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A B S T R A C T 86 patients with lymphoma were eval-
uated prospectively for clinical and laboratory evi-
dence ofrecurrent varicella-zoster, herpes simplex, and
cytomegalovirus infections during the first 16 mo of
treatment. Cellular immunity to the viral antigens was
measured by in vitro lymphocyte transformation and
interferon production. Antibody titers and nonspecific
measures ofcellular immunity, including T-cell quanti-
tation and transformation to phytohemagglutinin, were
also assessed. The patients treated with radiation and
chemotherapy had the highest incidence of reactiva-
tion of each of the viruses (15-19%). Greater suscepti-
bility to herpes viral reactivation in these patients
correlated with suppression ofcell-mediated immunity
to the specific virus. In individual patients, suppression
of cellular immunity to the specific herpes viral antigen
preceded each episode of reactivation, but recurrent
infection did not occur in all patients with diminished
specific lymphocyte transformation. Absence of the
response appears to be a necessary but not a sufficient
condition for the recrudescence of latent infection.
Better preservation of cellular immnlunity to herpes
simplex antigen during treatment was associated with
infre(uent reactivation of herpes simplex. In 25
patients with acute herpes zoster, uncomplicated
recovery from the infection was accompanied by the
development of lymphocyte transformation and inter-
feron production to varicella-zoster antigen. Quantita-
tion of T-cell numbers and phytohemagglutinin
transformation clid not correlate with the presence of
viral cellular immunity in treated patients. Responses
returned while T-cell numbers were low, and the

The Abstract was presented at the Fourth Herpes Virus
Meeting, Cold Spring Harbor, N. Y.

Dr. Pollard's present address is Division of Infectious
Diseases, University of Texas Medical Branch, Galveston,
Texas.
Received for publicatiotn 2 October 1979 anid inl revised

forimi 14 December 1979.

recovery of phytohemagglutinin transformation often
preceded recovery of the responses to viral antigens.
Although some patients had deficiencies in viral
cellular immunity at diagnosis, the duration of the
suppression of specific antiviral responses resulting
from treatment appears to be the most important factor
predisposing to the recurrence of herpes infections in
lymphoma patients.

INTRODUCTION

The immunosuppressive therapy that is required to
treat malignancy or to maintain transplanted organs is
associated with the reactivation of latent herpes viral
infections (1-5). The reactivation of varicella-zoster,
herpes simplex, or cytomegalovirus can cause signifi-
cant morbidity and mortality in immunocompromised
patients despite the fact that the infection is recurrent
rather than primary. The suppression of cellular
immunity has been implicated in the pathogenesis of
reactivation because recurrent herpes infections occur
in patients with antibody to the specific herpes virus.
Cellular immunity to varicella-zoster (VZ),' herpes
simplex (HSV), and cytomegalovirus (CMV) can be
demonstrated in normal individuals who have had
primary infection with these viruses using assays of in
vitro lymphocyte transformation and interferon pro-
duction (6-8). Lymphocyte transformation to the viral
antigens is primarily a T-cell response. Interferon
is produced primarily by B cells in this assay (9, 10).

Patients being treated for Hodgkin's disease and non-
Hodgkin's lymphoma are subject to recurrent herpes
viral infections, especially herpes zoster (3). The
purpose of this study was to determine whether de-
ficiencies in cellular immunity to specific herpes viral
antigens could be related to episodes of viral reactiva-

1 Abbreviationis used in this paper: CMV, cytomegalovirus;
HSV, herpes simplex; PHA, phytohemagglutinin; SI, stimula-
tion index; VZ, varicella zoster.
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tion in patients with lymphoma. Lymphocyte trans-
formation and interferon production to VZ, HSV, and
CMV antigens were evaluated prospectively in 86
lymphoma patients from the time of diagnosis through
the first 16 mo of treatment. The cellular immune
response to viral antigens was correlated with antibody
titers, with lymphocyte transformation to phyto-
hemagglutinin (PHA), and with the quantitation of T
cells to ascertain whether deficiencies in viral cellular
immunity were more predictive of recurrent herpes
virus infection than assays of humoral immunity or
nonspecific cellular immunity.

METHODS
Patietnt population. The patients participating in this

study were referred to Drs. Henry Kaplan and Saul Rosenberg
at Stanford University Medical Center for the diagnosis and
treatment of Hodgkin's disease or of non-Hodgkin's lym-
phoma. The patients were staged according to the Ann Arbor
International Classification, with most patients undergoing a
staging laparotomy with splenectomy. Cellular and humoral
immunity to VZ, HSV, and CMV were evaluated in 128
patients at the time of diagnosis. 86 patients were treated at
Stanford (Table I) according to defined protocols for Hodgkin's
disease and non-Hodgkin's lymphoma. Treatment for Hodg-
kin's disease included involved field, extended field, or total
nodal radiation. Patients given radiation and chemotherapy
received either nitrogen mustard, vincristine, procarbazine
and prednisone, or procarbazine, alkeran, and velban. Non-
Hodgkin's lymphoma patients received involved field or
mantle/whole abdomen/pelvic radiation. Patients treated with
radiation and chemotherapy were given either cytoxan,
vincristine, and prednisone, or adriamycin, cytosine arabino-
side, and thioguanine, or cytoxan, adriamycin, vincristine, and
prednisone. Some non-Hodgkin's lymphoma patients were
given chemotherapy only with either chlorambucil or
cyclophosphamide. None of the patients with Hodgkin's
disease received chemotherapy only.

