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Abstract

Background: Recently, therapeutic strategies for a metastasectomy from colorectal carcino-
ma after chemo-targeted therapy with bevacizumab have been presented, with which some
uncommon but serious adverse events have been reported. However, only few reports have
investigated the safety of lung resection after such therapy or the histological effects. We
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retrospectively analyzed the both of them at our institute. Methods: Of 69 colorectal carci-
noma patients who underwent pulmonary metastasectomy procedures from 2009 to 2014,
we investigated 11 who also received chemo-targeted therapy prior to surgery. Results: In
addition to bevacizumab, 5 fluorouracil (FU)/leucovorin + oxaliplatin or capecitabine was giv-
en in 6 cases and 5 FU/leucovorin + irinotecan in 5 cases. The mean period from the end of
chemo-targeted therapy to surgery was 2.7 + 0.9 months. The response to therapy shown in
imaging findings was progressive disease in 6, stable disease in 3, and partial response in 2
(response rate, 18.2%). The operation modes were wedge resection (n = 8, 72.3%), seg-
mentectomy (n = 2, 1 in bilateral lobes, 1 in the right lobe, 18.2%), and lobectomy (n = 1, left
lower lobectomy, 9.1%). All patients safely underwent a complete resection. As for postsurgi-
cal complications, chylothorax occurred in 1 case and prolonged pulmonary air leakage in 1
case. The histological effects of chemo-targeted therapy were slight. There was no relation-
ship between histological findings with imaging findings obtained prior to the operation (p =
0.63). The 5-year disease-free survival rate after metastasectomy was 10.9%. Conclusions:
Pulmonary metastasectomy after chemo-targeted therapy for colorectal carcinoma patients
obtained acceptable results. In addition, there was no correlation between imaging and his-

topathologic results following chemo-targeted therapy. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Therapeutic strategies for colorectal carcinoma are generally based on surgical resec-
tion, as established guidelines recommend that or include it as a therapeutic option if the
lesions are resectable, even in cases of stage IV colorectal carcinoma or recurrent tumors [1].
Patients who undergo a pulmonary metastasectomy for colorectal carcinoma have also been
shown to have acceptable prognosis [2]. For lung metastasis, the 5-year overall survival rate
following surgical resection is significantly better than that of patients without surgical re-
section (46.7 vs. 3.9%, p < 0.0001) [3]. On the other hand, there are several chemotherapy
strategies with targeted therapy available, while the number of chemotherapy treatments
has been increasing up to third- and fourth-line in some cases [1]. Based on the treatment
outcome of surgical resection for patients with a remaining tumor and/or new lesions who
underwent chemotherapy, surgical resection following chemo-targeted therapy is a viable
therapeutic strategy. However, a previous report presented that there could be 2 uncommon
but serious adverse events with targeted therapy: arterial thromboembolic events and gas-
trointestinal perforation [4].

Although the number of such patients may be increasing, there are few reports on the
safety of a lung resection procedure after chemo-targeted therapy or the histological effects
of such therapy. In the present study, we retrospectively analyzed the perioperative safety of
patients who underwent a lung resection procedure after completing chemo-targeted thera-
py as the primary purpose as well as the differences between imaging and pathological
results.
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Patients and Methods

From 2009 to 2014, we performed 69 lung resection procedures for metastatic tumors
originating from colorectal carcinoma at our institution. Of those, 11 (2 males, 18.2%) treat-
ed with chemo-targeted therapy using bevacizumab (Avastin®) before surgery were ana-
lyzed. The strategies for surgical therapy to treat patients with advanced and/or recurrent
colorectal carcinoma after targeted chemotherapy at our institution are induction therapy,
performed for patients expected to undergo an operation after finishing chemotherapy, and
others. Other strategies are further divided into salvage therapy, which is occasionally per-
formed when chemotherapy reduces the tumors to an operable size and/or number, and
resection, which is performed for new lesions that appear soon after chemotherapy has fin-
ished. The present analysis included consecutively treated patients (5 induction therapy, 6
salvage therapy or resection for new lesions), each of whom underwent chemo-targeted
therapy along with the aforementioned strategies just prior to surgery.

