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Abstract-Serum prolactin (HPr) has been measured in 459 patients 1 day before (HPr- 1) and 
in 433 patients 10 days after (HPr-2) treatment. These came from an unselected sequencc of 739 
patients with operable breast cancer who had been referred to Guy ‘s Hospita1 over a period of 5 yr. 
In addition HPr was measured in 100, or more, women at 3, 6 or 12 months after mastectomy. 

The median levels of either HPr-1 or HPr-2 were higher in pre-menopausal compared with 
postmenopausal patients (P = 0.03 and 0.06, respectively). 

Mastectomy was associated with increased serum HPr in both pre- andpost-menopausal patients 
(P < 0.001 in both cases). Average levels at 3 months, or after, were similar to those found 
before treatment. 

Nulliparous women had a higher median amount of HPr-1 than parous which was signiJicant in 
premenopausal patients (P < 0.008) whilst HPr-2 levels were not related to parig. Thus the rise 
in HPr associated with surgery was greater in parous than nulliparous women. 

Prolactin levels were not related to nodal status or tumour size. However, the amounts of HPR-2 
were signif;ant~ greater in women with histological grade 3 tumours than those with grade 1 or 2. 

Standardising for either nodal status, tumour size or histological grade seven situations were 
found in which HPr-1 or HPr-2 levels were of prognostic sign$cance. Although some of these 
significant associations could be fortuitous al1 shared a common feature that the least favourable 
prognosis was associated with the highest HPr levels. 

INTRODUCTION 
THE ROLE of prolactin (HPr) in the aetiology of 

breast cancer is uncertain although women at 
increased risk of the diseasc bccause of a late agc at 
first baby, nulliparity, obcsity or a family history of 
brcast canccr, have raised blood levels of thc 
hormonc [ 1-81. In addition, postmenopausal 
patients who subsequcntly dcveloped breast canccr 

have raised HPr lcvels up to 5 years beforc thc 
clinical diagnosis of thc discasc [9]. These findings, 
togethcr with the wcalth of animal data linking this 
hormone with mammary tumourigcncsis would 
suggest that HPr may be an important factor in thc 
actiology of human brcast canccr [ 101. 

reports have dealt with women with advanced 
breast cancer [ 11-131. To our knowledgc no study 
has been devoted to the relationship betwccn blood 
HPr levcls and prognosis in women with opcrable 
breast cancer. 

Palients 
METHODS 

If HPr promotcs tumour growth, then it would 
bc reasonably cxpected that thc concentration of 
this hormone in thc blood would influcncc 
prognosis in paticnts with opcrablc breast canccr 
who had hormonc respons& tumours. Although 
scveral authors have claimcd that high blood HPr 
lrvels are linkcd with a poor prognosis al1 thcsc 

Thc study was bascd on a sequentia1 scrics of 
739 paticnts with opcrable breast canccr trcatcd in 
the Breast Unit, Guy’s Hospita1 betwcen Fcbruary 
1975 and March 1980. Thc statistical analysis was 
pcrformed on a final follow-up dated 1st July 1984. 
Excluded from thc study wcrc 46 paticnts with in 
situ non-invasivc canccr, as were 74 paticnts who 
had undcrgonc prior hystcrcctomy. This left 258 
prc-menopausal and 357 postmcnopausal subjccts 
for study. Somc paticnts had been trcatcd with 
mclphalan but since this did not cffcct prognosis 
[14] these patients were included in thc analysis. 

Accepted 9 October 1985 Thc TNM staging protocol [ 151 was uscd and 
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histological grade was asscssed using thc criteria of 
Bloom and Richardson [ 161. 

Bloed samples 
Patients were bied the morning bcfore and 10 

days after surgery and the prcpared serum storcd 
at -20°C until analysis. In some patients, serum 
samples were obtained at 3, 6 and 12 months aftcr 
surgery. 

