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cer Center (Hyogo, Japan); Hiroshima University Hospital
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Objective: Breast, gastric and lung cancers are the most common cancers that cause pulmon-
ary lymphangitis carcinomatosa. However, little is known about the clinical features of pulmon-
ary lymphangitis carcinomatosa in advanced gastric cancer.

Methods: We retrospectively reviewed the data throughout the clinical courses of 33 patients
with gastric cancer who developed pulmonary lymphangitis carcinomatosa. Pulmonary lymph-
angitis carcinomatosa was confirmed by both a pulmonologist and a diagnostic radiologist on
the basis of computed tomography findings of interstitial patterns such as thickening or irregu-
larity of interlobular septa and bronchovascular bundles.

Results: The median age of the 33 patients was 55 years old (range, 25—73 years). The per-
centages of female patients, those with performance status 3 or 4, and those with respiratory
symptoms at diagnosis were 70, 36 and 76%, respectively. The histologically diffuse type of
gastric cancer accounted for 85% of cases. Mediastinal lymph node, peritoneal and bone
metastases were found in 64, 61 and 39% of patients, respectively. Disseminated intravascular
coagulation was noted in 21% of patients. The median survival time of the 18 chemotherapy-
naive patients treated with chemotherapy was 5.7 months (range, 0.4—37.0 months). Two
patients obtained symptomatic relief, and one patient treated with S-1 + cisplatin + sunitinib
survived >3 years. :

Conclusions: Pulmonary lymphangitis carcinomatosa caused by gastric cancer has some
specific clinicopathological features. While the prognosis of gastric cancer patients with pul-
monary lymphangitis carcinomatosa is extremely poor, some patients may have survival benefit
from chemotherapy.

Key words: lymphangitis — gastric cancer — chemotherapy — disseminated intravascular coagulation

INTRODUCTION of cancer death (2). The prognosis of unresectable or recurrent
Gastric cancer is the fourth most common cancer and second  gastric cancer is very poor: the median survival time (MST) is
leading cause of cancer death worldwide (1). In Japan, gastric ~ ~4 months with best supportive care (BSC) (3—5). Since the
cancer is the most common cancer and second leading cause late 1990s, several randomized trials testing new treatments
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for advanced gastric cancer have shown a survival benefit of

chemotherapy. Combination chemotherapy with fluoropyrimi-
dine and platinum is used as the standard first-line treatment
(6, 7). Furthermore, second-line chemotherapy with paclitaxel
(PTX), docetaxel or irinotecan (CPT-11) prolongs survival,
resulting in a MST from diagnosis of ~1 year (8, 9).
However, the subjects of these clinical trials are generally
limited to patients in good condition.

Pulmonary lymphangitis carcinomatosa (LC) is one of the
specific patterns of lung metastasis characterized by extensive
lymphatic permeation and embolism in lymph capillary by
tumor cells. This condition is characterized by respiratory
symptoms such as cough and dyspnea, and is associated with
a poor prognosis. Bruce et al. (10) reviewed 374 case reports
in 1996 and found that breast, gastric and lung cancers are the
most common tumor types that cause LC; moreover, half of
the patients died within 3 months after the first appearance of
respiratory symptoms. Thus, the development of effective
treatments for patients with LC is urgently required. However,
patients with LC are generally excluded from clinical trials
because of their poor condition.

Data about the clinical features and outcomes of patients
complicated with LC, especially the efficacy of systemic
chemotherapy, are limited even though advanced gastric
cancer sometimes causes LC.

In this study, we retrospectively investigated the clinico-
pathological features and outcomes of gastric cancer patients
with LC.

PATIENTS AND METHODS
PATIENT SELECTION

The electric medical charts throughout the clinical courses of
all patients in the Shizuoka Cancer Center from its establish-
ment in September 2002 to December 2011 were screened
using the search terms, ‘lymphangitis carcinomatosa’ and

‘gastric cancer’, in both Japanese and English. The computed
tomography (CT) findings of the candidates for this study
were independently reviewed by two doctors: a pulmonologist
and a diagnostic radiologist. LC was diagnosed on the basis of
CT findings showing interstitial patterns such as thickening or
irregularity of interlobular septa and bronchovascular bundles
(Fig. 1a). Subjects were selected if they met the following cri-
teria: (i) histologically proven adenocarcinoma, (ii) diagnosis
of LC confirmed on at least one CT examination and (iii)
medication and follow-up by the physicians of the Shizuoka
Cancer Center. Histological confirmation of LC was not man-
datory. Patients with suspected infection or pulmonary edema
and interstitial pneumonitis because of other reasons were
excluded. We retrospectively obtained the clinical data of all
subjects from medical records. Cough and dyspnea persisting
>1 week were specified as the respiratory symptoms caused
by LC. This study was approved by the ethical committee of
Shizuoka Cancer Center.

