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Abstract-The cooperative oncology group for Chemotherapy of Gastrointestinal Tumors 
(CGT) retrospectively examined 139 patients with metastatic colorectal cancer for prognostic 

factors. Clinical characteristics, tumor parameters, and blood parameters were investigated for 
prognostic explanation of survival from the start of chemotherapy for the advanced disease. A 
combination of a univariate regression and a multivariate step down procedure rclith Cox’s 
regression model led to the identificntion of performance status, sex, white blood count and, to a 
lesser degree, blood sedimentation rate and albumin as important prognostic factors. Based on 
these variables an individual risk score was calculated for each patient. 

INTRODUCTION 
COLORECTAL cancer (large bowel carcinoma) is 
among the leading causes of morbidity and mor- 
tality in developed countries. It ranks second in 
both West Germany and the U.S.A. to lung cancer 
in males and breast cancer in females. Of reported 
colorectal cancers, 30-70% encountered surgically 
have already metastasized to regional lymph nodes 
[ 11. Cure is rarely achieved for locally unrescctablc 
or recurrent disease and almost never in metastatic 
disease. Improvement of survival by chemotherapy 
has been moderate in the past ten years, and there 
is enormous variability in the results reported in 
the literature [2-51. While there is good infor- 
mation about prognostic variables in the primary 
treatment of colorcctal cancer from surgical litera- 
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ture, detailed investigations for prognostic factors 
in the secondary treatment of advanced and/or 
metastatic disease are rare. 

The CGT Study Group, having conducted a 
series of clinical trials on the effect of poly- 
chemotherapy [6, 71 for patients with metastatic 
colorectal cancer, raised the question of the exist- 
ence of important prognostic factors for this 
advanced disease. An appropriate definition of risk 
groups was believed to help in the planning of 
controlled clinical trials as well as in obtaining 
guidelines for the clinical management of cancer 
patients. Therefore, we decided to submit the well 
documented data of the CGT studies to a mul- 
tivariate analysis in order to extract the most essen- 
tial factors predicting survival. 

PATIENTS AND METHODS 
139 patients with histologically proven residual, 

recurrent or metastatic adenocarcinoma of the 
colon, sigmoid, or rectum, which was inoperable 
or beyond surgical or radiotherapeutical cure, were 
examined retrospectively for factors prognosing 
survival with the advanced disease. All patients 
had been recruited for Phase II and Phase III 
trials with different chemotherapy regimes between 
1977 and 1982 by members of the CGT Study 
Group [6-8]. The analysis was based on 33 
characteristics surveyed or measured at the start 
of chemotherapy including 15 parameters from 
laboratory assays. 

Performance status (PS) was classified according 
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Table 1. Results of the univariate Cox-regression 

Factor/covariate Units/categories Median/percentages 
Regression coefficient 

p (S.E. of p) P-value Relative risk 

Sex 

Age 
Time since operation 

Site of primary 
tumor 

Grade of 
differentiation 

Size of tumor 

Extent of 
operation 

Type of 
operation 

TNM 

Location of 
metastases 

Body mass 
index 

Loss of weight 
in last 3 months 

*female 
male 

years 

days 

sigma 
colon/coecum 

*high 
median 
low 
(undefined 

cm 

*palliative 
possibly curative 
curative 

51.8 
48.2 

55.4(53.7-57.4) 

295( 196-396) 

51.9 
26.0 
21.4 

29.6 
27.3 
40.9 
2.3) 

5.0(4.5-5.0) 

42.9 
10.0 
47.3 

*colon resect. 37.0 
rectum extirp. 33.6 
anus praeter 5.9 
others 20.2 
none 3.4 

T, 
N’,, 
N, 
N,_, 

M,, 
Ml 
*local 
intra-abdominal 
liver 
lung/bone 
multiple+liver 
others 

weight/height” 
x 100(kg/cm2 

kg 

9.1 - 
42.9 0.12(0.45) 
48.0 -0.01(0.45) 

32.0 
58.7 

9.3 
0.28 
1.34(0.44) 

61.5 _ 

38.5 0.29(0.26) 

13.7 - 

5.8 0.80(0.50) 
28.1 0.14(0.33) 

7.9 0.26(0.42) 
30.9 0.65(0.32) 
13.7 0.73(0.37) 

2.34(2.292.42) -0.85(0.39) 

