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Summary 

This paper reviews the changes of blood and periphe­
ral lymph lymphocytes induced by therapeutic ir· 
radiation as given for a variety of lymphoid and non­
lymphoid neoplastic diseases. The irradiation brings 
about an abrupt reduction of the numbers of blood 
B and T lymphocytes. The number of lymphocytes 
seems to be restored within a few months after ir­
radiation, while at least 3-S years appear to pass 
before the number of blood T lymphocytes is resto­
red. The pattern of recovery seems to be the same 
whether the thymus has been included in the field 
of irradiation or not. In the adult organism, consider­
able differences apparently exist between the capaci­
ties for reproduction of B and T lymphocytes. 

The number of lymphocytes in peripheral lymph is 
also much reduced in the irradiated patient and 
remains so for a long period. This is compatible with 
the concept that migration from blood to peripheral 
lymph is a feature quite specific for T lymphocytes. 

These results are discussed in relation to the immune 
defense against infection and autologous tumor, and 
also in relation to the influence of radiotherapy on 
the immune defect in Hodgkin's disease. 

Convincing evidence now exists that therapeu­
tic irradiation including large blood vessels, 
brings about peripheral blood lymphocytope­
nia ( 1-7) (fig. 1 ). Similar effects are found 
after extracorporeal irradiation of peripheral 
blood (8-10), and it seems reasonable to as­
sume that the blood lymphocytopenia induced 
by irradiation for cancer, is brought about 
mainly by irradiation of the blood itself ( 6). It 
remains unknown to what degree the blood 
lymphocytopenia is influenced by irradiation 
of lymphocytes reciding in lymphatics and 
lymphoid tissue within the field of irradiation. 

There are at least two subpopulations of blood 
lymphocytes. B lymphocytes have immuno­
globulin molecules in their cell membrane and 
may be detected by fluorescent anti-immuno­
globulin (11). T lymphocytes will form spon­
taneous, non-immune rosettes with sheep 

erythrocytes (l 2, 13). T lymphocytes have 
also been measured by their ability to trans­
form into blasts upon contact with the mitogen 
phytohemagglutinin (14, 15). Some workers 
hold that during the irradiation period, a more 
grave reduction is induced of the number of 
blood B than of T lymphocytes ( 4-6), while 
others have found an equal reduction of both 
subpopulations (15). This may possibly 
depend on methodological differences. Some 
results suggest that a relatively radioresistant 
blood lymphocyte subpopulation is left behind, 
consisting mainly of T lymphocytes (6). This 
subpopulation awaits further characterization. 

After therapeutic irradiation, the total number 
of blood lymphocytes is gradually restored 
(fig. 1). However, major differences appear to 
exist between the recovery rates of the num­
bers of blood B and T lymphocytes. While the 
number of B lymphocytes has been recorded 
as normal at intervals of 3-36 months after 
irradiation (6, 7, 15, 16), the number ofT 
lymphocytes remains consistently depressed 
at three years. At five years, the number of 
T lymphocytes may be normal again (6, 17). 

The slow recovery of blood T lymphocytes sug­
gests that the net production of T lymphocytes 
is quite low in the adult organism. Since the pat­
tern of recovery appears to be the same whether 
the thymus has been included in the irradiation: 
whether the thymus has been included in the ir­
radiation field or not ( 6, 7, 15), it may be that 
most of the new T lymphocytes are produced 
outside the thymus. Experimental evidence in­
dicates, however, that the thymus is repopula­
ted within 4 weeks from local single-dose ir­
radiation of 30 Gy ( 18). Whether this is follow­
ed by a second phase of atrophy of the gland 
after months or years, is not clear, but it may 
well be that the thymus can produce new 
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Fig. 1 Mean total number of blood 
lymphocytes ± l SD during (left 
part of figure) and after (right part 
of figure) irradiation of the iliacal 
and paraaortic lymph nodes with 40 
Gy for seminoma testis. Left part 
of figure includes data from 17 pa­
tients, while the right part is based 
on S groups of patients irradiated 
1/2-10 years previously. These 
groups each included 5-7 patients. 
From (6). 
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Fig. 2 Leukocyte number per mm3 

of peripheral lymph in patients 
with small carcinomas and lym­
phomas. H.D. = Hodgkin's disease. 
CLL = Chronic lymphocytic leuk­
emia. From (16). 
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T lymphocytes after local irradiation doses of 
30-40 Gy. A local irradiation dose of 15 Gy 
to the thymus does not give significant atrophy 
after one year in the rat (18). Thus the site of 
formation of new blood T lymphocytes after 
therapeutic irradiation of adult individuals 
has not been defined. 

