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Introduction: Surgery combined with perioperative chemotherapy has become standard of care in pa-
tients with resectable colorectal liver metastases. However, poor outcome is expected for a significant
subgroup. The clinical implications of inter-metastatic heterogeneity remain largely unknown. In a
prospective, population-based series of patients undergoing resection of multiple colorectal liver me-
tastases, the aim was to investigate the prevalence and prognostic impact of heterogeneous response to
neoadjuvant chemotherapy.

Materials and Methods: Radiological response to treatment was evaluated in a lesion-specific manner in
2—5 metastases per patient. Change of lesion diameter was evaluated and response/progression was
classified according to three different size thresholds; 3, 4 and 5 mm. A heterogeneous response was
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Surgery defined as progression and response of different metastases in the same patient.

Neoadjuvant chemotherapy Results: In total, 142 patients with 585 liver metastases were examined with the same radiological
Response method (MRI or CT) before and after neoadjuvant treatment. Heterogeneous response to treatment was
Prognosis seen in 16 patients (11%) using the 3 mm size change threshold, and this group had a 5-year cancer-

specific survival of 19% compared to 49% for patients with response in all lesions (p =0.003). Cut-off
values of 4—5 mm were less sensitive for detecting a heterogeneous response, but the survival differ-
ence was similar and significant.
Conclusion: A subgroup of patients with multiple colorectal liver metastases had heterogeneous radio-
logical response to neoadjuvant chemotherapy and poor prognosis. The evaluation of response pattern is
easy to perform, feasible in clinical practice and, if validated, a promising biomarker for treatment
decisions.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Hepatic resection is considered to be the only potentially cura-
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tive treatment of colorectal liver metastases (CRLM) [1]. With the
increased use of new oncological, surgical and ablative treatments,
the indications for surgery have expanded, and about 25% of CRLM
patients are offered liver resection today. A five-year overall sur-
vival of about 50% is typical in non-selected series [2], with early
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relapse and death after surgery in about one third of the patients. At
present there is no reliable way to identify these patients, and
precise markers for patient stratification and treatment selection
are highly warranted. Traditional prognostic scores like Nordlinger
[3] and Fong [4] are less reliable after the introduction of extensive
perioperative treatment.

Perioperative treatment usually includes chemotherapy and in
some cases targeted treatment with the aim to improve outcome,
although the evidence for this is weak [5,6]. The response to neo-
adjuvant therapy is evaluated by computed tomography (CT) and/
or magnetic resonance imaging (MRI) before and after treatment,
but whether there is an association between response and prog-
nosis after resection is debated. Several studies have demonstrated
that progression during neoadjuvant therapy is a poor prognostic
marker [7—10], and some argue that these patients should not
undergo resection.

Cancer progression during chemotherapy is caused by the
presence of resistant cancer cells. As the cancer cells of a patient can
gain resistance mechanisms at any time during cancer evolution,
patients with multiple liver metastases could harbor metastases
with varying sensitivity to chemotherapy. In daily routine, the
response to neoadjuvant chemotherapy is usually reported based
on the overall change in diameter of metastatic lesions and classi-
fied as complete or partial response, stable disease, or progression.
The recommended method of assessing objective response in
clinical trials, mainly used for evaluation of response to palliative
oncological treatment, is the Response Evaluation Criteria in Solid
Tumours (RECIST) [11]. Here, the total tumor burden is evaluated by
selecting up to five target lesions (up to two in each organ) and
calculating the average diameter change; a reduction of at least 30%
is classified as response, and an increase of at least 20% as pro-
gression. These methods only evaluate gross change in tumor
burden and do not consider potential subtle differences in response
among metastases in a patient. A heterogeneous response pattern
has been demonstrated to reflect molecular heterogeneity [12], and
a prognostic association has been shown both for unresectable
metastatic colorectal cancer [13] and other cancer types [14,15].
Still, little is known about response heterogeneity of colorectal liver
metastases to chemotherapy before resection.

In this study, the aim was to explore prevalence and prognostic
impact of intra-hepatic inter-metastatic heterogeneity in response
to neoadjuvant treatment. We tested a comprehensive new radio-
logical method to classify the response pattern, sensitive to small
changes in size of multiple liver lesions in each individual.