TREATMENTS

The choice of treatment—BSC or chemotherapy—was at the
physician’s discretion. The chemotherapy regimens were as
follows: methotrexate (100 mg/m?, intravenous bolus) and
fluorouracil (5-FU, 600 mg/m?, intravenous bolus) weekly
(MF), a combination of S-1 (40 mg/m?, orally twice daily, Days
1-21) and cisplatin (CDDP, 60 mg/m?, intravenously, Day 8)
every 5 weeks (SP), SP plus sunitinib (clinical trial (11)), S-1
monotherapy (40 mg/m?, orally twice daily, Days 1—28) every
6 weeks, CPT-11 (60 mg/m?, intravenously) plus CDDP
(30 mg/m?, intravenously) biweekly and PTX (80 mg/m?, intra-
venously, Days 1, 8 and 15) every 4 weeks. The chemotherapy
regimen for each patient was selected by the physician, who
modified the dose of each agent according to adverse events
and the patient’s general condition. Chemotherapy was initiated
after obtaining written informed consent from each patient.

|

Figure 1. (a) High resolution computed tomography (HRCT) at diagnosis of lymphangitis carcinomatosa: Arrows represent thickening and irregularity of inter-
lobular septa and arrow head represents thickening of bronchovascular bundles. (b) HRCT after two courses of chemotherapy (SP) The thickening and irregularity
of interlobular septa and bronchovascular bundles improved remarkably, and respiratory symptoms disappeared.
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We divided patients into three groups according to the
number of chemotherapy regimens administered before and
after the diagnosis of LC: Group A, no prior chemotherapy
before the diagnosis of LC followed by chemotherapy; Group
B, one or more prior chemotherapy regimen before the diag-
nosis of LC followed by chemotherapy; Group C, BSC after
the diagnosis of LC regardless of prior chemotherapy.

RESPONSE AND TOXICITY EVALUATION

We repeated physical examinations and laboratory tests at
least once every 2 weeks. Objective response was assessed
according to the Response Evaluation Criteria in Solid
Tumors, version 1.1, and toxicity was evaluated using the
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0.

STATISTICAL ANALYSIS

Overall survival (OS) was calculated from the first diagnosis of
LC to the date of death from any cause. Survival curves were
calculated by the Kaplan—Meier method using StatView,
version 5.0 (Abacus Concepts, Berkeley, CA, USA).

RESULTS
SUBJECTS

According to medical records, from September 2002 to
December 2011, 1208 patients with unresectable gastric
adenocarcinoma were treated at the Shizuoka Cancer Center,
and 52 patients (4.3%) were picked up by screening as candi-
dates complicated with LC. Eight patients were excluded
because chest CT scans were unavailable, and 5 were lost to
follow-up. Finally, 33 out of the remaining 39 patients (2.7%
of the total sample) who were confirmed to have LC according
to CT findings by both a pulmonologist and a diagnostic radi-
ologist were enrolled in this study (Fig. 2). Infection,

Fifty-two patients with gastric adenocarcinoma suspected of having
lymphangitis carcinomatosa on the basis of medical records

Thirteen patients excluded
«Chest CT scans unavailable (8)
= Lost to follow-up (5)

Thirty-nine patients suspected of having lymphangitis
carcinomatosa according to CT findings

Six patients excluded
- Atypical interstitial patterns? (6)

Thirty-three patients diagnosed with lymphangitis carcinomatosa '

2 Interpretation by a pulmonologist and a diagnostic radiologist

Figure 2. Subject selection process.
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pulmonary edema and interstitial pneumonitis, which exhibit
similar patterns to LC on CT, were ruled out by the physician
according to the clinical findings such as vital signs and phys-
ical examination, and the radiographic, CT, echocardiographic
and bacterial culture findings.