Clinical infection. A history of prior HSV and herpes
zoster infections was obtained at the time patients were en-
rolled in the study. The symptoms of HSV and herpes
zoster were reviewed with the patients and they were asked
to note recurrences of HSV and to notify the physician of
symptoms of herpes zoster. The patients were interviewed at
the follow-up intervals regarding the occurrence of clinical
HSV or herpes zoster during the previous 4-mo period.

Cell-mediated immunity to herpes viral antigens. The
methods used in the preparation of VZ, HSV, and CMV
antigens have been described (6-8). The lymphocyte trans-
formation and interferon production assays were performed
by incubating Ficoll-Hypaque-separated (Pharmacia Fine
Chemicals, Div. of Pharmacia Inc., Piscataway, N. J.;
Winthrop Laboratories, New York) peripheral blood mono-
nuclear cells in 30% heat-inactivated human serum with viral
antigen or with PHA for 5 d in a microtiter culture plate (6).
Lymphocyte transformation was detected by measuring
tritiated thymidine incorporation in antigen-stimulated wells
(3H antigen) compared with control wells (3H control). The
results are expressed as a stimulation index (3H antigen
divided by 3H control). A stimulation index ofat least threefold
was considered a positive response because previous studies
of at least 40 normal seropositive subjects have shown that
immune individuals respond with stimulation index (SI) > 3.0
to each ofthe antigens used (6-8). The SI was used to analyze
the data from lymphoma patients because thymidine
incorporation by lymphocytes incubated with control antigen
showed no significant change with treatment. Incorporations
(±SE) in the control wells at each follow-up interval for
patients given radiation and chemotherapy were 274±53.51,
203±42.25, and 183±56.20; for patients given radiation only,
the values were 343±87.98, 318±50.71, and 226+51.09; for
those given chemotherapy only, the values were 339±53.08,
409+135.63, and 229±49.42. Interferon production is meas-
ured by assaying the supernates from antigen-stimulated wells
in a microtiter interferon assay using vesicular stomatitis virus
as the challenge virus (6-8). The cellular immune responses
were reproducible in 12 of 13 patients evaluated twice before
treatment.

T-cell, B-cell, and monocyte quantitations. T-cell quanti-
tation was performed by incubating Ficoll-Hypaque-separated
mononuclear cells with sheep erythrocytes and counting the
number of lymphocytes with at least three adherent
erythrocytes (9). Incubation to remove serum factors that
might interfere with T-cell quantitation was not done because
E-rosette counts in untreated patients did not differ signifi-
cantly from the range seen in normal subjects with this
method. B cells were quantitated using direct immuno-
fluorescence staining of surface immunoglobulins (10). Mono-
cytes were stained with the cytoplasmic esterase tech-
nique (11).

Cell separation techniques. Spleen tissue was placed in
McCoy's medium immediately after surgical removal. The
fresh tissue was minced, passed through wire mesh, and then
through fine gauze. The preparation was washed and pelleted,
resuspended in McCoy's medium, and layered on Ficoll-

TABLE I
Lymphocyte Transformation and Interferon Production to Herpes Viral Antigens in Untreated Lymphoma Patients

Percent of patients with .3.0 Percent of patients with interferon
lymphocyte transformation production 21.0 log units

Pathologic diagnosis VZ HSV CMV VZ HSV CMV

(n) (n) (n) (n)(n) (n)

Hodgkin's disease 46 (63) 91 (35) 63 (19) 79 (63) 97 (35) 77 (17)
Stage IA, IB, IIA, IIB, IIIA 53 (55) 90 (30) 71 (19) 78 (55) 97 (30) 88 (17)
Stage IIIB, IVA, IVB 0 (8) 100 (5) 0 (2) 75 (8) 100 (5) 0 (2)

Non-Hodgkin's lymphoma 58 (65) 80 (50) 66 (44) 83 (65) 94 (50) 84 (44)
Stage IA, IB, IIA, IIB, IIIA 65 (40) 86 (29) 83 (24) 90 (40) 100 (29) 88 (24)
Stage IIB, IVA, IVB 48 (25) 71 (21) 45 (20) 72 (25) 86 (21) 80 (20)
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Hypaque or on nylon fiber columns. Nylon fiber columns were
used to obtain cell preparations with increased numbers of T
cells; E-rosette depletion of Ficoll-Hypaque-separated cells
was done to obtain B-cell-enriched preparations (12). The
percentage ofT cells in the column-purified preparations was
84±2.59 SE; E-rosette-depleted cells had <10% E-rosetting
cells. The peripheral blood and spleen Ficoll-Hypaque-
separated cell preparations contained 53+5.42 and 45±6.97%
SE E-rosetting cells, respectively; B-cell counts were 24±2.99
and 36+3.30 SE; monocyte counts were 12±3.33 and
16±2.56 SE.
Anitibody measuremetnt. Antibodies to HSV and CMV

were measured with a standard complemnent fixation assay
(13). VZ antibody was measured with an indirect fluorescence
method previously described (7). All sera collected from an
individual patient were tested at the same time.

