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ABSTRACT

The proportion of patients with metastatic germ cell tumors achieving
complete remission increased, and the total survival improved between
1975 and 1982. Several analyses were undertaken to evaluate the influ
ence of stage migration on treatment outcome in patients with germ cell
tumors, (a) A logistic regression analysis showed that a formulation of
time was an independent statistically significant variable (/' = 0.025) in
addition to the total number of sites of metastasis (I' < 0.001) and
pretreatment values of human chorionic gonadotropin (/' < 0.001) and
lÃ¡clatedehydrogenase (/' = 0.002). (b) The proportion of patients with

lung mÃ©tastasesand elevated levels of human chorionic gonadotropin and
a-fetoprotein decreased, and the number of patients with retroperitoneal
mÃ©tastasesand without prior radiation therapy increased significantly,
(c) The number of patients with a high likelihood of complete response
increased significantly over time (/> < 0.001). Computerized tomography

of the abdomen permits detection of large but asymptomatic retroperi
toneal disease, and such patients are now being treated with chemother
apy rather than surgery and are included in advanced disease treatment
results. Stage migration has played a role in the increasing proportion of
complete responders in clinical trials of patients with germ cell tumors.

INTRODUCTION

The addition of cisplatin in the mid-1970s to combination
chemotherapy programs led to strikingly improved survival of
patients with metastatic GCT.3 Although cure rates greater

than 90% have been reported (1), methods of both treatment
and disease detection have improved. Short, intensive induction
is now the accepted mode of therapy, and CT is now routinely
used as a staging procedure. CT scans of the abdomen can
detect asymptomatic retroperitoneal disease which previously
would have gone undetected.

"Stage migration" has been denned as the movement of a

cohort of patients from a lesser to a more advanced disease
category, resulting in misleading survival statistics. At least two
factors may contribute to this reclassification of patients, (a) It
may result from improved detection of mÃ©tastases.Feinstein et
al. (2) recently showed that improvement in the survival of
patients with lung cancer of Stages II and III occurred between
1953 and 1977 as a result of improved detection of occult
distant mÃ©tastasesby the use of new technology such as the
bone scan. Some patients with Stage II disease by former
criteria were found to have occult mÃ©tastasesusing newer
technology and were reclassified as having Stage III disease.
Thus, the mixture of patients in Stages II and III in 1953 and
1977 was very different. The reclassification of lung cancer
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patients with minimal Stage III disease, detected as a result of
a more sensitive screening test, had the effect of improving the
results of both Stage II (removing patients with mÃ©tastases)and
Stage III (adding patients with minimal metastatic disease) (2).

(/>) Stage migration could occur as a result of improved
treatment efficacy. For patients with distant mÃ©tastases,chemo
therapy is usually required. If such therapy were to be extremely
effective and result in cure, then it would be used in patients
with less severe disease, such as those with extensive but lo-
coregional disease. The results of the chemotherapy trial for
"advanced disease" would then include patients with distant

metastatic disease as well as some with advanced locoregional
disease. Any comparison of results with an earlier trial could
be biased because patients with lower stage (and a better prog
nosis) would be included in the later but not the earlier trial.
Improved outcome could result from simply the inclusion of
patients with an inherently better prognosis.

A decreasing frequency of elevated tumor marker values was
observed in patients receiving cisplatin-based chemotherapy
between 1975 and 1982 for advanced stage GCT (3). The
proportion of patients achieving CR and cure in successive
clinical trials was also noted to be increasing (4). During this
same period of time, new technology was introduced (the CT
scan). This permitted the detection of smaller retroperitoneal
and mediastinal mÃ©tastasesthan possible with i.v. pyelogram
or chest X-ray. Thus, the results of clinical trials of chemother
apy in patients with GCT might appear to be improved for two
reasons: (a) improved detection of mÃ©tastases;and (b) the use
of chemotherapy in patients with extensive but locoregional
disease, previously treated surgically. Both would lead to the
entry of patients with less extensive disease (that is, patients
with a better prognosis) into chemotherapy trials and could
improve results. Therefore, the improved results in the treat
ment of GCT might be at least partly a consequence of time-
dependent influences. This study shows evidence of stage mi
gration in GCT clinical trials and identifies its causes.