Prolactin assay 
Serum HPr was measured by the method of Kwa 

and Wang [4]. Prolactin was measured in 459 
blood samples taken before surgery and 443 aftcr 
surgery. For convenience, prc-operative HPr levels 
wil1 be termed HPr-1, post-operative levels HPr-2 
and the differente between these (HPr-2 - HPR- 1) 
as HPr-3. The concentration of serum HPr was 
determined in 155, 153 and 100 blood specimens 
taken 3, 6 and 12 months after mastectomy, 
respectively. There were 12 1 patients for whom no 
HPr results were available. 

Statistical analysis 
Survival rates were analysed using the log rank 

test described by Peto et al. [17, 181. In most 
instances non-parametric statistical tests were 
perfìormed using the Spearman test for correlation 
and Mann-Whitney for comparison of groups. 
However, for convenience, data have been de- 
scribed using arithmetic means and standard 
deviations. 

RESULTS 
Factors affecting prolactin levels 

(a) Age. The median levels of HPr-1 and 
HPr-2 were higher in premenopausal than post- 
menopausal patients; being significantly so for 
HPr-1 (8.lng/ml, n = 195; 6.7ng/ml, n = 264; 
P = 0.03) and nearly so for HPr-2 (14.6ng/ml, 
n = 182; 12.6ng/ml, n = 261; P = 0.06). Within 
these menopausal groups there was no significant 
correlation between age and HPr levels. In the 
following analyses the patients have been divided 
according to menopausal status. . . 

(b) Mastectomy. Mastectomy was associatcd 
with a marked incrcase in HPr levcls. In 169 
pre-menopausal patients for whom both HPr-1 and 
HPr-2 levels were available the mean amounts (? 
S.D.) were 9.95 (+ 7.4) and 21.97 (+ 19.6) ng/ml, 
respectivcly. In 229 post-menopausal womcn thc 
change was from 9.14 (2 9.85) to 17.75 (& 15.4) 
ng/ml. Paired t-tests showed that these diffcrcnccs 
were highly significant (t = 7.97 and 9.36 
respectively; P < 0.001 in both cases). 

The mean HPr concentrations 3 months aftcr 

mastectomy had fallen to levcls which were thc 
samc as those found bcforc surgery and these Icvcls 
were maintaincd for up to 12 months aftcr 
mastectomy. This occurred for both prc- and 
post-menopausal patients (Fig. 1). 

(c) Pario. In both mcnopausal categorics thc 
average HPr-1 in nulliparous womcn tcnded to bc 
higher than in parous women (Table 1) and in thc 
case of premenopausal patients the diffcrcncc was 
highly significant (Mann-Whitney P = 0.008). 
Among premenopausal women therc was also a 
tendency for the mean HPr-1 to dccrcase with 
increasing parity (Table 1). 

In al1 parity groups there was a significant rise in 
HPr-2 associatcd with surgery. There was no 
tendency for HPr-2 levels to be related to parity. In 
postmenopausal subjccts therc was a trend for 
HPr-2 levels to increase with parity (Table 1). 

These fluctuations in the levels of HPr-1 and 
HPr-2 suggest that changes in HPr associated with 
surgery are less in nulliparous than parous womcn. 
This is in accord with the mean concentration of 
HPr-3 for differing degrees of parity (Table 1). The 
change in HPr levels associated with surgery, 
HPr-3, is least in nulliparous women and this is 
significant in premenopausal patients (P = 0.004). 
Although this did not reach forma1 significancc in 
postmenopausal women (P = 0.09) thcre was a 
significant non-parametric correlation betwcen 
H!f’r-3 and pariti. 

