving an 

alternative or no maintenance therapy and found no association with development of HZ 

(HR, 1.11; 95% CI, 0.15–7.97; p=0.92). However, the majority of patients (86%) were 

taking ACV/VACV prophylaxis while receiving maintenance therapy. Overall, patients on 

maintenance therapy received ACV/VACV prophylaxis for a significantly longer duration 

than patients not receiving maintenance therapy (median, 394 days vs 296 days, p<0.001).

Given that patients receiving T-cell depleted HCTs (CD34-selected or ATG use) for 

autoimmune or other diseases may have increased risk for HZ, we calculated the cumulative 

incidence of HZ among this specific group (n=33) compared to those without CD34 selected 

Sahoo et al. Page 5

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HCTs (n=967) and found no significant difference (Figure S2). There was also no significant 

difference in the cumulative incidence of HZ when stratified by underlying disease (Figure 

S3).

Relapse as a time-dependent covariate was not associated with HZ. No risk factors for the 

development of a recurrent HZ episode were apparent in the univariable analysis of this 

cohort (data not shown), so multivariable analyses were not performed.

Clinical Features

Clinical features of HZ episodes are reported in Table 2. Disseminated disease was reported 

in 16/194 (8.2%) patients during the first HZ episode after HCT. Disease manifestation was 

reported for 14 of these cases: 13 had skin involvement, 2 had presumptive gastrointestinal 

involvement, 1 had presumptive pulmonary involvement, and 1 had proven central nervous 

system involvement. Ocular involvement was documented in 8 patients. No patients died 

within 30 days of disseminated disease.

Post-herpetic neuralgia was common and reported in 24% of patients with well-documented 

follow up at our center compared to 10% in patients who left our center after HCT. Rates of 

post-herpetic neuralgia were similar after first and recurrent episodes of HZ. Among the 35 

patients categorized as receiving ACV/VACV prophylaxis at the time of HZ, 20 patients had 

available documentation of appropriate response to first-line therapy for HZ (either 

intravenous ACV or increased doses of ACV or VACV) without the need for additional 

treatment.

DISCUSSION

We demonstrated a high burden of disease due to HZ in a cohort of 1,000 autologous HCT 

recipients, despite long-term antiviral prophylaxis. The use of ACV/VACV did reduce the 

development of HZ while being taken, but the cumulative incidence of disease remained 

high after discontinuation of antiviral prophylaxis.

The incidence rate of HZ over 5 years of follow up in our cohort (0.06 per person year) is 

approximately ten-fold higher than that reported in a large population-based study of 

immunocompetent adults prior to the introduction of the HZ vaccine (0.004 per person-

year)24. The incidence of disseminated disease in our cohort was relatively high but still less 

than that reported in other studies9,25, possibly due to underreporting and the limitations of 

our study design as discussed below. The rate of post-herpetic neuralgia seen in the patients 

followed closely at our center was as high as that reported in immunocompetent patients ≥70 

years old24. There was no apparent difference in the cumulative incidence of HZ among the 

subgroup of patients receiving T-cell depleted HCTs compared to the rest of the cohort, 

although the numbers were small.

Older age is a well-recognized risk factor for the development of HZ in the general 

population24,26,27 and was also associated with increased risk in this cohort of autologous 

HCT recipients. We did not find a strong association with ALC, a surprising finding given 

that T-cell immunity is important for controlling viral infections28. However, this analysis 
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was limited by the smaller number of patients with available data at day 365 and our 

inability to use lower ALC thresholds due to sample size. A study in a Japanese cohort 

receiving a shorter duration of prophylaxis (median of 32 days) also did not find an 

association between ALC at day 30, 100, or 180 with HZ after autologous HCT 25. 

