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Abstract: Backgroud: Pleuropulmonary blastoma (PPB) is a very rare malignant tumor of the pleuropulmonary mes-
enchyme in childhood. This report retrospectively analyzed PPB in four larger Chinese pediatric oncology centers in
recent years. And provide a basis for multicenter collaborative treatment of PPB in China. Methods: This analysis
concerns patients aged 0-18 years with confirmed to have PPB by pathology review, registered from 1999 to 2011
in Beijing Children’s Hospital, Sun Yat-Sen University Cancer Center, The Children’s Hospital of Chongging Medical
University and Shanghai children’s medical center. Lesions were classified as type |, type Il or type Il according
to Dehner’s classification. Results: The series included 38 patients (2 type |, 15 type Il and 21 type Ill), 14 males,
24 females with a median age of 37.5 months (19~204 months), a median of 28 days (2-180 days) from onset to
diagnosis. Most Tumors were large (97%>5 cm) and invaded the parietal pleura and pericardium. In seven patients
developed with distant metastasis. 9/38 (23.7%) of the patients had lost to follow up at the time of initial diagnosis
because they gave up further treatment or got treatment by a local hospital. The remaining 29/38 (76.3%) patients
had follow-up information. 2 patients died of respiratory failure after biopsy. 27 patients had treated by chemother-
apy/surgery or both among them, 13 patients had total resection, 6 had partial resection. And 7 patients received
no further treatment after surgery, but 5 patients relapsed. Total 22 patients had chemotherapy, 1 patient had che-
motherapy only. The median follow-up was 43.0 months, 6 patients had recurrences and died, For the 6 recurrent
cases, 5 cases had surgery only at initial treatment, and 1 case had chemotherapy only at initial treatment. 10-year
overall survival rate was 71.1+8.7%. The relations between outcome and treatment were not significantly associ-
ated (P=0.196), but treatment with combined chemotherapy and surgery may suggest better prognosis (P=0.06).
Conclusions: Our study showed that achieving total resection of the tumor and combined chemotherapy at any time
of treatment may resulted in a better prognosis. The patient’s characteristics and pathologic features were different
from the worldwide data, for the higher prevalence of type Il and type I, also the higher prevalence of stage Ill and
IV in our patients. Presumably the problem was diagnosed late for PPB in China.
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Pleuropulmonary blastoma (PPB) is a rare intra-
thoracic neoplasm, occurring in young children.
Three types of PPB-type |, type Il, and type lll
have been described based on histopathology,
and the prognosis are related and to type at
presentation [1, 2]. This report retrospectively
analyzed PPB in four larger Chinese pediatric
oncology centers in recent years. And provide a
basis for multicenter collaborative treatment of
PPB in China.

Patients and methods

Patients diagnosed with PPB at Beijing Chil-
dren’s Hospital, Sun Yat-Sen University Cancer
Center, The Children’s Hospital of Chongging
Medical University and Shanghai children’s
medical center between 1999 and 2011. The
clinical features, pathological findings and out-
comes of PPB cases observed from clinical
data, surgical notes and summaries of treat-
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Table 1. Chemotherapy regimens used for pleuropulmonary blastoma

IVADo: Ifosfamide 3 g/m? on days 1 and 2; Vincristine 1.5 mg/m? (max 2 mg) on day 1, 8, 15; Actinomycin-D 1.5 mg/m? (max 2 mg) on day 1;

Doxorubicin 30 mg/m? on days 1 and 2

IVA: Ifosfamide 3 g/m? on days 1 and 2; Vincristine 1.5 mg/m? (max 2 mg) on day 1, 8, 15; Actinomycin-D 1.5 mg/m? (max 2 mg) on day 1

VAC: Vincristine 1.5 mg/m? (max 2 mg) weekly; Actinomycin-D 0.045 mg/kg (max 2.5 mg) on day 1; cyclophosphamide 1 g/m? on day 1

IE: Ifosfamide 1.8 g/m? on days 1-5; etoposide 100 mg/m? on days 1-5

CAV: Vincristine 1.5 mg/m? (max 2 mg) weekly, cyclophosphamide 1.2 g/m? on day 1; Doxorubicin 30 mg/m? on days 1 and 2

Cisplatin + etoposide: cisplatin 50 mg/m? on days 1-4; etoposide 150 mg/m? on days 1-3

ment were taken from the charts. We have two
more pathologists (central path review) re-
viewed the slides of included patients to con-
firm the diagnosis.