Viral cultures. For isolation of HSV and CMV, throat
gargle material or urine obtained at each follow-up interval
was mixed with gentamicin and amphotericin, inoculated into
triplicate human foreskin fibroblast culture tubes, and
examined twice weekly for cytopathic effect over a 4-wk
period. HSV isolates were identified by direct fluorescence
with specific antisera; CMV isolates were identified by
cytopathic effect. Although the rate of viral shedding was low
in lymphoma patients, the cardiac transplant recipients being
monitored at the same time had high rates of viral shedding in
our culture system.

RESULTS

Cellular itininunittX in lyniphotna patients
before treatment

The data confirm our observation that untreated lym-
phoma patients have a deficiency in lymphocyte trans-
formation to VZ antigen (7). Fewer patients responded
to VZ antigen than to HSV or CMV antigens in both the
Hodgkin's and non-Hodgkin's lymphoma groups
(Table I). Among Hodgkin's patients, the extent of the
disease at diagnosis correlated with diminished lym-
phocyte transformation to VZ antigen. None of the
patients with stage IIIB, IVA, or IVB had detectable
lymphocyte transformation to VZ antigen, although the
responses were more than threefold in 53% of those
with stage IA, IB, IIA, IIB, and IIIA disease (x2,
P < 0.05). The mean lymphocyte transformation to
PHA antigen was also lower in Hodgkin's patients with
stage IIIB-IVB disease (mean = 22.8+4.4 SE) com-
pared with those with stage IA-IIIA disease (mean
= 33.3+5.32 SE), but was equivalent in patients with
non-Hodgkin's lymphoma, stage IA-IIIA (mean
= 39.7+4.4 SE), and stage IIIB-IVB (mean = 38.1
±5.32 SE). All of the viral antigens stimulated in vitro
interferon production in most untreated patients,
including those with extensive disease (Table I).
The suppression oflymphocyte transformation in un-

treated patients could not be attributed to a serum factor
because responses to VZ, HSV, and PHA antigens were
equivalent whether cells were incubated in the
patients serum or in pooled normal serum among 12
patients tested (14). Increased prostaglandin synthesis

has been implicated in the suppression of in vitro
cellular responses in lymphoma patients (15). Cells
from four patients were incubated with indomethacin, a
prostaglandin inhibitor, in concentrations ranging from
0.05-1.0 ,ug/ml, with no effect upon lymphocyte
transformation to VZ or PHA.

The effect of.splenectonq on cellular in7iiinunity
in1 untreated patients

Because some epidemiologic studies suggest that
splenectomy increases the risk of herpes zoster infec-
tion in lymphoma patients (1), cellular immuinity was
evaluated in 20 patients before and 5-7 d after
splenectomy. 10 of 20 patients tested before splenec-
tomy had lymphocyte transformation 2 3.0 to VZ
antigen. Of these, only five responded to VZ antigen
after splenectomy. All patients tested before splenec-
tomy had interferon production to VZ antigen com-
pared with 14 of 20 (70%) after splenectomy. Splenec-
tomy was associated with suppression of lymphocyte
transformation to HSV in 3 of 10 HSV seropositive
patients. Although these changes in cellular immune
response may be, in part, the result of the postoperative
status of the patients, lymphocyte transformation to
PHA was intact in 16 of 19 patients after splenectomy.
The mean VZ lymphocyte transformation in mono-

nuclear cell cultures prepared from splenic tissue was
5.6+0.98 SE compared with a mean peripheral blood
response of2.5+0.82 SE in 14 patients tested (P < 0.05,
t test), despite the fact that the numbers of E-rosetting
cells were equivalent (60±+3.43; 64-+ 3.19). 8 of 11
patients whose peripheral blood mononuclear cells
showed no response to VZ antigen had lymphocyte
transformation to VZ antigen in cultures ofsplenic cells
(x2, P < 0.05), suggesting that the spleen may be a
source of VZ-reactive cells in patients with none
detectable in the circulating lymphocyte pool. Using
column-purified T cells recombined with B cells and
monocytes, lymphocyte transformation was studied in
11 patients. The splenic cell response was optimal with
75-83% E-rosetting cells (mean lymphocyte trans-
formation to VZ = 5.5±+0.72 SE) and was eliminated by
the depletion of T cells to <35%. Although there is
some evidence that lymphoma patients have circulat-
ing suppressor cells in adherent cell subpopulations
(15), the response of splenic T cells was not suppressed
by recombination with peripheral blood-derived B-cell
monocyte preparations in five of seven patients who
had no VZ lymphocyte transformation in peripheral
blood mononuclear cell cultures. Conversely, the
peripheral blood T-cell response was not restored in
three seropositive patients whose column-purified
peripheral blood T cells were cultured with spleen-
derived B-cell monocyte preparations. The enrichment
of peripheral blood mononuclear cell cultures for T
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cells so that cultures contained 73-84% E-rosetting
cells did not result in detectable transformation in five
patients studied.

