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Summary. A study was made on the recovery of the 
bone marrow after adjuvant chemotherapy given to 30 
post-mastectomy patients with stage H breast cancer 
treated with either melphalan or melphalan and 
methotrexate at 6-weekly intervals for I year. Counts 
of peripheral blood cells were made serially during 
treatment and then for a further 2 years after stopping 
chemotherapy. Mean counts for all cell types fell 
during chemotherapy and recovery was long-delayed. 
Thus 24 months after chemotherapy, mean counts for 
total leucocytes and platelets were significantly lower 
than mean pretreatment counts and counts for a 
normal female population, and the count for neutro- 
phils was significantly lower than the count before 
treatment," after 24 months mean counts for lympho- 
cytes were not significantly depressed. Melphalan was 
assumed to be the agent responsible. Slow haemato- 
logical recovery after cessation of adjuvant chemo- 
therapy with one particular regimen points to the need 
for including long-term post-chemotherapy observa- 
tion of the bone marrow in the assessment of adjuvant 
chemotherapy programmes. 

Introduction 

Cyto tox ic  c h e m o t h e r a p y  for  b r ea s t  cancer ,  b a s e d  on  
the  p r emi se  tha t  m ic rome ta s t a se s  a re  suscept ib le  to 
such t r e a t m e n t ,  p ro longs  the  d i sease- f ree  in te rva l  and  
m a y  i m p r o v e  survival ,  pa r t i cu la r ly  in p r e - m e n o p a u s a l  
pa t ien t s  [2]. In i t ia l  success was r e p o r t e d  with  mel-  
pha l an  [6], and  la te r  wi th  combina t i ons  of  drugs,  
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e. g.,  c y c l o p h o s p h a m i d e ,  m e t h o t r e x a t e ,  and  5-fluo- 
rourac i l  [2]; the  toxic i ty  of  these  drugs  is cons ide red  
to be  accep tab le  in view of  the  i m p r o v e d  resul ts  and  
the  revers ib i l i ty  of  the  s ide-effects  [2]. In  a t r ia l  of  
ad juvan t  cy to tox ic  c h e m o t h e r a p y  with  m e l p h a l a n  for  
s tage II  b reas t  cancer ,  rou t ine  h a e m a t o l o g i c a l  obse r -  
va t ions  were  con t inued  for  up  to 2 years  a f te r  the  
1-year  p e r i o d  of  t r ea tmen t .  This  s tudy  p re sen t s  the  
p a t t e r n  of  h a e m o p o i e t i c  and  l y m p h o p o i e t i c  r ecove ry  
af ter  cy to toxic  c h e m o t h e r a p y .  

Patients and Methods 

Patients. Thirty-four women with breast cancer with histological 
evidence of axillary node metastases at the time of mastectomy 
were entered, with their informed consent, into a randomized 
adjuvant chemotherapy trial in which melphalan was compared 
with melphalan and methotrexate. Patients were entered into the 
trial after mastectomy when results of histological examination of 
axillary lymph nodes were known. The protocol did not include 
studies before mastectomy was performed, and the interval 
between mastectomy and entry into the study was 2-4  weeks. 
There were four early exclusions, and the remaining 30 patients 
constituted the study population. One group (14 patients) received 
melphalan 0.15 mg per kg, later increased to up to 0.2 mg per kg 
for days 1-6 of each cycle (total dose 0.9-1.0 mg per kg), and the 
other group (16 patients) received melphalan together with 
methotrexate 0.2 mg per kg on day 8 of each cycle. Treatment 
cycles were repeated 6-weekly for 1 year, and doses of drugs were 
adjusted according to test results. Observations were made for 2 
years after the 1-year period of treatment. If there were 
recurrences of cancer, patients were withdrawn from the study 
population but remained under observation in the clinic; there 
were 12 such withdrawals over the 3-year period of study. 

Methods. The patients were studied at 3-monthly intervals 
according to a protocol which included peripheral blood counts, 
together with tests of humoral and cell-mediated immunity 
according to a previously described schedule [14]. The present 
report is limited to the results of the haematological studies. 
Venous blood was collected between 08.00 and 13.00 h. White cell 
counts were performed on a Coulter-S counter, differential counts 
were performed manually on stained smears, and platelets were 
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Fig. 1. Serial counts (geometric means + standard error) (above) of 
total leucocytes (leuc), neutrophils (neut) and lymphocytes (lymp), 
and (below) of monocytes (mono) and platelets (plat) in patients 
(numbers in parentheses at top) whilst receiving adjuvant che- 
motherapy and 2 years thereafter. Statistical analyses are shown in 
Table 1 

counted on a thrombocounter (Coulter Electronics, GB). Normal 
values are those cited for women in the morning [1, 3]. 

Statistics. There is a log-normal distribution of total and differential 
white cell counts [1] and, probably, platelet counts [3]. Hence 
geometric means were calculated from log-transformed data. 
Differences between groups were tested for significance by 
Student's t-test. Values for a normal population were derived from 
the report of Bain and England [1] for leucocytes, lymphocytes, 
and monocytes, using the figures cited for women in the morning, 
and the report of Brecher and Cronkite [3] for platelets. 

