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Abstract

Drug-induced lymphopenia is a common adverse event. Some drugs, in par-
ticular those used in the treatment of malignancies and autoimmune diseases,
inevitably affect the percentages and proportions of lymphocytes in the peripheral
blood. Some other drugs exert only minor effects and their clinical relevance
cannot be established with certainty. Most cytotoxic and immunosuppressive
drugs affect CD4+ T cells more profoundly. Since their regeneration seems to be
slower than that of CD8+ T cells, the frequent occurrence of CD4+ lymphopenia
may merely reflect this phenomenon. As in HIV infection, critically low numbers
of CD4+ cells, irrespective of the cause, predisposes to opportunistic infections.
There is no such critically low value for CD8+ cells, and their essential role in
various pathological conditions should also be established.

The proportions and functions of peripheral known, however, that lymphocyte proportions or
blood lymphocytes are frequently analysed in a va-absolute values in the peripheral blood do not rep-
riety of clinical conditions. Their easy accessibility resent tissue distributions (e.g. their presence or
is the key element for this analysis. It is well absence in inflamed areas), nor they are related to
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the values found in lymphoid tissues. In spite of 0.46 and the lower limit is 0.78. The mean values
these disadvantages, there are a number of diseaser CD4+ and CD8+ T cells are 0.88 0.29 and
states where the assessment of lymphocyte statu3.56 + 0.23; their lower limits are 0.41 and 0.23,
is of importance (e.g. HIV infection and lympho- respectively. Using these lower limits for identify-
mas). In many other conditions, their assessmening patients with AIDS was found to be useftil.
has remained experimental, i.e. their practical
value in terms of diagnosis or outcome has yetto 2. Clinical Sequelae of Lymphopenia
be determined. . . o
Lymphopenia is a relatively common finding in
everyday practice. Its causes and significance,
however, are poorly understood. No large-scale
study has been done for decades. Recently,
Castelino et al’l reported on the occurrence and
causes of lymphopenia observed in a large in-
atient population. In most cases lymphopenia
was reversible, and most frequently it was associ-
'ated with acute illness, notably sepsis and trauma

1. Normal Values of Lymphocytes
and Their Subpopulations

The absolute numbers and percentages of lym
phocytes and lymphocyte subsets may depend o
several factors acting at the time of investigation.
Apart from a great number of disease states

1 isd2 i i in-
stresd}] exercise?! smoking and diet may also in (including surgery). Malignancy with or without

1 It is wi -
fluence the resulté! It is widely accepted, f_\ow chemotherapy was also a common cause. Treat-
ever, that absolute numbers and proportions of

| hocvt latively stable i | di ment-induced lymphopenia (definitely due to cor-
ymp 4ocy_es are refatively stable In hormal Condi- ;¢ sterpjds, cytotoxic drugs or radiotherapy) was
tions[4 It is of importance that absolute lympho-

found in at least 20% of cases. Apart from the rare
cyte and sub.set valuesllar; mohre stzble,fand the5"oliopathic CD4+ T-lymphocytopenia, there were
e}ssessment IS more reliable, than that o Proporyiso patients displaying consistent lymphopenia
tions. The exception to this is CD4+/CD8+ ratio, ,ver a number of years. Although we have no data
which can be calcylat.ed _by percentages. Drug-m-on the long-term consequences of such prolonged
duced lymphopenia, if mild and confined to sub-

. . o lymphopenias, it seems to be of value to distinguish
set(s), can be identified only by determining abso—betWeen short- and long-term lymphopenias.
lute lymphocyte values.

Normal values for lymphocytes and their sub-
sets should be assessed in all laboratories, since
there is a great variability in the normal values ob- CD4+ T cells have regulatory functions in im-
tained from different countries. Some data basednunology as helper cells that can initiate and po-
on a relatively large cohort of healthy participants tentiate immune reactions. CD4+ T lymphopenia
are shown in table |. Based on the values observegredisposes to opportunistic infections irrespective
by Bofill et al. 4] the total absolute number of lym- of the underlying disease. The deleterious conse-
phocytes is 1.9& 0.55 (x 10%L) and the lower quences of HIV-induced lymphopenia are well
limit is 1.00 using the 95% range value (table II). known and beyond the scope of this review. Lym-
The absolute number of CD3+ (T) cells is 1.45 phopenia may also be present in certain auto-

