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Abstract In the scope of a prospective multi-centre
study after neoadjuvant combined chemotherapy (car-
boplatin, ifosfamide, etoposide, vindesine) and radio-
therapy (45 Gy) 40 resection specimens of locally
advanced non-small-cell lung cancer were analysed in
order to establish reproducible pathological/anatomical
results of tumour regression. Resection specimens of 28
squamous cell carcinomas and 12 adenocarcinomas were
investigated using serial sections of the primary lesion.
The mean age of the patients was 57 years. The results
were compared to spontaneous regressive changes in a
control group of 50 untreated non-small-cell lung can-
cers. Marked scarry ®brosis in the region of the former
primary tumour, concentric foci of fresh tumour nec-
roses and surrounding foam cell clusters with transition
into vascular granulation tissue could be established as
characteristic features of therapy-induced tumour
regression, whereas untreated carcinomas revealed nec-
roses with adjoining vital tumour tissue. Using a three-
step regression system, 3 tumours could be classi®ed as
grade I (no or only slight tumour regression), 10 tu-
mours as grade IIA (marked but incomplete tumour
regression, more than 10% vital tumour tissue), 20 tu-
mours as grade IIB (less than 10% vital tumour tissue)
and 7 tumours as grade III (complete tumour regression
without vital tumour tissue). After a median follow-up

period of 32.3 months in patients with grade IIB or III
tumour regression (``responders'') the median survival
time of 27.9 months was found to be signi®cantly longer
than in patients with grade I or IIA tumour regression
(``non-responders'') with a median survival period of
13.7 months (log-rank test, P � 0:020). The resection
specimens analysed, which were obtained 7 weeks (on
average) after the end of radiochemotherapy, did not
show speci®c changes due to preoperative therapy, but
quite characteristic histological alterations in the former
tumour area were registered, which had been induced by
combined neoadjuvant radiation and chemotherapy.
The grade of therapy-induced tumour regression could
be shown to be a signi®cant prognostic factor in non-
small-cell lung cancer.
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Introduction

The overall prognosis of patients su�ering from non-
small-cell lung cancer is extremely poor, the 5-year sur-
vival rate being under 10%. The tumour stage at the
time of diagnosis is of major importance for the prog-
nostic outcome (Mould and Williams 1982). In a retro-
spective study including 3750 patients, Mountain (1986)
found the 5-year survival rate of patients with stage I
carcinoma to be between 36% and 72%; for patients in
stage II it was between 23% and 34% and for patients in
stage III it was between 5% and 8%; ®nally in stage IV it
was only 2%.

While most patients with non-small-cell lung cancer
stages I and II are subject to surgical therapy, and pa-
tients with stage IV carcinoma (distant metastases) re-
ceive only palliative or supportive treatment, therapeutic
management of stage III tumours is still a matter of
intense discussion (Mountain 1994; Rosell et al. 1994;
Roth et al. 1994).
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In order to improve the prognostic outcome of these
patients su�ering from locally advanced tumours, there
have been attempts ± mostly in controlled studies ± to
lower the rate of local recurrences and distant metastases
by means of pre- or postsurgical chemoradiotherapy.

Keeping these facts in mind, in a phase II study,
patients with locally advanced non-small-cell lung can-
cer received neoadjuvant combined chemoradiotherapy.
In this study the regression grade achieved by presurgi-
cal therapy is to be seen as an indicator of individual
sensitivity to chemotherapy, and thus of major prog-
nostic importance for the respective patient.

On the basis of pathological/anatomical ®ndings in
the tumour specimens resected after neoadjuvant ther-
apy, the type and extent of therapy-induced morpho-
logical alterations were analysed.

Materials and methods

After histological con®rmation of the diagnosis, pre-therapy stag-
ing included the patient's history and clinical examination of the
patient, an X-ray and a computed tomography (CT) scan of the
thorax, CT scans of the abdomen and skull, bone scintigraphy,
body plethysmography, mediastinoscopy with lymph node biopsy
and bronchoscopy.

The present study included all patients ful®lling the following
criteria.

