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MONITORING PALLIATIVE CHEMOTHERAPY IN ADVANCED
GASTROINTESTINAL CANCER USING SERIAL TISSUE POLYPEPTIDE
SPECIFIC ANTIGEN (TPS) MEASUREMENTS

BENGT GLIMELIUS, KATARINA HOFFMAN, ROLAND EINARSSON, LARS PAHLMAN and WILHELM GRAF

Tissue polypeptide antigen specific (TPS) was analysed in serum taken prior to chemotherapy in 90
patients with advanced gastrointestinal cancer and prior to every treatment course in 68 of these
patients in order to explore whether serial tumour marker measurements can be of importance in
monitoring patients treated with palliative chemotherapy. Elevated TPS levels were seen in 83/90
(92%) patients (48/52 colorectal, 9/9 pancreatic, 9/11 biliary, 17/18 gastric). Baseline TPS level
correlated with performance status, tumour response and survival. Based upon the change in TPS levels
after the first two courses in relation to baseline, a decrease by >50% had a high sensitivity for a
favourable treatment outcome (partial remission and prolonged stationary disease (90%) or a subjective
response (100%)), whereas the specificity was lower (72% and 73% respectively). A similar result was
seen when the TPS levels were analysed at the time of the response evaluation after 2 months
(sensitivity 91 and 95%, specificity 74 and 75% for an objective or subjective response respectively). In
7 out of 15 patients with an initially favourable outcome, an increase in TPS levels of >50% at two
occasions was seen 8—20 weeks prior to clinical disease progression. In advanced gastrointestinal
cancer serial TPS measurements can with high accuracy early identify patients who will not benefit
from the treatment. On the other hand, a response must be confirmed using other methods in the

presence of a decrease, since this was also seen in non-responding patients.

Chemotherapy is widely used for palliation in advanced
gastrointestinal cancer. The objectives are to relieve tu-
mour-related symptons, prolong a symptom-free period
and possibly to prolong survival without being too detri-
mental to overall well-being. However, only a proportion
of the patients in whom treatment is initiated will benefit.
Thus, better predictors for a favourable treatment outcome
are desirable. Although the proportion of responders is
limited, several patients demand active treatment (1). Early
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identification of non-responders would be valuable in or-
der to save the patients from further treatment-associated
toxicity and to reduce costs for the society. Further, also in
patients initially responding, the disease will ultimately
progress, and, likewise, in order to save toxicity and costs,
the time point for maximal response would be desirable to
identify as early as possible.

A number of clinical and laboratory parameters have
been shown to predict tumour response (2—5). Apart from
ruling out the poorest patients with very low probability to
respond, none of these studies have yielded practically
important findings in patient selection. Also, very few of
the prognostic models have been validated on an indepen-
dent material (6).

Response to palliative chemotherapy is usually per-
formed by serial imaging. Therefore, it usually takes 2 or 3
months before any response can be evaluated. Symptom
relief may be achieved more rapidly, but the reliability of
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early symptom relief as an indicator of response has not
been systematically investigated. A simple and inexpensive
method to monitor treatment response would be repeated
measurements of tumour markers. A few studies have
indicated that a decrease in tumour marker level has a low
false negative rate but a high false positive rate as a
predictor of tumour response (7-9). The tumour marker
carcinoembryonic antigen (CEA) has been most exten-
sively studied, although other tumour markers have been
investigated and found to yield similar results (9, 10). The
role of serial tumour marker measurements in clinical
practice has not yet been settled.

To further explore the potential value of serial tumour
marker assessments for response evaluation in advanced
gastrintestinal cancer patients, a study using tissue
polypeptide specific antigen (TPS) was performed. TPS
reactivity is derived from specific epitopes of the c-terminal
part of human cytokeratin 18 (11, Rydlander et al. Beki
AB, Stockholm, Sweden, pers. commun.). TPS was se-
lected since it has been claimed that it not only reflects
tumour burden but also tumour cell activity (12). The
study was primarily designed to answer the following
question: 1) Can TPS measurements as early as after the
first or second treatment course, i.e. usually within a
month, indicate tumour response?, 2) Can pretreatment
TPS-levels predict treatment outcome and survival?, 3)
Can TPS measurements at the time of the first response
evaluation substitute the radiologic examination?, and 4)
Can a rise in TPS levels in responding patients predict
progression before it is evident radiologically or clinically?