Material and methods
Patients and samples

The SMART (Screening, Management, Research, Translation)
study is an ongoing project including patients admitted to Oslo
University Hospital for resection of CRLM. The present substudy
included patients admitted in the period October 2013 to December
2016, who received neoadjuvant treatment before resection of at
least two liver metastases, and with either MRI or CT examinations
taken both before and after neoadjuvant treatment. Occasionally,
liver resection was combined with radiofrequency ablation of non-
resectable liver metastases, and also in the presence of extrahepatic
metastases, if these were considered resectable. Patients partici-
pating in the Oslo COMET study [16] (laparoscopic versus open liver
resection) were not included. A comprehensive clinico-pathological
dataset was registered prospectively. Approvals were given from
the Norwegian Data Protection Authority and the Regional Com-
mittee for Medical and Health Research Ethics, South-Eastern
Norway (REC: 1.2005.1629; 2010/1805), and all patients provided

written informed consent.

Liver metastases were usually detected on CT scans during
standard diagnostic work-up after diagnosis of colorectal cancer or
during follow-up after surgery. Supplementary MRI of the liver was
performed in the majority of patients. Treatment response to
neoadjuvant therapy in the liver was evaluated by either MRI or CT
depending on the policy of the local hospitals, as the radiological
examinations were performed in several hospitals in the South-
Eastern Norway health region.

All patients were discussed in multi-disciplinary team meetings
before and after neoadjuvant treatment for evaluation of resect-
ability, surgical strategy and perioperative oncological treatment.
Adjuvant treatment was given when recommended. All patients
entered a follow-up program with CT of the liver and lungs and CEA
measurement every four months for the first year, then every six
months for a total of five years.

Radiological evaluation of treatment response

All radiological examinations were reviewed retrospectively by
one radiologist (VC) blinded to treatment and outcome. Difficult
cases were reviewed by another radiologist (AA) and consensus
reached.

Response classification was based on size measurements of the
largest liver lesions, up to five if possible, also including new liver
lesions appearing during neoadjuvant treatment. Only the response
pattern of the liver metastases was used to classify response, dis-
regarding the status of metastases in other sites. The largest
diameter of each liver lesion was measured and the target lesions
were classified as progressed, unchanged or regressed. We chose a
threshold of 3 mm (mm) based on image resolution for sensitive
detection of response heterogeneity. Hence, if size after neo-
adjuvant chemotherapy was within +2mm of baseline, the
response was classified as no change. In addition the lesions were
classified using thresholds of 4 and 5 mm. If one or more lesions
responded while one or more lesions progressed, using the same
threshold values, the response was classified as heterogeneous. If
new liver lesions appeared during treatment and the other lesions
were unchanged, the response was classified as progression;
however, if new lesions appeared during treatment when one or
more lesions responded, a heterogeneous response was recorded.

The response was also classified according to RECIST 1.1 (eval-
uating liver lesions only).

All CT exams were performed on machines with 16 or more
detector rows. MRI exams were performed on machines with 1.5 or
3T field strength. With CT, size measurements were performed on
axial slices with a thickness of 3 mm, obtained in the portal venous
phase after intravenous contrast medium injection. With MR, size
measurements were performed on axial, fat-suppressed T1-
weighted images obtained in the hepatobiliary phase after intra-
venous injection of disodium gadotexate (Primovist, Bayer
Healthcare, Berlin, Germany). Slice thickness was 3 mm or less.
Measurements were performed using EIZO Flexscan MX210 (21.3
inch, resolution 1600x1200, EIZO, Japan) on PACS workstations
(Sectra, Linkoping, Sweden) using electronic calipers.

Statistics

Five-year overall (5y-0S) and cancer-specific (5y-CSS) survival,
and 3-year disease-free and progression-free survival, were calcu-
lated according to the Kaplan-Meier method. The time to event or
censoring was calculated from start of neoadjuvant treatment. For
0S, all deaths were registered as events, and patients surviving >5
years were censored. For CSS, death from colorectal cancer was
defined as event and patients were censored 5 years after start of
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treatment or when deceased of other causes [17]. Patients with
residual disease (intra- and/or extrahepatic) were excluded for
calculation of disease-free survival, and recurrence anywhere and
death of all causes were registered as events. Progression-free
survival included all patients, and recurrence or progression any-
where and death of all causes were registered as events. Patients
dying of complications <90 days after surgery were excluded in OS,
disease-free and progression-free survival. Comparisons of survival
distributions were performed with the log-rank test. Fisher's exact
test was used on categorical data and Independent-Samples Krus-
kal-Wallis test on continuous data. Two-sided p-values of less than
0.05 were considered statistically significant.