Methods

This was a retrospective study. As preoperative factors, we noted chemo-targeted ther-
apy treatment, treatment effect shown in computed tomography findings, side effects, and
the period from the end of treatment to the operation. The Common Terminology Criteria
for Adverse Events (CTCAE) version 4.02 was used to evaluate side effects [5], while for
treatment effect, Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 was
utilized [6].

In addition, operation mode and time as well as blood loss were included as operative
factors. As for postoperative factors, we examined the histological effects of chemo-targeted
therapy, hospital stay, complications, and disease-free survival rate. For evaluation of
the histopathological effects of treatment, we used a 4-point system reported in 2009 by
the Japanese Society for Cancer of the Colon and Rectum [7]. Briefly, the classification is
separated into 4 main categories and 2 subcategories based on cells obtained from re-
maining carcinoma tumors (online supplemental Table 1, see www.karger.com/doi/
10.1159/000486825).

Statistical Analysis
Kaplan-Meier analysis and a log-rank test were used for survival curves and their com-
parisons, respectively. Values of p < 0.05 were considered to be significant.

Results

Patients

One patient had lung metastasis at the time of colorectal resection. The primary site of
metastasis was the rectum (n = 8, 72.7%), with the majority of those cases in the lower rec-
tum (Rb; n = 6, 54.5% of all cases). The mean pretherapeutic disease-free survival period
was 22.5 months (range 0-58 months) (Table 1, Table 2).
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Chemotherapy and Effects

For first-line treatment, 5-fluorouracil/leucovorin (5 FU/LV) + oxaliplatin (FOLFOX) or
capecitabine (CapeOX therapy) was used. In addition, bevacizumab was combined with first-
line chemotherapy in 6 cases (54.5%), while the remaining 5 patients, who underwent first-
line chemotherapy without targeted therapy, received second-line chemotherapy with
bevacizumab. As a result, all 11 patients received bevacizumab therapy just prior to surgery.
The main overall response to chemotherapy shown in imaging findings was progressive
disease (PD, n = 6), while the others showed stable disease (SD, n = 3) or partial response
(PR, n = 2; response rate 18.2%) (Table 1, Table 2).

Preoperative Management and Indications

The period from the end of chemo-targeted therapy to the operation was 2.7 + 0.9
months. Chemotherapy-related data obtained just prior to the operation were nearly nor-
malized in all patients. The overall rate of adverse events was decreased and grade improved
from 2 to 1 in each case. None of the patients had Grade 34 side effects from chemo-targeted
therapy during the preoperative period.

Operation Results

The operation mode in the majority of cases was wedge resection (n = 8, 72.3%; right
lobe 3, left lobe 3, bilateral 2). Of the remaining patients, 2 underwent a segmentectomy
(bilateral, right lobe) and 1 a lobectomy (left lower lobectomy). The median operation time
was 75 min (53-180 min) and blood loss was slight (median 10 mL, 5-230 mL), with the
largest amount of blood loss noted in the patient who underwent a bilateral segmentectomy.
The median hospital stay was 8 days (5-23 days), with the longest hospital stay noted in the
patient who had chylothorax after the lobectomy. All patients underwent a complete resec-
tion. Following the operation, there was 1 (9.1%) case of chylothorax and 1 (9.1%) case of
prolonged pulmonary air leakage (Table 2, Table 3). There was no significant difference in
regard to the period from the end of chemo-targeted therapy to the operation between pa-
tients with and those without complications (2.1 + 1.2 vs. 2.9 + 1.2 months, p = 0.16).