Since the number of blood B lymphocytes 
recovers much more rapidly than that of blood 
T lymphocytes, the adult organism probably 

has a greater capacity for production of new 
B than for T lymphocytes. Available evidence 
indicates that the bone marrow is of prime 
importance for the development of B lympho­
cytes in mammals (19). After local irradiation 
at doses of 40 Gy, the bone marrow under­
goes depopulation and atrophy, but new active 
bone marrow develops quite radidly in non­
irradiated parts of the skeleton (20). Thus the 
production capacity for new B lymphocytes 
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may be well retained after therapeutic irradia­
tion. 
Since deprivation of lymphocytes from peri­
pheral blood is followed by a restoration of 
both main subpopulations of lymphocytes, 
although at different rates, regulatory 
mechanisms must exist that can induce net 
new productions of both subpopulations. Their 
nature remains unknown. 

Available data indicate that therapeutic irradia­
tion brings about a lymphocytopenia also in 
peripheral lymph, which will recover only 
slowly (16). This can be easily explained if 
one assumes that mainly T lymphocytes mi­
grate from blood to peripheral lymph. This 
assumption seems natural since in patients 
with chronic lymphocytic leukemia with 
blood B lymphocytosis, the number of lym­
phocytes in peripheral lymph is similar to that 
found in other cancer diseases (16, 21), and 
the number of B lymphocytes in the lymph 
is low (21). Data presented at this sympo-
sium suggest that the migration process is 
highly specific for a subset of T lymphocytes 
with Ia determinants on their surface (22). If 
this can be confirmed, the relations between 
this subset and the possible, radioresistant 
subset of T lymphocytes should also be elu­
ciated. 

Prolonged extracorporeal irradiation of blood 
leads to prolonged survival of transplanted 
allografts (23). Therapeutic irradiation for 
Hodgkin's disease has been shown to induce 
cutaneous anergy to dinitrochlorobenzene 
(DNCB), (24), and the data would suggest 
that both the primary and secondary immune 
response are affected. Therapeutic irradiation 
therefore appears to reduce or, possibly, delay 
the reactivity of the T lymphocyte system. It 
is tempting to propose that this is due to a 
low number of T lymphocytes in tissue fluid. 

No report seems to suggest that patients irra­
diated for cancer testis, mammary carcinoma 
or other non-lymphoid, solid tumors have in­
creased susceptibility to infection during the 
recovery period. Important functions of all 
parts of the immune system therefore must 
remain intact after the irradiation procedure, 
despite the prolonged T lymphocytopenia in 

blood and peripheral lymph. This may in part 
be explained by repopulation of irradiated 
lymphoid tissue. When irradiation is applied 
locally to lymph nodes, they are depopulated 
of lymphoid cells, but complete repopulation 
then takes place, even after a single dose of 
30 Gy (25). The output of cells from the 
lymph node is also rapidly restored (26). Aft­
erwards, the lymph node undergoes atrophy 
(27, 28), but it remains populated by lymphoid 
cells and may react to antigenic stimuli (27). 
Thus therapeutic irradiation does not destroy 
completely the immune function of irradiated 
lymph nodes. A second factor to be considered, 
is the difference of radiosensitivity between 
the primary and the secondary immune respon­
se (29). The mean total dose received by the 
circulating lymphocyte pool, is probably well 
below the dose needed to destroy the secondary 
immune response (6), and it may well be that 
enough circulating lymphocytes are given so 
little irradiation as to retain to some degree 
also the primary immune response. The hypo­
thesis should be considered, however, that the 
immune defect following therapeutic irradia­
tion is more pronounced for the primary than 
for the secondary immune response. Whether or 
not differences of immune reactivity may 
exist between the drainage fields of irradiated 
and unirradiated lymph nodes, remains to be 
studied. Thirdly, the relatively rapid restora­
tion of the number of blood B lymphocytes is 
probably of prime importance for the defence 
against a number of infectious agents. 