All statistical analyses were performed with IBM SPSS software
version 25.0 (IBM®SPSS® Statistics for Windows, IBM Corporation,
New York, USA).

Results
Patient cohort

In the study period, 347 patients were included in the SMART
study, of whom 203 underwent resection of two or more metas-
tases after neoadjuvant treatment. Radiological images were not
available in 35 patients, and for various other reasons 26 patients
were excluded (Fig. 1). Accordingly, 142 patients (70% of those who
fulfilled the inclusion criteria) were included in the analyses; 83
(58%) men and 59 women with a median age of 67 (range 21—80)
years.

The analyses were based on MRI in 89 and CT scans in 53 pa-
tients. Clinico-pathological details are presented in Table 1.

Outcome

In total, 117 (82%) had a RO-R1 resection, whereas 5 (4%) had
residual disease (R2) in liver, 17 (12%) had extrahepatic metastases
and 3 (2%) had both intra- and extrahepatic residual disease.
Eighty-seven (74%) experienced relapse after RO-R1 resection after
median 11 months (range 3—44); 40 (46%) in the liver, 32 (37%)
extrahepatic and 15 (17%) with both.

Three patients died of complications within 90 days after sur-
gery. During the observation period of median 37 (range 6—60)

‘ Patients included, SMART project: 347 ‘
i —> No resection: 23

‘ Resection of liver metastases: 324 ‘
—> No neoadjuvant treatment: 86
—> Single liver metastasis: 35
Patients eligible for response evaluation: 203
—> Neoadj. treatment <3 cycles or >12 months: 13
—> Neoadj. treatment to surgery >4 months: 13
—> Images not available: 15
—> Images of different radiological modalities: 15
—> Images >2 mo. from start/end of neoad;. treatment: 5

\4

Patients included for analyses: 142

Fig. 1. Flowchart of patient inclusion.

months, 67 (60%) patients died of colorectal cancer and four pa-
tients died of other not cancer-related disease. The estimated
overall survival (excluding those dying of complications within 90
days) was median 46 months (95% CI 40—52).

Classification of response to neoadjuvant treatment

A total of 585 metastatic lesions (2—5 per patient) were evalu-
ated for size changes. The response classification according to cut-
off values of 3, 4 or 5 mm is shown in Table 2. The majority of pa-
tients had a similar response in all metastatic lesions, predomi-
nantly (74—79% depending on cut-off value) response in all lesions.
However, a subgroup had a heterogeneous response with pro-
gression of some lesions and response in others, and this subgroup
varied from 11% to 6% with cut-off values from 3 to 5 mm.

The clinico-pathological details of patients in the different
response groups are shown in Table 1. The groups were similar
except that those with a heterogeneous response had received
more chemotherapy cycles (median 5 vs. 4) and had more liver
metastases (median 8.5 vs. 5) than patients with a homogeneous
response pattern.

The response classification according to our method and RECIST
is shown in Table 2. A large proportion (41%) of those with response
in all lesions according to the 3 mm cut-off method had stable
disease according to RECIST. Patients with heterogeneous response
according to the 3 mm cut-off method had stable disease (62.5%) or
progression (37.5%) according to RECIST.

Outcome according to treatment response

The 13 patients with progression according to RECIST had
inferior 5-year overall survival compared to patients with partial
response, median 33 months (95% CI 19—47) vs.>60 months
(p =0.026). Survival of patients with stable disease was median 47
months (95% CI 39—55) and not significantly different from those
with partial response (p = 0.326).

Using the new classification method, median 5-year overall
survival of patients with heterogeneous response was 23 months
(95% CI 15—31) versus 49 months (95% CI not reached) for patients
with response in all lesions (p = 0.008), using 3 mm as threshold.
The median 5-year cancer-specific survival for the same groups
were 23 months (95% CI 15—31) versus 50 months (95% CI not
reached, p =0.003), see Figs. 2—3a. The results for 5y-CSS for pa-
tients with heterogeneous response versus response in all were
similar using a threshold of 4 mm (p = 0.001) and 5 mm (p = 0.001),
see Fig. 3b and c.

