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ABSTRACT

Univariate and multivariate linear logistic regression analyses of po
tential prognostic variables have been performed for 163 patients with
disseminated nonseminomatous testicular cancer, treated with cisplatin,
vinblastine, and bleomycin in a multicenter study of the European Or
ganization for Research on Treatment of Cancer Genito-Urinary Tract
Cancer Cooperative Group. With a multivariate analysis, four prognostic
groups with complete responder rates of 100, 89, 41, and 18%, respec
tively, were identified based on three prognostic factors: trophoblastic
elements in the primary tumor, serum concentration of a-fetoprotein, and
lung mÃ©tastasesby size and number. However, with a univariate analysis
the logarithm of the 0 subunit of human chorionic gonadotrophin (BHCG)
was the single most important factor. This model aids the physician in
selecting prospective!)1 good risk patients who are candidates for low

toxicity chemotherapy and poor risk patients with whom innovative
treatment should be attempted.

INTRODUCTION

With standard cisplatin combination chemotherapy, the risk
of death from disseminated nonseminomatous testicular cancer
is approximately 30%, including a 5% toxic death rate from
these regimens (1-5). This underlines the need to define good
and poor risk patients prior to treatment in order to decrease
the toxicity in the first category and to intensify the treatment
in the second group. Several factors have been reported as
influencing the prognosis such as extent of disease (3-8), initial
serum marker concentrations of BHCG,3 AFP, and LDH (8-

11) or their rate of decrease during chemotherapy (12, 13),
histology (14, 15), prior treatment (3, 16), treatment protocol,
age, time from diagnosis to treatment (8), and performance
status (11).

Since many of these variables may be interrelated, a multi
variate analysis of various factors has been performed in order
to determine their relative prognostic importance.

MATERIALS AND METHODS

Patients Studied. From July 1979 until March 1983, the European
Organization for Research on Treatment of Cancer Genito-Urinary
Tract Cancer Cooperative Group entered 214 patients with dissemi
nated nonseminomatous testicular cancer in a randomized prospective
study. None of these patients had received prior radiotherapy or chem-
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otherapy. The patients received 4 cycles of induction chemotherapy
with cisplatin, vinblastine, and bleomycin with a randomization between
vinblastine 0.4 (100% vinblastine) and 0.3 mg/kg/cycle (75% vinblas
tine). One hundred and sixty-three patients were Ã©valuablefor response.
The treatment results of this study have been reported elsewhere (4).

For this analysis the patients were divided into 2 groups: CRs and
those who did not achieve a complete response (no CR). CR is defined
as the complete disappearance of all clinical, radiographie, and bio
chemical evidence of disease, which includes the results of computed
tomographic scan of the chest or whole-lung tomography, computed
tomographic scan of the abdomen, assays of BHCG and AFP, and
debulking surgery for those patients with evidence of residual tumor
after 4 cycles of induction chemotherapy in the absence of elevated
markers. Patients with fibrosis, necrosis, and mature teratoma in the
resected specimen were classified as CR. If there was histolÃ³gica!
evidence of residual viable cancer cells the patients were classified as
partial responders, as were those with persistently elevated markers
after 4 cycles. The patients' data have been externally reviewed by the

first author (G. S.) who was also the study coordinator.
Histological diagnosis was based on a central review of the orchidee

tomy specimens by Dr. P. Spaander in 131 of the 163 cases. All cell
types present were recorded whereas the diagnosis was made according
to the British classification (14). For the remaining 32 patients the
diagnosis of the local pathologist was accepted.

Staging of the disease was according to the Royal Marsden Hospital
classification (8). However, it was also felt necessary to record the exact
number and size of all metastatic lesions.

Serum tumor marker concentrations were measured in each partici
pating institution without a central reference. Radioimmunoassay tech
niques were used for quantitative determination of BHCG and AFP.
Serum concentrations of BHCG <4 ng/ml and AFP sl6 ng/ml were
considered to be normal. Serum concentrations of LDH were measured
by different methods in different institutions where the upper limits of
normal varied significantly. For these reasons LDH has been expressed
as a numerical factor multiplied by the upper limit of normal for each
institution.

