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Chemotherapy for breast cancer during pregnancy
induces vascular alterations and impaired
development of placental villi: a preliminary
histopathological study.
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Abstract
Breast cancer is diagnosed in approximately 1/3000 pregnant women. Chemotherapy may be
administered after the �rst trimester, with improved maternal outcome and relatively few pregnancy and
offspring complications. Nonetheless, no information about the effects of different chemotherapy
regimens on placenta architecture and vasculature are available. Methods To evaluate histological
alterations in placentas of women affected by breast cancer and treated with chemotherapy during
pregnancy, we retrospectively analyzed 23 placentas of patients affected by breast cancer and treated
with chemotherapy during pregnancy and 23 control placentas of women without breast cancer and with
physiological pregnancies of the same gestational age. Results All the patients had breast ductal
in�ltrating carcinoma, 19 of 23 cases had a G3 cancer. All patients were treated with 2-6 cycles of
chemotherapy starting after 16 weeks of gestation, with different protocols. No hypertensive
complications and no pre-eclampsia episodes were observed; birth weight was consistent with
gestational age in all babies in both group with no uneventful outcomes and no perinatal mortality or
fetal malformations. Twenty out of 23 cases (86%) showed hypoxia-induced villous alterations, including
increased syncytial knotting (Tenney-Parker changes), perivillar �brin deposits, distal villous hypoplasia
or accelerated maturation and focal villous chorangiosis. These alterations were found in 19 out of 23
controls (83%), with no statistically signi�cant difference between the two groups. Conclusions These
results shows that chemotherapy in the second and third trimester of pregnancy may lead to non-speci�c
alterations in placental vasculature and morphology.

Background
Cancer is detected in approximately in 1/1000 pregnant women [1], with breast cancer being the most
frequent malignant tumor occurring during gestation, followed by cervical cancer, melanoma, leukemia
and lymphoma [2-4]. The overall incidence of breast cancer during pregnancy varies between 2.4 to 7.3
per 100,000 [5-7], but it will  become more common in the future due to the current trend of postponing
pregnancy [8] and to a possible increase of incidence of breast cancer in young women [9,10].

Managing breast cancer during pregnancy is demanding and deserves particular attention because of the
clinical and ethical implications as potentially life-saving chemotherapy for the pregnant mother may be
potentially life-threatening for the developing fetus [11].

Managing breast cancer during pregnancy is very complicated and should be personalized, including a
multidisciplinary team discussion balancing possible adverse maternal and fetal health impacts [1].

While surgery may be proposed at any gestational age, endocrine treatment, targeted therapies and
radiation therapy are usually postponed after delivery. Chemotherapy is contraindicated during the �rst
trimester, but has been increasingly used with good maternal e�cacy thereafter [1,12,13].

For most patients managed with an appropriate treatment during pregnancy, cancer prognosis is similar
to non-pregnant patients [14-16].
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Children outcome after in utero exposure to chemotherapy has been reassuring. Available literature does
not show an increased rate of fetal malformations and follow up of these babies indicates a normal
neurological development [18-20]. Nonetheless patients treated with chemotherapy during pregnancy still
have a higher rate of pregnancy complications, including hypertensive disorders, preterm deliveries and
fetal growth restriction [12,20].           

For most patients managed with an appropriate treatment during pregnancy, cancer prognosis is similar
to non-pregnant patients [14-16].

Chemotherapy drug intake in the 1st trimester can lead to an increased risk of spontaneous abortion, fetal
death and major malformations [11], while children outcome after in utero exposure to chemotherapy in
the 2nd and 3rd trimester has been reassuring, without an increased rate of fetal malformations and with
normal neurological development, documenting an association of intrauterine growth restriction and low
fetal birth weight [17-19].

The placenta is pivotal in modulating oxygen and nutrients exchange between the mother and the fetus.
Remodeling of the maternal spiral arteries and increased perfusion of the intervillous placental spaces is
needed for the normal development of placental vasculogenesis, while maternal diseases such as
hypertension, diabetes or infections are related to speci�c placental lesions, with a signi�cant association
with adverse neonatal outcome [21-25].

Whereas the effects of chemotherapy during pregnancy for mother and fetus are well described, its
effects on the placenta remain largely undetermined.

This is of clinical relevance, as placental alterations may induce pregnancy complications and possibly
impair fetal health.

The aim of this study is to examine placental morphology of patients treated with chemotherapy for
breast cancer during pregnancy trying to identify peculiar histological changes and possibly to correlate
them with fetal outcome.

Methods
A total of 23 patients diagnosed with breast cancer and treated with chemotherapy during pregnancy that
gave birth at Clinica Mangiagalli, Fondazione IRCCS Ca’ Granda – Ospedale Italy between 2004 and 2017
(named “cases” group) and 23 patients with physiological pregnancy that gave birth in the same
institution in 2018 (named “controls” group) were retrospectively analyzed.

