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Introduction

Regenerative nodular hyperplasia (RNH) is an uncommon
side effect of trastuzumab entamsine (T-DM1). To our know-
ledge, 11 cases of histologically proven RNH have been
described, most of the time after a year or more of T-DM1
treatment [1-4]. We describe the only case of pathologically
confirm early stage RNH and discuss the importance of
knowing this side effect and of its early diagnosis.

Case 1

The first patient is a 52-year-old woman, with no significant
medical history, who was initially diagnosed in 2009 with
HER2-positive, hormone receptor-positive, inflammatory infil-
trating ductal carcinoma on the right breast, and staged
pPT2N1MO. She was treated with neoadjuvant chemotherapy (3
cycles of 5-Fluorouracil - Epirubicin — Cyclophosphamide fol-
lowed by 3 cycles of Docetaxel) with Trastuzumab for one
year, mastectomy and axillary lymph node dissection, external
radiotherapy, and 5years of Tamoxifen. In 2011, she relapsed
with brain and skin metastases, and received successively
between 2011 and 2013 Lapatinib - Capecitabine, Lapatinib —
Letrozole, Trastuzumab - Vinorelbine. In April 2013, she experi-
enced disease progression with new skin metastases.
Therefore, T-DM1 was initiated. Baseline biological tests were
within normal range and a baseline abdominal computed tom-
ography (CT) scan revealed normal-appearing liver with no evi-
dence of portal hypertension. In July 2014 after 23 cycles of T-
DM1 appeared an asymptomatic grade 1 liver enzymes
increase (AST and ALT <2N, grade 1 according to CTCAE v5)
with anicteric cholestasis (ALP (alkaline phosphatase) < 2N,
GGT=23N, normal total bilirubin). These biological tests
remained stable from June 2014 to April 2017 without dose
reduction or treatment interruption. Abdominal CT scans,
which were realized for disease’s follow up, did not show liver
changes. In April 2017 after 68 cycles of T-DM1, grade 1
thrombocytopenia (=102G/L) and grade 1 bilirubin increase
(total bilirubin=1.5N, conjugated bilirubin=1.3N) appeared.
Abdominal ultrasound showed a discretely heterogenous liver
echo texture. Transient elastography found moderate fibrosis.
Upper gastrointestinal endoscopy showed a mosaic like pattern
in the gastric mucosa leading to the diagnosis of portal

hypertension gastropathy without esophageal varices. Portal
hypertension with splenomegaly and venous collateral circula-
tion were described on the abdominal CT scan (Figure 1). Liver
biopsy (Figure 2) showed centrilobular sinusoidal dilatation
and congestion with perisinusoidal fibrosis and congestion
constituting focally bridging between central veinules. Atrophic
hepatic plates alternated with thickened plates. Portal tracts
were normal with neither intraportal inflammation nor inter-
face hepatitis. Reticulin stain showed partial parenchyma nodu-
lar transformation. A diagnosis of non cirrhotic portal
hypertension as a result of partial nodular regenerative hyper-
plasia was established. Following this diagnosis, T-DM1 was
discontinued and switched to Trastuzumab - Letrozole. The
patient has not yet needed any treatment for her portal hyper-
tension. In Mars 2019, liver dysfunction appears stable with no
improvement or worsening since RNH diagnosis.

Case 2

The second patient is a 48-year-old woman, with no signifi-
cant medical history, who was initially diagnosed in 2009
with HER2-positive, hormone receptor-positive, infiltrating
ductal carcinoma on the right breast, with de novo liver and
bone metastases. Between 2009 and 2013, she received sev-
eral lines of treatment because of multiple bone progres-
sions: Docetaxel - trastuzumab followed by endocrine
therapy with Triptorelin - Tamoxifen, then Triptorelin -
Letrozole, and again docetaxel followed by endocrine ther-
apy with Triptorelin — Fulvestrant and Trastuzumab