Material and Methods

Patients and treatment

Between November 1992 and October 1994, 90 consecu-
tive patients with advanced gastrointestinal carcinoma
were seen at the Department of Oncology, Akademiska
sjukhuset, Uppsala. Fifty-two patients had colorectal can-
cer, 9 pancreatic cancer, 11 biliary cancer and 18 gastric
cancer. Fifty-one patients were males and 39 females, the
median age was 64 (range 30-80) years. The median
follow-up of living patients was 7 months (range 4-26
months). All patients were evalauted for participation in
ongoing chemotherapy studies. Colorectal cancer patients
were treated with sequential 5-fluorouracil (5-FU)/leuco-
vorin (FLv, 13) where 5-FU was given either as a bolus
injection during 3 min or as a short-term infusion during
15min (14). Treatment courses were repeated every 14
days. Patients with gastric, pancreatic or biliary cancer
were randomized between immediate chemotherapy plus
best supportive care or best supportive care where delayed
chemotherapy was allowed (15). Gastric cancer patients
were treated with etoposide, leucovorin, 5-FU (ELF, 15),
and pancreatic and biliary cancer patients with 5-FU
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500 mg/m? bolus i.v., etoposide 120 mg/m? for 40 min and
leucovorin 60 mg/m? bolus i.v. (FELv). The treatment was
repeated three consecutive days every third week. Elderly
patients were treated with FLv insead of ELF or FELv.

Serum sampling

Serum was obtained from all patients before chemother-
apy. Subsequent sampling was performed prior to all
treatment courses, i.e. with an interval of 2 or 3 weeks
according to regimens. The serum samples were aliquoted
and immediately frozen at —20°C and stored until
assayed.

Assessment of tumour response

Objective and subjective tumour response evaluations
were performed according to study protocols every second
month, i.e. after every fourth FLv treatment or every third
ELF or FELv treatment. Objective tumour response was
assessed according to standard criteria (17). A complete
(CR) or partial (PR) response and stationary disease (SD)
had to be present at two consecutive evalautions, i.e. with
a minimum duration of four months. Patients who had
stationary disease after 2 months and then progressed were
designated SD/PD. In all other instances, progressive dis-
ease (PD) was present. All assessments were done with
CT-scanning and/or other radiography.

A subjective response evaluation was performed by the
treating doctor at the same time as the objective response
evaluation. This evaluation was based on a personal inter-
view. A subjective response (designated improved) was
present when the patient’s symptomatology had improved
for at least four months with no signs of severe adverse
treatment effects. If a patient was improved after 2 months
but then progressed, they were designated improved/worse
whereas all other patients were worse. Both the objective
and the subjective response evaluations and their durations
were identical to those used in previous trials (13, 14,
18-20).

TPS measurements

TPS was measured by a solid phase, immunoradiometric
assay (TPS™ IRMA, BEKI Diagnostics AB, Bromma,
Sweden). All samples were run in duplicate. The upper
normal level of TPS in serum was defined as 80 U/l. The
precision of the TPS-assay was 7% (intra- and interassay)
according to the manufacturer. Any changes in TPS levels
during treatment were expressed in percentage of the base-
line value. The earliest TPS-response evaluation was based
upon the value before the third treatment course (catego-
rized into an increase by >25%, no change (+25%), a
decrease between 25 and 50% and a decrease by > 50%)
provided that the level before the second course was not
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Table 1

The sensitivity®, specificity, positive and negative predictive values of serial TPS-measurements in evaluating a clinical response