2.1 CD4+ Cells

Table 1. Absolute values of total lymphocytes, CD3+ (T), CD4+ and CD8+ cells, and CD4+/CD8+ ratio, in healthy individuals. Values are
means + standard deviation

Reference Cell number (x 10%L) CDA4+/CD8+ ratio
total lymphocytes CD3+ cells CD4+ cells CD8+ cells

Bofill et al.[4 1.90 +0.55 1.45+0.46 0.83+0.29 0.56 +0.23 1.48

Giorgi et al.%! 2.25+0.57 1.64+0.48 1.02£0.33 0.61+0.34 1.66

Vuillier et al.[s) 1.95+0.85 1.45 + 0.69 0.81+0.38 0.52+0.34 1.54
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Table Il. Absolute mean values and lower limits of normal values congenital CD4+ T cell deficiency, but there is no

i [4] . . ..
of lymphocytes and subsets in healthy ad“'tsg corresponding isolated CD8+ T cell deficiency.
Celltype Cell number (x 10°7L) CDB8+ deficiency is known only as a form of com-
mean lower limit?

bined immunodeficienci}s!

Total lymphocytes 1.90 1.00 . .
CD3+ cells 145 078 CDB8+ T cells are cytotoxic lymphocytes partic-
CD4+ cells 0.83 0.41 ipating in antiviral and antiparasitic immunity. Al-
CD8+ cells 0.56 0.23 though the term ‘cytotoxic T’ cell is generally used,
a__Lower value of 95% range. it should be stressed that cytotoxicity is not a

unique feature of these cells. CD4+ T cells, natural
immune diseases. When profound, CD4+ lympho-killer cells and many other nonlymphoid cells can
penia may also predispose to opportunistic infec-and usually do exert cytotoxic effects in a variety
tions. Prekates et &l reported on a patient with of pathological conditions. Similar to CD4+ T
untreated rheumatoid arthritis who deVElODEdce”S, CDS8+ T cells also regu|ate immune func-
Pneumocystitnfection due to severe CD4+ lym-  tjons, although they do not initiate or help immune
phopenia. In another patient with systemic lupus egponses.
erythematosus, severe CD4+ lymphopenia re- The jmportance of CD8+ cells in viral infec-
sulted '”nyPtOCOPQPSerCt'OP-[9] Four cases of ions is well established. In Epstein-Barr virus—
Pneumocystis carinpneumonia were observed in j,qyced mononucleosis, there is a marked prolifer-
patients receiving corticosteroid therapy for 4404 of (cytotoxic) CD8+ cellé”] At the peak of

dermatomyositi: In all 4 pgti(_ents Iymp_hopenia_ lymphocytosis, a 10-fold increase in the number of
was observed before the initiation of corticosteroid CD8+ cells was found” In acute cytomegalovi-

treatment and low CD4+ and CD8+ cell counts

. : . ..~ rus infection, the CD8+ lymphocytosis is less
were evident at the time d?neumocystis carinii

It m that svstemic autol marked8] Similarly, in herpes simplex virus
pneumonia. 1t 1s well known that Systemic autoim- (HSV 1I) infection there was a transient mild in-

mune diseases, in particular rheumatoid arthrltlsCrease in CD8+ cells, followed by a decre&blt

and syst.emlc Iupug erythema_tosus, themselveTc.s also well established that after bone marrow
carry an increased risk of infectidH!

From 1992, a definition of ‘idiopathic CDA4+ graft, the number of CD8+ T cells increases more

. rapidly than that of CD4+ T cells, and there is a
T-lymphocytopenia’ was formulated by the US . . e
) . _correlation between this increase and the incidence
Centers for Disease Control and Prevention