Criteria leading to the inclusion of the patients

Histologically established non-small-cell lung cancer stages IIIA or
IIIB
Functional operability
General condition according to Karnowsky at least 70%
Maximum patient age of 69 years
Su�cient liver and kidney function
Su�cient bone marrow reserve before onset of therapy
Patient's consent.

Criteria leading to the exclusion of the patients

Previous irradiation or chemotherapy
Resection of the primary lesion
Concurrent second malignant tumour
Manifest infection before onset of therapy.

Treatment protocol

The protocol consisted of three cycles of neoadjuvant therapy. Two
cycles included combined chemotherapy with ifosfamide
(1500 mg/m2 body-surface area on days 1, 3 and 5 of each cycle)
carboplatin (300 mg/m2 body-surface area on day 1 of each cycle)
and etoposide (100 mg/m2 body-surface area on days 1, 3 and 5 of
each cycle) (ICE protocol).

Radiotherapy consisted of twice-daily, accelerated irradiation.
The overall dose of 45 Gy was applied over a period of 3 weeks.
For 5 days a week, the patients received two daily doses of 1.5 Gy.
At the same time, on days 1, 8 and 15, combined chemotherapy
using carboplatin (100 mg/m2 body-surface area) and vindesine
(3 mg) was administered.

Two weeks after completion of the ®rst two cycles of chemo-
therapy, interim staging I was performed, including an X-ray of the

thorax, abdominal ultrasound and thoracic CT scan. In order to
assess operability, 3 weeks after completion of radiochemotherapy
interim staging II was performed, which, apart from the radio-
logical techniques employed during the pre-therapy staging, in-
cluded laboratory parameters and bronchoscopy. The clinical state
of remission was established according to the de®nition of the
Southwest Oncology Group (SWOG) (Green and Weiss 1992)
(Table 1).

Operable patients underwent radical surgery with curative in-
tention, after haemogram normalization and regression of non-
haematological side-e�ects, 7 weeks, on average, after completion
of radiochemotherapy (von Ei� et al. 1994; Thomas et al.
1995, 1996).

From April 1992 to September 1995, 64 patients were elegible
for this study according to the criteria mentioned above. Retro-
spectively, 10 patients had to be excluded because of the histolog-
ical demonstration of small-cell areas or cervical lymph node
metastases, corresponding to stage M1, leaving a total of 54 pa-
tients whose data were analysed. In 40 of these patients, resection
therapy was possible after combined chemoradiotherapy. Of the
remaining 14 patients, 3 were technically and 2 functionally inop-
erable after radiochemotherapy. Three patients had developed
distant metastases during therapy. Another 4 patients now refused
surgery. One patient had died of pneumonitis, 1 of tumour bleeding
prior to surgery. The surgical specimens obtained were morpho-
logically investigated for therapy-induced alterations of the tumour
tissue.

The formalin-®xed resection samples were ®rst viewed macro-
scopically. Areas with likely vital tumour growth or previous, now
regressively altered, tumour tissue were para�n-embedded and
serial sections were prepared. Depending on the size of the tumour,
up to 58 para�n blocks were prepared. For further evaluation,
histological slides of the surrounding, macroscopically tumour-free
parenchymal lung tissue were also prepared. In each case, hae-
matoxylin/eosin and Elastica/van Giesson stains were available.

In order to determine the degree of tumour regression, the type
and extent of vital tumour tissue and tumour necroses as well as
reactive alterations with foam cell reaction and ®brosis or scar
formation were taken into account. The ®ndings were correlated to
the following regression grading:

Grade I: no or only minor, mostly spontaneous tumour regression
Grade II: morphological signs of therapy-induced tumour regres-
sion

Grade IIa: more than 10% vital tumour tissue
Grade IIb: less than 10% vital tumour tissue

Grade III: complete tumour regression, no evidence of vital
tumour tissue.