Initial evaluation

After 2 months

CR +PR +SD

Improved vs

CR + PR +SD Improved vs

vs SD/PD + PD impr/worse vs SD/PD + PD impr/worse

+ worse +worse
Sensitivity 19/21 (91) 19/19 (100) 20/22 (91) 19/20 (95)
Specificity 26/36 (72) 24/33 (73) 17/23 (74) 15/20 (75)
Positive predictive value 19/29 (66) 19/28 (68) 20/26 (77) 19/24 (79)
Negative predictive value 26/28 (93) 24/24 (100) 17/19 (90) 15/16 (94)

a Sensitivity = true positive (decrease in a patient with response)/true positive + false negative (no decrease in a patient with response);
specificity = true negative (no decrease if no response)/true negative + false positive (decrease in a patient with no response); positive
predictive value = true positive/true positive + false positive; negative predictive value = true negative/true negative + false negative. The

calculations were based upon change in TPS-values > —50%.

>25% lower; if so, an increase was present. The subse-
quent TPS-response evaluation was based upon the value
taken in connection with the first response evaluation after
2 months. In patients with a normal baseline TPS, no
calculations of a decrease were performed.

Statistical analyses

Comparisons of proportions between groups were per-
formed with y2-analyses. Survival curves were constructed
according to the life-table method and the log-rank test
was used for testing differences (21). Correlations were
studied with the Spearman’s rank correlation test. The
proportional hazards model was used to evaluate the
importance of prognostic variables one by one and alto-
gether (22). Comparison of changes in TPS levels in rela-
tion to objective, subjective responses were expressed in
terms of sensitivity, specificity and positive and negative
predictive value according to conventional definitions (see
Table 1).

Results

Baseline TPS values

At baseline, pathologically elevated TPS levels occurred
in all patients with pancreatic cancer, in all but one patient
with gastric cancer and all but two patients with biliary
cancer, whereas all but four patients with colorectal cancer
had elevated levels (Fig. 1). Patients with normal baseline
TPS levels had no or very minor tumour-related symptoms
and were in good performance, ie. Karnofsky perfor-
mance status (KPS) 90-100, whereas the majority of the
other patients were symptomatic and often had poor per-
formance (KPS 5080, median 70). There was an inverse
correlation between the TPS level and KPS (r= —0.37,
p < 0.001). In 19 patients, 2 analyses were performed prior
to the first chemotherapy injection with an interval of

4-31 (median 15) days. In 10 of these patients, an increase
of >25% (range 35-95%) was seen, and in the remaining
9 no change ( +25%).

In the group of patients with measureable disease, 13
patients had CR +PR, 12 SD, 14 SD/PD, and 28 PD
(Table 2). A subjective response in symptomatic patients
was seen in 20 patients, a short-lived improvement in 4 and
no improvement in 29 patients. The relations between an
objective and a subjective resonse are illustrated in Table
2. Although more responses were seen in patients with
colorectal and gastric cancer than in those with pancreatic
and biliary cancer, the relations between a response and
changes in TPS-levels were very similar, and separate data
for the various tumour types are therefore not given.

There was a correlation between baseline TPS value and
tumour response with CR + PR-rates of 32% (9/28) for
those with TPS-values below 300 U/, 18% (4/22) for those
between 300-1000 U/l and 0% (0/17) above 1000 U/l
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Fig. 1. Baseline TPS levels according to diagnosis. The upper
normal TPS level is 80 U/l (- —-). Median TPS level is indicated
by bars for each location.
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Table 2

Relations between objective and subjective responses in patients treated with chemotherapy

Subjective Objective response
response

CR +PR SD SD/PD PD Not evaluable All

number of patients

Improved 9 7 1 3 20
Improved/Worse 4 4
Worse 6 22 1 29
Not evaluable? 4 4 3 6 1 19
All 13 12 14 28 5 72