(CDC)[*2l These patients have markedly de- of graft-.versus-hos.t _disease (GVHB)! In
pressed CD4+ T cell counts, with or without op- GVHD, tissues are infiltrated by CD8+ celf3]

portunistic infections, in the absence of any evi_stressing the role of these cells in the development

dence of HIV infection. The aetiology of this of the immune response iqt_his di§order. )
syndrome is not entirely clarified; an accelerated CD8* cells usually participate in T cell-medi-
apoptosis (programmed cell death) of CD4+ T cells@t€d immune reactions, and therefore they may

has been suggestéd Such patients usually de- play a crucial role in some autoimmune Qiseases.
velop the same opportunistic infections as HIV pa- One of the best known examples is the diabetoge-

tients do, ranging fronPneumocystis carinito nic potential of CD8+ cells in rats developing type

atypicalMycobacteriuninfections{i4.15] 1 (insulin-dependent) diabetes mellitus after thym-
ectomy and irradiatio2 In this experiment,
22 CD8+ Cells CDA4+ cells exerted a protective role. CD8+ T cells

from non-obese diabetic mice readily transferred
Although the clinical consequences of CD4+ diabetes in very young animdf! In the same
lymphopenia are well documented, much less isstrain, CD8+y-6 T cells induced by insulin were
known about that of CD8+ cells. We know of a able to suppress adoptive transfer of diab&®s.
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In some other experiments, depending on the Tcontradictory. In the following the relevant data
helper 1 (1) or Ty2 nature of the CD4+ cells, the will be summarised.
transfer of CD4+ cells to SCID mice resulted in the
development of an inflammatory bowel dise&sé. 3.1 Cytotoxic Drugs

Although there are conflicting data from animal o
experiments regarding the protective and destruc- 1 "€ majority of drugs used for the treatment of
tive role of CD4+ and CD8+ cells, there is only malignant tumours profoundly affect leucocyte
limited information available on their exact role in functions and their circulating numbers. Although,
human autoimmune diseases. In polymyositis, an this respect, neutropenia is the most serious ad-
lymphocyte-mediated inflammatory autoimmune Verse effect, it is of interest that a marked lympho-
disease, accumulated CD8+ T cells were observe@enia usually precedes febrile neutropelffa.
in the inflamed tissue®! indicating their pathoge- Most cytotoxic drugs affect all lymphocytes, but
netic role. In patients with type 1 diabetes mellitus the percentage of CD4+ T cells usually decreases
a CD8+ lymphopenia was found, with a concomi- more profoundly, and therefore a relative increase
tant higher CD4+/CD8+ ratio. A similarly higher in CD8+ cells is often seel!32
ratio was observed in their first-degree relatives, in ~ Carboplatin and dacarbazine followed by im-

whom the expected incidence of type 1 diabetegmunotherapy with interleukin-2 and recombinant
mellitus is much higher than in control individu- interferonerin patients with metastatic melanoma

als/?”l Togun et af?8] have shown that in human resultedinadecrease in CD3+ and CD4+ cells and

type 1 diabetes mellitus, autoantigen-specific acti-an increase in CD8+ cells. This increase correlated
vation of CD8+ cells is reduced compared with With clinical responsé!!

normal cells, which implicates their protective  Epirubicin treatment also influences both CD4+
(Suppressive) rather than pro-inﬂammatory role in and CD8+ cells. It is of interest, however, thatin a
the pathogenesis of type 1 diabetes mellitus. In syscohort of breast cancer patients, responders to
temic lupus erythematosus, where CD4+ lympho-€pirubicin therapy displayed a higher CD4+/CD8+
penia is very common, there was a correlation be_ratio (le a smaller decrease in CD4+ Ce“S, and a
tween disease activity and frequency of CD8+Mmarked decrease in CD8+ cells) compared with
CD45RA+RO+ ‘transient’ isoformg?! nonresponder$?!

It seems to be easier to assess the role of cD8+ Methotrexate at the dosages used in treatment
cells in pathological conditions than in normal im- Of rheumatoid arthritis does not have marked ef-
mune functions. It is of interest that in most lym- fécts on immune functions. In a 6-month trial,
phopenias CD4+ cells are primarily affected. WhenMethotrexate tended to decrease CD3+, CD4+ and
they reach a critically low value, opportunistic in- CD8+ cell counts?#l Others have also found de-
fections may ensue. Similar critical values of créased CD4+and CD8+ T cellsin treated rheuma-
CD8+ T cells that are essential for normal immune toid arthritis patients, and have proposed an asso-
functions should be determined. ciation between drug-related lymphopenia and

Pneumocystipneumonid3®! Some investigators,
however, have failed to observe any change in