Correlation ofthe effect of therapyj on cellular
and humnoral irninunity to VZ, HSV, and CMV
with the occurrence of clinical ancd laboratorlj
evidence of infection
VZ. 13 cases of herpes zoster occurred during the

period of the prospective study. 8 of 40 patients with
Hodgkin's disease had herpes zoster (20%) compared
with 5 of 46 non-Hodgkin's lymphoma patients (11%).
Ofthe 13 cases, 8 occurred in patients treated with both
radiation and chemotherapy (19%), including 6 of 31
Hodgkin's and 2 of 11 non-Hodgkin's patients. All of
the cases of herpes zoster in patients given both
radiation and chemotherapy were seen in those given
maximum amounts of radiation, i.e., total nodal
radiation for Hodgkin's disease or mantle/whole
abdomen/pelvic radiation for non-Hodgkin's lym-
phoma. In this group, the incidence of herpes zoster
was 8 of 29 (27.6%). 4 patients given radiation only had
herpes zoster (16%), including 2 of9 Hodgkin's and 2 of
16 non-Hodgkin's patients. One case occurred among
19 patients with non-Hodgkin's lymphoma given
chemotherapy only (5.2%).

This distribution of episodes of VZ reactivation
among the three treatment groups correlated with the
number of patients having no lymphocyte transfoirma-
tioin response to VZ antigen at each test interval, anid
with the duration of suppression ofthe response in each
treatment group (Fig. 1). The mean lymphocyte trans-
formation to VZ antigein was below the normiial ranige for
the first 16 mo of treatment in patients who receivecl
radiation and chemotherapy or radiation therapy only.
However, a significaint niumber of patients treated with
radiation only showed lymphocyte transformation
responses - 3.0 to VZ antigen by 12-16 mo (59%)
compared with those given radiation and chemotherapy
(Fig. 1). At each interval, significantly fewer patients in
the radiationi and chemiiotherapy group had a lymphocyte
transformation - 3.0 to VZ antigen when comnpared
with the patients given either single modlality therapy
(x2, P < 0.05 for each comiparison). The prolongecl
suppression of lymphocyte transformation acnd the
occurrence of episodes of herpes zoster were seen in
patients with less extensive disease, with stage IA-IIB,
who were treated with maximium amounits of radiationi
and chemotherapy, as well as in patients with stage
IIIA-IVB disease (Fig. 2). Patients given radiation only
with anl eqjuivalent extent of disease had better
preservation of lymphocyte transformation and fewer
episodes of herpes zoster (Fig. 2). Although the mnean

25
VARICELLA-ZOSTER ANTIGEN HERPES SIMPLEX ANTIGEN T CYTOMEGALOVIRUS ANTIGEN

00 0- - 1 0-
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FIGURE 1 The effect of therapy upon lymnphocyte transformlation to VZ, HSV, and CMVN
antigens in seropositive patients. The lower portion of the figure shows the mean SI±SE, I, to
each of the viral antigens in relation to the treatment given. The SI is a ratio of coulnts per
minute in antigen-stimulated cultures to counts per minute inl the appropriate control cultures.
The treatment groups include radiation plus chemnotherapy (n), radiation only (-n), anld
chemotherapy only (2s). The numbers of seropositive patients te.sted with each antigen in each
treatment group is given as "n." The horizontal shaded area (Es) indicates the mnean SI+SE seenl
in normal seropositive subjects tested with each antigen. The upper portion of the figure shows the
percentage of patients in each treatment group who had detectable lymphocyte transformation
to the viral antigens at each test interval.
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FIGURE 2 The effect of therapy upon lymphocyte transfor-
mation to VZ antigen related to the stage of disease and
therapy giveni. The lower portion ofthe figure shows the mean
SI+SE (x) to VZ antigen in relation to the treatment given.
The SI is a ratio of counts per minute in the control culttures.
The treatment groups include radiation plus chemotherapy
(=) and radiation only (mn). The number of patients tested
in each treatmnent group is given as "n." The upper portion
of the figure shows the percentage of patients in each treat-
ment group who had detectable lymphocyte transformation
to the antigen at each test interval and the occurrence of
cases of herpes zoster, indicated by A for patients given
radiation and A for those given radiation and chemotherapy.
The right-hand portion of the figure provides these data in
subjects with stage IA, IB, IIA, or IIB disease; the left-
hand portion shows these data in subjects with stage IIIA,
IIIB, IVA, or IVB disease.