2 These patients had no tumour-related symptoms prior to the start of treatment.

(p < 0.05, x>-analysis). Three of the 17 patients with values
above 1000 U/l had SD. Baseline TPS value tended to
correlate with a subjective response (11/20 [55%] below
300 U/1, 5/16 [31%)] between 300 and 1000 U/l, and 4/17
[24%] above 1000 U/l, p =0.1). There was no significant
association between TPS level in continuous form and
overall survival (p =0.12). However, when TPS was ana-
lyzed in a dichotomized form, the median survival was 3
months in patients with a markedly elevated level
(> 500 U/1) versus 8 months in those with a level of 500 or
lower (p < 0.01, log-rank test, Fig. 2). Also KPS correlated
strongly to survival (p <0.001), whereas age and B-
hemoglobin level did not (p=0.6 and 0.2 respectively).
KPS and B-hemoglobin level have in previous studies in
advanced colorectal cancer given strong prognostic infor-
mation (5, 6). When these three variables were tested
together with TPS for influence on survival, only KPS
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Fig. 2. Survival according to baseline TPS levels below (n = 59)
or above (n=231) 500 U/l respectively. This cut-off level yielded
the highest yZ-value when equality over strata tested with the
log-rank test (x2=7.85, p<001l). —®—<500U/, —B—
> 500 U/L.

retained its prognostic importance, i.e. TPS (2500 U/l)
lost its significance in the multivariate analysis (data not
shown). This observation was also true when the analysis
was restricted to colorectal cancer patients.

Early prediction of response

Serial TPS measurements were performed in 68 patients,
all but one evaluable for objective response, subjective
response or both. The change in TPS-levels during treat-
ment for a patient is illustrated in Fig. 3. A decrease by at
least 25% from baseline was seen in 48 (71%) patients
before the second treatment course; in the remaining 20
patients either no change or an increase was seen. In 19 of
these 20 patients, no later decrease was seen whereas in the
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Fig. 3. TPS levels of a patient with colorectal cancer treated with
FLv. The figure illustrates a slight increase in TPS level prior to
treatment, the marked initial decrease during which time the
patient had SD (a decrease not qualifying as PR was seen) and
symptomatic improvement, and an increase several courses prior
to PD was evident clinically and radiologically. A decrease of TPS
levels was also seen when second-line treatment with 5-
FU + leucovorin + interferon was initiated in spite of no response
either objectively or subjectively.
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Table 3

Prediction of response according to the initial change in TPS-values®

Change in Objective response Subjective response
TPS-values

CR +PR SD SD/PD PD Improved Improved/Worse Worse
> +25% 2 8
+25% i 1 11 12
(—)25-50% i 1 4
> —50% 10 9 7 3 19 4 5

 The evaluation was based upon the level before the third treatment course in relation to baseline provided that the value before the
second one was not even lower ( >25%); if so, an increase ( > +25%) was present. Patients with a normal baseline TPS value, within the

reference range are not included.

patients with an initial decrease, the levels could continue
to decrease for one or a few more courses, remain at a
lower level for one or several courses or again increase. In
practically all patients, the maximum decrease in TPS-lev-
els had occurred already after the first two or three treat-
ment courses. In 13 patients, the levels reached normal
limits. The median number of courses (after the first one in
the 48 patients with an initial decrease) before an increase
by at least 25% from nadir was detectable was 3, range
1-20).

In all instances but one where the initial TPS-response
after the first two treatment courses was categorized as an
increase or no change, progressive disease was present
(Table 3). All patients that later turned out to have
CR + PR had a decrease in TPS levels by more than 50%
during the first two treatment courses, and all patients but
one with SD had a decrease by at least 25%. The excep-
tional patient had an initial decrease by 20-25% that then
continued to decrease for several courses. An initial de-
crease by >50% was also seen in several patients having a
short-lived stationary disease (SD/PD) and in three pa-
tients with PD. If the initial TPS evaluation had been
based only upon the value prior to the third course not
considering the value before the second course, 3 addi-
tional patients with PD had had a decrease by > 50%.
Sensitivity, specificity and predictive values for a clinical
response (CR + PR + SD) are given in Table 1. If the
analyses were restricted to patients with an objective re-

sponse (CR + PR), the sensitivity was 100% (10/10) and
the specificity 60% (28/47).