However, ALC may not adequately reflect T-cell function and the number of VZV-specific 

T-cells. Although there is only limited data showing a correlation between the recovery of 

VZV-specific T-cells with risk for HZ after autologous HCT, many studies have 

demonstrated the importance of T-cells for control VZV and the prolongation of VZV-

specific T-cell recovery in the absence of viral reactivation post-allogeneic HCT29. 

Encouragingly, an adjuvanted VZV subunit vaccine in autologous HCT recipients was able 

to increase levels of VZV-specific T-cells compared to placebo30.

We did not find an association between receipt of bortezemib or any maintenance therapy 

and HZ. Although this association has been demonstrated with some agents (e.g. 

bortezomib)31, our center recommends continuing ACV/VACV prophylaxis during 

maintenance therapy, so the majority of patients receiving these treatments were on 

prolonged antiviral prophylaxis. We also did not find a clear association between a history of 

pre-HCT HZ and the risk for post-HCT HZ to suggest a benefit of a pre-HCT boosting of 

immunity, but this analysis was limited by small numbers.

The efficacy and safety of ACV/VACV prophylaxis for HZ after autologous and allogeneic 

HCT is well established9, although there is poor consensus on the dose and duration of 

ACV/VACV prophylaxis for HZ after autologous HCT16,17,19. Although acyclovir-resistant 

HZ has been described32, it is rare in HCT recipients33,34, and there was no clinical evidence 

for resistance in our patients who were taking ACV/VACV prophylaxis at the time of HZ 

based on subsequent response to these agents. VZV-specific T-cell reconstitution in 

allogeneic HCT recipients does not appear to be adversely affected by prolonged use of 

prophylactic ACV after HCT14, suggesting that the continued risk for HZ after 

discontinuation of antiviral prophylaxis likely reflects a prolonged immunodeficiency9. Our 

data demonstrate that despite such aggressive measures, breakthrough cases did occur. The 

cause of breakthrough cases may have been a result of imperfect adherence to medication 

recommendations or possibly a need for higher doses in high-risk patients. Adherence to 

chronic cancer medications for a year can be as low as 70–80%, and rates are lower for 

longer durations of therapy35. The number of breakthrough cases may have been 

overestimated due to the retrospective design and estimates of antiviral prophylaxis 

discontinuation date in some cases. We did not explore specific risk factors for breakthrough 

HZ given the limited events.

Our data suggest that continuing antiviral prophylaxis for HZ for longer durations, 

especially in older patients and those on maintenance therapy, may be beneficial. Our data 

also support the need for additional prophylaxis following a HZ event. These patients had 

relatively high recurrence rates, but many patients were not restarted on antiviral 

prophylaxis, and no guidelines address this issue. Alternative approaches to a durable 

antiviral prophylaxis strategy after autologous HCT are warranted given the high burden of 

late HZ, its associated morbidity, and increased healthcare utilization and costs among 

affected patients22. The currently available live attenuated varicella vaccines have been 
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shown to be effective when given at two years post-HCT36, and guidelines allow the use of 

the zoster vaccine following autologous HCT in select recipients26. Investigational killed 

and subunit zoster vaccines, which demonstrated efficacy against HZ in 

immunocompromised hosts in early phases of development30,37, have the potential to 

provide long-term protection against HZ. Large phase III trials to examine the efficacy of 

vaccination in immunosuppressed populations including HCT recipients are currently 

ongoing (NCT01767467 and NCT01229267) and may provide an option for future 

prevention. Given the often-low rate of implementation of interventions such as vaccines, 

our real-world observational data will help to underscore the burden of illness and 

potentially improve vaccination acceptance.