PATIENTS AND METHODS

Between 1975 and 1982, patients with metastatic GCT of the testis
were treated with successive chemotherapy programs which included
high doses of cisplatin (120 mg/m2/cycle). The drugs, doses, and
schedules of VAB-3, VAB-4, VAB-5, and VAB-6 have been previously
reported (5-8). The proportion of patients achieving CR increased
during this time from 54% to 79%.

In order to evaluate important clinical changes with time, several
variables were examined. Pretreatment values of AFP, HCG, and LDH
were routinely obtained. The location of organ-specific mÃ©tastasesand
the number of metastatic sites were recorded.

We have reported a logistic regression analysis of prognostic vari
ables in patients with testicular GCT (9). The statistically significant
prognostic variables for CR were the number of sites of metastasis and
logarithmic transformations of the actual pretreatment values of LDH
and HCG. Neither AFP, assessment of tumor size per se, nor treatment
protocol achieved statistical significance as independent prognostic
factors. The resulting mathematical model was used to calculate the
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probability of CR for each patient based upon an individual's pretreat

ment clinical characteristics.
For the purposes of this study, patients achieved either a CR or an

IR. A CR required the complete disappearance of all clinical, radio-
graphical and biochemical evidence of disease after chemotherapy alone
or the complete absence of evidence of disease following chemotherapy
and resection of all residual sites of disease. Any patient not achieving
a CR had an IR.

To determine whether changes in the pretreatment clinical charac
teristics and response to therapy were time dependent, as opposed to
treatment dependent, several statistical analyses were undertaken, (a)
For exploratory purposes, the medians and 95% confidence intervals
for the medians for the yearly pretreatment serum tumor marker values
were determined (10). (b) a x' test for linear trend (11) was calculated

for the 2-yr intervals of 1975-1976,1977-1978,1979-1980, and 1981-
1982. Two-yr intervals were chosen in order to avoid sparse cells in the
statistical calculations. (<â€¢)In order to investigate the possibility that

time was an independent prognostic variable for CR (separate from
treatment), logistic regression models (12) were developed which ex
amined not only the known prognostic clinical variables (such as marker
values) and treatment protocol, but also several formulations of time.

Let Pi be the probability that Patient i with metastatic GCT achieves
a CR. The logistic model assumes that

Pi =
exp(//0

(A)

where Hi is a linear function of several baseline characteristics of Patient
i. The coefficients of the linear function /â€¢//are assumed to be unknown

and are estimated from available data by using the stepwise logistic
regression program BMDP-2L (13). This method is identical to our
past nui ItÂ¡variateanalysis of prognostic variables (9). In our 1983
model, ///' took the following form

Hi = 8.514 - 1.973 log(LDH + 1)

- 0.53 log(HCG + 1) - 1.111 TOTMET

where the actual pretreatment values of HCG and LDH (in ng/ml and
units/liter, respectively) were substituted, and TOTMET equaled 0, 1,
or 2, depending upon whether the patient had zero, one, or two or more
sites of metastasis. The value (+1) was needed to avoid log (0) for which
there is no value.

As noted, the analysis herein evaluates whether or not time was a
prognostic variable for CR in addition to the serum tumor markers
(AFP, LDH, and HCG), the number of metastatic sites, individual sites
of metastasis, and treatment regimen. Only patients with testicular
GCT were included; patients with primary extragonadal GCT and those
previously receiving high doses of cisplatin were excluded. A total of
271 patients were studied here (all of those with complete data for the
variables considered), whereas only 171 patients had been included in
the previous analysis (10). Thus, not only is the effect of time evaluated,
but the conclusions of our earlier multivariate analysis are reconsidered
with a larger number of patients.

To obtain an appropriate expression for a time variable, four choices
were considered: (a) an increasing ordering of time by 1-yr intervals
(TIM El); (b) an increasing ordering of time by 2-yr intervals (TIME2);
(c) three indicator variables for protocol and time: VAB-3 (1975-1976),
VAB-4, or VAB-5 (1976-1978); early VAB-6 (1979-1980); and late
VAB-6 (1981-1982) (TIME3); and (</) an increasing ordering of time
by protocol: VAB-3 (1975-1976); VAB-4 or VAB-5 (1977-1978); and
VAB-6 (1979-1982) (TIME4).