A lot of cases were diagnosed in other hospital everywhere in Italy and referred to European Institute of
Oncology (IEO) considering their experience in treatment cancer in pregnancy.

A long-standing collaboration joins IEO and Clinica Mangiagalli, where patients with cancer in pregnancy
may to undergo chemotherapy and have an excellent team for fetal and neonatal well-being monitoring.
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Exclusion criteria for all controls were: maternal medical disorders (Crohn’s Disease, colitis, congenital
heart disorders, auto-immune disease), obstetrical complication including hypertensive disorders,
diabetes, preterm labor, maternal infection,cholestasis and fetal growth restriction.

Recorded patients characteristics included maternal age, ethnicity, maternal body mass index, cigarettes
smoking during pregnancy, obstetrical complication, gestation age (GA) at birth and birth weight.

We obtained a written informed consent for the treatment with chemotherapy.

Tissue slides were collected and retrieved from the archives of the Division of Pathology of the same
institution.

Gross examination of the placentas included weight (recorded immediately after delivery) and diameter
(3 dimensions), completeness of maternal decidual side and membranes with color, cord inserction and
length, umbilical coiling index, number of umbilical cord vessels and relevant abnormal �ndings.

Five samples for each case were analyzed at the time of the diagnosis, including umbilical cord sections,
amnio-chorial membranes, and peripheral, intermediate and central regions of the placental parenchyma.

All the specimen were �xed in neutral buffered 10% formalin, para�n-embedded and were stained with
haematoxylin and eosin (H&E).

Histopathologic analysis of the placenta was performed, and slides were independently re-evaluated by
two expert pathologists (FMC and ADG). If results were not consistent, the case was reviewed by a third
pathologist (SF) and a consensus was made between the 3 pathologists.

Histopatological revision was performed in accordance with the recently published criteria of the
Amsterdam Placental Workshop Group Consensus Statement [26] and primary cancer were diagnosed
and staged according to the last AJCC TNM classi�cation [reference0 TNM].

Data were statistically evaluated using the MedCalc® statistical package (MedCalc®, Belgium). The tests
were performed at the 5% signi�cance level (p < .05). Comparisons between groups were performed with
the chi-squared test. P values were reported when < .05, otherwise are indicated as “n.s.” (not signi�cant).

Results
Of the 23 patients of the cases group, 23 had breast ductal in�ltrating carcinoma. Nineteen of 23 cases
had a poorly differentiated (G3) cancer.

Clinical characteristics of the cases are detailed in Table 1.

All patients were treated with 2-6 cycles of chemotherapy starting after 16 weeks of gestation. The
combination of every three weeks Epirubicin (75 mg/sqm) and Cyclophosphamide (750 mg/sqm) was
used in 12 patients, while weekly Epirubicin (35 mg/sqm) was used in 11 patients.
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Possible complications were studied during pregnancy, delivery and till discharge of all patients.

None hypertensive disorders during pregnancy complications were reported in patients treated with
chemotherapy during chemotherapy administrations. In particular no pre-eclampsia episodes were
observed. 

Birth weight was consistent with gestational age in all babies in both groups. Median gestational age at
delivery was 36 weeks (range 34-38 weeks) for cases and 39 weeks (range 36-40 weeks) for controls.

No babies had uneventful outcomes and no perinatal mortality or fetal malformations were observed.

Clinical characteristics of the cases are detailed in Table 1.

We classi�ed histological lesions according to the Amsterdam Placental Workshop Group Consensus
Statement [25] in maternal vascular malperfusion of the placental bed, fetal vascular malperfusion and
delayed villous maturation.

 

Maternal vascular malperfusion of the placental bed

Accelerated villous maturation – Twenty out of 23 cases (86%) showed hypoxia-induced villous
alterations, including increased syncytial knotting (Tenney-Parker changes), perivillar �brin deposits,
distal villous hypoplasia or accelerated maturation and focal villous chorangiosis (Figure 1). These
alterations were found in 19 out of 23 controls (83%), with no statistically signi�cant difference between
the two groups.

All cases showed a certain degree of villous agglutination, characterized by a mixture of extracellular
matrix and �brin that completely surrounds large zones of distal villi with preservation of the intervillous
space.

In association, we found in 8/23 cases (34%) intravillar �brin deposition and 8/23 cases (34%) developed
intravillar calci�cations; these �ndings were not reported in controls, with a statistically signi�cant
difference between the two grouos (p=0.006). In addition, 14/23 cases (60%) and 17/23 controls (28%)
showed perivillar calci�cation (p=n.s.).