Regression grades IIb and III suggested a good response to
neoadjuvant therapy; the responses of these patients were subse-
quently summarized in the ``responder'' group. The presence of
10% or more of vital tumour tissue (regression grades I and IIa)
indicated a poor response to presurgical therapy; the details of
these patients were then summarized in the ``non-responder''
group. The median survival period of the corresponding patients
was correlated with regression grades I and IIa versus IIb and III.
Statistical signi®cance was tested using the log-rank test.

The relative amount of vital tumour tissue was determined
morphologically using the prepared histological sections.

In order to di�erentiate therapy-induced alterations from
spontaneous tumour regression, which is a frequent ®nding in
malignant pulmonary tumours, 50 unselected non-small-cell lung
cancers without previous presurgical chemoradiotherapy, taken
from our current patient collective, were analysed with regard to
spontaneous regressive alterations of the tumour tissue.

Results

The 40 resection specimens included 28 squamous cell
carcinomas and 12 adenocarcinomas, according to their
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respective predominant histological tumour type.
Twenty lesions were classi®ed as stage IIIA, 20 as stage
IIIB; 4 of the patients were female, 36 were male; the
average age was 57 years.

In 7 of the lesions treated with neoadjuvant therapy,
complete tumour regression with no evidence of vital
tumour tissue was seen (regression grade III). Circum-
scribed residual tumour foci of less than 10% were seen
in 20 samples (regression grade IIb). Ten specimens
showed more than 10% vital tumour tissue (regression
grade IIa). In 3 samples no evidence of therapy-induced
tumour regression could be established (regression grade
I) (Fig. 1). Three lesions classi®ed as regression grade
IIb showed small residual tumour foci only in medias-
tinal lymph nodes, whereas no vital tumour tissue was
seen in the former primary lesion.

In order to determine the ``vitality'' of the residual
tumour foci in the respective resection specimens after
neoadjuvant chemoradiotherapy, immunohistochemis-
try using the proliferation markers proliferating cell
nuclear antigen (PCNA) and MIB-1 (Ki-67) was per-
formed (modi®ed ABC method according to Hsu et al.
1981). Every tumour classi®ed as demonstrating regres-
sion grades I±IIb showed a positive reaction in the area
of the histologically identi®ed tumour tissue.

The most important characteristics of the patients and
the corresponding tumours are summarized in Table 1.

Morphology of therapy-induced tumour regression

In 24 cases classi®ed as regression grades IIa±III, dif-
ferent-sized target-like foci with central necrosis, mostly

a narrow foam cell rim, vascular granulation tissue and
marked peripheral scar formation, were demonstrated in
the tumour areas (Fig. 2A). Foam cell clusters without
central necrosis were found in 4 additional specimens
(Fig. 2B, C). Towards the periphery, the foam cell rims
and nests showed a transition into vascular granulation
tissue. Twenty-three samples revealed cholesterol clefts,
sometimes in association with a multinucleate giant-cell
reaction, mostly in the marginal areas of tumour nec-
roses or foam cell clusters (Fig. 2B). Towards the pe-
riphery, the granulation tissue showed a transition into
®brous connective tissue with large areas of scar for-
mation and a focally accentuated increase or conden-
sation of elastic ®bres in 36 specimens (Fig. 2D). This
scarry ®brosis was a major feature in 8 resection samples
of regression grades IIa±III (Table 2).

In the area of the previous tumour or its surrounding
tissue, all resection samples showed alterations in the
vascular wall, ranging from endangiitis to complete
scarry luminal obliteration. Several specimens even re-
vealed a complete scarry bronchial obliteration. In these
cases, the bronchial wall and peribronchial tissue were
also a�ected by scar formation. Here, several areas with
pneumocytic proliferation, sometimes going as far as to
form tumourlets, were embedded in the surrounding
scar tissue.

All resection samples investigated showed various
numbers of intraalveolar macrophages with brownish
pigmentation in the remaining pulmonary parenchymal
tissue, independent of the regression grade. These mac-
rophages were predominantly seen in the immediate
neighbourhood of vital or by now regressively altered
tumour tissue and revealed a positive Prussian blue re-
action. Also, accompanying fresh haemorrhages of the
pulmonary parenchyma were seen, ranging from small
erythrocyte extravasates to larger haemorrhagic areas.