T-DM1 was initiated in January 2013 due to locoregional
progression. Baseline biological tests were within normal
range and baseline abdominal CT scan showed no evidence
of liver disease (metastasis or portal hypertension). In July
2013 after 8 cycles, an asymptomatic grade 1 transaminases
increase (AST=3N, ALT <2N) with a grade 1 anicteric cho-
lestasis (ALP<2N, GGT=7N, total bilirubin=1.3N) was
described. In December 2013, grade 1 bilirubin increase (total
bilirubin=1,5N, conjugated bilirubin =2.3N) appeared con-
comitantly with grade 1 thrombocytopenia (=103 G/L).
Hepatic tests remained stable with grade 1 elevated transa-
minases and bilirubin (AST <2N, ALT normal, ALP<2N,
GGT=13N, total bilirubin=1.3N). In October 2017, TDM-1
was stopped after 77 cycles and switched to Lapatinib -
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Figure 1. Case 1.
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Figure 2. A - Case #1: Portal tracts (PT) and hepatic vein (HV) were normally organized. Atrophic hepatic plates alternated with thickened plates (Picro-hemalun
stain, original magnification x 100). B - Case #1: Reticulin stain showed parenchyma nodular transformation (Gordon Sweet reticulin stain, original magnification x
40). C - Case #2: Portal tracts (PT) and hepatic vein (HV) were normally organized. There is congestion with perisinusoidal fibrosis in centrolobular areas (Picro-
hemalun stain, original magnification x 100). D - Case #2: Reticulin stain did not showed nodular transformation of liver parenchyma (Gordon Sweet reticulin stain,

original magnification x 10).

Capecitabine because of bone progression. In November
2017, patient experienced lower limbs edema associated
with ascites. Laboratory tests showed cholestasis (GGT 3N,
ALP <2N, total bilirubin=1.8N, conjugated bilirubin =4 N)
but no transaminases increase. Cardiac physical examination,
NT-proBNP and serum creatinine were normals, excluding

the hypothesis of a cardiac or renal cause. Abdominal CT
scan described heterogenous liver and splenomegaly. Liver
biopsy (Figure 2) revealed centrilobular sinusoidal dilatation
and congestion with perisinusoidal fibrosis. Unless atrophy of
hepatic plates in the congestive areas, this was no other
alteration in the thickness of hepatic plates. Reticulin stain
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did not showed nodular transformation of liver parenchyma.
Portal tracts were normal with no extensive fibrosis. A diag-
nosis of non-cirrhotic portal hypertension as a result of sinus-
oidal obliterative syndrome - like changes was established.
Symptoms successfully resolved with Aldactone administra-
tion. No long-term treatment was established for her portal
hypertension. Capecitabine and lapatinio were continued
with no further complication. In Mars 2019, the patient
remains free of ascites or edema with stable grade 1 bilirubin
elevation and thrombocytopenia.

Discussion

Amplification of HER2 occurs in approximately 15% of breast
cancer. Trastuzumab emtansine or T-DM1 is an antibody-
drug conjugate: chemotherapy DM1, spindle poison inhibit-
ing microtubule polymerization, linked to a humanized anti-
HER2 monoclonal antibody. In 2012, the pivotal phase 3
EMILIA study demonstrated the superiority of T-DM1 (versus
lapatinib plus capecitabine) in second line therapy for
patients with HER-positive advanced breast cancer. Median
progression-free survival was 9.6 months with TDM-1 (versus
6,4 with lapatinib plus capecitabine; hazard ratio 0.65;
p <.001) and overall survival was 30,.months (versus 25,1;
hazard ratio 0.68; p<.001) [5]. A second phase Il study
THERESA demonstrated also the superiority of T-DM1 (versus
physician’s choice) on population which have received at
least 2 lines including taxane, anthracycline or lapatinib.
Median progression-free survival was 6.2 months with TDM-1
(versus 3,3; hazard ratio 0.528; p <.0001) and median overall
survival was 22.7 months (vs 15-8 months; hazard ratio 0.68;
p=.0007) [6,7].

In clinical trials, transaminases elevation was one of the
most common grade 3 or 4 adverse events with TDM-1
(increased AST (4.2% in EMILIA and 2% in THERESA) and
increased ALT (2.9% and 2%, respectively)). Elevated transa-
minases of any grades were 22.4% (AST) and 16.9% (ALT)
and 12% (AST) and 10% (ALT), respectively. Later on, this
adverse event has been reported in all studies as a common
adverse event of TDM1. However, it was not considered as a
serious adverse event because of the spontaneous improve-
ment of biologic liver function in most cases after dose
reduction with possibility to resume treatment [8,9].