A marked initial decrease in TPS levels was also seen in
all patients subjectively improved irrespective of whether
this lasted for 2 or 4 months (Table 3). Again, some
patients without any symptomatic improvement had a
similar decrease in TPS levels. The sensitivity for a subjec-
tive response was thus 100%, whereas the specificity was
lower (Table 1).

Prediction of response after two months

After two months of treatment, all patients with
CR + PR and all but two with SD had a decrease in TPS
levels by more than 50% compared to baseline (Table 4).
Thus, the sensitivity for a clinical response (CR + PR +
SD) was very high, whereas again the specificity was lower
since several patients without a response (SD/PD + PD)
had decreased TPS values (Tables 1 and 4). If only pa-
tients with CR + PR were included, the sensitivity was
100% (11/11) whereas the specificity was much lower
(56%, 19/34). The same relations were also seen between
the changes in TPS levels and a subjective tumour response
(Tables 1 and 4).

Prediction of disease progression after an initial response

In 15 patients the treatment was continued, sometimes
with prolonged intervals between the courses, until disease

Table 4

Prediction of response according to the TPS-value after 2 months of treatment in relation to baseline®

Change in Objective response Subjective response
TPS-values

CR +PR SD SD/PD PD Improved Improved/Worse Worse
> +25% 1 6 6
+25% 1 5 4 1 6
(—)25-50% 1 1 1 1 1
> —50% 11 9 5 1 19 2 3

2 Patients with a normal baseline TPS value are not included.
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progression after an initially favourable outcome
(CR + PR + SD and/or subjective improvement). In 7 of
these patients, an increase of >50% of the lowest TPS
level on two occasions was detected median 14 weeks
(range 8-20) before disease progression was evident either
as objective disease progression or worse symptomatology.
In three patients, the increase was not detected until the
progression was evident, and in five patients no such
increase was seen in spite of progressive disease.

Discussion

In accordance with previous reports (23-26) elevated
serum levels of TPS were found in a high proportion of
patients with advanced gastrointestinal cancer. The TPS
levels correlated in the present study with patient perfor-
mance, thus indirectly indicating a correlation with tumour
burden/tumour cell activity. The TPS levels also correlated
with patient survival, and particularly clearly elevated lev-
els indicated a poor prognosis. Furthermore, although not
systematically investigated, repeated measurements in pa-
tients not treated with chemotherapy showed stable or
increasing values, the latter most likely reflecting tumour
cell growth. Thus, several findings in this study indicate
that serial TPS measurements could be useful in monitor-
ing this group of patients during treatment.

Baseline TPS levels above 1000 U/l strongly indicated
that the probability for an antitumoural effect was low or
at most 20%. According to a Swedish consensus confer-
ence (27), this probability is too low for recommending
palliative chemotherapy on a routine basis. In contrast, it
the levels were below 1000 U/l, the probability for a
favourable response was above 30-40% with no clear
difference between those with normal, slightly elevated or
moderately elevated levels.

A striking finding in this study was a decrease in TPS
levels in about 70% of the patients already after the first
treatment course. The absence of an early decrease was in
virtually all instances associated with an unfavourable
tumour response, i.e. neither objective response, prolonged
stabilisation nor subjective improvement. Also, if the ini-
tial decrease was followed by an increase after the second
course, no response was seen, Thus, it can be claimed that
the lack of any marked decrease after the first two treat-
ment courses strongly indicate that the patient will not
benefit from the treatment. This result thus suggests a
clinical usefulness of serial TPS measurement that can save
patients from further potentially toxic treatments.