interferon production to VZ antigen was below the
normal range for all three treatment groups (luring the
period of study, 79-92% of the patients in each group

had interferoni production 2 1.0 log units at each test
interval (Fig. 3).
As shown in Fig. 4, the cases of herpes zoster in

patients treated with radiation only were observed
when <40% ofthe patients had lymphocyte transforma-
tion to VZ antigen; no cases occurred at 12-16 m11o after
diagnosis when 15 of 25 patients had recovered
lymphocyte transformation to VZ antigen. In contrast,
at 12-16 mo, only 9 of 42 patients given radiation and
chemotherapy responded to VZ antigen, and episodes
of herpes zoster continued to occur throughout this
later period of follow-up.
These data showing the pattern of suppression of

lymphocyte transformation to VZ antigen during the
initial treatment of lvmphoma also correlate vith the
epidemniology of herpes zoster in the lymphoma
patients treated at Stanford from January 1973 to
December 1978 (Fig. 4). During this period, 42 epi-
sodes of herpes zoster were diagnosed in patients
given radiation therapy only. An analysis of the per-
centage of cases occurring at each interval after diag-
nosis showed that 43% had occurred within 4-8 mo
and that 75% had occurred by 12-16 mo after diagnosis.
The distribution of 100 episodes in patients given both
radiation and chemotherapy differed in that substantial
numbers of cases were seen until 20-24 mo after
diagnosis; 75% of cases had not occurred until 24-28
mlo after diagnosis (Fig. 4).
The loss of lymphocyte transformation to VZ antigen

preceded the occurrence of herpes zoster in all 13
patients who developed herpes zoster during the
prospective study. Declining VZ antibody levels were
not detected in these patients and their VZ antibody
titers were equivalent to those in patients who,
matched by disease, age, and therapy, did not develop
clinical herpes zoster infection (Table II). VZ antibody
titers did not decline during treatmenit in patients

VARICELLA-ZOSTER ANTIGEN HERPES-SIMPLEX ANTIGEN CYTOMEGALOVIRUS ANTIGEN
4.0

n 42 2519 25 2115

2.0

0.

BEFORE 4-8 8-12 12-16
THERAPY months

n = 20 16 11

AIIfI
BEFORE 4-8 8-12 12-16 BEFORE 4-8 8-12 12-16
THERAPY months THERAPY months

FIGURE 3 The effect of therapy upon interferon production to VZ, HSV, and CMV antigenis in
seropositive patients. The meani logl0 interferon (IF) production+SE (1) to each of the viral
antigens is shown for each treatmenit group during the first 16 mo after diagnosis. The data for
interferon production are titers expressed as the log,O of the dilutioni, giving 50% inhibition of the
cytopathic effect of vesicular stomatitis virus. The treatmeint groups include radiationi plus
chemotherapy (=), radiation only (mn), and chemotherapy only (cs). The numilber of seropositive
patients tested with each antigen in each treatment group is given as "n." The horizontal shaded
area ( m3) indicates the mean log,0 interferon prodluction+±SE seen in normiial seropositive subjects
tested with each antigeni.

Cellular atnd Hum70oral Immi7lutnity to Herpes Viruses int Lymjphotm1a Patients 873



HERPES ZOSTER: PROSPECTIVE STUDY

HERPES ZOSTER: 1973-1978

4-8 8-12 12-16 16-20 20-24

INTERVAL AFTER DIAGNOSIS
RADIATION + CHEMOTHERAPY RADIATION ONLY

FIGuRE 4 The occurrence of herpes zoster during the treatment of lymphoma among patients
treated at Stanford University Medical Center from January 1973 to December 1978. The upper
portion of the figure shows the occurrence of cases of herpes zoster in the prospective
study, indicated by A, among patients given radiation plus chemotherapy and those given radiation
only in relation to the percentage of patients with detectable lymphocyte transformation to VZ
antigen at each follow-up interval. The lower portion of the figure shows the epidemiology of
herpes zoster with the initial therapy oflymphoma among patients treated between 1973 and 1978.
The dark circles (0) indicate the percentage of the total number of cases in each treatment
group that occurred at each interval after diagnosis. The number of cases analyzed in each
treatment group is given as "n."

given maximum radiation and chemotherapy, which
was the group at greatest risk of developing herpes
zoster (Table II).
HSV. Despite therapy, clinical HSV infection was

mild in 60 of 61 HSV seropositive patients. 62% of the
patients had no clinical infection, 26.2% had one or two
lesions with no change in frequency or severity com-

pared with pretreatment infection, and 6.6% had four
to six lesions with no increased frequency or severity.
Two patients experienced an increase in severity or

frequency of lesions. These findings correlated with
the better preservation of cell-mediated immune
responses to HSV antigen during treatment. The mean

lymphocyte transformation to HSV antigen remained at
the normal range in patients given radiation only
or chemotherapy only throughout the follow-up period
(Fig. 1). Patients given radiation and chemotherapy
had mean levels of transformation to HSV antigen
significantly below those in the single modality treat-
ment groups at the 4-8- and 8-12-mo intervals

TABLE II
Geometric Mean VZ Antibody Titers

Patients given Patients Matched patients
maximum radiation who developed with no
plus chemotherapy herpes zoster herpes zoster

(n = 21)* (n = 13) (n = 13)t

Before treatment 1:151 1:115 1:186

During treatment
4-8 mo 1:309
8-12 mo 1:166 1:218§ 1:2751
12-16 mo 1:151

* Excluding patients who developed herpes zoster.
Patients matched by disease, age, and therapy.