Postoperative Courses

The 5-year disease-free survival rate after lung resection was 10.9%. Tumor recurrence
was observed in 9 patients (81.8%), while brain metastasis was observed in 4, lung metasta-
sis in 2, and multiple organ metastasis in 3 (Table 2).

Histological Effects

The histological effect of chemotherapy in each patient was primarily classified as Grade
la(n=9, 81.8%) (Table 2, Table 3), while the remaining (n = 2) were evaluated as Grade 1b.
In a comparison of histological results with imaging findings following chemo-targeted ther-
apy among patients classified as Grade 1a, 5 showed PD, 2 SD, and 2 PR. On the other hand,
in patients classified as Grade 1b, 1 showed PD and 1 SD (p = 0.63). The 2 patients with PR
underwent the operation earlier after chemo-targeted therapy as compared to the Grade 1b
patients (2 and 1.2 months vs. 3.3 and 3.8 months, respectively) and their histological results
classification was Grade 1a. In addition, the period from the end of chemo-targeted therapy
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to the operation for Grade la patients was 2.5 # 0.9 months (1.2-3.7 months), while it
was 3.5 * 0.4 months (3.3-3.8 months) for the Grade 1b patients (p = 0.03).

Representative Case

Case 1

A 51-year-old man underwent a lower anterior resection for an Rs rectum carcinoma at
the age of 46 years. The tumor was 2 x 2 cm in size, type 2, mp, ly1, v1, N1 pStage IIIA. Fol-
lowing the operation, he was administrated tegafur-uracil (UFT) for 1 year. However, lung
metastasis was found at 4.5 years after the operation and he was referred to our hospital.
We noted a pulmonary tumor in the right lower lobe, 2 cm in size, with a maximum stand-
ardized uptake value (SUVmax) of 5.1 shown in positron emission tomography (PET) find-
ings (Fig. 1). He then underwent CapeOX with bevacizumab therapy and computed tomog-
raphy findings showed PR. After finishing chemotherapy, SUVmax was 2.3 (Fig. 2). At 2
months after the end of chemotherapy, the patient underwent a wedge resection of the right
lower lobe and the histological response of the tumor was classified as Grade 1a.

Discussion

The lung is the second most common site of metastasis from colorectal carcinoma (8-
18%) [6], following only liver metastasis [8]. There are several options for chemotherapy
performed in patients with unresectable colorectal carcinoma [1]. Following administration
of FOLFOX and 5 FU/LV + irinotecan (FOLFIRI) therapy, the median survival of patients with
advanced and/or recurrent colorectal carcinoma is longer than 20 months [9]; thus, that has
become the most commonly used protocol for colorectal carcinoma. In addition, the median
survival period after undergoing bevacizumab therapy is 4.7 months longer than that follow-
ing other treatments for colorectal carcinoma [10]. Thus, the Japanese Society for Cancer of
the Colon and Rectum recommends regimens that include a molecular targeting drug as
standard therapy [1].

All of the present patients were administrated bevacizumab. As for its safety, previous
studies have reported that colorectal surgery was safely performed more than 60 days after
the final administration [11]. In a study of lung carcinoma cases, Chaft et al. [12] reported
that the rate of surgical complication morbidity after bevacizumab treatment including neo-
adjuvant therapy was comparable to a previous study of patients who did not receive
bevacizumab. However, they also reported 1 treatment-related death and that Grade 3 or 4
neutropenia occurred in 15 patients, which was relatively high as compared to those pa-
tients who did not receive bevacizumab. In our pulmonary metastasectomy cases, even
though the period from the end of chemo-targeted therapy to the operation was less than 60
days in some, the rate of blood complications prior to the operation from end of the chemo-
therapy period to the preoperative period was decreased. As noted in previous studies [12],
there were no perioperative thromboembolic events or wound-healing problems observed
in our cohort. Unfortunately, following the operation, 1 patient (9.1%) developed chylotho-
rax and 1 (9.1%) had prolonged pulmonary air leakage (>7 days). The rate of chylothorax
was higher and that of prolonged pulmonary air leakage lower than noted in previous re-
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ports (chylothorax: 0.2-2.6% [13], prolonged pulmonary air leakage: 15-18% [14]). Howev-
er, none of our patients required a reoperation or developed lethal complications. In addi-
tion, there was no difference in regard to the period from the end of chemo-targeted therapy
to the operation between patients with and those without complications. One difference
between previously reported lung cancer operations and those in the present study may
have been the operation mode, as that in previous reports was mainly a lobectomy [12],
whereas the present patients primarily underwent a wedge resection. In addition, the long-
est hospital stay and largest amount of blood loss in our cohort were noted in patients who
underwent a segmentectomy procedure. Thus, we concluded that a lung wedge resection
procedure can be safely performed for pulmonary metastasis following chemo-targeted
therapy.