This retrospective study was approved by the
hospital ethics committee, and informed con-
sents were provided to all the patients and/or
their parents. All children were followed up
to Jun 30, 2015. The medical records were
reviewed for:

Patient general information: age, gender, pre-
senting symptoms and signs, primary tumor
site, pathologic subtype characters of the
tumor.

Routine laboratory investigations at presenta-
tion and during treatment, for example, com-
plete blood count, liver function tests, kidney
function tests, serum electrolytes and lactate
dehydrogenase (LDH), bone marrow asperiate
for some patients.

Tumor staging: In all cases, staging investiga-
tions at diagnosis included: physical examina-
tion, evaluation of local tumor and other com-
mon metastatic sites extent with chest X-ray,
computerized tomography (CT) scan and ultra-
sound. All lesions were subclassified according
to the histological classification proposed by
Dehner et al [1, 2]: type 1 PPB (exclusively cys-
tic areas), type 2 PPB (with solid and true cystic
areas), and type 3 PPB (a true solid tumor).

The ethical consent according to IRB approval
was confirmed by their parents. We will do our
best to make sure that the personal informa-
tion in patients’ medical record be kept private.
Patients’ name and other personal information
will not be commercially used.

Treatment

Chemotherapy: According to stage system and
pathological type for some patients treated by
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International Pleuropulmonary Blastoma Regi-
stry. IVADo (ifosfamide + adriamycin + vincris-
tine + actinomycin D) and IVA (ifosfamide + vin-
cristine + actinomycin) regimen for 12 courses.
Others were treated by chemotherapy based
on soft tissue sarcomas protocols, such as ifos-
famide + etoposide (IE), cyclophosphamide +
actinomycin + vincristine (CAV), vincristine +
adriamycin + cyclophosphamide (VDC) and cis-
platin + etoposide regimens (Table 1).

Surgery: The extent of surgical resection was
estimated after detailed review of surgical and
histopathologic notes as: (1) biopsy only; (2)
total resection when tumors were free of surgi-
cal margins or microscopical residual disease
was present at the surgical margins; (3) partial
resection when macroscopic tumor remained.

Tumor response criteria

Evaluation of tumor response was performed
after 12 weeks of chemotherapy. Response to
treatment, judged by the degree of tumor vol-
ume reduction resulting from clinical and imag-
ing evidence, was defined as follows: complete
remission (CR), that is, the complete disappear-
ance of disease; partial response (PR), that is,
a reduction in tumor volume of >50%; and
minor response (MR), that is, a reduction >25%
but <50%. Stable disease or a reduction in vol-
ume of <25% was recorded as no response,
whereas an increase in tumor size or the detec-
tion of new lesions was considered as disease
progression.

Statistical analysis

Outcome was defined by overall survival (OS).
OS was calculated from the time of diagnosis of
relapse or recurrent to death from any cause.
Survival curves were calculated by the Kaplan-
Meier method. The 10-year rates were ex-
pressed together with their standard errors. For
univariate analysis, the statistical significance
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Table 2. Patient characteristics, pathologic
features

Patient Characteristics No %
Age
Median 375
Range 19-204
<36 15 39.5
36-60 17 44.7
>60 6 15.8
Gender
Male 14 36.8
Female 24 63.2
Tumor size
<5 1 2.6
5-10 11 28.9
>10 17 44.7
Null 9 23.7
Tumor side
Left 16 42.1
Right 19 50.0
Uncertainty 3 7.9
Pathotype
| 2 5.3
Il 15 39.5
I 21 55.3
Stage
Il 2 15.8
1l 25 65.8
% 7 18.4

of each variable was tested by univariate
regression P<0.05 was considered statistically
significant, unless otherwise indicated.

Results
Clinical features

The series included 38 patients (Table 2),
with a median age of 37.5 months (19~204
months), 32/38 (84.2%) patients were less
than 5 years old, 24 females, 14 males, female
to male ratio was 1.7:1. Presenting symptoms
included cough in 14 patients, shortness of
breath and respiratory distress in 12 patients,
fever in 14 patients, thoracic cavity or medias-
tinal mass in 12 patients, and chest pain in 4
patients, with a median of 28 (2-180) days from
onset to diagnosis. At the initial diagnosis, 10
cases were misdiagnosed, including 7 cases
with pneumonia, 2 cases with tuberculosis,
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and 1 case with congenital cystic adenomatoid
malformation. Finally, 3 patients conformed to
lung cysts, and one patient’s grandfather had
even pleural effusion.