It must be stressed that separate indicator variables for each protocol
were also considered, but these were a function of treatment protocol
only and not of time. In the logistic regression model, if none of the
time variables was statistically significant at the 0.05 significance level,
especially in the presence of other prognostic factors, this would be
interpreted to mean that the probability of CR did not change with
time (as we expressed time here).

Transformations of serum AFP, HCG, and LDH values were con
sidered in addition to the actual values. As in our previous study (9),

logarithmic transformations of HCG and LDH were found to be the
most significant. The actual marker value and transformations of AFP
never entered the models with P < 0.05. Therefore, the final logistic
analysis considered the logarithmic transformations of HCG and LDH,
the number of metastatic sites, and the four time variables.

In the statistical analyses, /' values of 0.05 or less were regarded as
significant. All /' values between 0.05 and 0.10 are reported.

RESULTS

Evaluation of Trend. An unmistakable decline in the median
values of HCG and AFP occurred between 1975 and 1982
(Table 1). A median value of zero was observed earlier for AFP
than for HCG. An increase was also seen in the median prob
ability of CR, as determined by the mathematical model (9).

An analysis for trend (11) was performed on several pretreat
ment clinical features as well as on treatment outcome (Table
2). Statistically significant decreases in the frequency of AFP
and HCG elevations, the number of patients with lung mÃ©tas
tases, and the number of patients with prior RT were identified.
The decrease in prior RT occurred in both nonseminomatous
GCT and seminoma. For nonseminomatous GCT, 154 of 189
(81%) treated between 1975 and 1979 and 91 of 95 (96%)
treated between 1980 and 1982 received RT before referral. For
seminoma, 1 of 4 (25%) and 11 of 17 (65%) treated in the same
two intervals received no RT before referral. Statistically sig
nificant increases were identified in the number of patients with
retroper it(meal mÃ©tastases,the probability of CR, and the actual
number of patients achieving CR. Trends toward a decrease in
the LDH values and the number of metastatic sites were also
observed.

Logistic Regression Analysis. To pursue further the impact
of the year of referral on treatment outcome, time variables
were included in a multivariate logistic regression (see "Patients
and Methods"). Only TIME4 entered the model with P < 0.05.

No pairwise interaction terms were found to improve the model.
The logistic model with time is given by Equation A (see
"Patients and Methods"), where

Hi = 6.0690 - 1.1420 (TOTMET) - 0.3301 log(HCG + 1)

- 1.4911 log(LDH + 1) + 0.4375 (TIME4) (B)

As before, TOTMET takes the value of 0, 1, or 2, depending
upon whether there are zero, one, or two or more metastatic
sites, and the HCG and LDH variables are the actual pretreat
ment marker values in ng/ml and units/liter, respectively. The
term TIME4 takes the value one if the treatment protocol was
VAB-3, two if VAB-4 or VAB-5, and three if VAB-6. The
negative coefficients imply that the probability of CR decreases
as the corresponding variable increases. For example, the prob
ability of CR decreases as HCG increases. The positive coeffi
cient of TIME4 implies that the probability of CR increases as
time progressed from 1975-1982.

The variables in Equation B appear in the order of their
explanatory power. Thus, TOTMET, which contributes the
most to the model, is listed first (Table 3). Since the time
variable TIME4 was statistically significant, we inferred the
presence of stage migration. However, time was considerably
less significant than the other three factors. The model without
TIME4 (not shown) had similar coefficients, reinforcing the
fact that time was the least important of the predictor variables.
These results also confirm the significance of LDH, HCG, and
TOTMET as prognostic factors for CR, as previously pub
lished.