PATIENT CHARACTERISTICS

The baseline characteristics of the patients at the diagnosis of
LC are shown in Table 1. The median age was 55 years (range,
25—73 years), and 70% of patients were women (n = 23).
Twelve patients (36%) exhibited performance status 3—4,
25 (76%) had respiratory symptoms, and 8 (24%) required

Table 1. Patient characteristics at diagnosis

All Group A GroupB Group C
(n=33) (n=18) n="7 n=23)
Age
Median (range) 55 (25-73) 56 (25—71) 51 (26—67) 54 (25-73)
years years years years
Sex
Male 10 7 2 1
Female 23 11 5 7
Eastern Cooperative Oncology Group performance status
1 12 10 2 0
2 9 5 3 1
3 9 3 1 5
4 3 0 1 2
Disease status
Metastatic 24 13 6 5
Recurrent 9 5 1 3
Respiratory symptoms
Yes 25 13 6 6
No 8 5 1 2
Histology
Diffuse type 28 14 6 8
Intestinal type b} 4 1 0
Site of metastasis
Mediastinal 21 11 5 5
lymph node
Peritoneum 20 8 6 6
Bone 13 9 2 p
Liver 6 4 1 1
Pleural effusion
Yes 13 8 2 3
No 20 10 5 5
Disseminated intravascular coagulation
Yes 7 3 2 2
No 26 15 5 6
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oxygen inhalation because of hypoxemia. Ten patients (30%)
required intravenous fluid infusion or nutrition support
because of insufficient oral intake. Eighteen patients (55%)
did not have a history of prior chemotherapy. Twenty-eight
patients (85%) had histologically confirmed diffuse-type
gastric cancer, and 8 (24%) had macroscopically confirmed
scirrhous-type gastric cancer. Metastatic diseases were
detected in the mediastinal lymph nodes, peritoneum, bone
and liver in 21 (64%), 20 (61%), 13 (39%) and 6 patients
(18%), respectively. Thirteen patients (39%) had pleural effu-
sion, and 2 (6%) required drainage because of dyspnea and
hypoxemia. Furthermore, seven patients (21%) were compli-
cated with disseminated intravascular coagulation (DIC).

EXPOSURE TO TREATMENT

After the diagnosis of LC, 25 patients were treated with sys-
temic chemotherapy (Groups A and B) and 8 patients received
BSC (Group C). In Group A (n = 18), 10, 6, 1 and 1 patient
received MF, SP, SP plus sunitinib and S-1 monotherapy, re-
spectively. In Group B (n = 7), 6 and 1 patient received PTX
and CPT-11 plus CDDP, respectively.

RESPONSE AND SURVIVAL

The MST of the total subjects was 2.5 months (range, 0.1—
37.0 months). In Group A, 2 of 6 patients (33%) who had
target lesions obtained partial response, and their MST was
5.7 months (range, 0.4—37.0 months). Two patients treated by
MF and SP exhibited remarkable improvement in both respira-
tory symptoms and chest CT findings (Fig. 1a and b), and
achieved OS of 7.9 months and 11.8 months, respectively.
A 30-year-old woman with LC and pleural dissemination due
to gastric signet ring-cell carcinoma treated with SP plus suni-
tinib (in a clinical trial) followed by SP exhibited remarkable
improvement in chest CT findings and tumor shrinkage, and
lived for 37 months. However, she ultimately died due to
disease progression of LC and new metastases in the periton-
eum and bone. On the other hand, none of the patients in
Group B responded to chemotherapy; MST was 1.5 months
(range, 0.5—3.5 months). The MST in Group C was as short as
0.3 months (range, 0.1—1.6 months) (Fig. 3).