3.0( l&4.0) O.OS(O.03) 

-0.38 

0.004(0.01) 

0.0002(0.0002) 

- 

0.25(0.23) 
0.66(0.26) 

- 

-0.22(0.44) 
-0.25(0.40) 

0.29(0.08) 0.0002 

0.04 

1.34 

0.96(0.38) 2.6 
0.25(0.26) 1.3 

0.54 
0.21(0.24) 0.814 
-0.34(0.15) 0.71 
-0.29(0.09) 0.75 
0.52(0.53) 1.69 

0.05 

0.67 

0.30 

0.03 

0.80 

0.30 

0.01 

0.27 

0.12 

0.03 

0.004 

0.68 

- 

1.28 
1.93 

- 

0.80 
0.76 

1.13 
0.99 

1.32 
3.82 

- 

1.33 

2.22 
1.16 
1.30 
1.91 
2.08 

0.43 

1.08 

to criteria of the Swiss oncology group SAKK chemotherapy was repeated every 6 weeks until 
which are similar to those of the ECOG [9]: normal tumor progression and, if necessary, dose schedules 
activity (= 0), patient is able to live at home with were modified [6-81. The distribution of the pati- 
tolerable tumor manifestations (= l), patient has ents according to different regimes was as follows: 
disabling tumor manifestations, but is less than 5-FU (4%), 5-FU+BCNU (is%), Ftorafur + 
50% of time in bed (= 2), patient is severely dis- BCNU (5%), 5-FU+BCNU+mitomycin C (43%), 
abled and more than 50% in bed (= 3)) patient is 5_FU+BCNU+vincristine (16%), Ftorafur + 
very sick and bedridden (= 4). BCNU+vincristine (11%) and others (5%). 

Chemotherapy had been given at the following 
dosages: 5-fluorouracil(5-FU) at 10 mg/kg/day 
5 days i.v., Ftorafur at 30 mg/kg/day 5 days i.v. 
or 2 glm’lday 5 days ;.v. in 500 ml 5% glucose 
for l-2 hr. Carmustine (BCNU) at 40 mg/m2/day 
5 days in 250 ml 5% glucose over 30 min i.v., 
vincristine at 1 mg/m2 on day 1 i.v., and mito- 
mycin C at 10 mg/m2 i.v. on day 1. Each cycle of 

Statistical analysis 
Survival time was measured from start of chemo- 

therapy until death or loss of follow-up. At the 
time of analysis 109 deaths and 30 censored cases 
were evaluable. All factors shown in Table 1 were 
examined for prognostic relevance by Cox’s 
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estimate of p = (B,, . . . , B,.) was used to calculate 
an individual risk score for each patient, i.e. a 
prognostic index P41, 1(P) = 8, t,(P) + . . . 
+ Br r,(P), where Z(P) were patient’s P covariates. 
For each factor survival curves were calculated by 
life-table methods [ 151 and empirical log-(-log)- 
plots and a test for acceleration [ 161 in the case of 
pairs of curves were used to check the proportional 
hazards assumption, All logarithms were taken to 
the base e. A detailed description of the statistical 
methods is available from the authors. 

RESULTS 
All 33 characteristics considered for prognostic 

relevance were characterized by median values 
(with 95% confidence intervals) in the case of 
quantitative and by percentages in the case of 
categorial covariates. Body height and body weight 
at time of metastatic disease were not included 
because of their strong association with sex (chi- 
square: P < 0.001). A body mass index defined 
as weight divided by the square of the height was 
included, instead, and it appeared to be uncor- 
related with sex (chi-square P = 0.8). Patient’s 
performance was found to be strongly correlated 
with loss of weight (P < 0.001) as well as with the 
blood sedimentation rate (P ( 0.0009), albumin, 
and WBC (P = O.Ol), and also to some extent 
with alkaline phosphatase and lymph node 
involvement of the primary tumor (P < 0.1). 

Univariate analysis 
Each factor listed in Table 1 was analyzed sep- 

arately for its influence on survival by a univariatc 
Cox-regression and the resulting P-values were 
used to assess prognostic importance. Strong prog- 
nostic impact of survival (P < 0.01) was shared 
by the size of the primary tumor, loss of weight, 
performance status, alkaline phosphatasc, 
albumin, white blood cell count (WBC), gra- 
nulocyte count, hemoglobin, and blood scdi- 
mentation rate (BSR). They generated the set of 
factors V2. Performance status exhibited the high- 
est signficancc level. Patients with PS 1 or 2 
showed an about 3-5 times larger risk of death 
than those with normal performance; those with 
bad performance (PS 3 or 4) had an even about 
20 times larger risk. Risk of death was increasing 
with increasing loss of weight, alkaline phospha- 
tase, WBC, granulocytc count, or BSR values and 
with decreasing hemoglobin or albumin values. 