Apart from the therapy-induced histological altera-
tions demonstrated, 26 resection samples also revealed
cytological changes in the remaining tumour tissue,
mainly a marked swelling of tumour cells with a some-
times honeycomb-like cytoplasm. Apart from nuclear
pyknoses, mostly irregularly shaped, markedly enlarged
and sometimes vacuolated cell nuclei were seen. These
changes were seen in 1 tumour of regression grade I, 9
tumours of regression grade IIa and 16 tumours of re-
gression grade IIb. 9 adenocarcinomas and 17 squamous
cell carcinomas were a�ected. In lesions with regression
grades I and IIa the cytological changes of the tumour
tissue, described above, were always observed focally. In
regression grade IIb the swollen tumour cells were gen-
erally arranged in a mesh-like pattern, embedded in a
®brous scar tissue.

Three resection specimens, which were classi®ed as
being of regression grade I, revealed major tumour ar-
eas. The necrotic tumour areas, which were present here
too, did not exceed those seen in spontaneous tumour
regression. Lesions with regression grade IIa showed
parallel signs of spontaneous and therapy-induced tu-
mour regression after neoadjuvant therapy.

Fig. 1 Distribution of 40 non-small-cell lung cancers to the single
gradesof tumour regression followingpreoperative radiochemotherapy
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Morphology of spontaneous tumour regression

In order to di�erentiate therapy-induced alterations
reliably from spontaneous tumour regression, 50 non-
small-cell lung cancers, which had not been subject to
neoadjuvant irradiation or chemotherapy before, were
analysed. These lesions included 31 squamous cell
carcinomas and 19 adenocarcinomas. Six of the pa-
tients were female, 44 were male; the mean age was 61
years.

When these 50 cases of non-small-cell lung cancer
were analyzed, no regressive foci corresponding to those
described above, i.e. with a recurrent sequence of central
necrosis, foam cell rim, granulation tissue, and periph-
eral scar formation, were seen.

However, 43 lesions of our control collective (86%)
revealed vital tumour tissue as well as focal necrotic
areas. Unlike therapy-induced alterations, these were
characterized by immediately adjoining vital tumour
rims (Fig. 3A, B). In several cases, vital tumour tissue,

growing bud-like along capillary vessels, could be es-
tablished in the marginal areas of relatively large ne-
crotic zones (Fig. 3C). Rims of vital tumour tissue
surrounding capillary vessels, with small necrotic areas
in between, sometimes gave the impression of a comedo-
like histological feature (Fig. 3D). Almost two-thirds
(65%) of the tumours revealing signs of spontaneous
tumour regression, or 56% of the complete control
group, showed a granulocyte reaction, mostly in the
marginal areas of the necrotic zones (Fig. 3B).

Six resection specimens without presurgical therapy
showed small foam cell accumulations in the tumour
areas. Only one case of the control group revealed a
medium-sized necrotic area, partly with a vital tumour
rim, partly with a rim-like foam cell reaction.

In only one case granuloma-like cholesterol clefts
with giant-cell reaction were seen. This sample showed
no further signs of spontaneous tumour regression.

Predominantly central scarry ®brosis of the tumour
stroma was registered in 8 samples (Table 2).

Table 1 Tabulated survey of patients and tumour characteristics. CA clinical assessment, RG regression grade, SCC squamous cell
carcinoma, ADC adenocarcinoma, CR complete response, PR partial response, NC no change