ADVERSE EVENTS

The total numbers of patients with the respective major adverse
events, including hematological and non-hematological tox-
icity, in Groups A and B were as follows: Grade 3 or higher
anorexia, 11 patients; Grade 3 febrile neutropenia, 1 patient;
and Grade 2 or higher DIC, 7 patients (6 had DIC at the initi-
ation of chemotherapy). Two patients, one with Grade 2 urti-
caria and the other with Grade 3 anorexia, discontinued
treatment because of adverse events or refusal to continue treat-
ment due to toxicity. No treatment-related deaths was observed,
but two patients in Group A and one patient in Group B died
within 30 days after the initiation of chemotherapy; 2 of these

Group A
e GTOUP B

~ ==~ GroupC

35 momh;

15 20 25 30

Figure 3. The median overall survival times in Groups A, B and C were 5.7
months (range, 0.43—37.0 months), 1.5 months (range, 0.5—3.5 months) and
0.3 months (range, 0.1—1.6 months), respectively.

patients had DIC at diagnosis, and all 3 early deaths were
judged to be due to disease progression.

DISCUSSION

LC is a metastatic pattern characterized by the diffuse spread-
ing of malignant cells into the pulmonary lymph vessels.
While the pathological features of this condition were first
reported by Andral in 1829 (10, 12), the first case of LC
caused by gastric cancer was reported by Troisier in 1873
(10, 13). Before the 1990s, most literature on LC consisted of
case reports focusing on the diagnosis by pathological exam-
ination and/or CT (14—18). Although several cases of LC
have been reported since then, the etiology and detailed clini-
copathological features of LC remain unknown. A review
article of LC published in 1996 included various kinds of
cancers. Breast, gastric, lung, pancreatic, prostate, cervical
and colorectal cancers are the most common tumors that cause
LC (10), and adenocarcinoma is the major histological type
associated with LC (19, 20).

Given the limited number of published reports, the actual
incidence of LC in gastric cancer remains unknown. Our data-
base indicates 4.3% of unresectable gastric adenocarcinoma
patients were suspected of having LC, and 2.7% were retro-
spectively diagnosed with LC mainly on the basis of CT find-
ings. Thus, it appears LC is not very rare among patients with
advanced gastric cancer.

Although lung metastases form nodules via hematogenous
metastasis in most cases, 6—8% of patients with lung metasta-
sis are classified as having LC (10, 21). There are several hy-
potheses to explain the occurrence of this condition. First,
hematogenous metastasis from tumors may initially cause ob-
literative endarteritis; cells may subsequently emerge through
the vascular walls into the perivascular lymphatic vessels (19).
Second, direct Ilymphatic invasion from retrograde lymphatic
infiltration from the mediastinal or hilar lymph nodes may
result in LC (20). Another hypothesis is that the lymphogen-~
ous permeation of tumor cells metastasizes to the pleura (22).
Nevertheless, the pathogenic mechanism of LC remains
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unknown. In this study, 64% of the subjects had mediastinal
lymph node metastases, supporting the hypothesis of direct
lymphatic invasion from retrograde lymphatic infiltration. In
terms of metastatic pattern, diffuse-type gastric cancer has
been reported to exhibit a higher incidence of lymphatic per-
meation than hematogeneous metastasis, generally exhibiting
a higher incidence of peritoneal metastasis and fewer liver me-
tastases than the intestinal type (23); this could explain the
high proportion of diffuse-type tumors (85%) as well as the
low incidence of liver metastasis (18%) and high incidence of
peritoneal metastasis (61%) in this study. Interestingly, the in-
cidence of bone metastasis in the present study is extremely
high relative to that of advanced gastric cancer in the general
population. It is speculated that LC and bone metastasis of
gastric cancer might share a common mechanism of metasta-
sis, such as adhesion molecules that may cause obliterative
endarteritis.

The major clinical symptoms of LC are cough and dyspnea
(10). It is hypothesized that severe lymphatic permeation and
the presence of an intralymphatic pool of tumor cells obstruct
the lymphatic ducts, causing edema in the stroma of the re-
spiratory tract. As the disease progresses, the tumor cells leak
out of the lymphatic duct and cause diffuse fibrosis.
Restrictive pulmonary dysfunctions such as interstitial pneu-
monia consequently occur. In this study, 76% of patients had
respiratory symptoms such as cough and/or dyspnea; 24% of
patients required oxygen inhalation. In particular, 36% of the
patients exhibited performance Status 3—4 at diagnosis. This
further indicates LC often deteriorates patients’ condition.