All data pertain to the patient's status immediately prior to chemo

therapy.
Patient Characteristics. Patient characteristics and CR rates with

regard to several of the most important prognostic factors are given in
Table 1. Sixty-nine patients (42%) had a normal BHCG and 67 patients
(41%) had a normal AFP. Only 38 patients (24%) were normal with
respect to both markers. Ninety-seven patients (60%) had a high tumor
burden (lymph node mÃ©tastases>5 cm or lung mÃ©tastases>2 cm).
Malignant teratoma trophoblastic was found in 15% of the specimens
and possible trophoblastic elements were seen in another 7%. Seminom-
atous components were observed in 16% of the specimens.

Infradiaphragmatic mÃ©tastaseswere present in 135 patients (83%),
mediastinal mÃ©tastasesin 18 patients (11 %), supraclavicular mÃ©tastases
in 35 patients (22%), and lung mÃ©tastasesin 95 patients (58%). Hepatic
mÃ©tastaseswere observed in 8 patients (5%).

Statistical Techniques. The end point used to assess the prognostic
importance of the different factors was the CR rate. The duration of
survival was not retained as an end point since only 32 of 163 (20%) of
the patients had died at the time of analysis.
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Table 1 Patient characteristics (n = 163 patients) Table 3 Univariate analysis; significant variables

VariableBHCG0-4950-9991000-999910000-2000000AFP0-9991000-790000HistologyTDÂ°MTIMTUMTTBurdenLowHigh*Metastatic

sites0-123-5No.

of lungmÃ©tastasesNone1-34-19220Size

of lungmÃ©tastasesNoneÂ£2

cms3cm>3cm%CR8366391876417573783888588067567594602975896737n

(% in eachsubgroup)99(61)35(21)18(11)11(7)133(82)29(18)4(2)59

(36)76
(47)24(15)66

(40)97
(60)70

(43)54
(33)39
(24)68

(43)35
(22)40
(25)14(9)68

(44)45
(29)15(10)27(17)

" TD, teratoma differentiated; MTI, malignant teratoma intermediate = tera-
tocarcinoma; MTU = malignant teratoma undifferentiated = embryonal cell
carcinoma; MTT = malignant teratoma trophoblastic.

'' High tumor burden: lymph node mÃ©tastases>5 cm or lung mÃ©tastases>2

cm.

Table 2 Univariate analysis; nonsignificant variables P

1. Seminoma elements in primary tumor (yes/no) 1.0000
2. Treatment arm (100% vinblastine/75% vinblastine) 0.9570
3. AFP elevated (>16 ng/ml, yes/no) 0.6061
4. Infradiaphragmatic mÃ©tastases(yes/no) 0.3853
5. Mediastinal mÃ©tastases(yes/no) 0.2549
6. Size of mediastinal mÃ©tastases(none, <2, 2-5, >5 cm) 0.3786
7. Supraclavicular mÃ©tastases(yes/no) 0.2153
8. Size of Supraclavicular mÃ©tastases(none, s2, 2-5, >5 cm) 0.4833
9. Lung mÃ©tastases(yes/no) 0.3082

10. Age (Â£45,>45 yr) 0.5276
11. Liver mÃ©tastases(yes/no) 0.0976
12. Bone mÃ©tastases(yes/no) 1.0000

Comparisons of the CR rate for the different levels of a given factor
were carried out using the classical x2 test for the comparison of
proportions. For ordered categorical variables, Kendall's T B and C
were calculated as a nonparametric measure of correlation or "trend."

Kendall and Spearman rank correlation coefficients were also calculated
to determine the degree of correlation between the various prognostic
factors (17).

The relative importance of the prognostic factors with regard to the
CR rate was studied using a linear logistic regression model (18). This
model allows many variables to be studied simultaneously (see "Appen
dix" for a description of the linear logistic model).