Results 

Peripheral blood cell counts for leucocytes, neutro- 
phils, lymphocytes, monocytes, and platelets for the 
two groups of patients, those treated with melphalan 
and those treated with melphalan and methotrexate, 
were found not to differ significantly at any time, and 
hence data for the two groups were combined. Figure 
1 and Table 1 show the results for cell counts during 
chemotherapy and for 2 years thereafter, with results 
for statistical comparisons between all post-chemo- 
therapy counts and initial counts, and counts for a 
normal population. 

The pre-chemotherapy counts for the study 
population did not differ significantly from those of 
the normal population, except for a lower mean 
number of monocytes. During the first 6 months after 
chemotherapy was begun the mean counts for all 
blood cell types fell progressively; after chemother- 
apy was ceased the mean counts increased, but did 
not reach pretreatment levels. Thus at 36 month 
mean counts for total leucocytes and platelets 
remained significantly lower than mean counts before 
treatment and mean counts for the normal popula- 
tion, and for neutrophils the mean counts were 
significantly lower than mean counts before treat- 
ment. Up to 24 months, but not at 36 months, 
lymphocyte counts were significantly lower than 
mean counts before treatment and mean counts for 
the normal population. 

Discussion 

The present report describes prolonged depression, 
for up to 3 years, of haemopoiesis and lymphopoiesis 
in 30 women with stage II breast cancer treated by 
mastectomy followed by adjuvant chemotherapy for 
1 year. The drugs used were melphalan in 14 patients 
and melphalan with methotrexate in 16 patients and, 
since there was no difference between the groups 
treated with or without methotrexate, the major 
effects were presumably those of melphalan. Recov- 
ery, albeit slow, could eventually be complete, as 
judged by trends up to 2 years after treatment was 
stopped. Depression of haemopoiesis and lympho- 
poiesis is a well-recognized accompaniment of treat- 
ment with radiation and with immunosuppressive and 
cytotoxic drugs [13], and this can be prolonged after 
radiotherapy [12]. In the mouse, residual marrow 
damage after exposure to certain cytotoxic drugs, 
particularly alkylating agents, is well established [10], 
but in man delayed recovery of haemopoiesis after 
cytotoxic drugs is less well documented [4, 9]. 
Lohrmann et al. [9] reported depressed granulopoie- 
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Table 1. Mean counts (standard error of mean) for blood cells for normal populations (1, 3) and patients with stage II breast cancer given 
adjuvant chemotherapy for 1 year 

Times Cell counts a 

Leucocytes Neutrophils Lymphocytes Monocytes Platelets 

Normals 5,665 (170) 2,952 (80) 1,956 (60) 433 (15) 248 (10) 
Pre-chemotherapy 6,450 (310) 3,980 (260) 1,738 (124) 302 (46) 295 (20) 
12 months 3,700 (200) 1 2,400 (160) 1 891 (86) 1 209 (36) 1 145 (14) 1 
24 months 4,570 (240) 1 2,880 (170) 2 1,318 (127) 1 191 (27) 1 178 (12) 1 
36 months 4,898 (350) 1 2,818 (531) 2 1,549 (111) 4 207 (40) 3 214 (15) 1 

" Counts x 10 6 per litre, platelets x 10 .3 per litre 
1 Significantly lower (P < 0.05) than mean pre-chemotherapy counts and mean counts for normal population 
2 p < 0.05 for mean pre-chemotherapy counts and 0.1 > P > 0.05 for mean counts for normal population 
3 0.1 > P > 0.05 for mean pre-chemotherapy counts and P < 0.05 for mean counts for normal population 
4 p > 0.1 for mean chemotherapy counts and 0.1 > P > 0.05 for mean counts for normal population 

sis for more than 200 days after adjuvant chemo- 
therapy, whereas in the present study recovery was 
incomplete even after 2 years. Whilst melphalan was 
considered to be the agent causing post-chemother- 
apeutic depression of the bone marrow in the present 
study, this may also occur with various other 
regimens, e. g., adriamycin and cyclophosphamide, 
as reported by Lohrmann et al. [9]. 

The significance of these prolonged effects of 
adjuvant chemotherapy on blood cell numbers is 
uncertain. Studies in the mouse [10] suggest that 
there is depletion at the stem cell level of a 
proliferating cell compartment, with marrow reserves 
becoming limited and sensitivity increasing to sub- 
sequent exposures to myelosuppressive agents. Fur- 
ther information might have been obtained in the 
present study from examination of the bone marrow 
by means of morphology and measurement of 
colony-forming cells, but since there was no symp- 
tomatic depression of the bone marrow this was not 
undertaken. From the present observations, there 
seems to be a need to compare the bone marrow 
tolerance of women who relapse in adjuvant trials 
and are then given further chemotherapy with that of 
previously untreated patients. A further issue is that 
of secondary carcinogenesis, for which there is 
increasing evidence after use of immunosuppressive 
or cytotoxic drug therapy [11] and, even at this 
relatively early phase of adjuvant chemotherapy, 
there is already one report of an increased incidence 
of leukaemia after treatment with chlorambucil for 
breast cancer [8]. Although the International Agency 
for Research on Cancer cites melphalan as the only 
cytotoxic drug definitely regarded as carcinogenic [7], 
other cytotoxic drugs may well have this 
potential. 