Impact on Predicted and Actual Response. The predicted and
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Table 1 Median values and 95% confidence intervals of serum tumor markers and probability ofCR

Yr1975

1976
1977
1978
1979
1980
1981
1982HCG

(ng/ml)52(17.4,
151.1)*

40(12.6, 122.8)
22 (7.4, 60.4)
12(2.4,45.1)

1.0(0,3.5)
3.0(0.4, 11.3)
1.0(0,3.1)
0(0, 1.6)AFP

(ng/ml)a40(5.8,240.1)

18.8(28.2, 1224.2)
2.0(0, 18.2)

11 (2.1,45.2)
0 (0, 2.4)
0 (0, 3.4)
0 (0, 3.5)LDH

(units/liter)321

(245, 422)
374 (298, 470)
263 (203, 341)
299(217,411)
216(178,262)
267(193,370)
301 (226,401)
298 (210, 424)Probability

ofCR0.68(0.55,0.81)

0.64 (0.52, 0.77)
0.82 (0.75, 0.89)
0.74 (0.53, 0.96)
0.86 (0.77, 0.95)
0.83 (0.73, 0.93)
0.80(0.70,0.91)
0.87 (0.79, 0.95)

" â€”,assay not available until 1976.
* Numbers in parentheses, 95% confidence intervals.

Table 2 Analysis of linear trend with time of pretreatment clinical characteristics

VariableElevated

HCG (>2 ng/ml)
Elevated AFP (>40 ng/ml)
Elevated LDH (>230units/liter)Lung

mÃ©tastases
Retroperitoneal mÃ©tastases
Two or more sites of mÃ©tastasesP0.0001

<0.02
<0.06<0.0002

<0.03
<0.06Direction

of
trendDecrease

Decrease
DecreaseDecrease

Increase
Decrease

Prior radiotherapy

Probability of CR *0.8
Actual CR

0.01

<0.003
<0.02

Decrease

Increase
Increase

Table 3 Statistical results for prognostic factors in order of entry into the logistic
regression model

Variable X2dd.f.)

TOTMET
Log (HCG + 1)
Log (LDH + 1)
TIME4"

41.2
16.5
9.6
5.6

<0.001
<0.001

0.002
0.025

' TIME4, ordering of lime by protocol |VAB-3 (1975-1976); VAB-4&5 ( 1977-
1979); and VAB-6 (1979-1982)). Also see "Patients and Methods."

Table 4 Actual and predicted complete responses stratified by protocol and
increments ofprobabilityNo.

of patients actually achieving CR/no.ofCalculated

proba
bility ofCR>0.0-<0.1Â»0.1-<0.2>0.2-<0.3>0.3-<0.4>0.4-<0.5Â»0.5-<0.6>0.6-<0.7>0.7-<0.8>0.8-<0.9Â»0.9-1.0Totalpatients

within each CRsubgroupVAB-30/11/30/11/50/63/67/115/56/88/831/54VAB-40/11/30/30/21/31/26/77/77/822/2745/63VAB-50/02/30/11/10/10/41/22/32/31/29/20VAB-61/32/61/33/61/24/87/1016/1925/2648/51108/134

actual proportions of patients achieving CR were evaluated for
VAB-3 through VAB-6. Table 4 shows that, when each treat
ment protocol was stratified for probability of CR [calculated
using the previously reported model (9)], the actual proportion
of patients achieving CR was similar for each protocol. In
addition, if "good risk" is defined as those patients with prob

ability of CR > 0.5 (9), then 27 of 54 (50%) of patients in VAB-
3, 62 of 93 (67%) in VAB-4 and VAB-5, and 113 of 134 (84%)
in VAB-6 can be classified as "good risk." This shows an
increasing probability of CR as time progressed (x2 = 24.32, 2
d.f., P < 0.001). Of those predicted to achieve CR in the "good
risk" group, 23 of 27 (85%) in VAB-3, 49 of 62 (79%) in VAB-

4 and VAB-5, and 100 of 113 (88%) in VAB-6 actually achieved
CR. Similarly, if only patients with the best prognosis are
considered (probability of CR > 0.8), then 10 of 54 (19%) of
patients receiving VAB-3, 39 of 83 (47%) receiving VAB-4 or

VAB-5, and 77 of 134 (58%) receiving VAB-6 had an extremely
high likelihood of achieving CR (x2 = 23.48, 2 d.f., P< 0.001).

These data suggest that the differences in treatment outcome
are influenced not only by changes in treatment, but also by the
referral patterns and evolving management philosophies.