17/38 (44.7%) of the patients had lung involve-
ment only. 14/38 (36.9%) of the patients had
adjacent tissue involvement, including medias-
tinal in 6 cases, pleura in 5 cases and pericar-
dial in 3 cases. 7/38 (18.4%) of the patients
had distant metastasis, including abdominal
lymph nodes, cervical lymph nodes and bone
marrow metastasis in 6 cases and liver involve-
ment in 1 case. Bone marrow aspirates were
done in 21 patients, and only one patient had
bone marrow infiltration. Tumor size was less
than 5 cm in one patient, between 5 and 10 cm
in 11 patients, more than 10 cm (max 16 x 15
x 12 cm?®) in 17 patients, and unknown in 9
patients. Histological subtypes were type | in 2
patients, type Il in 15 patients, and type Il in 21
patients. Average serum LDH level was 438
U/L (range 121~1884 U/L), 18 patients had
LDH level more than 300 U/L, 3 patients had
LDH level more than 1000 U/L.

Treatment and outcome

9/38 (23.7%) of the patients had lost to follow
up at the time of initial diagnosis because they
gave up further treatment or got treatment by a
local hospital. The remaining 29/38 (76.3%)
patients had follow-up information. 2 patients
died of respiratory failure after biopsy. 27
patients had treated by chemotherapy/surgery
or both (Table 3).

Surgery: Among 27 patients, 13 patients had
total resection, 6 had partial resection, 8
patients had tumor biopsy only at initial diagno-
sis. And 7 patients received no further treat-
ment after surgery, butb patients relapsed.

Chemotherapy: Total 22 patients had chemo-
therapy. 1 patient had chemotherapy only, but
died of recurrence. 6 Patients had chemothera-
py before surgery, 12 patients had chemother-
apy after primary surgery, and 3 patients re-
ceived chemotherapy after relapse. 5 patients
received CAV/IE regimen for 3-8 courses; 5
patients received VCR + CTX + ADR + Act-D for
3-8 courses; 4 received cisplatin and VP16 reg-
imen for 4-12 courses; 8 received IVAD and IVA
regimen for 12 courses.

Int J Clin Exp Med 2016;9(9):18168-18175
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Patient Treatment Primary surgery Chemotherapy Time Outcome

1 Chemo + surgery Biopsy VCR + CTX + ADR x 2 + CDDP + Act-D x 2 102 CR

2 Surgery + chemo Total resection VCR + CTX + ADR x 3 79 CR

3 Surgery only Total resection traditional chinese medicine 67 CR

4 Surgery + chemo Partial resection IVADo x 4 + IVA x 8 64 CR

5 Biopsy Death by respiratory failure 0.5 Death

6 Surgery only Total resection - 48 CR

7 Surgery + chemo Total resection IVADo x 4 + [VA x 8 46 CR

8 Chemo + surgery Biopsy VCR + CTX + ADR x 4 + VCR + CTX + Act-D x 4 107 CR

9 Surgery only Total resection - 162 CR

10 Surgery + chemo Total resection CDDP + VP16 x 4 146 CR

11 Surgery + chemo Partial resection VCR + CTX + Act-D x 6 138 PR

12 Biopsy Death by surgery 0.5 Death

13 Surgery + chemo Total resection VCR + CTX + Act-D x 3+VCR + CTX+ ADR x 3 124 CR

14 Surgery Partial resection VAC/VDC/IE x 5 (after relapse) 8 Death

15 Surgery only Total resection - 12 Death

16 Chemo + surgery Biopsy CAV/IE x 5 49 PR

17 Surgery + chemo Partial excision CAV/IE x 8 54 CR

18 Surgery Biopsy CAV/IE x 8 (after relapse) 19 Death

19 Surgery Partial resection CAV/IE x 6 (after relapse) 10 Death

20 Surgery + chemo Total resection DDP + VP16 + IFO + Act-D + CTX x 12 43 CR

21 Surgery + chemo total resection DDP + VP16 + IFO + Act-D + CTX x 7 53 CR

22 Chemo only Biopsy DDP + IFOd + VP16 x 1 2 Death

23 Chemo + surgery + radiotherapy Biopsy IVADo x 4 + VA x 8 38 CR

24 Surgery + chemo Total resection IVADo x 4 + [VA x 8 21.5 CR

25 Chemo + surgery Biopsy IVADoO x 4 + [VA x 8 14.5 CR

26 Surgery + chemo Total resection IVADo x 4 + [VA x 8 14.5 CR

27 Surgery only Partial resection - 6 Death

28 Chemo + surgery Biopsy IVADoO x 4 + VA x 8 14.5 CR

29 Surgery + chemo Total resection IVADo x 4 + VA x 7 5.5 CR

Radiotherapy: Only one pa-
e tient (#23 on Table 3) had the
residual mass at the right