Our present findings of slow recovery of periph- 
eral blood cell numbers after adjuvant cytotoxic 

chemotherapy need to be weighed against known and 
potential gains as the practice of adjuvant chemo- 
therapy of cancer becomes progressively extended 
and, in particular, to earlier stages of disease such as 
stage I breast cancer where the expectation of 
remaining disease-free for 10 years after surgery is 
relatively high, 76% [5]. In any event, observation of 
haematological function after cessation of adjuvant 
chemotherapy could be recommended to ascertain 
which regimens carry the risk of causing prolonged 
suppression of the bone marrow. 

Acknowledgements. We thank Dr. J. D. Mathews for statistical 
advice, Dr. D. C. Cowling for haemotological data, Mrs. Clare 
Riglar, Sister C. Richardson, and Sister R. McEvey for assistance 
with data handling, Dr. W. Moon, Mr. J. Collins, and Mr. P. 
Kitchen for allowing us to report on patients under their care, and 
the numerous surgeons who referred patients for inclusion in the 
trial. 

The work was supported by grants from the Lions Fund, 
Anti-Cancer Council of Victoria (MG) and the National Health 
and Medical Research Council of Australia (IM). 

References 

1. Bain B J, England JG (1975) Normal haematological values: 
Sex differences in neutrophil count. Br Med J 1:306 

2. Bonadonna G, Valagussa P, Rossi A, Zucali R, Tancini G, 
Bajetta E, Brambilla C, De Lena M, Di Fronzo G, Banff A, 
Rilke F, Veronesi U (1978) Are surgical adjuvant trials 
altering the course of breast cancer? Semin Oncol 5 : 450 

3. Brecher G, Cronkite EP (1950) Morphology and enumeration 
of human blood platelets. J Appl Physiol 3:365 

4. Corder MP, Jochimsen PR, Dick FR (1979) Abnormal 
peripheral neutrophil and white blood cell stimulation in 
patients treated for regional carcinoma of the breast with 
adjuvant therapy. Clin Res 27:383A 

5. Fisher B (1977) Surgery of primary breast cancer. In: McGuire 
WL (ed) Breast cancer: Advances in research and treatment, 
vol 1. Current approaches to therapy. Plenum Press, New 
York, pp 1-42  



40 M.D.E. Goodyear et al.: Delayed Blood Cell Recovery After Cytotoxic Chemotherapy 

6. Fisher B, Glass A, Redmond C, Fisher ER, Barton B, Such E, 
Carbone P, Economou S, Foster R, Frelick R, Lerner H, 
Levitt M, Margolese R, MacFarlane J, Plotkin D, Shibata H, 
Volk H (1977) L-Phenylalanine mustard (L-PAM) in the 
management of primary breast cancer: An update of earlier 
findings and a comparison with those utilizing L-PAM plus 
5-fluorouracil (5-FU). Cancer 39:2883 

7. International Agency for Research on Cancer (1979) Annual 
report, World Health Organization, Geneva, p 93 

8. Lerner HJ (1978) Acute myelogenous leukaemia in patients 
receiving chlorambucil as long-term adjuvant chemotherapy 
for stage II breast cancer. Cancer Treat Rep 62:1135 

9. Lohrmann HP, Schreml W, Long M, Betzler M, Fledner TM, 
Hempel H (1978) Changes of granulopoiesis during and after 
adjuvant chemotherapy of breast cancer. Br J Haematol 
40 : 369 

10. Morley A (1980) Residual marrow damage from cytotoxic 
drugs. Aust NZ J Med 10:569 

11. Penn I (1978) Malignancies associated with immunosuppres- 
sive or cytotoxic therapy. Surgery 83:492 

12. Petrini B, Wasserman J, Blomgren G, Baral E (1977) Blood 
lymphocyte subpopulations in breast cancer patients following 
radiotherapy. Clin Exp Immunol 29:36 

13. Petrini B, Wasserman J, Blomgren H, Baral E, Strender L-E, 
Wallgren A (1979) Blood lymphocyte subpopulations in breast 
cancer patients following post-operative adjuvant chemother- 
apy or radiotherapy. Clin Exp Immunol 38:361 

14. Symington GR, Mackay IR, Whittingham S, White J, Buckley 
JD (1978) A 'profile' of immune responsiveness in multiple 
sclerosis. Clin Exp Immunol 31:141 

Received August 10/Accepted August 18, 1981 