RESULTS

Identification of Prognostic Factors. In order to identify the
variables of potential prognostic importance, continuous vari
ables were made discrete and a univariate analysis of each
variable was carried out by comparing the CR rate for the
different levels of that variable. Table 2 presents those variables
which were not related to the rate of CR while those which

1. Histology of primary tumor 0.0024
2. Trophoblastic elements in primary tumor (yes/no + possible) 0.0004
3. Trophoblastic elements in primary tumor (yes/possible/no) 0.0000
4. Trophoblastic elements in primary tumor (yes + possible/no) 0.0002
5. Markers (BHCG, AFP) elevated (yes/no) 0.0048
6. Tumor burden (high/low) 0.0001
7. BHCG (0-49; 50-999; 103-9999; 104-2 x 10e ng/ml) 0.0000

8. BHCG elevated (>4 ng/ml) (yes/no) 0.0014
9. AFP (0-999, 103-790 x IO3) 0.0006

10. LDH elevated (>2.5 times upper limit of normal) (yes/no) 0.0002
11. Size of infradiaphragmatic mÃ©tastases(none, <5, >5, Ã¤lOcm) 0.0004
12. Size of lung mÃ©tastases(none, <2, 2-3, >3 cm) 0.0000
13. Number of lung mÃ©tastases(none, 1-3, 4-19, >20) 0.0000
14. Size by number of lung mÃ©tastases(none, 1-3 and <3, 4-19 0.0000

and Â«3,or 1-3 and >3, >20 or 4-19 and >3 cm
15. Number of sites of mÃ©tastases(0-1, 2, 3-5) 0.0041

Table 4 yariables analyzed in the logistic regression model
1. RT19" (response to treatment): 0 = no CR; 1 = CR
2. TROPH (trophoblastic elements in primary tumor); 0 = no or possible; 1 =

yes
3. TROP (trophoblastic elements in primary tumor): 0 = no; 1 = possible; 2 =

yes
4. TROPP (trophoblastic elements in primary tumor): 0 = no; I = yes or

possible
5. TRT11 (treatment arm): 0 = 100% vinblastine; 1 = 75% vinblastine
6. PMAR (elevated markers): 0 = normal AFP and BHCG; 1 = elevated AFP

or BHCG
7. BURDEN (tumor volume): 0 = low volume; 1 = high volume
8. BETA (BHCG): 0 = 0-49; 1 = 50-999; 2 = 103-9999; 3 = alO4 ng/ml
9. NBETA (BHCG elevated): 0 = no; 1 = yes; (>4 ng/ml)

10. LB = log,o(BHCG + 1)
11. ALPH (AFP): 0 = 0-999; 1 = >103 ng/ml
12. NALPHA (AFP elevated): 0 = no; 1 = yes (>16 ng/ml)
13. LA = log,o (AFP + I)
14. LDH6 (LDH above 2.5 times upper limit of normal): 0 = no; 1 = yes
15. INFRA (infradiaphragmatic mÃ©tastases):0 = no; 1 = yes
16. SINFRA (size of infradiaphragmatic mÃ©tastases):0 = none; 1 = <5, 2 =

>5; 3 = >10cm
17. MEDIA (mediastinal mÃ©tastases):0 = no; 1 = yes
18. SUPRA (Supraclavicular mÃ©tastases):0 = no; 1 = yes
19. LUNG (lung mÃ©tastases):0 = no; I = yes
20. SIZE (size of lung mÃ©tastases):0 = none; 1 = s2; 2 = <3; 3 = >3 cm
21. NUMB (number of lung mÃ©tastases):0 = none; I = 1-3,2 = 4-19,3 =

>20
22. SIXNB (size by number of lung mÃ©tastases):0 = none; 1 = 1-3 and s3; 2

= 4-19 and s3 or 1-3 and >3; 3 = >20 or 4-19 and >3 cm
23. SIZXNB (size by number of lung mÃ©tastases):0 = none; I = 1-3; 2 = 4-19

and <3: 3 = >20 or 4-19 and >3 cm
24. SITE (number of metastatic sites): 0 = 0-1; 1 = 2; 2 = 3-5
25. ACER (age >45 yr): 0 = no; 1 = yes
26. HP21 (liver mÃ©tastases):0 = no; 1 = yes

" Dependent variable.

were statistically significant are listed in Table 3. As can be
seen from these tables, variables representing tumor histology,
markers, and lung mÃ©tastasesare all highly significant.