Previous studies have shown that chemo-targeted therapy is effective for colorectal car-
cinoma and prolongs overall survival [11]. Then, is surgical resection no longer necessary, or
its necessity decreased? The histopathological effects of chemo-targeted therapy in the pre-
sent cohort were not impressive, as illustrated by the results presented for the representa-
tive case.

Previous studies have found that PET is useful for evaluation of the effects of chemo-
targeted therapy [15]. Unfortunately, we used PET for examining the effects of chemo-
targeted therapy and lung resection in only 1 of the present patients, whose results are pre-
sented as representative Case 1. In that patient, adjuvant chemo-targeted therapy showed a
significant effect in PET findings. However, histopathological results revealed that tumor
cells had survived (Grade 1a). In addition, though the period from the end of chemo-targeted
therapy to the operation in the Grade 1b group was longer as compared to that of the pa-
tients in the Grade 1a group, the histological effect was superior. Furthermore, even though
that period was shorter in patients with PR as compared to the group with Grade 1b, their
histological evaluation findings were worse. Finally, none of the histological results demon-
strated a relationship with imaging findings. Together, these results suggest that it is difficult
to accurately evaluate the effects of chemo-targeted therapy.

After taking into account our finding of no differences regarding the period from the end
of chemo-targeted therapy to the operation between patients with and those without com-
plications, we consider that it may be important to resect tumors as soon as possible after
concluding chemo-targeted therapy, even for patients evaluated as PR based on imaging
results. Furthermore, we concluded that the impact of surgical resection is considerable for
pulmonary metastasis from colorectal cancer.

In conclusion, though some of our patients had complications, chemo-targeted therapy
for lung metastasis from colorectal carcinoma was shown to be acceptable prior to surgical
resection. In addition, there was no correlation between the effects of chemo-targeted ther-
apy shown by imaging and its histological effects. Nevertheless, to more fully investigate the
effects of a lung metastasectomy procedure after chemo-targeted therapy, accumulation of
related reports and studies with a larger cohort are needed.

Limitations
The present cohort was composed of patients who came to us for tumor resection be-
cause of a remaining tumor. Thus, for most the effect of chemotherapy was PD rather than
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remission (CR, PR). In addition, all had surgically resectable tumors and an operable general
status.

Statements of Ethics

Written informed consent for research and data sharing was obtained from all patients.

This study was approved by the Ethics Committee of the Osaka Medical Center for Cancer
and Cardiovascular Diseases (Approval No. 1302195141).
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Fig. 1. Case 1. Pre-chemotherapy imaging findings. The tumor was 2 cm in size (left) and had a maximum
standardized uptake value (SUVmax) of 5.1 in positron emission tomography findings (right).
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{suvmax 2.3

Fig. 2. Case 1. Computed tomography findings showed partial response. Following chemotherapy, the max-
imum standardized uptake value (SUVmax) value was 2.3.