3. Effect of Drugs on Lymphocyte CD3+, CD4+ or CD8+ cell numbef]

Subpopulations Mitomycin (in combination with fluorouracil

and interleukin-2) caused a marked decrease in

Drug-induced lymphopeniais awell established CD8+ cells and an increase in CD4+ cells in pa-
phenomenon, in particular with the use of cyto- tients with liver metastases treated with hepatic ar-
static drugs. However, other types of drugs can alsderial infusion37]
provoke lymphopenia. The effect of these drugs Cyclophosphamide is well known for causing
upon lymphocyte subsets remains in most caseprofound lymphopenia. This may also increase the

O Adis International Limited. All rights reserved. Drug Safety 1999 Aug: 21 (2)
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risk of infections, in particular opportunistic infec- ever, serial lymphocyte measurements in stable re-
tions, when it is administered in high dosadf®s. nal transplant patients receiving long-term methyl-
In a study using low dosage intravenous pulse therprednisolone revealed a marked decrease in T cells,
apy in severe connective tissue diseases, lymphaaffecting both CD4+ and CD8+ cell&l
peniawas observedin 20%, and infectionsin 7.7%, Corticosteroid treatment definitely increases
of patientg3°] Although it affects all lymphocyte the risk of opportunistic infections, the risk de-
subsets, cyclophosphamide administered intravepending on the dosage and the duration of treat-
nously to rheumatoid arthritis patients resulted in ment[®2l However, a clear-cut correlation between
a decrease of CD4+ cells after 6 weeks of treat-immunosuppressive treatment of systemic autoim-
ment[36] mune diseases and infection is difficult to draw,
Pentostatin administration in hairy cell leukae- since the diseases themselves are associated with
mia resulted in a marked lymphopenia. Both B andan increased risk of infectidft!
T cells were affected; however, CD8+ cells de-
creased to a lesser extéff!] 3.3 Monoclonal Antibodies
Azathioprine caused lymphopeniawhen usedin
high (2 mg/kg/day) dosages for an extended pe- Monoclonal antibodies have been used for the

riod.#2] No increase in the frequency of infections treatment of graft rejection and various auto-
has been reported with this drug. immune diseases. Both nonselective and selective

Purine nucleoside analogues such as cladribineantibodies have been used. CAMPATH-1H has
a novel class of immunosuppressive drugs, inducdeen used for treatment of patients with therapy-
apoptosis of resting T cells. They caused pr0|ongedefractory rheumatoid arthritis. The treatment in-
lymphopenia predominating in T cells, especially duced a prolonged and profound lymphopenia, and
CDA4+ cellsl43.441|n another study, cancer patients because of its nonselectivity both CD4+ and CD8+

treated with cladribine displayed a more profound cells were equally affected. Despite this marked
decrease in CD8+ cellé?! lymphopenia, no serious adverse effects, such as
Paclitaxel-induced severe lymphopenia has als@Pportunistic infections, were reportéd.
been observed. CD4+ T cells were most pro- Depending on the dose administered, antibody-
foundly affected46] The severe lymphopenia re- induced lymphopenia is not necessarily due to T
sulted in opportunistic infections: interstitial pneu- cell death. Muromonab CD3 (OKT3), a pan—T cell
monia and cytomegalovirus infection. monoclonal antibody, upregulates T cell activation
It is of interest that the regenerative pathwaysmarkers, resulting in enhanced binding to adhesion
of CD4+ and CD8+ T cells after intensive chemo- Molecules on the vascular endothelium and thus
therapy are different. CD8+ T cells have a doubling a}ccelerated removal of T cells from the circula-
time approximately 2-fold higher than that of t'OD-[54] Mouse monoclonal, and more recently
CD4+ T cells; therefore, their number tends to re-chimaeric, antibodies directed against CD4+ cells

turn to normal much earlidt”] have been used in patients with rheumatoid arthri-
tis, as well as in other autoimmune diseases. Al-
3.2 Corticosteroids though in early studies some patients experienced

definite improvemen>58l in placebo-controlled
Corticosteroid treatment profoundly inhibits studies no therapeutic benefit was shdWhThese
lymphocyte functions. Particularly at high dos- antibodies caused a marked, and in some cases pro-
ages, corticosteroids cause thymic involution andionged, CD4+ lymphopenia, but opportunistic in-
a persistent decrease in T cell numbé¥sCorti-  fections have not been observed. Such lymphocyte-
costeroids also affect lymphocyte recirculatiéi,  depleting antibodies have been replaced in recent
but in humans corticosteroid treatment usuallyyears by nondepleting anti-CD4 antibodies. Mono-
does not result in marked lymphopefid.How-  clonal antibody treatment is currently used for