0.8 posterior mediastinal after

_ chemotherapy and surgery,

3 and radiotherapy (18 Gy) was

£ "] given 3 months later, followed

% by four additional courses of

g 041 chemotherapy. After 38 mon-
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Figure 1. 8 patients were died. Ten year 0OS was 71.1+8.7%, 95% ClI
91.32%~143.64%, while median 0S time was 43.0 months.
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ths of the initial biopsy, there
is no evidence of recurrence.

Survival distribution of 29
patients: Total 6 patients had
recurrences, there were male
1 and female 5; PPB-type |, Il,
Il for 1, 3, 2 respectively,
stage I, lll, IV for 1, 3, 2
respectively. For the 6 recur-
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Figure 2. According to treatment, the estimated OS rate was 33.3+15.7%
and 94.7+5.1%, while mean 0OS time was 36.5 months and 58.5 months for
patients on surgery only, surgery with chemotherapy, respectively (X=18.3,

P=0.196).
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Table 4. Survival distribution of 29 pleuropulmonary blastoma

1
200.00

Number Survival Death P HR

value 95% Cl
Age 0.36 1.57 0.60~4.06
<36 11 8 3
36-60 11 8 3
>60 7 5 2
Gender 0.16 4.60 0.55~38.33
Male 10 9 1
Female 19 12 7
Size 0.13 2.22 0.80~6.18
<5 1 1 0
5-10 11 8 3
>10 9 9 0
Null 8 4 4
Treatment
Surgery only 9 3 4 013 3.20 0.72~14.34
Chemo only 1 1 1 031 299 0.36~25.07
Surgery with chemo 19 17 4 0.06 0.24 0.05~1.07
Pathotype
| 2 1 1 053 1.98 0.24~16.56
Il 11 8 3 048 1.73 0.38~7.80
1 16 12 4 031 0.46 0.10~2.07
Stage 0.31 1.83 0.57~5.85
Il 6 5 1
1 19 14 5
\% 4 2 2
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rent cases, 5 cases had sur-
gery only at initial treatment,
and 1 case had chemothera-
py only at initial treatment. All
recurrent patients had died.
Ten year OS was 71.1+£8.7%,
95% Cl 91.32%~143.64%,
while median OS time was
43.0 months (Figure 1).

According to treatment, the
estimated OS rate was 33.3+
15.7% and 94.745.1%, while
mean 0OS time was 36.5
months and 58.5 months for
patients on surgery only, sur-
gery with chemotherapy, res-
pectively (X=18.3) (Figure 2).
The relations between out-
come and treatment were not
significantly associated (P=
0.196, Figure 2), but treat-
ment with combined chemo-
therapy and surgery may sug-
gest better prognosis (P=
0.06, Table 4). No significant
association with age (P=0.76),
gender (P=0.08), tumor size
(P=0.25), pathologic subtype
(P=0.46), stage (P=0.57) (Tab-
le 4).

Discussion

PPB is a very rare malignant
tumor of the pleuropulmonary
mesenchyme in childhood,
often involving the pleural
and lung. Histologically, the
tumor was with a high degree
of malignancy and invasive-
ness [1, 2]. Patients diag-
nosed with PPB have a heri-
table predisposition to dys-
plastic or neoplastic disease,
such as lung cysts, cystic
nephroma, Wilms tumor and
rhabdomyosarcoma. Pulmon-
ary cyst is the most common,
and about 25% of children
with family history [3, 6].

Genetic linkage analysis of
familial PPB and related disor-
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ders identified loss-of-function mutations in
DICERZ. It has been hypothesized that loss of
heterozygosity of DICER1 in lung epithelium is a
non-cell autonomous etiology of PPB and a crit-
ical pathway that regulates lung development.
Serum levels of the representative microRNAs
were not elevated in DICER1 germline-mutated
relatives. In the PPB case, serum levels of the
microRNAs increased before chemotherapy,
and then showed an early reduction following
treatment. The microRNAs may offer future util-
ity as serum biomarkers for screening patients
with known germline DICER1 mutations for
early detection of PPB, and for potential dis-
ease-monitoring in cases with confirmed PPB
4, 7-9].