Peculiar histological characteristics of this category are illustrated in Figure 2 and 3.

Fifteen out of 23 cases (65%) and 8/23 controls (35%) showed foci of villous immaturity, which is
characterized by villi small for the gestational age with edematous stroma (p=n.s.).

Distal villous hypoplasia – In all cases  and in 19/23 controls (83%) we observed a marked variation in
villous diameters with formation of adherent villous clusters, distal villous hypoplasia and peripheral
villous hypoplasia (Figure 4) (p=n.s.). The villous tree showed a decrease in the rate of distal to proximal
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stem villi. Clusters of syncytial cells surrounded knots of long, thin and non-branching immature
intermediate villi. There was a decreased number of fetal arterioles and those remaining showed
hypertrophy of the media.

Distal villous immaturity was seen in association with distal villous hypoplasia and it was characterized
by an increased number of enlarged distal villi, stromal cells and villous macrophages. Capillaries tended
to be central with a decrease in vasculosyncytial cells.

 

Fetal vascular malperfusion

Stem vessel obliteration - All cases and 19/23 controls (83%) showed partial or complete stenosis
associated with hypertrophy and �brosis of the arterial wall of truncal vessels of �rst, second and third
order with evidences of thrombosis and recanalization of these vessels in few cases (p=n.s.).
Consequently, we observed �brotic and avascular villi intermixed with normally developed villi (see later).

Thrombosis - Two out of 23 cases (8%) and none of the controls showed �brin deposits and lysed red
blood cells arranged in parallel layers to chorial plaque (p=n.s.).

One out of the 23 cases (4%) and none of the controls showed thrombosis that pushed villi to the
periphery of the parenchyma; villi showed a laminated appearance and were sometimes �brotic (p=n.s.).

Intervillous thrombi mainly occurred in the intervillous space in central areas of the placenta. Thrombi
appeared �rst as fresh red clots, which then became laminated thrombi and �nally old white lesions, with
no real organization. Intervillous thrombi contained both fetal and maternal red blood cells.

Two out of 23 cases (8%) showed subchorial thrombosis and all cases marked thickening of the decidual
and spiral arteries wall.

Avascular villi – Two or more small foci with total loss of terminal villi capillaries in association with
villar �brosis were found in all cases.

 

Delayed villous maturation

The presence of marked acute and chronic in�ltrate between villi (intervillositis) was found focally in 1
out of 23 cases (4%) and in 2/23 (8%) of the controls (p=n.s.).

Acute intervillositis was characterized by the presence of neutrophils in the intervillous space with
occasional involvement of contiguous villi, often accompanied by patchy intervillous �brin. On the
contrary, chronic intervillositis showed a predominance of intervillous macrophages.
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A chronic villous in�ammation not associated with recognizable microorganisms (non-speci�c villitis)
was identi�ed in the villous connectival axis in 1 out of 23 patients (4%) but in none of the controls
(p=.n.s.).

Microscopically, lymphocytes were mixed with normal villi, accompanied by �brin deposition and villous
agglutination.

Finally, 3 out of 23 cases (13%) and 2/23 controls (8%) showed acute choramniositis and 1 out of 23
cases (4%) and none of the controls acute funisitis (p=.n.s.).

 

Other lesions

One specimen displayed a parenchymal chorioangioma, characterized by abundant �brous connective
tissue associated with small, congested vascular structures surrounded by proliferative mono strati�ed
endothelium.

As no major fetal abnormalities were present at birth, a correlation between histological alterations and
fetal outcome could not be made.

No statistically signi�cant correlation with placental macroscopic �ndings such as placental weight
between cancer and control group was found.

Discussion
The incidence of breast cancer diagnosed during pregnancy is relatively low, but this situation remains
burdened by di�cult clinical decisions [1].

Studies on pregnant breast cancer patients have demonstrated that chemotherapy may be administered
after the �rst trimester, when the risk of maternal and fetal complication is limited and pregnancy
interruption is not necessary [12]. The most frequently used drugs, including anthracyclines and taxanes,
are substrate of the ABC proteins that are highly expressed in the placenta throughout gestation [27].
These proteins are responsible for cancer cell drug resistance, as they are able to recognize and excrete
chemotherapy molecules  outside cancer cells. A similar mechanism has been hypothesized for the
trophoblast during pregnancy: it could preserve the fetus from chemotherapy exposure through selective
pumping toward maternal compartment. Experimental evidences in pregnant baboons con�rm that only
a small amount of doxorubicin and paclitaxel reaches the fetal tissues [28] and clinical data in humans
con�rm normal development in offspring of mothers exposed to chemotherapy during gestation [18,19].
Nonetheless, chemotherapy administration in the second and third trimester has been associated with a
slight increase in pregnancy complications, suggesting that the development of placental vascular tree
might be hampered by a direct vascular toxicity induced by antineoplastic agents or that placental
in�ammatory changes might be involved in the pathogenesis of pregnancy complications.
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Overall placental alterations of pregnant patients undergoing chemotherapy are similar to those caused
by chronic hypoxia or vascular and metabolic diseases such as hypertensive, diabetic disorders and
thrombophilia (fetal thrombotic vasculopathy) [23-25].