§ Tested at interval before occurrence of zoster.
"Tested at the same interval as the matched patient who developed herpes zoster.
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(P < 0.05, t test) but not at 12-16 mo. Except in the
radiation and chemotherapy group at the 8-12-mo
interval, the percentage of patients with lymphocyte
transformation.-3.0 to HSV anitigeni was consistently
>50%. Interferon production to HSV antigen remained
in the normal range for all three groups (Fig. 3).
Asymptomatic HSV sheddIinig was detected in five

patients. Four of the five episodes occurred in patients
given both radiation and chemotherapy (4 of 25; 16%)
within 12 mo after diagnosis, when HSV lymphocyte
transformation was diminished in this group. One
patient had received radiation only (1 of 24; 4.8%).
None of these patients hadc lymphocyte transformation
to HSV antigen at the timne virus shedding was docu-
mented; four of the five had responses > 3.0 at the
next test interval and were no longer shedding virus. A
sixth patient had seroconversion to HSV indicating
primary HSV infection, and acquired lymphocyte trans-
formation to HSV antigen without clinically apparent
infection. A seventh patient with diffuse histiocytic
lymphoma, stage IVB, with brain involvement, who
had received 3,500 rads whole brain irradiation and
intrathecal methotrexate, developed fatal HSV enceph-
alitis. This patient had no lymphocyte transformation
to HSV antigen before the onset of the infection.
There were no significant differences in HSV anti-

body titers among patients receiving both radiation
and chemotherapy when compared with those given
radiation or chemotherapy only (Table III).
CMV. 47 patients had antibody to CMV at the time

of diagnosis. No symptomatic illness attributable to
CMV was identified in any of these patients during the
prospective study. None of the 39 patients without
CMV antibody at diagnosis showed seroconversion
during the study period.
The mean lymphocyte transformation to CMV anti-

gen was below the normal range in all of the treatment

groups at 4-8 mo after diagnosis, and remained
low in the combined therapy and chemotherapy-only
groups at 8-12 mo (Fig. 1). By 12-16 mo, the mean
lymphocyte transformation responses and the number
of patients with greater than threefold response to
CMV antigen were not significantly different among
the three treatment groups. MIean interferon production
to CMV antigen was initially diminished in patients
given radiation and chemotherapy or radiation only,
but was not significantly different from the normal
range by 12-16 mo in any of the treatment groups
(Fig. 3).
Asymptomnatic CXIV shedding was detected in one

patient receiving both radiation and chemotherapy
(1 of 20; 5%). Based on a fourfold rise in antibody
titer, serologic evidence ofCNIV reactivation was noted
in four patients. One of these patients received radia-
tion only (1 of 16, 6.3% incidence) and three were
treated with radiation and chemotherapy (3 of 20, 15%
incidence). All of the patients with CMV reactivation
had lymphocyte transformation < 3.0 to CMV antigen
before the occurrence of the fourfold increase in
antibody titer or of viral excretion.
PHA tranisformiiatiotn antd (tiatntitationi of T cells.

Patients given radiation and chemotherapy had signif-
icantly diminished lymphocyte transformation to PHA
at 4-8 mo (P < 0.05, t test) compared with those
given single modality therapy (Fig. 5). The effect of
therapy on PHA response appeared to be independent
of the extent of disease. Among patients given radiation
and chemotherapy, the mean PHA SI declinied to
13±3.81 SE in those with stage IA-IIB disease and to
14.5±3.17 SE in those with stage IIIA-IVB disease
during the first months of treatment, and increased to
43±14.02 and 43±16.64, respectively, by 12-16 mo.
The quantitation of T cells by E rosetting showed

suppression in all patient groups at each interval after

TABLE III
Geometric Mlean HSV atnd CAIV Complemetnt Fixation

Antibody Titers during Therapy

Therapy

4-8 8-12 12-16
Before mo mo mllo

n

HSV Radiation plus chemotherapy 25 1:43 1:45 1:58 1:69
Radiation only 21 1:44 1:68 1:65 1:69
Chemotherapy only 15 1:35 1:29 1:40 1:29

CMV Radiation plus chemotherapy 20 1:31 1:59 *1:123 1:93
Radiation only 16 1:39 1:64 t1:91 1:83
Chemotherapy only 11 1:50 1:54 1:81 1:110