No. Sex Age (years) Histology TNM Stage CA RG

1 M 67 SCC T3N2 IIIA PR IIB
2 M 53 SCC T3N2 IIIA PR III
3 M 59 SCC T2N2 IIIA PR IIA
4 F 64 ADC T2N3 IIIB PR III
5 M 57 SCC T2N3 IIIB PR IIB
6 M 58 SCC T2N2 IIIA CR IIB
7 M 47 ADC T4N2 IIIB NC IIA
8 M 57 SCC T3N2 IIIA PR IIB
9 M 49 SCC T3N2 IIIA PR IIA
10 M 47 ADC T4N0 IIIB PR III
11 M 55 SCC T2N3 IIIB PR IIB
12 M 63 SCC T4N2 IIIB NC IIB
13 M 64 SCC T4N2 IIIB PR IIA
14 M 56 ADC T4N1 IIIB PR IIB
15 M 59 SCC T3N2 IIIA PR IIA
16 M 49 ADC T2N2 IIIA NC III
17 M 43 SCC T3N3 IIIB PR I
18 M 45 SCC T2N2 IIIA PR IIB
19 M 62 SCC T3N2 IIIA PR III
20 M 63 SCC T3N3 IIIB NC IIB
21 M 51 SCC T3N2 IIIA PR IIB
22 M 65 SCC T3N2 IIIA CR IIB
23 M 58 SCC T2N2 IIIA NC IIA
24 M 60 ADC T2N2 IIIA PR IIB
25 M 61 ADC T4N2 IIIB NC IIB
26 M 69 SCC T2N2 IIIA CR I
27 F 37 SCC T2N2 IIIA PR IIB
28 M 59 SCC T2N2 IIIA NC IIB
29 M 52 SCC T2N2 IIIA CR IIB
30 M 60 SCC T4N3 IIIB PR III
31 M 60 SCC T4N2 IIIB PR IIB
32 M 58 ADC T3N3 IIIB NC I
33 F 52 ADC T4N2 IIIB PR III
34 M 52 ADC T2N3 IIIB PR IIA
35 M 37 SCC T4N2 IIIB PR IIA
36 M 66 SCC T3N1 IIIA PR IIB
37 M 65 SCC T4N3 IIIB PR IIB
38 M 65 SCC T2N3 IIIB PR IIB
39 F 51 ADC T2N3 IIIB PR IIA
40 M 64 ADC T2N2 IIIA PR IIA
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Clinical relevance of regression grading

The surgically treated patients included in this study,
su�ering from locally advanced lung cancers and having
received neoadjuvant therapy, at present have a median
follow-up period of 32.3 months (range: 5.8±
53.9 months). The median survival time for this collec-
tive is 23.1 months (range: 5.8±53.9 months).

In these 40 surgically treated cases it was possible to
employ a system of morphological regression grading
based on the criteria described above. A total of 27
patients were classi®ed as manifesting regression grades
III or IIb. These patients had less than 10% vital tumour
tissue in the former tumour area. In contrast, 13 patients
had to be classi®ed as having regression grades IIa or I,
showing more than 10% vital tumour tissue in the for-
mer tumour area after combined chemoradiotherapy.

The 27 patients summarized in the ``responder'' group,
having regression grades III and IIb, had a median sur-
vival period of 27.9 months (range: 6.5±53.9 months).
The 13 patients summarized in the ``non-responder''
group, on the other hand, having regression grades IIa
and I, had a median survival period of only 13.7 months
(range: 5.8±32.3 months). In the log-rank test, these two
groups showed a statistically signi®cant di�erence in their
median survival periods (P � 0:020). The corresponding
Kaplan-Meier estimates can be seen in Fig. 4 (Kaplan
and Meier 1958). In multivariate analysis according to
the Cox regression model this could be shown to be an
independent prognostic factor (P = 0.0097).

On the basis of the remission criteria of the Southwest
Oncology Group (SWOG) (Green and Weiss 1992) 32 of
the 40 surgically treated patients had partial or complete
remission; 8 lesions showed ``no change''. Of these 8
lung tumours, 5 revealed less than 10% vital tumour

Fig. 2A±D Therapy-induced tumour regression in non-small cell lung
cancer. A Segment of a regression area with centrally located therapy-
induced necrosis and adjoining foam cell rim (haematoxylin/eosin,
H&E). BAccumulation of foam cells without central necrosis (H&E).