The prognosis of patients with LC is extremely poor; ap-
proximately half of patients with LC die within 3 months after
presenting with their first respiratory symptoms (10). The data
regarding the effects of chemotherapy are very contradictory,
and no standard treatment has been established so far. In
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clinical practice, the chemotherapy recommended for primary
tumors is also generally adopted as the main treatment of
patients with LC. Several case reports of gastric cancer asso-
ciated with LC mainly from Japan report that the efficacy of
chemotherapy is limited; none of the reported patients sur-
vived >1 year (Table 2) (24—34). In this study, 10 of the 18
patients in Group A was treated with MF, while SP has been
the standard treatment in the first-line chemotherapy for
advanced gastric cancer since 2007 in Japan. The reasons for
this high prevalence of MF are as follows: (i) this study
included patients treated between 2002 and 2011, (ii) some
patients had ascites and/or could not take oral agents, (iii) the
MEF regimen was commonly used for patients with severe peri-
toneal metastasis, mainly diffuse type histologically, before
the results of the JCOGO0106 trial were published (35),
(iv) three patients in Group A had DIC at diagnosis and MF
was reported to be effective for patients with DIC (36). Asa
result, the MST of chemotherapy-naive patients (Group A)
was 5.7 months and only one patient survived >1 year. In
addition, chemotherapy in the second or later lines was inef-
fective, as all patients in Group B died within 4 months. It is
important to recognize that most patients with LC are in poor
medical condition and that the indication and choice of
chemotherapy regimens, particularly for patients with a
history of prior chemotherapy, should be determined carefully.
However, in this study, first-line chemotherapy resulted in the
resolution of the respiratory symptoms and improvement of
CT findings in two patients (one case is presented in Fig. 1),
and another patient survived >3 years. Therefore, effective
chemotherapy may provide a chance of symptom relief and
long survival even for patients with LC.

This study has some limitations. First, this is a retrospective
study at single institution, and the diagnosis of LC was based
on CT findings; it was not confirmed histologically in all

Table 2. Case reports of chemotherapy for gastric cancer with pulmonary lymphangitis carcinomatosa from Japan

Year (reference) Age Sex Histology (type) Number of prior
chemotherapy regimens

Symptom Diagnosis

Chemotherapy Prognosis (month)

1999 (23) 50 M Diffuse 0 Cough CcT CDDP + mitomycinC + fluorouracil 3
(5-FU) + etoposide
2004 (24) 51 M Diffuse 0 Cough CT S-1 10
2005 (25) 51 F  Diffuse 0 Dyspnea CT-+TBLB S-1 + docetaxel 2
2005 (26) 40 F  Diffuse 2 NA CT S-1+ CPT-11 7
2008 (27) 78 F NA 0 Dyspnea CT S-1 + CDDP 10
2008 (28) 70 F  Diffuse 0 NA cT S-1 + CPT-11 2
2008 (29) 31 F  Intestinal 1 Dyspnea CT Docetaxel + CDDP + S-1 2
2009 (30) 28 F  Diffuse 0 Dyspnea CT S-1 + paclitaxel 1
2010 (31) 63 M Diffuse 0 Dyspnea CT 5-FU + leucovorin 9
2011 (32) 38 M Diffuse 0 Cough €T S-1 + docetaxel 8
2011 (33) 60 F  Diffuse 1 Dyspnea CT CPT-11 4

NA, not available; TBLB, transbronchial lung biopsy.
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patients because most patients with LC are in poor condition
and require rapid treatment before histological confirmation.
Moreover, it is difficult to rule out the complication of pul-
monary tumor thrombotic microangiopathy, which exhibits
similar clinicopathological features to LC, although different
CT findings between these two diseases are reported (15, 16,
37, 38). Second, although the objective of this study was to in-
vestigate the clinicopathological features and outcomes of
gastric cancer patients with LC, this study included only
gastric cancer patients with LC and did not compare the
results to those in patients who did not develop LC. Lastly, the
subjects were treated with various kinds of chemotherapy regi-
mens not only in the first line, but in subsequent lines as well.
Therefore, it is rather difficult to evaluate the efficacy of a spe-
cific chemotherapy regimen for LC. However, this study is
one of the largest case series of LC caused by gastric cancer.
Therefore, the present findings may facilitate clinical decision
making and future advancements in the treatment of LC.