Nodal status, tumour size and histological grade 
Neither nodal status (axillary metastases 

pared with no metastases) or tumour sizc 
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Fig. 1. Association between mean protactin levels and mastectomy. The 
prolactin leuels are plotted as mean f S.E.M. The times are relatiue to 
mastectomy e.g. - 1 day and 6m are 1 day before and 6 months after 
mastectomy, respective[v. The number of patients at - 1 day + 10 dqs. 
31x1, 6m and 12m were 195, 182, 65, 59 and 39 respectiueb for 
premenopausal and 264, 261, 90, 94 and 61 respectiuely, for 

postmenopausal subjects. 
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Table 1. Prolactin levels of breast cancer patients Gth varying degrees of pari0 

Menstrual 
status 

Parity Prolactin 

HPr-1: P’ HPr-2+ + P HPr-3: I’ 

Premenopausal 0 12.8 + 7.8 19.2 f 15.9 5.5 t: 14.4 

(25) (241 (22) 
1 9.9 + 6.7 0.08 21.2 f 19.2 NS1 ll.7 + 18.4 NS 

(35) (31) (30) 
2 9.2 + 7.3 0.02 23.7 f 22.6 NS 12.8 + 20.9 0.06 

(68) (63) (57) 
3 9.1 + 7.3 0.01 23.5 f 19.7 NS 15.9 + 22. I 0.03 

(40) (38) (32) 
24 8.3 + 3.4 0.02 20.1 + 16.3 NS 10.8 f 16.3 0.09 

(29) (27) (26) 

Postmenopausal 0 9.2 + 13.8 

(67) 
1 8.4 f 6.0 

(76) 
2 9.0 f 10.5 

(64) 
3 7.3 + 3.7 

(27) 
24 12.2 f 9.4 

(28) 

14.9 t 11.3 

(65) 
NS 16.6 f 13.5 

(70) 
NS 19.9 + 18.5 

(64) 
NS 16.3 I?Z 10.0 

(33) 
0.05 24.5 +C 22.5 

(28) 

4.8 + 12.9 

(55) 
NS 7.9 + 13.0 NS 

(63) 
NS 11.7 t 14.9 NS 

(57) 
NS 9.0 f 10.4 NS 

126) 
0.03 13.6 + 20.0 0.04 

(26) 

Results are expressed as mean + S.D. with the number of patients in parenthesis 
* Probability of being different kom nulliparous levels (Man”-Whitncy) 
t Refer to P values in excess of 10% 
2 HPr-1 and HPr-2 refer to prolactin levels (ng/ml) 1 day bcfore and 10 days aftcr 
mastectomy, HPr-3 is the differente between HPr-1 and HPr-2 

related to amounts of HPr-1, HPr-2 or HPr-3 in 
either of the menopausal categories of patients. 

In premenopausal subjects histological gradc 
was not related to HPr-1, HPr-2 or HPr-3 levels 
(Table 2). However, in postmenopausal paticnts 
those with grade 3 tumours had significantly 
higher HPr-2 levels than those with grade 1 or 2 
tumours. This differential response to surgcry with 
respect to grade was reflectcd in diffcrcnccs in 
HPr-3 betwcen patients with grade 3 tumours and 
those with grade 1 or 2 (Tablc 2). These differenccs 
in HPr-2 and HPr-3 are not an artefact dut to 
differcnces in parity patterns associatcd with 
grade, since the dcgrcc of parity is similar for al1 
grades of tumour. 

Prolactin and survival 
Pre-operative prolactin levels. Thc prcmenopausal 

and postmenopausal patients were dividcd into 
quartiles according to thc amount of HPr- 1 and thc 
survival of these quartiles was then comparcd. 
There was no statistically significant indication 
that HPr-1 lcvels were rclatcd to survival. Howcv- 

er, by comparing thc quarter of prcmenopausal 
patients with the lowest HPr-1 with the remaining 

subjects combined into one group there was a 
significant differente (P < 0.05), thc latter 
surviving less wel1 (Tablc 3, line A). 

Standardising for eithcr nodal status, histologic- 
al gradc or tumour sizc rcvcalcd significant 
differcnces in survival according to HPr-1 valucs 
for fcw groups of paticnts. Thus thc prcmcnopausal 
patients with HPr-1 lcvels below thc mcdian valuc 
survived significantly bcttcr than thc rcmainder of 

patients whcn thcre was no nodal involvcmcnt 
(Tablc 3, lint B; P < 0.025) or when thcir tumour 
sizc was lcss than 2 cm in diameter (Tablc 3, line 
c; P < 0.05). 