The retrospective nature of this study with many patients followed at outside institutions 

introduced limitations. Incomplete return of patient and physician questionnaires and records 

limited identification of exact dates of HZ episodes, antiviral prophylaxis and maintenance 

therapy in some instances. The rate of potential breakthrough cases of HZ while on ACV/

VACV prophylaxis without evidence for resistance was higher than expected and suggests 

non-adherence or overestimation of ACV/VACV use based on available records. This may 

have led to an underestimate of the effect size of ACV/VACV at preventing HZ. Diagnosis 

of HZ is typically a clinical diagnosis without microbiologic confirmation, especially in 

community practices. Although this could have led to an overestimation of the rate of HZ, 

clinical diagnosis is highly sensitive and specific for HZ38, and we do not think the lack of 

microbiologic diagnosis substantially impacted these results. Conversely, incomplete follow 

up or return of records may have led to an underestimate of the true incidence of HZ and its 

complications. This is supported by the higher observed rate of HZ in patients with complete 

follow up at our center’s continuity clinics (Table 1), although these patients may represent 

those with increased medical complexity requiring higher levels of care. Follow up data 

were not available for a full 5 years for patients receiving an autologous HCT from 2009–

2010 because chart review for the study ended in 2013. Analyses accounted for differential 

patient follow up by censoring at the time of last contact with patients. Rates of post-herpetic 

neuralgia should be considered estimates given the lack of standardized approaches to 

diagnosis across different sites. We acknowledge that the data may not be generalizable to 

other centers due to the heterogeneity in conditioning and maintenance therapies, as well as 

differences in patient characteristics (e.g. relapsed disease at time of HCT).

Despite these limitations, the unique dataset established through prospective collection of 

patient data allowed for one of the largest and most comprehensive attempts to establish a 

baseline rate of HZ in a contemporary cohort of autologous HCT recipients receiving 

standardized prevention with up to five years of follow up. Our findings provide 

conservative estimates for endpoints in future clinical trials.

In conclusion, this study showed a significant burden of HZ and its complications in a 

contemporary cohort of autologous HCT recipients despite prolonged ACV/VACV 

prophylaxis. Although receipt of ACV/VACV was protective, there continued to be a high 

number of incident HZ cases after discontinuation of prophylaxis. Occurrence of HZ after 

the cessation of prolonged ACV/VCV remains an unresolved challenge, and additional 

strategies for prevention are needed. Prospective studies with documentation of prophylactic 
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therapy use and compliance, along with confirmation of HZ diagnosis and outcomes, are 

important next steps in the field.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative incidence curves of time to HZ episode
Panel A demonstrates the cumulative incidence of first HZ episodes in the entire cohort over 

time. 194 patients had an initial HZ episode within 5 years after autologous HCT with a 

cumulative incidence of 21% (95% CI, 18%-24%). Panel B demonstrates the cumulative 

incidence of recurrent HZ episodes over time. 31 patients had a recurrent episode of HZ 

after autologous HCT.
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Table 1

Clinical Characteristics of the Study Population

Patient Characteristic Overall no. (%) Herpes zoster post-HCT P Value

No Yes

Number 1000 806 194

Median Age at HCT 0.04

    ≤55.5 500 (50) 416 (83.2) 84 (16.8)

    ≥55.5 500 (50) 390 (78) 110 (22)

Sex 0.24

    Female 376 (37.6) 296 (78.7) 80 (21.3)

    Male 624 (62.4) 510 (81.7) 114 (18.3)

Ethnicity 0.54

    White 850 (85.0) 684 (80.5) 166 (19.5)

    Non white 94 (9.4) 79 (84) 15 (16)

    Unknown 56 (5.6) 43 (76.8) 13 (23.2)

Type of HCT 0.07

    Single autologous HCT 948 (94.8) 759 (80.1) 189 (19.9)

    Tandem autologous HCTs 52 (5.2) 47 (90.4) 5 (9.6)

Conditioning regimen 0.99

    Myeloablative with TBI-based
regimens

165 (16.5) 133 (80.6) 32 (19.4)

    Myeloablative with chemotherapy 835 (83.5) 673 (80.6) 162 (19.4)

Status at HCT 0.47

    Relapse 727 (72.7) 587 (80.7) 140 (19.3)