Multivariate Analysis. Since some of the variables described
above are correlated with each other, for example patients with
trophoblastic elements in the primary tumor (poor prognosis)
tend to have lower values of AFP (good prognosis), it can be
difficult to predict the prognosis of an individual patient. There
fore, multivariate techniques that allow all variables to act
together are required so that the relative importance of each
variable can be determined.

Hence a linear logistic regression model was fitted using the
variables given in Table 4. This includes all the variables which
were significant in the univariate analyses (Table 3) and several
of the clinically most important variables from Table 2. Using
a step-up procedure to add variables one by one to the model,
the single most important factor was LB = logio (BHCG + 1),
the logarithm of the BHCG. The final model, using a step-
down procedure, is given in the "Appendix" and was composed

of the following variables which were all available in 154
patients. TROPH (trophoblastic elements): 0 = no or possible;
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1 = yes. ALPH (serum concentration of AFP): 0 = 0-999 ng/
ml; 1 = >1000 ng/ml. LUNG (lung mÃ©tastases):0 = no; 1 =
yes. SIXNB (size and number of lung mÃ©tastases):0 = none; 1
= 1-3 and <3 cm; 2 = 4-19 and <3 or 1-3 and >3 cm; 3 =
>20 or 4-19 and >3 cm. Once these values are known for any
patient, the probability of a CR can be estimated using the
formulas in the "Appendix."

Of special note is the fact that the single most important
variable, LB = logic (BHCG + 1), was not retained in the final
model. This is because it is highly correlated with all the
variables in the model, especially with TROPH and SIXNB. In
fact, as shown in Table 5, BHCG is correlated with most of the
other important prognostic factors. In contrast, AFP, which is
retained in the model, is not correlated with the presence of
lung mÃ©tastases,nor with their size or number, and is only
weakly negatively correlated with trophoblastic elements in the
primary tumor. Trophoblastic elements are not correlated with
the presence or absence of lung mÃ©tastases,nor with their size
and number. Elevated markers, tumor volume, and number of
metastatic sites are correlated with AFP and are not retained
in the model.

Variables other than the 4 included in the final model do not
significantly increase one's ability to predict the probability of

CR.
As noted in Table 1, patients with 1-3 lung mÃ©tastasesand

patients with lung mÃ©tastases<2 cm in diameter have a better
prognosis than patients with no lung mÃ©tastases.This may be
explained by the fact that 54% of the patients without lung
mÃ©tastaseshave infradiaphragmatic mÃ©tastases>5 cm as op
posed to only 20% of the patients in each of the 2 most favorable
lung subgroups mentioned above. Patients with infradiaphrag
matic mÃ©tastases>5 cm have a response rate of only 56% as
compared to a response rate of 84% for the remaining patients.

Risk Groups. For a given set of patient characteristics
TROPH, ALPH, LUNG, and SIXNB, a patient can be assigned
to one of 4 risk groups based on the predicted probability of
CR calculated by the linear logistic regression model. Table 6
presents the composition of the risk groups according to the
possible values of these 4 variables and the observed and pre
dicted probabilities of CR by patient characteristics within each
group. Finally the observed CR rate for all patients within each
risk group is given in Table 7. It is seen that the observed CR
rate ranges from 100% in risk group 1 to only 18% in risk
group 4. From a clinical point of view these 4 groups may be
combined into 3 risk groups: group I (=1 +2) with a high
probability of CR (89-100%), group II (=3) with an interme
diate probability of CR (41%) and group III (=4) with a low
probability of CR ( 18%).

Model Validation. Before a model can be used to assign
prospective patients to risk groups based on the predicted
probability of CR, it must be validated, preferably using an
independent data set, in order to confirm the results and to

it
Table 5 Correlation between variables

Variables BHCG AFP

Trophoblastic elements in primary tumor
AFP
Lung mÃ©tastases
Size of lung mÃ©tastases
Number of lung mÃ©tastases
Liver mÃ©tastases
Markers elevated (BHCG and/or AFP)
Tumor volume
Number of sites of mÃ©tastases
LDH

No

No
No
No
No

" +, significant positive correlation (P < 0.05); -, significant negative correla
tion (P = 0.04).

ensure that only a small proportion of patients assigned to
receive a more intensive treatment would have responded to the
treatment used in the low risk group. That is, the misallocation
rate to the high risk group should be low.