Postmcnopausal patients with gradc 2 tumours 
were more likcly to survive if their HPr-1 Icvcls 
were bclow thc mcdian valuc than thosc abovc 
(Tablc 3, lint D; P < 0.01). Those paticnts with no 
nodal involvcmcnt were morc likcly to dit if thcir 
HPr-1 valuc cxcccded 20ng/ml (Tablc 3, line E; P 
< 0.001). 

Post-operalive prolactin leve&. Even aftcr standar- 
dizing for nodal status, tumour gradc or sizc, thcrc 
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Table 2. Prolactin levels and histological grade 

Grade HPr-1 HPr-2 HPr-3 

Premenopausal 1 9.3 + 6.6 (30) 21.5 f 19.9 (32) 13.1 + 21.3 (28) 
2 9.3 + 6.4 (73) 21.6 f 18.1 (66) ll.4 ?- 19.1 (58) 
3 9.3 + 7.5 (52) 19.9 + 16.9 (48) 10.7 f 14.3 (47) 

Postmenopausal 
1 7.8 + 3.5 (25) A 15.6 + 13.2 (25) D 7.6 + 11.6 (24) 
2 9.9 f 4.7 (102) B 15.4 f 13.3 (107) E 6.0 + 10.9 (109) 
3 8.8 + 7.3 (71) C 21.5 k 14.8 (67) F 12.7 + 14.9 (56) 

Rcsults are expressed as mean + S.D. with number of patients in parenthesis 
Mann-Whitney test A v C P = 0.04 

B v C P = 0.001 
D v F P = 0.07 
E v F P = 0.007 

HPr-1 and HPr-2 refer to prolactin levels (ng/ml) 1 day before and 10 days after 
mastectomy, HPr-3 is the differente between HPr-1 and HPr-2. 

Table 3. Relationship between prolactin levels and survival 

Menstrual TNM Prolactin Criteria for n 5-yr X2 
status & Grade comparison survival P 

PRE ALL 

PRE NO 

PRE Tl 

POST 

POST 

Grade 
=2 

NO 

POST ALL 

POST ‘~2 

POST Grade 
=2 

POS? T2 

HPr-1 

HPr-1 

HPr-1 

HPr-1 

HPr-1 

HPr-2 

HPr-2 

HPr-3 

HPr-3 

Lowest Quartile 50 
Remainder 149 

Below Median 57 
Above Median 57 

Below Median 45 
Above Median 44 

Below Median 51 
Above Mrdian 51 

620ng/ml 135 
>20ng/ml 10 

Lowest 3 Quartiles 196 
Top Quartile 65 

620ng/ml 93 
>20ng/ml 46 

aOng/ml* 69 
<Ong/ml 22 

gOng/ml* 58 
<Ong/ml 16 

87% 
77% 

96% 
81% 

9 1% 
77% 

84% 
62% 

82% 
48% 

72% 
58% 

66% 
43% 

79% 
41% 

91% 
61% 

3.84 
<0.05 

5.80 
CO.025 

4.93 
CO.05 

6.74 
<O.Ol 

12.1 
<O.OOl 

3.90 
CO.05 

7.05 
<O.Ol 

8.66 
CO.005 

7.91 
CO.005 

HPr-1 and HPr-2 refer to prolactin levels (ng/ml) day before and 10 days after mastectomy, 
HPr-3 is the differente between HPr-1 and HPr-2. 
* LOng/ml implies a rise, or no changes, and <Ong/ml a fall in the HPr levels after 
mastectomy. 

were only two situations whcre HPr-2 levcls wcrc 
significantly related to survival and both occurrcd 
in postmenopausal paticnts. Firstly, thosc with 
HPr-2 lcvcls in thc uppcr quartilc survivcd lcss 
wel1 than the patients in thc rcmaining combincd 3 
quartiles (Table 3, lint F; P < 0.05). Sccondly, 

thosc with T2 tumour were significantly lcss likcly 
to survivc if thcir HPr-2 levels cxcccdcd 20ng/ml 
than thosc that did not (Tablc 3, lim G; P < 0.01). 