    Remission 208 (20.8) 164 (78.8) 44 (21.2)

    Unknown 65 (6.5) 55 (83.9) 10 (16.1)

Underlying Disease 0.60

    Multiple myeloma 347 (34.7) 271 (78.1) 76 (21.9)

    Hodgkin’s disease 115 (11.5) 95 (82.6) 20 (17.4)

    Non-Hodgkin’s lymphoma 414 (41.4) 337 (81.4) 77 (18.6)

    Autoimmune disease 23 (2.3) 18 (78.3) 5 (21.7)

    Others* 101 (10.1) 85 (84.2) 16 (15.8)

HZ pre-HCT 0.27

    No 926 (92.6) 750 (81) 176 (19)

    Yes 74 (7.4) 56 (75.7) 18 (24.3)

Received Maintenance Therapy 0.002

    No 719 (71.9) 597 (83.0) 122 (17.0)

    Yes† 281 (28.1) 209 (74.4) 72 (25.6)

Type of Maintenance Therapy 0.03

    Lenalidomide 49 (4.9) 38 (77.6) 11 (22.4)

    Rituximab 87 (8.7) 63 (72.4) 24 (27.6)
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Patient Characteristic Overall no. (%) Herpes zoster post-HCT P Value

No Yes

    Bortezomib 23 (2.3) 18 (78.2) 5 (21.7)

    Other 122 (12.2) 90 (73.8) 32 (26.2)

    None 719 (71.9) 597 (83) 122 (17)

Relapse 0.98

    No 819 (81.9) 660 (80.6) 159 (19.4)

    Yes§ 181 (18.1) 146 (80.7) 35 (19.3)

ALC at day 365 post-HCT¶ 0.68

    Below Lower Quartile (<760 cells/µl) 47 (24.4) 34 (72.3) 13 (27.7)

    Above Lower Quartile (≥760 cells/µl) 146 (75.6) 110 (75.3) 36 (24.7)

CD34 Selected HCT or ATG use 0.79

    No 967 (96.7) 780 (80.7) 187 (19.3)

    Yes 33 (3.3) 26 (78.8) 7 (21.2)

Duration of ACV prophylaxis after HCT 0.02

    ≤3months 179 (17.9) 158 (88.3) 21 (11.7)

    3–6 months 93 (9.3) 78 (83.9) 15 (16.1)

    6–12 months 380 (38.0) 302 (79.5) 78 (20.5)

    12–24 months 276 (27.6) 210 (76.1) 66 (23.9)

    >24 months 72 (7.2) 58 (80.6) 14 (19.4)

Recipient HSV serostatus 0.29

    Positive 779 (77.9) 636 (81.6) 143 (18.4)

    Negative 220 (22.0) 169 (76.8) 51 (23.2)

    Equivocal 1 (0.1) 1 (100) 0 (0.0)

Recipient CMV serostatus 0.25

    Positive 547 (54.7) 450 (82.3) 97 (17.7)

    Negative 451 (45.1) 354 (78.5) 97 (21.5)

    Equivocal 2 (0.2) 2 (100) 0 (0.0)

Follow up 0.02

    Outside institution 867 (86.7) 709 (81.8) 158 (18.2)

    SCCA/FHCRC 133 (13.3) 97 (72.9) 36 (27.1)

Abbreviation: HCT, hematopoietic cell transplant; TBI, total body irradiation; HZ, herpes zoster; ALC, absolute lymphocyte count; ACV, acyclovir; 
HSV, herpes simplex; CMV, cytomegalovirus; SCCA, Seattle Cancer Care Alliance; FHCRC, Fred Hutchinson Cancer Research Center.

*
Other diseases included solid tumors (n=57), chronic inflammatory diseases (n=29), acute leukemia (n=10), and other lymphoproliferative 

diseases (n=5).