In malignant lymphoma, especially Hodgkin's 
disease, the situation may appear somewhat 
different. It has been amply documented that 
the incidence of infections during the course 
of malignant lymphoma, at least Hodgkin's 
disease, is higher than in non-lymphoid malig­
nancies (30-32). Available evidence fails to 
suggest that therapeutic irradiation induces 
other changes of blood lymphocytes in Hodg­
kin's disease than in similarly treated cancers, 
e.g. testicular cancers (6, 33). Although these 
data are somewhat preliminary, and although 
studies of lymph lymphocytes in other cancers 
are lacking after radiotherapy, it would seem 
rational to suggest that the susceptibility to in­
fection in Hodgkin's disease is not caused by 
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radiotherapy. A debate still goes on if blood 
T lymphocytes from patients with Hodgkin's 
disease display a specific reduction of their 
immune reactivity (34, 35). It could also be 
that the cause of this disease feature should 
be sought among monocytes or the non-circu­
lating cells of the lymphoreticular system. 

Since the secondary immune response probab­
ly remains relatively intact after the period of 
irradiation, and since the immune reactivity 
of the local lymph nodes are not completely 
destroyed, it would seem natural to presume 
that the host immune response to autologous, 
malignant tumor also remains competent. 
Therapeutic irradiation would therefore pro­
bably not affect adversely the prognosis in 
cancer, despite its effect on blood and peri­
pheral lymph T lymphocytes and its acute 
depopulation of lymphoid tissue. Available 
evidence now clearly supports this hypothesis 
(36, 3 7). The results suggest, though, that 
therapeutic irradiation may lead to an increas­
ed frequency of distant metastases. Whether 
or not this is due to immune mechanisms, is 
still unknown. The filtering capacity of the 
irradiated lymph node is known to be reduced 
(27), and this may possibly enhance the spread 
of the malignant cells. 

Blood lymphocytopenia is a feature met with 
in many chronic diseases, both of neoplastic 
and non-neoplastic nature (38). Available evi­
dence suggests that at least in cancer, this 
lymphocytopenia is mainly one of T lympho­
cytes (34). In Hodgkin's disease a correlation 
has been found between the blood lymphocy­
te number and cutaneous delayed hypersensi­
tivity in untreated patients (39). Similar studies 
are lacking for non-lymphoid cancers and non­
neoplastic diseases, but if such a correlation 
can be found even there, the lymphocytopenia 
of non-irradiated patients with chronic diseases 
bears close similarities to that encountered 
during the recovery after therapeutic irradia­
tion. It is not known if the blood lymphocyto­
penia in non-irradiated chronic disease is cau­
sed by increased consumption, decreased pro­
duction and/or redistribution of recirculating 
lymphocytes, but it might be taken ,to reflect 
the same low capacity of the adult organism 

to produce new T lymphocytes as has been 
found after radiotherapy. 

Acknowledgement 
The author is a fellow of the Norwegian Cancer 
Society. 

References 
I Goswitz, F.A., G.A. AndrewM R.M. Kniseley: 

Effects of local irradiation ( Co teletherapy) on 
the peripheral blood and bone marrow. Blood 21 
(1963) 60S 

2 McCredie, J.A., Inch. W.R., R.M. Sutherland: 
Effects of postoperative radiotherapy on periphe­
ral blood lymphocytes in patients with carcinoma 
of the breast. Cancer 29 (1972) 349 

3 StjerMJard, J.M., M. Jondal, F. Yanky, H. Wigzell, 
R. Sealy: Lymphopenia and change in distribu­
tion of human T and B lymphocytes in peripheral 
blood induced by irradiation for mammary carci­
noma. Lancet 1 (1972) 13S2 