O Adis International Limited. All rights reserved. Drug Safety 1999 Aug: 21 (2)
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short periods, and therefore data on the conse€D4+ and CD8+ cells, but the CD4+/CD8+ ratio
guences of long-term treatment are not available. remained unchangd®! Interferony treatment

Since CD8+ cells play an important role in caused a selective and transient decrease in the per-
GVHD,[20.21] anti-CD8 antibody treatment has centage of circulating CD8+ cells, probably due to
been used to reduce the incidence of this seriousin enhanced migration or adhesion of lymphocytes
consequence of bone marrow transplantaff®n. into tissues rather than direct toxicify! Com-
Although this treatment seemed to increase thebined interferona-2a and interferorytreatment of
graft success and lowered the incidence of GVHD,patients with metastatic renal cell carcinoma
its effect cannot be assessed since cyclosporin andaused a marked decrease in CD8+ cells. Interest-
corticosteroids were also administered to the padngly, this decrease was associated with clinical re-
tients. sponsd®e]

3.4 Thymus Hormones 3.7 Other Drugs

Thymus hormones modulate T cell maturation  3.7.1 Cimetidine
and T cell functions. Their effects upon T lympho- ~ Cimetidine, a histamine yteceptor antagonist,
cytes are extremely complex. Thymomodulin, a€xerts a marked immunomodulatory effect in ex-
calfthymus lysate, enhanced the CD4+/CD8+ ratioperimental animals. The effect in humans is less
in the early stage of HIV infection by causing an documented. Administration of cimetidine 800
absolute increase in CD4+ lymphocytes and a demg/day to healthy participants resulted in a de-
crease in CD8+ cell8?! Similar ‘normalisation’,  crease in the absolute number of CD8+ cells (from
i.e. enhancement, was seen in other chronic inflam0.37 to 0.26x 10°L at day 7 of treatment), and
matory diseases with low CD4+/CD8+ raff§l  accordingly the CD4+/CD8+ ratio showed a signif-
Thymostimulin, a calf thymus extract used in a va- icant increase (2.8s3.6)[%7]
riety of primary and secondary immune deficien-
cies, selectively decreased CD8+ T cell numbersin
patients with atopic eczema while CD3+ and CD4+
cells remained unchangéd! Thymopentin, a syn-
thetic thymic pentapeptide, prevented postopera
tive CD3+ and CD4+ lymphopenia but failed to
prevent the fall in CD8+ cell§2]

3.7.2 Carbamazepine

Leucopenia is well known as an adverse effect
of this anticonvulsant drug. In a patient with
chronic lymphocytic leukaemia, carbamazepine
was reported to exert a reproducible suppressive
effect on lymphocyte couri®]

3.7.3 Imidazoles
3.5 Linomide Imidazole compounds are used in a variety of
pathological states, e.g. in fungal infections. In an-
Linomide inhibited both superantigen- and imal studies, 2-acetyl-4-tetrahydroxybutylimid-
glucocorticoid-induced lymphopenia by interfer- azole, an immunosuppressive component of cara-
ing with apoptosis, and therefore blocked the re-me| food colouring (Caramel Colour I11), reduced
duction of circulating CD4+ and CD8+ T cel!  the number of both CD4+ and CD8+ cells in pe-
ripheral blood. This effect was mainly exerted by

3.6 Interferons preventing the recruitment of CD4+ T celf8!
Interferons, in particular interferoa; and to a 3.7.4 Opioids
lesser extent interferoffi-and interferony, have Opioids, e.g. morphine, exert an immunosup-

been widely used in a variety of diseases, such apressive action. Acute morphine administration in
malignancies, viral infections and autoimmune dis-rats decreased the number of circulating lympho-
eases. Interferon-treatment of patients with con- cytes, equally affecting all major T subpop-

dyloma caused a significant decrease in CD3+,ulationsl’

O Adis International Limited. All rights reserved. Drug Safety 1999 Aug: 21 (2)
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Table Ill. Effect of various drugs on circulating lymphocytes