For patients with stable disease and progression in all lesions,
both 5y-0S and 5y-CSS were 32 months (95% CI 13—51) and 34
months (95% CI not reached), respectively, with a 3 mm threshold
(Figs. 2—3a). These response groups were too small for meaningful
comparisons of survival. However, with a 5 mm threshold, 5y-CSS
for patients with stable disease (n=18) was 48 months (95% CI
34—62) compared to 50 months for patients with response in all
lesions (n =105, 95% CI not reached). Similarly, the survival for
patients with progression in all lesions (n=10) was converging
with survival of the heterogeneous response group (n=9) with a
median 5y-CSS of 25 (95% CI 14—36) and 21 months (95% CI 9—33),
respectively. With this cut-off, patients with progression in all le-
sions also had significantly shorter survival than patients with
response in all (p = 0.031), see Fig. 3c.

Survival was associated with number of metastases. Five-year
CSS in patients with 2—4 metastases was >60 months vs. 41
months (95% ClI 31-51) for patients with 5—12 metastases
(p=0.033), and median 33 months (95% CI 13—53) for patients
with >12 metastases.
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Table 1
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Clinico-pathological characteristics of all patients and according to radiological response pattern of liver lesions, 3 mm cut-off. Homogeneous response: Response in all or

stable disease.

Variable All patients n = 142 Heterogeneous Progression in all, Homogeneous
response, n=16 n=38 response, n=118
n (%) n (%) n (%) n (%) p-value

Primary tumor in right colon® 31 (22) 5 31) 2 (25) 24 (20) 0.540
Positive nodal status primary tumor 95 (70) 11 (73) 5 (83) 79 (69) 0.851
Previous resection of CRLM 21 (15) 0 2 (25) 19 (16) 0.125
Synchronous liver metastases” 109 (77) 14 (88) 6 (75) 89 (75) 0.607
Chemotherapy for CRLM 0.143

5-FU 2 1) 0 0 2 (2)

Oxaliplatin/5-FU 83 (58) 9 (56) 3 (38) 70 (59)

Irinotecan/5-FU 44 (31) 3 (19) 3 (38) 38 (32)

Both oxaliplatin and irinotecan 14 (10) 4 (25) 2 (25) 8 (7)
Targeted agents for CRLM 46 (32) 4 (25) 3 (38) 39 (33) 0.764
Median (range) number of cycles 4 (3—15) 5 (3—15) 5.5 (4-15) 4 (3-12) 0.006
Median (range) number of CRLM“ 6 (2—-21) 8.5 (4-21) 45 (2—8) 5 (2-21) 0.001
Median (range) number of measured metastases 5 (2-5) 5 (4-5) 4 (2-5) 5 (2-5) 0.008
Median (range) size CRLM, mm*® 33 (8—159) 35 (12—73) 27 (20-61) 34 (8—159) 0.803
Largest metastasis >5 cm 38 (27) 5 31) 1 (13) 32 (27) 0.688
Laparoscopic procedure 27 (19) 1 (6) 2 (25) 24 (20) 0.352
Two-stage hepatectomy 33 (23) 5 (31) 1 (13) 27 (23) 0.659
Radiofrequency ablation 28 (20) 0 1 (13) 27 (23) 0.057
R-status liver 0.232

RO-resection 55 (39) 6 (38) 2 (25) 47 (40)

Rl-resection? 79 (56) 9 (56) 4 (50) 66 (56)

R2-resection® 8 (6) 1 (6) 2 (25) 5 (4)
Metastases other locations (%) 20 (14) 3 (19) 3 (38) 14 (12) 0.077

a
b
c
d

Including the transverse colon.

Detected within 6 months of primary tumor diagnosis.
Visible on radiologic imaging.

<1 mm margin or RFA treatment.

€ Not completed second stage hepatectomy due to disease progression in observation period (n = 4), missing lesions after neoadjuvant chemotherapy (n = 3) and new

lesions discovered during hepatectomy (n=1).

Table 2

a) Radiological response in individual metastatic lesions after neoadjuvant treatment, according to cut-off value for change in largest diameter of 3, 4 and 5 mm, n= 142. b)
Response pattern, comparison of our classification (3 mm cut-off) and RECIST, n = 142.