4 Blomgren, H., U. Glas, B. Melen, J. Wassermann: 
Blood lymphocytes after radiation therapy of 
mammary carcinoma. Acta radial. Ther. Phys. 
Biol. 13 (1974) 18S 

S Blomgren, H., J. Wassermann, B. Littbrand: 
Blood lymphocytes after radiation therapy of 
carcinoma of prostate and urinary bladder. Acta 
radioL Ther. Phys. Biol. 13 (1974) 357 

6 Heier, H.E., I. Christemen, S.S. Fr(>land,A. Enge. 
set: Early and late effects of irradiation for 
seminoma testis on the number of blood lympho­
cytes and their B and T subpopulations. Lympho­
logy 8 (1974) 69 

1 Petrini, B., J. Wassermann, H. Blomgren, E. Baral: 
Blood lymphocyte subpopulations in breast cancer 
patients following radiotherapy. Clin. exp. Immu­
nol. 29 (1977) 36 

8 Cronkite, E.P., C.R. Jansen, G.C. Mather, N. Niel­
sen, E.A. Usenik, E.R. Adamic, C.R. Sipe: Studies 
oflymphocytes: I. Lymphopenia produced by 
prolonged extracorporeal irradiation of the circu­
lating blood. Blood 20 (1962) 203 

9 Storb, R., H. Ragde, E.D. Thomas: Extracorporeal 
irradiation of the blood in baboons. Rad. Res. 38 
(1969) 43 

10 Weeke, E.: Extracorporeal irradiation.of the blood. 
Effect of varying transit dose on the degree and 
the rate of development of lymphopenia. Acta 
med. scand. 191 (1972) 45S 

11 F,Jland, S.S., J.B. Natvig: Surface-bound immuno­
globulin on lymphocytes from normal and immu­
nodeficient humans. Scand. J. lmmunol. 1 (1972) 1 

12 Jondal, M., G. Holm, H. Wigzell: Surface markers 
on human T and B lymphocytes. l. A large popu­
lation of lymphocytes forming non-immune rosettes 
with sheep red blood cells. J. exp. Med. 136 (1972) 
207 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



242 H.E. Heier 

13 Fr-land, S.S.: Binding of sheep erythrocytes to 
human lymphocytes. A probable marker of T 
lymphocytes. Scand. J. lmmunol. l (1972) 269 

14 Ling, N.R., J.E. Kay: Lymphocyte stimulation. 
North Holland PUbl. Comp., Amsterdam, Ox­
ford/American Elsevier Publ. Comp. Inc., New 
York (1975) 

15 Campbell, A.A., G. Wiernik, J. Wood, P. Hersey, 
C.A. Waller, I.C.M. Mac Lennan: Characteristics 
of the lymphopenia induced by radiotherapy. 
Clin. exp. lmmunol. 23 (1976) 200 · -

16 Engeset, A., K. Bremer, S.S. Fr<Jland:The cellu­
larity of peripheral lymph in lymphomas. In 
Mayall, R.C., Witte, M.H.: Progress in lympho­
logy. Plenum Press, (1977) 

17 Kun, L.E., R.E. Johnson: Hematologic and im­
munologic status in Hodgkin's disease 5 years 
after radical radiotherapy. Cancer 36 (1975) 
1912 

18 Ghossein, N.A., H.A. Azar, J. Williams: Local 
irradiation of the thymus. Histologic changes 
with observations on circulating lymphocytes 
and serum protein fractions in adult mice. Amer. 
J. Pathol. 43 (1963) 369 

19 Katz, D.H.: Lymphocyte differentiation, recogni­
tion and regulation. Academic Press, New York, 
San Francisco, London (1977) 

20 Rubin, P., S. Landmann, E. Mayer, B. Keller, 
S. Ciccio: Bone marrow regeneration and exten­
sion after extended field irradiation in Hodgkin's 
disease. Cancer 32 (1973) 699 

21 Engeset, A., S.S. Frpfand, K. Bremer: Studies on 
human peripheral lymph. II. Low lymphocyte 
count and few B lymphocytes in peripheral lymph 
in patients with chronic lymphocytic leukemia. 
Scand. J. Haematol. 13 (1974) 93 