C Foam cell nest with transition into collagenous scar formation
Elastica/van Giesson (EvG). D Complete scarry luminal obliteration
of a medium-sized pulmonary artery in the region of the former
primary tumour (EvG)

Table 2 Comparison of morphological changes caused by tumour
regression in neoadjuvantly treated and untreated non-small-cell
lung cancers (NSCLC). Whereas therapy-induced and spontaneous
tumour regression overlap in treated tumours, untreated carcino-
mas show exclusively therapy-independent alterations

Occurence (%)

Morphological change
Treated NSCLC
�n � 40�

Untreated NSCLC
�n � 50�

Necrosis with
foam cell reaction

60 2

Necrosis with adjacent
vital tumour tissue

32.5 86

Cholesterol clefts 57.5 2
Giant cell reaction 55 2
Foam cells 70 12
Granulocyte reaction 15 56
Desmoplastic reaction/
scarry ®brosis

90 16
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tissue in the resection specimens (regression grades IIb
or III). Only 3 tumours showed regression grades I or
IIa with more than 10% vital tumour tissue. All in all,
the presurgical remission status after completion of
neoadjuvant multimodal therapy had no predictive val-
ue for the evaluation of therapy-induced tumour re-
gression in the corresponding resection specimens
(Fisher's exact test: P � 1:0).

Discussion

In a phase II study, patients with locally advanced non-
small-cell lung cancer (stages IIIA and IIIB) were subject
to neoadjuvant combined chemoradiotherapy. The ®nal
evaluation included data for 54 patients. In this patient
collective with its poor prognosis, the treatment protocol
was found to be of high e�ciency, with a remission rate
of 72% and only 12% having progressive tumours.

After completion of the combined chemoradiothera-
py, resection was possible in 40 patients, corresponding
to nearly 75% of the cases. Of these 40 patients, tissue
for determining the regression grade and for further
histological processing was available.

Seven patients revealed complete tumour regression
with no demonstration of residual tumour tissue, cor-
responding to regression grade III according to our
grading system. All in all, together with another 20 re-
section specimens which showed only minor residual
tumour foci, 27 cases (67.5%) showed less than 10%
vital tumour tissue (regression grades IIb and III).

Citing the amount of vital tumour tissue as more or
less than 10% must not be seen as an exact statement,
but rather as an estimate based on numerous slides after
complete histological preparation of the former tumour
region. Even higher methodical e�orts would not have

Fig. 3A±D Spontaneous tumour regression in non-small-cell lung
cancer. A Zone of tumour necrosis with immediately adjoining vital
tumour tissue revealing capillary-dependent growth (H&E). B
Centrally located capillary with surrounding vital tumour tissue and

tumour necrosis in the periphery (H&E). C Comedo-like aspect of
spontaneous tumour regression with central necrosis and surrounding
rim of vital tumour tissue (H&E). D Bud-like pericapillary tumour
growth on the margin of an extensive tumour necrosis (H&E)

Fig. 4 Survival curves according to Kaplan and Meier for regression
grades I and IIa (``non-responders'') versus regression grades IIb and
III (``responders'') with a statistically signi®cantly longer median
survival period for patients with regression grade IIb or III (log-rank
test, P � 0:020)
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led to a more exact quanti®cation since, in some cases,
especially in those with good response to pre-surgical
chemoradiotherapy, in tissue with marked scarry ®brosis
it was not possible to determine exactly the border of
former tumour tissue. In this context, the size of the
tumour as determined radiologically or by CT scan prior
to therapy and known to the examiner is not a reliable
parameter, since perifocal oedema and tumour-associ-
ated in¯ammatory alterations can not be clearly di�er-
entiated from the tumour lesion itself.

Morphology of tumour regression

In a number of cases, the present study revealed com-
paratively typical morphological alterations, which may
be explained by presurgical chemoradiotherapy.

In 24 resection specimens classi®ed as regression
grades IIa±III, di�erent-sized, slightly target-like foci
with a recurrent sequence of central eosinophilic necro-
sis, a surrounding resorption zone with numerous foam
cells, transition into vascular granulation tissue and
marked peripheral scar formation were observed. An-
other 4 resection samples showed basically similar areas,
but without central tumour necrosis.