Change in prolactin levels associated with mastectomy. 
Postmcnopausal patients with gradc 2 or T2 

tumours were significantly lcss likely to survivc if 
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thcir HPr Icvcls dccrcascd 10 days aftcr surgcry 
comparcd with thosc in whom it increascd (Tablc 
3, lincs H and 1; P < 0.005 for both). 

DISCUSSION 
Factors affect@ prolach levels 

confirmcd. Howevcr, it is of interest that Thomas el 
al. [21] have rcportcd that thc blood thyroid 
function index and thc urinary ratio of androster- 
onc to actiocholanolone were both significantly 
lower in paticnts with grade 3, comparcd with 
grade 1 or 2, tumours. 

In normal womcn increasing parity is signi- 
ficantly associated with dccrcascd amounts of HPr 
119, 201; an cffcct which is most pronounced in thc 
nocturnal surgc of HPr [8]. Although this tendency 
was secn in both pre and post menopausal paticnts 
only in the formcr case were HPr-1 values in 
nulliparous significantly different from parous 
women. This may be becausc of thc smal1 number 
of patients sincc WC have found that there is only a 
weak correlation between the degree of parity and 
HPr levels in normal women and required an 
extremely large population for the association to 
become formally significant [ 71. 

Prolactin and prognosis 
The concentration of blood HPr was not 

generally associated with survival although, by 
judicious selection, groups of paticnts could bc 
identified for which HPr levels did appcar to bc 
significantly rclated to survival. Doubtlcss, somc of 
these significant associations are fortuitous but 
what is striking is that in al1 instances the groups 
with the least favourable prognosis had the highest 
HPr levels. Most of these cases involvcd HPr-1 
levels but for few examples using HPr-2 the princi- 
ple stil1 holds. 

Thc effect of surgcry on HPr lcvels was seen for 
al1 degrees of parity although in both pre and 
postmcnopausal womcn the rise in HPr-2 tended to 
be most marked in women with thc greatest 
number of children, suggesting that the pituitary 
reserve of HPr is related to the degree of parity. 
However it should be noted that this analysis was 
donc using only one post-operative time point (i.c. 

10 days after mastectomy), there being insufficient 
numbers at 3, 6, or 12 months. Thus another 
intcrpretation could bc that thc tempora1 effect of 
mastectomy on HPr-2 levels is different for varying 
degrees of parity. 

Postmenopausal women, with tumours of cithcr 
size T2 or grade 2, for whom the amount of HPr fcll 
after surgery died more quickly than those in 
whom HPr rose. Whether these arc rcal or chancc 
findings nced to be determined. 

Although the analyses in this study have dealt 
with survival the conclusions apply to disease-fret 
interval since the linear correlation betwcen 
months of survival and diseasc-frce interval was 
highly significant. 

Nodal status or tumour size was not related to 
amount of HPr, although postmenopausal patients 
with gradc 3 tumours had significantly raised 
HPr-2 levels than those with grade 1 or 2 cancers. 
It is not clear why women with grade 3 tumours 
should have a greatcr rcsponsc to mastectomy in 
tcrms of blood HPr and this rcsult necds to bc 

Workers who have studied the rclationship 
between HPr levels and prognosis have studicd 
womcn with advanced breast cancer and have 
usually reported that high blood concentrations of 
HPr are associated with unfavourable prognosis 
[ 11-131. This may now be extendcd to apply to 
patients with operable breast canccr although thc 
exact relationship between the amounts of HPr and 
prognosis is too tcnuous to be of any valuc in the 
clinical management of thc disease. 
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