The European Organization for Research on Treatment of
Cancer Genito-Urinary Tract Cancer Cooperative Group is
currently performing 2 randomized studies of induction chem
otherapy for patients with high and low volume mÃ©tastases.
Applying the results of our model to the very preliminary data
from these studies, we find the same trend in CR rates between
the various risk groups. However, the CR rates in each risk
group are higher, especially in the poor prognosis patients.
Since the final data are not yet available we do not have an
independent data set, so that the following is based on "self-
validation.''

If we require a probability of at least 0.80 (P > 0.80) of
predicting CR (i.e., a patient falls in risk group I) (see Table 7),
then, using the data from this study, we observe the actual and
predicted responses as shown in Table 8. The correct prediction
of CR (sensitivity) is 89/no(81%) and the correct prediction of
not achieving CR (specificity) is 36/M(82%). The response rate
is "Â°/i54(71%) and the misallocation rate is 2l/5?(37%), which

means that 37% of the patients predicted not to achieve CR
would have in fact achieved a CR.

If we require a probability of at least 0.40 (P > 0.40) to
predict CR (i.e., a patient falls in either risk group I or II) (see
Table 7), then the sensitivity is I08/no(98%), while the specificity
is %4 (20%). However, the misallocation rate is only 2/n (18%),

which means that in this case just 18% of the patients predicted
not to achieve CR would have in fact achieved CR. However,
only 11 of 154 patients are predicted to not respond.

DISCUSSION

The main goal of clinical research is to decrease the toxicity
of treatment regimens in good risk patients and to intensify the
treatment of poor risk patients. For that reason it is of the
utmost importance for physicians to be able to estimate pro-
spectively the probability of CR in each one of their patients.
The best tool for such an estimation is the linear logistic
regression model since it provides an "optimal" subset of vari
ables for use in determining a patient's prognostic category.

Applied to the data in this study the model yielded 4 prog
nostic variables: TROPH (trophoblastic elements in the pri
mary tumor, yes or no); ALPH (serum level of AFP below or
above 1000 ng/ml); LUNG (lung mÃ©tastases,yes or no); and
SIXNB (size and number of lung mÃ©tastases).On the basis of
these 4 variables we can divide our patient population into 4
risk groups (Table 6), varying from a very high to a very low
probability of achieving CR (Table 6). In practice one might
define 3 treatments of differing intensity corresponding to the
3 risk groups in Table 7. None of the other variables listed in
Table 4, when added to the model, significantly increased the
predictive capability of the model.

The requirement that the probability of achieving CR is P >
0.80 (Table 8) yields an acceptable sensitivity (correct prediction
of CR) and specificity (correct prediction of no CR); however,
the misallocation rate is high (37%).

The results of any multivariate prognostic factor analysis are
of course a function of the variables which are analyzed, the
way in which they are analyzed, and of the end point of the
analysis, i.e. CR rate, disease-free survival, or overall survival.
For instance, it has not been possible to analyze the prognostic
value of brain metastasis because these patients were excluded
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Table 6 Composition of risk groups based on patient characteristics and the observed and predicted CR rates

PatientcharacteristicsRisk

group TROPH ALPH LUNG SIXNB No. ofpatients1

No <1000 Yes 1242

Yes <1000 Yes 1 3
No >1000 Yes 1 1
No <1000 Yes 2 20
No <1000 No 0493

Yes 21000 Yes 1 0
Yes <1000 Yes 2 3
No 21000 Yes 2 10
No <1000 Yes 3 14
Yes <1000 No 0 7
No 21000 No 0124

Yes 21000 Yes 2 0
Yes <1000 Yes 3 6
No 21000 Yes 3 4
Yes 21000 No 0 0
Yes 21000 Yes 31Table

7 Response rate by riskgroupPredicted

Observed No. of Observed
Risk group no. of CR no. of CR patients percentage ofCR1