* Three patients with fourfold rise.
t One patient with fourfold rise.
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PHYTOHEMAGLUTIN PERCENT E-ROSETTING CELLS
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FIGURE 5 The effect of therapy upon lymphocyte transfor-
mation to PHA and upon the percentage of E rosette-forming
cells in peripheral blood. The portion of the figure on the left
shows the mean SI+SE (I) to PHA in relation to the treatment
given. The SI is a ratio ofcounts per minute in PHA-stimulated
cultures to counts per minute in control cultures. The right
portion of the figure shows the mean percentage of E rosette-
forming cells +SE (I) in relation to the treatment given. The
treatment groups include radiation plus chemotherapy (on),
radiation onily (m), and chemotherapy only (m). The shaded
areas (m) in each portion of'the figure represenit the imiean ±SE
for these assays in normal subjects. The numiber of'
patients tested in each treatment group is giveni as "n."

diagnosis. The trend toward recovery of lymphocyte
transformation to viral antigens and PHA occurred
despite no significant increase in the percentage of
E rosette-forming cells (luring the follow-up period
(Figs. 1 and 4).
Evaluation of cell-milediated immtl1unitt ill blmlphoima

patients wvith acuite zoster. 25 patients with lym-
phoma and herpes zoster were tested during the acute
infection. As shown in Fig. 6, lymphoma patients re-

covered lymphocyte transformation to VZ antigen with
the occurrence of herpes zoster, mean 1.8+0.85 SD
at <1 wk compared with 5.7±3.03 SD at 2-4 wk
(P = 0.001), although the increase was less than that
seen in normal subjects with acute zoster. The increase
in lymphocyte transformationi did not occur until 2-4
wk after the onset of clinical infectioni in lymphoma
patients, compared with 1-2 wk in normal subjects.
The levels of in vitro interferon production to VZ
antigen were higher with recovery from acute infec-
tion, but this response was also diminished when com-

pared with normal subjects. PHA transformation levels
were not significantly different at the time of recovery
from infection (mean = 19.2+5.77) compared with the
onset (mean = 19.9+5.09 SE). Five of seven patients
who were HSV seropositive also showed an increase
in lymphocyte transformation to HSV antigen to -3.0
by 2-4 wk, and 5 of 10 CMV seropositive patients
recovered lymphocyte transformation to CMV. The
recovery of VZ lymphocyte transformation occurred
despite the fact that the percentage of E rosette-forming
cells was <50% at 1-2 and 2-4 wk after onset in all
patients (mean at 1 wk = 24.2+±6.08 SE; 1-2 wk
= 30.16 +6.98; 2-4 wk = 39.6+3.64 SE).
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FIGURE 6 Cellular immllune responises to VZ antigeni in
normal subjects and lymphomiia patients with acute herpes
zoster infection. The upper portion of' the figure shows mean

log10 interferon production to VZ antigen ±+SD in patienits with
lymphoma and acute herpes zoster (e), compared with the
responses seen in normal subjects with acute herpes zoster
(0), at intervals after the onset of infection. The data for
interferon production are titers expressedl as the log,( of' the
dilution, giving 50% inhibition of the cytopathic effect of
vesicular stomatitis virus. The lower portion of the figture
shows the mean SI to VZ antigen±SD, i , in lymphomiia
patients and in normal subjects with herpes zoster. The dlata in
normal subjects are based on the testing of42 individuals. The
SI is a ratio ofcounts per minute in antigen-stimulated cuultures
to couiits per minute in coontrol cultures.

DISCUSSION

In this prospective study, lymphoma patients treated
with both radiation and chemotherapy were mnore sus-

ceptible to the reactivation of latent VZ, HSV, and
CMV than patients given radiation or chemotherapy
only. The suppression of lymphocyte transformation
to herpes viral antigens in this patient group correlated
with the increased frequency of viral reactivation.
Diminished lymphocyte transformation to the specific
viral antigen preceded the episodes ofviral reactivation
observed in individual patients, but the failure to
respond did not predict that reactivation would
definitely occur. In the individual patient, the suppres-

sion of lymphocyte transformation appears to be a

necessary but not a sufficient condition for the reactiva-
tion of latent infection. The incidence of reactivation
among patients at risk, defined as those with lympho-
cyte transformation < 3.0, at each follow-up interval
for each of the viruses averaged 10% with a range

of 6-14%. The correlation between the failure to

exhibit an in vitro lymphocyte response to the viral
antigen and the reactivation of the virus may becomiie
more precise when more well-defined viral antigens
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can be used in the assay, or when other deficiencies
associated with diminished lymphocyte transformation
are identified.
Herpes zoster infection is the most carefully studied

form of herpes virus reactivation among patients with
lymphoma (1-3). The prolonged susceptibility to
herpes zoster observed in patients treated with both
radiation and chemotherapy may be accounted for by
the prolonged suppression of lymphocyte transforma-
tion to VZ antigen among most patients in this treat-
ment group. Ruckdeschel et al. (16) also noted sup-
pression of lymphocyte transformation to VZ antigen in
patients given combined therapy. Schimpff et al. (2)
found that most cases of herpes zoster in patients
treated with radiation occur during or shortly after
treatment, as was noted in the present study. The
interval of increased susceptibility to herpes zoster in
patients given radiation only corresponds to the period
ofmaximum suppression of lymphocyte transformation
to VZ antigen in this group. Non-Hodgkin's lymphoma
patients have fewer episodes of herpes zoster than
patients with Hodgkin's disease in most epidemiologic
studies (1, 3). In our experience, non-Hodgkin's lym-
phoma patients were more often treated with single
modality therapy that decreased cellular immunity to
VZ antigen in fewer patients and for a shorter period of
time. Among non-Hodgkin's patients treated with both
radiation and chemotherapy, the incidence of herpes
zoster was equivalent to that in Hodgkin's patients
given combined therapy.
The association of the lymphocyte transformation