(a) New method

(b) New method vs. RECIST

Cut-off value New method RECIST 1.1
3 mm 4 mm 5mm Cut-off 3mm Partial response Stable disease Progression
Response in all (%) 112 (79) 109 (77) 105 (74) 112 66 46 0
Stable disease (%) 6(4) 10(7) 18 (13) 6 0 6 0
Progression in all (%) 8 (6) 8(6) 10 (7) 8 0 7
Heterogeneous response (%) 16 (11) 15 (10) 9(6) 16 0 10 6
Patients with heterogeneous response had inferior survival, but Discussion

also more metastases than those with response in all lesions. We
therefore performed analyses only including patients with 5—12
liver metastases in order to match the two response groups with
regard to this important prognostic factor. The median number of
metastases was then equal in the two groups. Median 5y-CSS was
23 months for patients with heterogeneous response (n=12)
compared to 42 months for those with response in all (n=61),
however not significant (p =0.267).

Disease-free and progression-free survival was short (median 13
months (95% CI 11—15) and 12 months (95% CI 11—13), respectively)
and not significantly different between the response groups. The
proportion relapsing was 73%, 50% and 92%, respectively, in the
groups of homogeneous response, progression in all and hetero-
geneous response using the 3 mm cut-off.

There was a significant association between response patterns
and CEA changes during neoadjuvant treatment, see Table 3. Due to
low number of patients, multivariable analyses with adjustment for
prognostic variables commonly used in clinical scoring systems
were not performed.

The important finding of this study was that 11% of the patients
had a heterogeneous radiological response to neoadjuvant treat-
ment of CRLM, and this was associated with poor prognosis. Pro-
gression during neoadjuvant treatment has been shown to impair
survival after resection in previous studies [7—10], also confirmed
in this study. Accordingly, these response patterns, present in about
15—20% of those offered neoadjuvant treatment, might be of value
when selecting further treatment due to their negative prognostic
impact.

The selection of patients for resection of CRLM is based on a
number of patient, tumor and anatomical factors [18—20]. There is
no broad consensus on the use of neoadjuvant treatment or
whether response should be emphasized in treatment selection
[5,21]. Radiological response evaluation can be performed with
different methods based on size measurements, or morphological
and metabolic changes of liver lesions. The standard method for
response evaluation based on size, RECIST [11], was developed
primarily for evaluation of palliative treatment response. The
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Fig. 2. Five-year overall survival according to response to neoadjuvant treatment,
3 mm cut-off.

method focuses on metastases in all involved organs and is useful
for evaluating response of gross tumor burden to cytotoxic agents,
but is not a surrogate marker for overall survival [22,23]. These
criteria evaluate only two lesions per organ and do not take into
consideration the potential difference in response among lesions

TH. Brunsell et al. / European Journal of Surgical Oncology 45 (2019) 2340—2346

[24], hence they are not suitable for studying heterogeneous
treatment response. Additionally, the required 20—30% change in
diameter is not sensitive for small volume changes [25—27], re-
flected by the substantial fraction of patients classified as having
stable disease with large variations in survival [28]. Several studies
have also failed to show a prognostic value of RECIST in resectable
CRLM [29,30].

A combination of changes in tumor size and morphology on CT
has proven better for evaluation of treatment response to biological
agents with a cytostatic mechanism of action [31,32], also
demonstrated in metastatic colorectal cancer [33]. These morpho-
logical criteria are promising markers of pathological response and
survival after neoadjuvant treatment in resectable CRLM [34,35].
One-third of our patients received EGFR and/or VEGF inhibitors, but
the number of patients with CT before and after treatment was too
low to perform meaningful analyses of morphological response.
Chemotherapy-induced metabolic changes of metastases can be
demonstrated with PET/CT [36], and most studies show a correla-
tion with pathological response and survival [37—41], also for
heterogeneous response [42], but the method is not in routine use
in resectable CRLM.

In this study, we performed a detailed measurement of lesion
diameter in up to five metastases, which can be performed with
either CT or MRL This is easy to perform and feasible for imple-
mentation in the routine radiology report, and it is sensitive for
detection of a heterogeneous size response, which in our series had
a negative prognostic impact. The present study is to our knowl-
edge the first to evaluate the prognostic impact of a heterogeneous