DISCUSSION

These data show that factors other than changes in treatment
have contributed to the appearance of improved cure rates in
patients with GCT since the introduction of high dose cisplatin
in the mid-1970s. There is no question that cisplatin at doses
> 100 mg/m2 and properly timed resection of residual disease

are necessary to achieve CR (14). However, it is equally clear
that patients with GCT treated in 1982 had a higher likelihood
of achieving CR than they did in 1975. Since a time variable
was a statistically significant predictor variable for CR in ad
dition to previously established prognostic factors, the logistic
model given in Equation B provides evidence for stage migra
tion. This model says that between 1975 and 1982, the proba
bility of CR increased with time, independent of other prog
nostic factors. The time variable was significant only at the P
= 0.025 level, whereas the other prognostic factors were signif
icant at levels <0.002, implying that time was the least impor
tant of the prognostic factors in the model. Since the model in
Equation B identified the same factors as our previously pub
lished model (9), the prognostic importance of LDH, HCG,
and the total number of sites of disease is confirmed with an
additional 100 patients.

Two changes in clinical practice occurred between 1975 and
1982 which probably contribute to the observed trends, (a) An
increasing number of patients with "bulky" clinical Stage II

disease were treated with chemotherapy. The increase in the
frequency of retroperitoneal lymph node mÃ©tastasesand de
crease in that of lung mÃ©tastasessupport this conclusion. The
routine use of CT scans of the abdomen (introduced in the late
1970s) identifies some patients with extensive but asympto
matic retroperitoneal disease which would have been undetected
prior to the era of CT scanning. At Memorial Sloan-Kettering
Cancer Center, the first high-quality CT scanner was installed
in 1979. In the past, a RPLND initially would have been
performed on such patients, and they would be treated with
chemotherapy either in an adjuvant fashion or at recurrence.
Today, such patients are treated first with chemotherapy (de
spite a lower clinical stage) with RPLND performed subse
quently.

(Â¿>)RT is being used less frequently in both seminoma and
nonseminomatous GCT. With the success of cisplatin-based
chemotherapy, RT has assumed a palliative role in patients
with advanced nonseminomatous GCT. RT still has curative
potential in seminoma, but patients who relapse after RT are
more difficult to manage. Full doses of chemotherapy may be
impossible to administer due to severe myelosuppression, and
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the survival of those receiving extensive RT prior to chemo
therapy is worse than that of those without RT (15, 16). In our
recent review of patients treated for advanced seminoma, 11 of
20 (55%) referred between 1979 and 1982 and 32 of 40 (80%)
referred between 1983 and 1986 had received no RT. These
data imply that patients with extragonadal and extensive clini
cal Stage II seminoma now receive systemic chemotherapy as
first line treatment, rather than as salvage therapy after relapse
from RT.

Two additional facts may impact on response and survival
statistics in future "advanced" disease studies. Adjuvant chemo

therapy will not be used as frequently. A randomized trial in
patients with pathological Stage II nonseminomatous GCT has
shown that patients observed after RPLND with treatment with
chemotherapy at release have similar survival when compared
to patients undergoing RPLND followed by immediate adju
vant chemotherapy (17). This implies that, because of careful
postoperative observation, patients would have minimal disease
at relapse, usually at only one site (18). In addition, the aware
ness of GCT, by both practicing physicians and the public, will
improve. The curability of GCT requires that the physician be
vigilant, and articles appearing in the lay press (19) will educate
the public. Better awareness leads to earlier diagnosis, and
earlier diagnosis unquestionably leads to a better outcome be
cause of treatment at a lower stage. This pattern is consonant
with studies indicating that patients with locoregional disease
(Stages I and II) have significantly shorter delays in diagnosis
when compared to those patients presenting with Stage HI
disease (20).

These findings suggest that stage migration may be more
prevalent than previously thought. The impact on the survival
of patients with lung cancer has already been reported (2). Both
improved technology and treatment result in shifts of patients
from one treatment category to another. Single-armed trials
which show higher response rates when compared to historical
controls even from the same institution can be influenced by
many factors. Stage migration is but one and is merely a subtle
manifestation of an imbalance in prognostic variables, some of
which might have been previously unknown. Changes in histo
lÃ³gica!interpretation, new marker determinations, and better
diagnostic tests can potentially bias statistical comparisons. For
the present, the best solution is the properly stratified random
ized clinical trial, which offers some protection against the
subtle effects of stage migration.
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