response with the host's ability to restrict viral reactiva-
tion is also suggested by the increase in VZ lymphocyte
transformation that accompanied uncomplicated re-
covery from herpes zoster infection in lymphoma
patients. The kinetics of the recovery of the response
was somewhat delayed compared with normal subjects
with herpes zoster, but all of these patients did develop
VZ lymphocyte transformation within 2-4 wk. Patel
et al. (17) have made similar observations in children
with malignancy and herpes zoster. Conversely, pro-
longed herpes zoster has been reported in immunocom-
promised patients whose chemotherapy was continued
and who failed to recover lymphocyte transformation
with acute infection (18).
Although cases of severe HSV infection in patients

with lymphoma are well documented (5,7, 19), and one
patient in this study had fatal HSV encephalitis, this
prospective study suggests that most patients with lym-
phoma either have no HSV reactivation or have uncom-
plicated infection. Aston et al. (5) found HSV shedding
in 3 of 54 (5.5%) patients with myeloproliferative and
lymphoproliferative malignancy, which is similar to the
incidence reported in normal populations (20). Within
our patient population, the suppression of lymphocyte
transformation to HSV antigen identified patients given

both radiation and chemotherapy as being the group
at highest risk of HSV reactivation during the first
12 mo of treatment.
The shorter duration of suppression of cellular immu-

nity to HSV antigen compared with VZ antigen
observed in lymphoma patients was also seen in cardiac
transplant recipients (21). One hypothesis concerning
the recovery of cellular immunity is that viral reactiva-
tion occurs and "reimmunizes" the patient. The data in
the cardiac transplant recipients supported this explana-
tion for the earlier recovery ofthe HSV response because
83% of the patients had evidence of HSV reactivation
shortly after transplantation. The lymphoma patients
recovered cellular immune responses to HSV antigen
without such a high reactivation rate, although low levels
of viral replication may have occurred that were not
detectable as clinical infection or as asymptomatic
shedding with our monitoring regimen. Although most
patients recovered CTMV responses without evidenee of
reactivation, the smaller numbers of CMV seropositive
patients limit the interpretation of these data. Of those
patients who recovered VZ responses, however, most
did not have clinically recognizable herpes zoster.
That reactivation of herpes viruses during the treat-

ment of lymphoma was not associated with detectable
suppression of antibody to herpes viruses is consistent
with our studies of these infections in cardiac transplant
recipients (21). Aston et al. (5) found no differences
in HSV-neutralizing antibody titers in patients with
malignancy who had HSV lesions or asymptomatic
shedding, and those with no evidence of reactivation.
In a prospective study of renal transplant recipients,
Luby et al. (22) observed that VZ antibody titers were
equivalent between patients who developed herpes
zoster and those who did not.
Diminished interferon production could constituite a

second deficiency, contributing to the reactivation of
latent infection in lymphoma patients. Interferon pro-
duction was detectable in almost all patients throughout
the follow-up period, although interferon titers to VZ
and CMV antigens were reduced during the periods
of highest risk for reactivation. The observation that
B-cell numbers begin to increase within a few weeks
after radiation therapy is completed may explain the
better preservation of in vitro interferon production
compared with lymphocyte transformation in lymphomia
patients (23).
A differential rate of recovery of transformation to

nonspecific mitogens has been observed in treated lym-
phoma patients (23, 24). The variation in the interval
preceding the recovery of responses to the herpes viral
antigens may reflect a difference in the rate of reprolifer-
ation of subpopulations of cells capable of responding
to each antigen that does not depend upon the stimutlus
of viral reactivation. Our data confirm that T-cell
numbers remain low for a prolonged period with the
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treatment oflymphoma (23, 24), and demonstrate that the
recovery of normal numbers of T cells is not necessary
for the recovery of lymphocyte transformation to the
viral antigen. The recovery of PHA transformation did
not parallel the return of transformation to the specific
viral antigens closely enough to predict that viral
cellular immunity would be present if PHA transforma-
tion was detectable.

In summary, these studies show that untreated lym-
phoma patients have preexisting deficiencies in cellular
immunity to herpes viruses, particularly to VZ. Splenec-
tomy may pontentiate these deficiencies by eliminating
a source of antigen-responsive cells. However, the dura-
tion of the suppression of viral cellular immunity
resulting from treatment appears to be of primary
importance in predisposing lymphoma patients to the
reactivation of latent herpes viral infection.
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