1 . 24 24 24 100
2 ) 65 65 73 89
3 = 11 21 19 46 41
4 = 111 1 2 1118Total

111 110 15471Table

8 Predicted and actual response if a predicted P 2 0.80 is required (risk
group I versus Â¡Iand III)

Sensitivity, Â»Â»/no= 81%; specificity, */u = 82%; response rate, "Â°/IM= 71%;
misallocation rate, "/si = 37%; correct overall prediction of response, 125/iÂ»=
81%.PredictedActual

NoCR CRTotalNoCR

36 8 44
CR 21 89110Total

57 97 154/>ofCRNo.

of CR observed No. of CR predicted ObservedPredicted24

24 1.00.9892

3 0.667 0.914
1 1 1.0 0.902

20 18 1.0 0.898
42 43 0.857 0.8740.522

1 2 0.333 0.510
4 5 0.40 0.475
5 6 0.357 0.463
3 3 0.429 0.452
6 5 0.50 0.4170.119

2 1 0.333 0.093
0 00 0.082

0.078
0 000.010model

results is identical. In contrast to the other models,
trophoblastic elements in the primary tumor appear to be a
prognostic variable in this model.

The multivariate analysis of prognostic factors becomes an
increasingly important method for the prospective determina
tion of a patient's risk category. However, due to lack of

uniformity in the assessment of laboratory measurements, pa
thology, and tumor burden, the relative merits of the various
models proposed in the literature cannot be determined. For
this reason we believe that it is of urgent necessity that such
techniques bestandardized.ACKNOWLEDGMENTSThe

authors are indebted to N. L. Geller, biostatistician, Memorial
Sloan Kettering Cancer Center for valuable discussions and to A.
Sugiarsi for typing the manuscript.

by the study protocol. In the initial phase of this analysis, using
a step-up procedure, LB = logio (BHCG +1) appeared to be
the single most important variable, not BETA or NBETA
(Table 4). When it was decided to omit the Royal Marsden
classification of lung mÃ©tastasesand let them take on a contin
uum of values with regard to size and number, LB fell out of
the model using a step-down procedure and LUNG (lung mÃ©
tastases, yes/no) and SIXNB (lung mÃ©tastasesby size and
number) remained in the model, with greater predictive power
than LB. It became clear that for our patient population the
Royal Marsden staging classification of lung mÃ©tastasesshould
be modified (Table 4, Point 22). This did not hold true for
retroperitoneal mÃ©tastases.When a separate category was pro
vided for patients with infradiaphragmatic mÃ©tastaseslarger
than 10 cm (Table 4, Point 16), the variable SINFRA, while
significant in a univariate analysis, was not retained by the
model. However, it is striking to observe that 5 of 12 (42%)
patients who relapsed from CR had large infradiaphragmatic
mÃ©tastases>10 (2 patients) or >15 cm (3 patients). SINFRA
might have been retained if disease-free survival as an end point
could have been used.

Investigators in the United States (10, 19) and Europe (8,11,
20) have performed multivariate analyses with slightly different
variables and end points. All models yield tumor markers and/
or tumor volume as significant variables, although none of the

APPENDIX

The Linear Logistic Regression Model

The linear logistic regression model (17) assumes that the relation
ship between the probability P that a patient achieves a CR and the
patient's characteristics X\, Xi, Xmat entry into the study is given by

P = 1 + e" or In 1 - P
=y (A)

where y - Â£B,X, is a linear function of the patient's characteristics,
i-O

.Â¥0=1 and the BÂ¡are the unknown regression coefficients that are
estimated from the data by the technique of maximum likelihood.

The variables which were analyzed in the model and their coding are
given in Table 4. Both step-up (variables are added to the model one
by one) and step-down (variables are deleted from the model one by
one, thus allowing a simultaneous analysis of all the variables and their
interactions) methods were used.

The following model was obtained using the step-down method

where

y = 1.9381 - 2.1327 X TROPH - 2.2723 X ALPH

+ 4.878 x LUNG - 2.3212 x SIXNB
(B)
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as an optimal estimate of the CR rate.
Once the values of TROPH, ALPH, LUNG, and SIXNB (see Table

6) are known for any given patient, the above formula for P gives an
estimate of the probability that a patient will have a CR. Risk groups
can then be formed based on the value of P.
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