As reported in earlier studies on small-cell lung can-
cer (Junker et al. 1994, 1995; MuÈ ller et al. 1995) the
observed regression foci may be seen as the morpho-
logical correlate of therapy-induced tumour regression.
It has, however, to be pointed out that these are merely
unspeci®c alterations.

The granulation tissue observed in the regression area
showed a transition into ®brous collagenous connective
tissue towards the periphery, sometimes forming large
scar areas. In 8 resection samples classi®ed as regression
grades IIa±III, these ®brotic areas were the predominant
feature of therapy-induced alterations.

Foam cells are a very striking and characteristic
feature seen in regressively altered regions. As in so-
called ``fatty streaks'' found in atherosclerotic lesions,
their rim-like arrangement around the necrotic area
suggests that, because of the sudden formation of tu-
mour necrosis induced by chemotherapy, resorbing
histiocytes are overloaded with lipids with subsequent
transformation into foam cells (Gerrity 1981). The
possible origin of these cells is seen either in the mono-
cyte/macrophage system or in smooth muscle cells
(Gerrity 1981; Klurfeld 1985; Scha�ner et al. 1980). Our
own studies, carried out in resection samples of small-
cell lung cancer lesions after neoadjuvant therapy, re-
vealed a continuously positive foam cell labelling with
an anti-CD68 antibody, underlining the presumed deri-
vation of foam cells from the monocyte/macrophage
system (Dabbs 1993; Klurfeld 1985).

The demonstration of cholesterol clefts mostly in the
marginal regions of tumour necrosis or foam cell nests
may be explained by the fact that the degradation of
foam cells releases stored lipids into the tissue, which will
then crystallize. The free cholesterol crystals trigger a

giant-cell foreign-body reaction, which we were able to
demonstrate. All resected specimens revealed a marked
siderophage reaction in the remaining lung parenchyma,
independent of the regression grade, as well as fresh
intraalveolar haemorrhages. However, both features
showed no direct link to therapy-induced tumour re-
gression.

Comparing therapy-induced and spontaneous re-
gressive alterations of the tumour tissue, we found that
they can be di�erentiated comparatively well. The most
important di�erentiating criterion is the varying mor-
phology of spontaneous and therapy-induced necrotic
areas. Therapy-induced necroses mostly show a typical
organisation with small foam cell rims, granulation tis-
sue and peripheral scar formation; whereas spontane-
ously occurring necroses always reveal vital tumour
rims. The features seen in the marginal areas of the ne-
crotic ®elds are of major importance in di�erentiating
spontaneous and therapy-induced tumour necroses.

So far, only a few studies have included a systematic
analysis of histologically demonstrated ®ndings in tu-
mours after neoadjuvant therapy, with the aim of de-
tecting regression patterns characteristic of therapy
response. Such studies have been performed on osteo-
sarcoma (Huvos et al. 1977; Picci et al. 1985; Rosen et al.
1982; Salzer-Kuntschik et al. 1983), Ewing's sarcoma
(Roessner et al. 1986), carcinoma of the prostate (Dhom
and Degro 1982; Helpap et al. 1985), oesophageal car-
cinoma (Mandard et al. 1994), and squamous cell car-
cinoma of the head and neck region (Al-Kourainy et al.
1987; BoÈ heim et al. 1982; Sulfaro et al. 1989). In several
of these studies statistically signi®cant correlations be-
tween response to neoadjuvant therapy and survival
period could be demonstrated, corresponding to our
results. Most ®ndings reported in these analyses, how-
ever, may not be transferred to malignant pulmonary
lesions (Junker et al. 1995).

Morphologically established alterations after presur-
gical chemotherapy of locally advanced gastric carci-
noma (Becker et al. 1996) show similarities to our own
®ndings, especially regarding foam cell reactions. In one
study on malignant primary and secondary liver tu-
mours after high-dose regional cytostatic therapy,
Fischer (1985) investigated therapy-induced tumour re-
gression. According to his study, large necrotic areas in
tumours with a high rate of spontaneous regression
should only be seen as therapy-induced if they are lo-
calized close to the tumour margin or if the tumour
margin is involved. However, this limitation can not be
generally transferred to malignant pulmonary neo-
plasms. In these lesions, the di�erent necrotic patterns
seem to be more important.