The alterations classi�ed according to the recently published criteria of the Society for Pediatric
Pathology for classi�cation of placental pathology [25] were present in both groups with no statistically
signi�cant differences except for the presence of intravillar calci�cations and �brin deposits, which were
more frequent in the cases than controls.

In�ammatory changes were less consistent, with few cases showing chronic �ogistic in�ltrate in the
villous cores (i.e. villitis) and in the intervillous spaces (i.e. intervillitis).

Acute in�ammation, more probably due to delivery problems than to chemotherapy itself, was found in
membranes and in the umbilical cord in a small percentage of cases.

Our study con�rms, for the �rst time, that placental maternal vascular malperfursion of the placental bed,
fetal vascular malperfusion and delayed villous maturations are the most important anomalies observed
after chemotherapy administration while in�ammatory changes of villi, umbilical cord and membranes
are less represented.

Conclusions
For the �rst time our �ndings con�rm that chemotherapy administrated in the second and third trimester
of pregnancy may lead to non-speci�c alterations in placental perfusion and morphology.

These modi�cations may be co-causal in producing the slight fetal growth retardation or pregnancy
complications previously described in literature, even if in our series all birth weight was consistent with
gestational age in all babies. For this reason, the analysis of a larger sample size and the correlation of
speci�c placental alterations with fetal outcome are needed and under evaluation. 

On the contrary to other data in literature our study consider only one type of tumor (breast cancer),
avoiding heterogeneity due to cancer types and chemotherapeutic agents. To our knowledge no other
article have explored a so homogeneous and numeorous group of patients with breast cancer in
pregnancy.

In our analysis remains heterogeneity in number of cycle administered within the “cases”group.

Considering the results of Verheecke’s  [29] analysis, where no fetal growth restriction had found in
patients with breast cancer, it would be also interesting investigate fetal growth restriction in our cohort.
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  N. Age Histotype Grade Stage Gestational age at

delivery (weeks)

Chemotherapy

Cases 23 36 (30-

43)

23/23 (100%)

Ductal

4/23 (17%)

G2

19/23

(83%) G3

4/23

(17%) IA

7/23

(30%) IIA

4/23

(17%) IIB

1/23 (5%)

IIC

3/23

(14%) III

4/23

(17%) IV

36 (34-38) 13/23 (57%)

EPI+CYC

10/23 (43%)

wEPI

Controls 23 36 (30-

45)

-- -- -- 36 (34-38) --

Clinicopathological data of patients treated with chemotherapy during pregnancy and

controls, including primary breast cancer pathological details and chemotherapy regimens

used during pregnancy (PI = epirubicin; CYC = cyclophosphamide; wEPI= weekly

epirubicin).

Figures
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Figure 1

Terminal villi de�ciency with distal villous hypoplasia, characterized by an increased number of enlarged
distal villi (single arrow) in association with hypoxia-induced villous alterations including increased
syncytial knotting (double arrow) (H&E 4x and 10x, representative slides from case #5, ductal G3
carcinoma in 30 years old woman treated with wEPI who delivered at 36 weeks).
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Figure 2

Stenosis more or less complete with hypertrophy and �brosis of the arterial wall of truncal vessels of �rst,
second and third order (single arrow) with, sometimes, images of thrombosis and recanalization of these
vessels (double arrow) (from upper left to lower right: H&E 2x, 4x, 10x and 10x, representative slides from
case #9, ductal G3 carcinoma in 31 years old woman treated with EPI+CYC who delivered at 38 weeks).
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Figure 3

Perivillar �brin deposits in a case (left) and a control patient (right), with eosinophilic amorphous material
surrounding villi and �lling intervillous space (H&E 4x, representative slides from case #20, ductal G3
carcinoma in 40 years old woman treated with wEPI who delivered at 35 weeks and from a control
placenta of a 35 years old woman who delivered at 35 weeks).

Figure 4

Details of hypoxia-induced villous alterations including increased syncytial knotting in a case (left) and a
control patient (right) (H&E 10x, representative slides from case #3, ductal G3 carcinoma in 36 years old
woman treated with EPI+CYC who delivered at 36 weeks and from a control placenta of a 34 years old
woman who delivered at 35 weeks).