†
Patients receiving maintenance therapy had multiple myeloma (n=160), non-Hodgkin’s lymphoma (n=99), Hodgkin’s disease (n=8), and ‘other’ 

diseases (n=14).

§
Patients who relapsed had non-Hodgkin’s lymphoma (n=76), multiple myeloma (n=73), solid tumors (n=15), Hodgkin’s disease (n=14), and acute 

leukemia (n=3).

¶
There were 193 patients with day 365 post-HCT ALC data available.
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Table 2

Clinical Characteristics of Herpes Zoster Episodes

Clinical Findings no. (%)

First HZ episode post-HCT 194

  Months to event, median (IQR) 19 (14.0–30.7)

  Disseminated HZa 16 (8.2)

    Skin 13 (81.3)

    Visceral or CNS involvement 4 (25)

    Not reported 2 (12.5)

  Ocular disease 8 (4.1)

  Post-herpetic neuralgiab 25 (12.9)

Recurrent HZ episode post-HCT 31

  Months to event, median (IQR) 14.5 (7.0–24.5)

  Disseminated HZ 0

  Post-herpetic neuralgia 4 (12.9)

Abbreviations: HZ, herpes zoster; HCT, hematopoietic cell transplantation; IQR, interquartile range; CNS, central nervous system

a
2 patients had GI disease, 1 had pulmonary disease, and 1 had CNS disease. 3 patients with visceral involvement also had skin involvement. The 

patients with GI or pulmonary disease has possible involvement by VZV based on clinical findings and response to acyclovir but did not have 
diagnostic confirmation. The patient with CNS disease had VZV identified by PCR in the CSF. Patients with disseminated disease based on skin 
findings had documentation of diffuse vesicular rashes in >2 dermatomes.

b
Post herpetic neuralgia was reported in 24% (9/37) of patients followed at our center and 10% (16/157) in patients who were followed at an 

outside institution.
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Table 3

Incidence Rate of First Herpes Zoster Episode Over 5 Years

Incidence Rate (95% CI)

1st year post-HCT 2nd year post-HCT* Overall period

Per person years 0.03 (0.02, 0.05) 0.13 (0.10, 0.15) 0.06 (0.05, 0.08)

Per 1,000 person days 0.09 (0.08, 0.11) 0.34 (0.31, 0.37) 0.17 (0.14, 0.19)

Abbreviations: CI, confidence interval; HCT, hematopoietic cell transplantation.

*
Incidence rate among one year survivors.
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Table 4

Univariable and Multivariable Cox Regression Models of Time to First HZ Episode Post-HCT

Covariates HR (95% CI) P value Adjusted HR
(95% CI) P value

Median Age at HCT

    ≤55.5 Ref - Ref -

    ≥ 55.5 1.42 (1.06–1.90) 0.02 1.42 (1.05–1.90) 0.02

Sex

    Female Ref - Ref -

    Male 0.83 (0.62–1.11) 0.22 0.81 (0.60–1.08) 0.16

Type of HCT

    Single autologous HCT Ref - Ref -

    Tandem autologous HCTs 0.44 (0.18–1.08) 0.07 0.48 (0.20–1.18) 0.11

HZ Pre-HCT

    No Ref - Ref -

    Yes 1.54 (0.94–2.54) 0.09 1.58 (0.96–2.61) 0.07

Received maintenance therapy
as time-dependent covariate

    No Ref - Ref -

    Yes 0.92 (0.57–1.49) 0.74 0.98 (0.60–1.59) 0.93

ACV/VACV prophylaxis post-HCT
as time-dependent covariate

    No Ref - Ref -

    Yes 0.62 (0.40–0.96) 0.03 0.59 (0.37–0.91) 0.02

Abbreviations: ACV, acyclovir; VACV, valacyclovir; HCT, hematopoietic cell transplantation.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 March 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data Collection
	Patients
	Statistical Analysis

	RESULTS
	Incidence of HZ
	Risk Factors
	Clinical Features

	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