WBC and granulocyte count were highly cor- 
related. Only WBC was included in the set V2 of 
factors used in a multivariate analysis. There was 
some concern about the role of sex, which showed 
only mild influence (P = 0.05) in the univariatc 
regression but which was associated with factors 

of high influence such as hemoglobin or loss of 
weight. Since preliminary analyses had revealed a 
larger influence of sex and since it represents a 
basic anamnestic variable undoubtedly important 
to record, we included sex into KJ. Size of the 
primary tumor could not be included because of a 
large number of missing values. 

We obtained another 7 factors with some influ- 
ence on survival (0.01 s P < 0.1) generating Vt: 
Site of primary tumor, lymph node involvement, 
CEA, LDH, protein, creatinine and extent of oper- 
ation. Additionally SGOT(P = 0.10) and location 
of metastases (P = 0.12) with borderline P-values 
were included in Ft. Chemotherapy and additional 
therapy both showed no influence on survival 
(P > 0.5). 

Multivariate analysis 
All 8 factors from IJ’~ were put into a multivariate 

regression model. Performance status 3 or 4 was 
combined with patients of performance status 2 
into one category of nonambulatory patients 
(PS 2 2). Because of the strong association 
between performance status and blood sedi- 
mentation rate two interaction terms were con- 
sidered: Pl: PS = 1 and BSR > 30 and P2: 
PS 3 2 and BSR > 30. P2 showed a large influ- 
ence on survival explaining most of the influence 
of BSR whereas Pl was not significnat. Intro- 
duction of interaction terms defined by per- 
formance and albumin, alkaline phosphatase, or 
WBC led tcr no substantial improvement. An 
addition of P, to V,, however, improved sub- 
stantially (likelihood ratio test: P = 0.01) our 
ability to predict survival in the presence of the 
other variables of El. 

In a step down procedure loss of weight during 
the last 3 months, alkaline phosphatase, hem- 
oglobin, and blood sedimentation rate exhibited 
no significant regression coefficients (P > 0.4) and 
their deletion in a subsequent model resulted in a 
non-significant reduction of the deviance 
(P = 0.2). The remaining four factors and P2 were 
all significant at the 0.05 level and a further 
deletion of any one of them resulted in a significant 
reduction of the deviance of the regression model 
(P < 0.05) and, thercforc, they were designated as 
Model 1. The results arc given in Table 2. Albu- 
min was responsible for 25 missing values in Model 
1. Therefore WC used in Model 2 only the three 
factors sex, performance, WBC, and the interaction 
term P2 and so obained an active sample of size 
108 patients. Compared to Model 1 there was 
a minor loss of information (deviance: P = 0.03) 
which was compensated by a larger sample size. 
Qualitatively there was no change compared to 
Model 1. 

When factors of V, were added one by one to 
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Table 2. Results of the multivariate regression by Cox’s jwoportional hazards model applied to the factors V2 of strong prognostic 
value 

Model 1 Model 2 &4odel 2* 
Govariate Beta P-value Beta P-value Beta ~--value 

Sex -0.79 0.004 -0.69 0.004 -1.01 0.00007 

Performance (I) 1.08 0.009 1.29 0.0005 I .86 0.00001 
Performance (2 2) 0.72 0.80 0.96 

PS 2 2 x BSR > 30 1.70 0.003 I .89 0.0001 2.39 0.0003 
Albumin -0.04 0.03 - - - - 

Log WBC 0.76 0.02 0.88 0.002 1.31 0.0002 

Sample size 81 108 103 

We give the estimate of the regression coefhcient p (BETA) and its p-value of the two last steps with those factors remaining finally 
significant. Model 2* ,gives the fit of the model without the five most influencing cases. 