In conclusion, LC caused by gastric cancer has distinct spe-
cific characteristics including the predominance of female
patients, diffuse-type gastric cancer, metastases to the medias-
tinal lymph nodes and peritoneum, and association with bone
metastasis and DIC. While the prognosis of gastric cancer
patients with LC is extremely poor even after systemic chemo-
therapy, some patients may have survival benefit from chemo-
therapy. The development of new drugs for LC, including
molecular-targeting agent, is urgently required.
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G astric cancer remains the second leading cause of can-
and is especially frequent
in East Asia, including Japan.® Although surgical resection is

cer-related deaths worldwide

This multicenter phase Il study first investigated the efficacy and safety of nano-
particle albumin-bound paclitaxel (nab-paclitaxel) when given every 3 weeks to
patients with unresectable or recurrent gastric cancer who had received a prior
round of fluoropyrimidine-containing chemotherapy. Patients with unresectable
or recurrent gastric cancer who experienced progression despite fluoropyrimidine-
containing treatment were studied. Nab-paclitaxel was given i.v. at 260 mg/m? on
day 1 of each 21-day cycle without anti-allergic premedication until disease pro-
gression or study discontinuation. The primary endpoint was the overall response
rate. The secondary endpoints were the disease control rate, progression-free sur-
vival, overall survival, and safety. From April 2008 to July 2010, 56 patients were
enrolled, 55 patients received the study treatment, and 54 patients were evaluable
for responses. According to an independent review committee, the overall
response rate was 27.8% (15/54; 95% confidence interval [Cl], 16.5-41.6) and the
disease control rate was 59.3% (32/54; 95% Cl, 45.0-72.4). One patient had a com-
plete response. The median progression-free survival and overall survival were
2.9 months (95% Cl, 2.4-3.6) and 9.2 months (95% Cl, 6.9-11.4), respectively. The
most common grade 3/4 toxicities were neutropenia (49.1%), leucopenia (20.0%),
lymphopenia (10.9%), and peripheral sensory neuropathy (23.6%). There were ho
treatment-related deaths. Nab-paclitaxel, given every 3 weeks, showed promising
activity against previously treated unresectable or recurrent gastric cancers, with
well-tolerated toxicities. (Trial registration, ClinicalTrials.gov: NCT00661167).

of first-line chemotherapy."*® A Korean study showed that do-
cetaxel or irinotecan could also significantly prolong OS, com-
pared with BSC, after one or two chemotherapeutic regimens

the only curative treatment for gastric cancer, approximately
60% of patients eventually experience relapses after curative
surgeries.(3) Globally, fluoropyrimidine-based combination che-
motherapy regimens, including fluorouracil or its oral deriva-
tives, taxanes, irinotecan, and platinum compounds, have
yielded median progression-free survival (PFS) times of
2—7 months and median overall survival (OS) times of less
than 1 year in first-line settings.“" In Japan, the combination
of S-1 (tegafur plus gimeracil plus oteracil potassium) and cis-
platin is the most frequently prescribed first-line therapeutic
regimen for patients with advanced/metastatic and recurrent
gastric cancer. Recently, several phase III trials reported
improved median OS times of more than 1 year. (012" Addi-
tionally, in a randomized European trial, irinotecan showed
survival benefits, compared to best supportive care (BSC), as
second-line treatment in gastric cancer patients after the failure

Cancer Sci | July 2014 | vol. 105 | no.7 | 812-817

that consisted of fluoropyrimidine and platinum."®

In Japan, paclitaxel (PTX) is commonly used as second-line
chemotherapy for gastric cancer patients in practice, based on
experiences with breast cancer and non-small-cell lung cancer
(NSCLC). Paclitaxel yielded overall response rates (ORR) that
ranged from 16 to 27%, overall OS times of 5-11 months, and
modest toxicity in several phase II trials.15!%)

The 130-nm nanoparticle albumin-bound paclitaxel (nab-
paclitaxel) is a novel, solvent polyoxyethylated castor oil
(Cremophor)-free, biologically interactive form of PTX.
Nab-paclitaxel is among the first of a new class of anticancer
agents to incorporate albumin particle technology and exploit
the unique properties of albumin, a natural carrier of lipophilic
molecules in humans. Nab-paclitaxel allows the safe infusion
of significantly higher doses of PTX than those used in standard
PTX therapy, with shorter infusion schedules (30 min vs 3 h,
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