Prognostic relevance of regression grading
in non-small-cell lung cancer

Statistical evaluation using the log-rank test showed that
patients with vital tumour tissue of less than 10%
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(regression grades III and IIb) had a statistically signif-
icantly longer median survival period of 27.9 months
than patients classi®ed as manifesting regression grades
IIa or I, who had a median survival period of 13.7
months (log-rank test, P � 0:020).

Bromley and Szur (1955) reported on 66 resected
non-small-cell lung cancers after presurgical radiother-
apy; 29 of these showed no vital tumour tissue. How-
ever, this was not connected with a longer survival
period. Shields et al. (1970) too were unable to prove
longer survival times for patients su�ering from lung
cancer who had undergone radiotherapy prior to sur-
gery and shown histologically complete tumour regres-
sion.

As in our own study, positive correlation between
histologically con®rmed complete tumour regression
and a more favourable prognostic outcome could be
established in cases of neoadjuvant chemotherapy for
the treatment of malignant lung tumours ± either alone
or in combination with radiotherapy (Faber et al. 1989;
Weiden and Piantanosi 1988; Strauss et al. 1988; Sher-
man et al. 1987; Skarin et al. 1989; Eagan et al. 1987;
Pisters et al. 1990; Burkes et al. 1992). Here, in up to
20% of the cases, complete tumour regression could be
achieved (Faber et al. 1989).

In the series of Pisters et al. (1993), which included 21
cases of locally advanced non-small-cell lung cancer with
histologically complete tumour regression after presur-
gical poly-chemotherapy, the patients showed signi®-
cantly better survival periods with good functional
results. Here, histologically con®rmed complete tumour
regression occurred only in those patients having a
major clinical response to induction chemotherapy. The
conclusion drawn from the results of this study, i.e. that
histologically con®rmed complete tumour regression
should be considered as a major criterion or end-point in
future neoadjuvant therapy trials, seems to be very
problematic to us, if binding criteria concerning the ex-
tent of histological preparation of the tumours analysed
are not de®ned at the same time. Our own experience
has shown that, even after complete step-by-step pro-
cessing of the former or remaining tumour tissue, con-
tinuous transition from complete to subtotal tumour
regression may exist (our regression grade III and IIb),
so that we favour the separation of responders and non-
responders at a cut-o� level of 10% vital tumour tissue,
as we have done in our own study.

Several authors (Edelmann et al. 1996; Rusch 1993)
discuss a discrepancy between the clinical response of
the tumour to neoadjuvant multimodal therapy and the
extent of histomorphologically determined tumour re-
gression. In our own study too, we were able to show
that the presurgical remission status is of no predictive
value for indicating the extent of tumour regression in
the resection specimen after chemoradiotherapy.

All in all, the available data show that, in patients
su�ering from non-small-cell lung cancer stage III, after
neoadjuvant therapy the demonstration of a marked
tumour regression in the resection specimen with less

than 10% remaining vital tumour tissue (regression
grades IIb or III) is signi®cantly predictive of a longer
survival period.

The demonstration of complete or predominating
tumour regression may o�er information concerning the
expected bene®ts of a therapy protocol directly after
completion of neoadjuvant treatment. Thus, this pa-
rameter may be included as an end-point in further
neoadjuvant therapy studies for patients su�ering from
non-small-cell lung cancer stage III, if complete histo-
logical step-by-step processing of the resection speci-
mens and resected mediastinal lymph nodes is carried
out. It might be possible to assess whether the therapy
concept employed has had a favourable or unfavourable
in¯uence after completion of the therapy, and well be-
fore the end of a long follow-up period, with faster
consideration of the results in further studies. A stan-
dardized classi®cation of tumour regression may also
contribute to a clear description and better compara-
bility of this parameter between di�erent studies.
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