~.~~____+____+___~+___~____+_.__+_~_~+_~__+__~~+_~~~+____.~~__+__~~+_~_~+__~_+__r:;:::_~____~ 
0 2 6 6 10 12 14 16 16 

MONTHS 

r;iq. 1. Survival of all patients whose prognostic index I wuas evaluable subdivided according to the prognostic index. < 11.5 (4, 
11.5-13 (O), 1314.5 (O), > 14.5 (Y). 

those of Model 2 only site of the primary tumor, 
extent of operation and lymph node status from 
the TNM were significant (0.01 < P < O.l), but 
their influence was smaller than that of the factors 
of Model 2 (P> 0.01). 

Five cases with highest influence on the esti- 
mates of the regression coefficients were identified: 
one female with PS = 1 surviving longest (30 mon- 
ths); one male surviving 5 months and one female 
surviving 7 months with PS = 2; there was a male 
surviving 11 months with PS = 1 but with an 
extreme WBC of 24 800, and finally, one male 
surviving 12 months with PS = 2, BSR = 15, and 
WBC = 8000. Table 2 gives the regression coef- 
ficients calculated without those 5 cases in Model 
2*. 

For the identification of risk groups we cal- 
culated a prognostic index based on the regression 
coefficients from Model 2* as 

l(P) = -1.06 X sex(P) + 1.86 X (PS=l)(P) 
+ 0.96 X (PS>2)(P) + 2.39 x P2(P) 

+ 1.31 x logWBC(P) 
for each of the n = 103 cases used in Model 2*. 

For an explicit calculation of I(P), the values of 
the covariates of each patient P were used as fol- 
lows: sex(P) = 1 if P was male and sex(P) = 0 
if P was female; (PS=l) (P) = 1 if PS=l and 
(PS=l)(P) = 0 otherwise; (PS 3 2)(P) = 1 if 
PS 3 2 and (PS 2 2) (P) = 0 otherwise; 
P2(P) = 1 if PS 2 2 and BSR > 30 and 
P2(P) = 0 if PS<2 or BSR G 30. 
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After examining the distribution of 1 we sub- 
divided the sample into the following four groups 

(I) l(P) 6 11.5 (n=9) 

(II) 11.5 < I(P) G 13.0 (n=28) 

(III) 13.0 < I(P) < 14.5 (n=53) 

(IV) l(P) ’ 14.5 (n= 13) 
The number of cases are given in parentheses. The 
survival curves of the four groups of patients so 
defined show the prognostic power of the index I, 
see Fig. 1. Similar results are obtained if the index 
is calculated on the basis of Model 1 or Model 2. 

DISCUSSION 
The purpose of the analyses reported above was, 

firstly, to determine a comprehensive but minimal 
set of prognostic factors for advanced colorectal 
cancer and, secondly, to define risk groups for the 
present sample on the basis of these factors. The 
retrospective investigation of 139 patients with 
histologically proven metastatic adeno-carcinoma 
of the colon and the rectum discovered a number 
of patient’s characteristics influencing survival 
from the start of treatment of the mctastatic 
disease. In order to adjust for associations between 
the covariates and to define a minimal set of factors 
explaining most of the survival differences, a mul- 
tivariate analysis with specific modifications was 
applied. Thereby we obtained performance status, 
sex, and white blood cell count as prognostic fac- 
tors and also to some extent albumin and blood 

sedimentation rate. 
Further investigation is needed to clarify the role 

of albumin as well as that of BSR, the latter which 
leads to a significant gain in explanation of dif- 
ferences in survival for the subgroup of patients 
with worse performance (PS 2 2). The risk of 
dying was 2.7 times higher for females than for 
males, when adjusted for other covariates. This is 
in contrast to findings of Refs. [17] and [la], who 
observed better survival among women. However, 
it has to be mentioned that in our sample sex was 
correlated to some degree with BSR and WBC 
(P = 0.06) and, to a lesser degree, with albumin 
and performance (P > 0. 1 ), and that a higher pro- 
portion of females was found in the categories of 
worse prognosis. The relative risk of patients with 
PS = 1 to patients with PS = 0 was 6.4. Patients 
with PS > 1 but without elevated BSR showed an 
increase by the factor 2.6 whereas those with 
PS 2 2 and elevated BSR did worse with a risk 
11 .O times larger than those with PS = 0. Thus, 
the role of performance status as an important 
prognostic factor was reassured by this study. But 
we also conclude that an inclusion of charac- 
teristics of the protein metabolism can improve the 
prediction of survival. 
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