22 Goda/, T., A. Engeset; A preliminary note on the 
composition of lymphocytes in human peripheral 
lymph. Lymphology, I[ (1978) 

23 Cronkite, E.P., A.D. Chanana, D.D. Joel, J. Lais­
sue: Lymphocyte repopulation and restoration of 
cell-mediated immunity following radiation: 
Whole-body and localized irradiation. In: Inter­
action of radiation and host immune defence 
mechanisms in malignancy. Conference March 
23-27, 1974, The Greenbrier, White Sulphur 
Springs, West Virginia. Brookhaven National 
Laboratory Associated Universities, Inc. (1974) 

24 Kaplan, H.S.: On the natural history treatment 
and prognosis of Hodgkin's disease. The Harvey 
Lectures, Series 64, Academic Press, New York 
and London (1970) 

25 Benninghoff. D.L., R. W. Tyler; N.B. Everett: 

Repopulation of irradiated lymph nodes by 
recirculating lymphocytes. Radial Res. 37 
(1969) 381 

26 Hall, J.G., B. Morris: Effect ofx-irradiation of 
the popliteal lymph node on its output of lym­
phocytes and immunological responsiveness. Lan­
cet 1 (1964) 1077 

21 Engeset, A.: Local irradiation of lymph nodes 
in rats. Progr. exp. Tumor Res. 8 (1966) 225 

28 Ludvik, W., F. Wachtler, W. Zaunbauer: Veriinde­
rungen am Lymphogramm durch Operation und 

- ionisierende Strahlen. Fortsch. Rontgenstr. 110 
(1969) 307 

29 Stoner, R.D., M. W. Hess, G. Te"es: Primary and 
secondary antibody responses related to radiation 
exposures. In: (same as ref. 23). 

30 Hutter, R. V .P., H.S. Collins: The occurence of 
opportunistic fungus infections in a cancer 
hospital. Lab. Invest. 11 (1962) 1035 

31 Goffinet, D.R., E.J. Glatstein, T.C. Merigan: 
Herpes zoster-varicella infections and lymphoma. 
Ann. Intern. Med. 76 (1972) 235 

32 Schimpff, S:, A. Serpick, B. Stoler, B. Rumack, 
H. Mellin, J.M. Joseph, J. Block: Varicelly-zoster 
infection in patients with cancer. Ann. Intern. 
Med. 76 (1972) 241 

33 Engeset, A., S.S. Frpland, K. Bremer, H. H,st: 
Blood lymphocytes in Hodgkin's disease. Increase 
of B-lymphocytes following extended field irradia­
tion. Scand. J. Haematol. 11 (1973) 195 

34 Heier, H.E., R. Klepp, S. Grundersen, T. Godal, 
T. Normann: Blood B and T lymphocytes and 
in vitro cellular immune reactivity in untreated 
human malignant lymphomas and other malignant 
tumors. Scand. J. Haematol. 18 (1977) 137 

35 Bj(Jrkholm, B.: Immunodeficiency in Hodgkin's 
disease and its relation to prognosis. Diss. Munks· 
gaard, Copenhagen (1978) 

36 Onsnld, M., P. Kolstad, T. Normann: Postoperati­
ve external pelvic irradiation in carcinoma of the 
corpus stage l: A controlled clinical trial. Gynec. 
Oncol. 4 (1976) 222 

37 H,st, H., 1.0. Brennhovd: The effect of post­
operative radiotherapy in breast cancer. Int. J. 
Rad. Oncol. Biol. Phys. 2 (1977) 1061 

38 Zacharski, L.R., J. W. Linman: Lymphocytopenia: 
Its cause and significance. Mayo Clin. Proc. 46 
(1971) 168 

39 Brown, R.S., H.A. Haynes, H. T. Foley, H.A. 
Godwin, C. W. Berard, P.P. Carbone: Hodgkin's 
disease. Immunologic, clinical and histological 
features of 50 untreated patients. Ann. Intern. 
Med. 67 (1971) 291 

H.E. Heier, Norwegian Radium Hospital, Laboratory for Hematology and 
Lymphology, Oslo 3, Norway 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.