In our study, 3/38 (7.8%) of the patients had
lung cyst. Only one patient had a positive family
history. we speculated that this might be due to
the fact that this was a retrospective study and
only included 4 larger Chinese pediatric hema-
tology and oncology centers.

In our study, the average age was 3.1 years old,
and the male to female ratio of children with
1:1.7. The initial clinical manifestation included
cough, fever, dyspnea, or chest pain, with or
without pneumothorax or pleural effusion,
pleural empyema, so some of the patients were
inevitably misdiagnosed as pneumonia, tuber-
culosis or congenital cystic adenomatoid mal-
formation. These results are similar to Mess-
inger YH and Bisogno G report [1, 2] that the
clinical manifestations of PPB in children is not
specific, the tumor has no characteristic find-
ings on imaging studies. The majority of chil-
dren in the age of 6 years old, the average age
of 2.9~3.2 years old, male and female inci-
dence rate is no obvious difference.

Different from other childhood common malig-
nant solid tumor, distant metastasis is rare in
PPB, usually at the time of recurrence, often
occurs within 2 years after diagnosis; type |
PPB with distant metastasis is rare; the brain
and the skeletal system is type Il and Il PPB,
the probability of occurrence was up to 30% [1,
11, 12]. But in our study, 18.4% patients had
distant metastasis, such as abdominal lymph
nodes and liver. These results were not the
same.to Messinger YH and Bisogno G report [1,
2]. Their reports showed that 5.7-6% patients
had distant metastasis of PPB.
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According to tumor cystic and solid compo-
nents in different proportions, Dehner et al [1,
2, 11, 12] divided PPB into three types: Type |
consists of multilocular cysts containing primi-
tive small mesenchymal cells within the cyst
wall, more common in infants, account for 15%
to 20% of all PPB; type Il tumors have a combi-
nation of solid and cystic components, Type Il is
a type of polycystic with solid nodular type.
Type Il tumors have proliferating mesenchyma
without any cysts, resulting in a solid tumor. In
our study, only 2 patients with type I, type Il and
IIl account for 95% of all PPB, for the higher
prevalence of type lll, the fewer prevalence of
type | in our patients. These results were differ-
ent from the worldwide data. Messinger YH and
Bisogno G et al show that type |, type Il and type
Il accounting for 20-33%, 35-38%, 32-43% of
all PPB. This may be due to the late diagnosis of
PPB in China [13].

PPB, like other solid tumors, required a multi-
modality treatment approach including surgery,
and chemotherapy. It's very important to have a
complete excision of primary surgery. The key
to cure is complete surgical resection, chemo-
therapy and radiation therapy can be used for
those cannot be completely removed or type I
and lll. Systematic use of ifosfamide and doxo-
rubicin-based regimens for type lI/lll PPB is
suggested with the aim of enabling delayed
complete tumor resection and improving sur-
vival. In our study, 8 patients received IVAD and
IVA regimen for 12 courses. Growth factors
were not used systematically in this study. One
patient suffered from one hemorrhagic cystitis
and two episodes of seizures, this seemed to
be related more to the administration of ifos-
famide [15, 16].

Messinger YH and Bisogno G et al [1, 2] show-
ed that, in the largest series of PPB published,
5-year overall survival rates were 83~91% for
type | PPB and 71~42% for type Il and type Il
PPB. And survival differences on the basis of
pathologic subtype. In our study, ten year over-
all survival rates was 71.1%, there was no sig-
nificant difference on the basis of pathologic
subtype because of some patients had surgery
only. The relations between outcome and treat-
ment were associated significantly with overall
survival.

In summary, our study showed that PPB is an
aggressive neoplasm. Achieving total resection
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of the tumor and combined chemotherapy at
any time of treatment resulted in a significantly
better prognosis. The clinical characteristics
and pathologic features were different from the
worldwide data, for the higher prevalence of
type Il and type lll, also the higher prevalence of
stage Il and IV in our patients. We suspected
that may be related to the smaller number of
patients included, and the diagnosis delay.
Therefore, we suggested multi-center and
large-scale collaborative study, as well as early
diagnosis and early treatment.
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