Table 1. Patient characteristics (n = 11)

Age, years 66.1+10.0
Gender (male/female) 3/8
Original lesions (colon/rectum) 3/8 (Rb: 6)
Original colorectal carcinoma stage (I1/11/111/1V) 1/3/3/4
Timing of lung metastasis (simultaneous/metachronous) 1/10
Indication of chemo-targeted therapy (induction therapy/

salvage therapy/new lesion) 5/3/3
Disease-free period, months 22.5(0-58)
Laterality of lesions (right/left/bilateral) 4/4/3
Period from end of chemotherapy to operation, months 2.73+0.94
Effect of treatment (CR/PR/SD/PD) 0/2/3/6

Values are shown as numbers, mean * standard deviation, or median (range). CR, complete remission; PR,
partial remission; SD, stable disease; PD, progressive disease.
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Age, years Sex Original Primary Disease-free Size of the First chemo- Second chemo- Effect of
lesion pStage period after largest targeted therapy targeted therapy chemo-
primary operation, tumor, mm targeted
months therapy

Induction 75 F A v 0 12 CapeOX + bev - SD

51 M Rs 111A 55 15 CapeOX + bev - PR

69 F Rb 1A 39 28 CapeOX + bev - SD

67 M Ra 1\% 0 25 CapeOX + bev - PD

762 F Rb 1A 0Oc 33 FOLFOX FOLFIRI + bev PD
Salvage 67b F Rb 111(H 24 12 FOLFOX FOLFIRI + bev PR
and new 51 M Rb v 134 15 CapeOX FOLFIRI + bev PD
lesion 76 F A 1A 30 10 CapeOX + bev - SD

73 F D v 11e - FOLFOX FOLFIRI + bev PD

70 F Rb 1A 58 - CapeOX FOLFIRI + bev PD

52 F Rb I 17 - CapeOX + bev - PD
Mean = SD 66.1+10.0 22.5+¥19.3
Continued

Period from Operation Number of Histological Disease-free Area of recurrence Survival Outcome

end of chemo- mode lung metastases effects period after after lung after lung

targeted therapy before lung lung resection, metastasectomy operation,

to operation, resectionf months months

months
Induction 2.2 Seg 4 la (1a, 1a)e 5 Brain 15 Alive

2.0 Per 1 la 12 Lung 32 Alive

33 Per 3 1b (3, 1a)r 11 Brain 18 Alive

31 Seg 3 la 6 Brain 27 Alive

29 Lob 3 la 22 No recurrence 33 Alive
Salvage 13 Per 2 la 9 Multiple metastasis 30 Dead
and new 1.2 Per 1 la 6 Multiple metastasis 12 Dead
lesion 31 Per 2 la (1a, 1a)s 10 Brain 18 Alive

3.6 Per 1 la 4 Multiple metastasis 49 Dead

3.8 Per 1 1b 9 No recurrence 25 Alive

3.7 Per 1 la 6 Lung 12 Alive
Mean * SD 2.73x0.94 10.9%? 68.2%

PD, progressive disease; SD, stable disease; PR, partial response; Seg, segmentectomy; Per, partial resection; Lob, lobectomy.

a Chylothorax. b Prolonged air leakage. ¢ Recurrence found during hospitalization. 4 Liver metastasectomy simultaneously performed. ¢ Liver metastasectomy and
peritoneal resection of direct invasion simultaneously performed. f All the tumors were resected using a metastasectomy procedure. & Bilateral lung
metastasectomy simultaneously performed. h Bilateral lung metastasectomy performed in a metachronous manner.! 5-year disease free survival rate. 5-year
survival rate.
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Table 3. Perioperative results (11 cases, 14 lesions)

Operation mode

(partial resection/segmentectomy/lobectomy) 8/2/1
Operation time (median, range), min 75 (53-180)
Blood loss (median, range), mL 10 (5-230)
Postoperative hospital stay (median, range), days 8 (5-23)
Perioperative complications

Chylothorax 1

Prolonged air leakage 1

Histopathological effects (n = 14, 1a/1b/2a/2b/3) 13/1/0/0/1
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