The opposite conclusion, namely that a decrease in
TPS-levels after the first one or two treatment courses
demonstrates that the patient will favourable respond to
the treatment is, however, not true. Actually, the specificity
of the TPS decrease for tumour response, whether objec-
tive or subjective, was only 60—75%. The decrease in TPS
levels most likely reflects tumour cell kill/decrease in tu-
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mour cell activity caused by the cytostatic drugs but that it
in certain patients is not sifficiently large and/or durable to
qualify as a response. Several patients classified as having
progressive disease and who had decreased initial TPS
levels experienced short-lived symptom improvements and
in a few cases also transient tumour regression. A similar
conclusion was also reached by Ward et al. (9) who
reported decreasing CEA-levels also in patients with a
minor tumour response. In order to qualify as a response,
either objective or subjective, a minimum duration must be
fulfilled according to internationally accepted criteria (17).
We have in a series of studies (13, 14, 18-20) adopted a
minimum duration of four months. This time period for
objective responses is longer than generally perceived (28).

A tumour cell kill of such a magnitude that a complete
remission is achieved is rarely seen in colorectal cancer,
making up the largest group in this study. Partial remis-
sion using biochemically modified 5-FU are seen in be-
tween 20-25% and stable disease with a minimum
duration of 4 months in another 20% (13, 18, 29). Thus,
totally less than 50% of the patients have a measurable
tumour effect. This figure is also true for a subjective
response in symptomatic patients (14, 19). An initial de-
crease in the TPS levels in about 70% of the patients may
indicate that the tumour cells are negatively influenced in
more than half of the patients with advanced colorectal
cancer. The benefit in terms of palliation or survival pro-
longation is, however, absent or at the most marginal in a
proportion of these patients.

We have, similar to the results noticed in the present
study, repeatedly found that not only an objective response
(CR + PR) but also prolonged disease stabilization (SD) is
associated with symptom relief and improved quality of
life in practically all patients (14, 15, 20). In contrast, a
more short-lived disease stabilization (SD/PD) is rarely of
any palliative benefit (20). Both an objective response and
a prolonged disease stabilization is most likely also associ-
ated with a survival prolongation in an individual patient
(28). For these reasons, we believe that it is justified to
include also patients with stationary disease, provided it
has a minimum duration of 4 months from the start of
therapy into the group of patients clinicaily responding to
the treatment.

Measurement of the TPS levels at the time of the first
response evaluation after two months of treatment may
also be of practical importance. If the level had not
decreased by at least 50% from baseline, the probability of
a favourable response is very low, and the costs for
radiology could be saved. On the other hand, if a decrease
is present, any response must be confirmed, either radio-
logically or with adequate symptom/quality of life evalua-
tion in a primarily symptomatic patient. Similar
conclusions have been reached by others using CEA or
other tumour markers (9, 10, 23, 30). In the study by
Kornek et al. (23) including 39 patients followed with
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serial measurements, TPS was found to yield superior
predictive values to CEA and two other markers.

We also had the intention to explore whether an eleva-
tion in TPS levels during treatment could predict tumour
progression earlier than it is detected clinically. Although
comparably few patients were investigated in this way, our
results indicate that this may be the case, but only in about
half of the patients. It was also seen that the TPS levels
during treatment in the absence of any evidence for tu-
mour progression could fluctuate considerably in some
patients. Therefore, strict criteria must be applied in order
to consider increasing levels as an evidence for tumour
progression.

In conclusion, this study has shown that TPS measure-
ments before and during palliative chemotherapy for pa-
tients with advanced gastrointestinal cancer may be of
practical importance and save toxicity for an individual
patient and reduce costs for the society. Very high levels
prior to treatment initiation indicate that the likelihood for
a beneficial effect is low, although about 20% may still
achieve a prolonged stabilization and/or symptom relief. A
lack of any marked decrease in TPS levels already after the
first two treatment courses strongly tells that treatment will
not be beneficial, and it could be interrupted. Also the
costs for imaging could be reduced in the absence of any
decrease. A decrease does, however, overestimate the num-
ber of responses, and it must therefore be confirmed by
other methods.
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