a) b) c)
10 ............ 10 ..... 10
0.8 M iwmy 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
11 Response in all 11 Response in all 11 Response in all Fronnnnnnnfunsduananad
0.2| i~ Stable disease =~ ‘leter =+ 0.2|_.:*x Stable disease 0.2| .2z Stable disease
.«"% Progression in all .«"% Progression in all .«i"% Progression in all
0.0 -I1 Heterogeneous response 0.0 -I1 Heterogeneous response 0.0 -I1 Heterogeneous response
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time after treatment start (months) Time after treatment start (months) Time after treatment start (months)
No. at risk No. at risk No. at risk
J1112 105 87 60 31 9 n109 102 86 59 30 9 n105 97 83 56 30 9
4 6 6 5 3 1 0 .* 10 10 7 5 3 1 .18 18 14 11 5 2
a8 7 6 3 3 2 &% 8 7 6 3 3 2 4% 10 9 6 2 2 1
16 14 8 6 2 1 s 13 7 5 1 o 9 8 4 3 0

Fig. 3. Five-year cancer-specific survival according to response to neoadjuvant treatment, with (a) 3 mm, (b) 4 mm, and (c) 5 mm as cut-off value for change in diameter. P-value for

response in all vs. heterogeneous response indicated in figure.

Table 3

CEA change after neoadjuvant treatment according to response group, 3 mm cut-off. CEA change is based on percentage change from initial value. Unchanged: CEA <5 ng/ml

both before and after treatment or <20% change; reduced: CEA reduced with >20%, increased: CEA increased with >20%.

CEA known, n (%) CEA reduced,% CEA unchanged, % CEA increased,% D
Response in all 88(79) 77% 15% 8% <0.001
Stable disease 3(50) 0 33% 67%
Progression 8(100) 25% 50% 25%
Heterogeneous response 13 (81) 62% 8% 31%
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response to neoadjuvant chemotherapy before attempted curative
resection of CRLM. A high proportion of patients experience disease
recurrence after liver resection for CRLM, within one year for the
majority. The time to disease progression or recurrence was similar
in all the response groups in the present series. However, both
overall and cancer-specific survival was significantly shorter in the
heterogeneous response group compared to patients with response
in all lesions, which is an important finding. Of note, a negative
prognostic effect of a heterogeneous response has previously been
shown in the palliative setting, using RECIST in combination with a
new response model [13].

The group with progression seemed to have slightly better
prognosis than the heterogeneous response group using 3 mm cut-
off, but the numbers were small. Using 5 mm as cut-off, the pro-
gression group was larger and had survival similar to the group
with heterogeneous response.

Determination of changes in tumor size can be performed with
relative (as in RECIST) or absolute size measurements. In our study,
the latter was preferred since we sought to identify subtle changes
irrespective of tumor size before treatment and tested cut-off
values of 3-5mm change in diameter. The accuracy of the size
measurements is limited by resolution of the imaging modality,
which is especially important in small tumors. Hence, the optimal
cut-off will be a compromise between the need for information on
true size changes versus the geometrical accuracy of the imaging
modality. As expected, we found that a 3 mm cut-off value was
most sensitive in order to detect heterogeneity, but it also seemed
robust to misinterpretation of size changes (false positive hetero-
geneity) and impact on survival when compared to 4 and 5 mm.

Thirty percent of patients fulfilling the inclusion criteria were
excluded, mainly because radiological examinations were missing,
and thus the final patient cohort with the resulting subgroups were
too small for multivariable analyses. The patient population was
heterogeneous for a variety of prognostic clinical variables which
could not be adjusted for, but most of them were evenly distributed
in univariate analyses. The number of metastases is a well-known
prognostic factor, and patients with heterogeneous response had
a higher number of liver metastases than the other response
groups, which may partially explain why heterogeneous re-
sponders had poorer prognosis. Still, when matching a subgroup of
patients who had 5-12 metastases, survival was shorter for het-
erogeneous responders, but not significant in this small study.
Larger studies may determine whether a heterogeneous response
in itself has a negative impact on survival. We are further focusing
on possible associations between radiological response heteroge-
neity and heterogeneity on the molecular level.

In conclusion, a detailed radiological examination identified a
heterogeneous response to neoadjuvant chemotherapy in about
10% of the patients, and our findings indicate that this patient group
has poor prognosis. If these findings are validated in larger studies,
a heterogeneous response pattern detected by this simple radio-
logical method could be a useful negative prognostic biomarker.
Such biomarkers might identify patients who will benefit from
more intensified perioperative oncological treatment, or who
might have comparable outcome without surgery. Future trials are
necessary to clarify the best options for these patients.
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