Drug Effect on lymphocytes Clinical consequence (infections) Reference
Cytotoxic drugs
Carboplatin/dacarbazine CD3,CD4 1, CD8 1 Not known 31
Epirubicin CD4 1,CD8 | Not known 33
Methotrexate CD31,CD4 |,CD8 | Increased risk of infection 34,35
None None 36
Mitomycin/fluorouracil CD4 1,CD8 | Not known 37
Cyclophosphamide CD3 | Increased risk of infection 38
CD4 Not known 36
Pentostatin CD3 1,CD4 | Not known 40,41
Azathioprine Not specified None 42
Purine nucleoside analogues CD4 ,,CD8 | Not known 43,44
CD8 | Not known 45
Paclitaxel CD4 | Increased risk of infection 46
Corticosteroids CD4 1,CD8 | Not known 51
Not specified Increased risk of infection 52
Monoclonal antibodies
CAMPATH-1H CD4 1,CD8 | Increased risk of infection 53
Depleting anti-CD4 CD4 | None 56,57
Anti-CD8 CD8 | Not known 58
Thymic hormones
Thymomodulin CD4 1,CD8 | None 59
Thymostimulin CD8 | None 61
Other immunomodulatory drugs
Interferons CD3 1,CD4 |,CD8 | Not known 64
Interferon-y CD8 | Not known 65,66
Other drugs
Cimetidine CD8 | Not known 67
Opioids CD3.1,CD4 1,CD8 | Not known 70
Carbamazepine Not specified Not known 68
Bisphosphonates Not specified Not known 71,72
Calcitonin CD8 | Not known 73
Ipriflavone Not specified None 75,76
CD8 | None 7

Not specified = lymphopenia without further distinction of affected subset(s); 1 indicates increase; | indicates decrease.

3.7.5 Drugs Used in Osteoporosis 1.6 to 2.3 after 90 days. This change was explained

Biphosphonates are widely used for the treat-hy an insignificant decrease in CD8+ T cell
ment of osteoporosis, and leucopenia and/or lym-count(73]
phopenia have been repeatedly reported with these |priflavone, a synthetic isoflavone derivative,
drugs. Leucopenia and/or lymphopenia were ob-has been used in several countries for prevention
served when alendronate was administered shorind treatment of osteoporosis. Its efficacy and long
term at high dosages to patients with post-term tolerability has been documentéd. Re-
menopausal osteoporosidl Similar effects were  cently, a decrease in lymphocyte number was ob-
reported also with pamidronaf] served in patients treated with ipriflavoHe78l In

Salmon calcitonin, widely used in osteoporosis, another clinical study, a relatively frequent occur-
was found to increase the CD4+/CD8+ ratio from rence of lymphopenia (about 20% decrease in ab-

O Adis International Limited. All rights reserved. Drug Safety 1999 Aug: 21 (2)
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solute lymphocyte count) was reported after sev- >

eral months of administration. CD8+ cells were
more profoundly affected than CD4+ cells. After

cessation of treatment, lymphocyte counts slowly &

normalised. In spite of this immunological adverse
effect, no significant consequences (i.e. infections)
were observed]

4. Conclusions 8.

Lymphopenia is a common finding, but its con-

sequences are poorly understood. A number of o

drugs affect lymphocyte count, most of them by
preferentially reducing the circulating number of
CD4+ T cells (summarised in table IlI). Some

1

drugs, in particular corticosteroids and cytotoxic 11

drugs, cause lymphopenia and may also increase

the risk of (opportunistic) infections. Large-scale 12.

studies are needed to elucidate the connections be-

tween drugs causing lymphopenia restricted to one 3.

ormore T cell subsets and the consequences of such
lymphopenia, including infections or malignan-
cies. When interpreting the data of such studies the
following cautions have to be borne in mind:

(i) drugs causing lymphopenia, in particular ;5
corticosteroids and cytotoxic drugs, also affect
phagocytic functions and/or other nonspecific im-
mune functions;

(i) any change in the number or percentages of 17.

circulating lymphocytes and their subsets does not
necessarily represent the changes within the wholeis
immune system, or within an inflamed tissue;

(iii) some diseases themselves cause alterations, g
in immune reactivity, resulting in an increased risk
of infection irrespective of the treatment.

20.
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