RNH seems to be caused by DM1 [10,11]. DM1 is a may-
tansine derivative. Maytansine has a potent cytotoxic effects
[12,13] but acceptable therapeutic indices were not obtained
[14-16]. Toxicity of DM1 can be explained by its hepatic
metabolism and by its elimination that happens mostly in
the biliary system [17,18]. Based on the pharmacokinetics’
results of 3 studies in which correlations between T-DM1
exposure (area under the curve, maximum concentration and
minimum concentration) and levels of AST and ALT were
assessed, no obvious relationship was observed between
exposure and changes in serum concentrations of AST or
ALT. There is no link found either between exposure and
grade 3 increases in AST or ALT [19]. The cases described
here and others described in the literature seem to show the
importance of the duration of exposure.

The chronological association between TDM1 exposure
and the appearance of RNH suggests a cause-effect associ-
ation. Potential other causes have been excluded.

RNH is characterized by micronodularity of the liver with-
out fibrosis. This lesion appears as small nodules (less than
0.2cm) of normal or hyperplastic plates of hepatocytes adja-
cent to strands of atrophic compressed trabeculae. The nod-
ularity is best shown on a reticulin stain. The pathogenesis of
RNH is related to changes of intrahepatic blood flow, leading
to atrophic hypoperfused areas intermingled with hyperper-
fused regenerative areas. It is currently believed than the cir-
culatory impairment can start either as obstructive portal
vein injury [20] or at the level of sinusoids [21,22]. Drug-
induced RNH is not usually associated with obliterative portal
veinopathy. One of our case showed isolated centrilobular
sinusoidal lesions with no regenerative liver nodules and was
interpreted as sinusoidal obstruction syndrome - like
changes. This suggests that non-cirrhotic portal hypertension
associated with T-DM1 could initially result from sinusoidal
endothelium damages. Sinusoidal obstruction syndrome is
characterized by sinusoidal endothelium damage with or
without occlusion of the central vein resulting in sinusoidal
congestion and dilatation. Sinusoidal obstruction syndrome
exclusively occurs namely in a context of exposure to toxic
agents for liver sinusoidal endothelium. Sinusoidal obstruc-
tion syndrome has been shown to give rise to RNH [23].
Hence, RNH could be an evolutive process in which regen-
erative nodules progressively spread liver. Therefore, it is
possible that in one of our patients with non-cirrhotic portal
hypertension, liver biopsy missed such locally and haphaz-
ardly distributed regenerative nodule. Two lines of evidence
advocate for prior occurrence of sinusoidal obliterative syn-
drome to RNH: (i) T-DM1 could internalized into Fc-receptor-
bearing Kupffer cells with subsequent release free T-DM1
after Kupffer cells destruction in the microenvironment; (ii)
failure of bone marrow progenitor to repopulate sinusoids
with endothelial cells is instrumental to cause disease [24].
Such situation is frequent in patients with metastatic disease
having received multiple lines of chemotherapy. Finally it is
interesting to note that one of the patient reported by Force
et al. [3] received FU and oxaliplatine before T-DM1 regimen.
Indeed, oxaliplatin-based chemotherapy in patients with
colorectal liver metastasis is known to be associated with
RNH due to the formation of Sinusoidal obstruction syn-
drome [25]. In our 2 cases, among the drugs our patients
previously received, only cyclophosphamide has been
described in one case report as a possible cause of RNH [26].
One of our cases shows that sinusoidal obliterative syndrome
might be related to TDM-1 and lead to RNH. To our know-
ledge, this is the first reported case of TDM-1 associated with
sinusoidal obliterative syndrome as a potential first step in
RNH development.

With these cases, we want to stress that the major issue is
to detect and diagnose RNH as early as possible. Therefore,
elevations in transaminase levels must be closely monitored.

RNH impact is not on mortality but on quality of life with a
risk of appearance of portal hypertension in patients with
advanced cancer. In this population, one of the main goal for



treatment is quality of life [27]. Von Minckwitz and al. showed
recently among patients with HER2-positive early breast can-
cer who had residual invasive disease after completion of neo-
adjuvant therapy, the risk of recurrence of invasive breast
cancer or death was 50% lower with adjuvant T-DM1 than
with trastuzumab alone [28]. In this study, elevated transami-
nases of any grades were 28.4% (AST) and 23.1% (ALT) with
1.6% and 1.5% of grade 3 or higher, respectively. On May 3,
2019, the Food and Drug Administration approved T-DM1 for
the adjuvant treatment of patients with HER2-positive early
breast cancer who have residual invasive disease after neoad-
juvant taxane and trastuzumab-based treatment based on
that study, whereas it is well specified that RNH should be
considered in all patients with clinical symptoms of portal
hypertension and/or cirrhosis-like pattern seen on the com-
puted tomography scan of the liver.

Thus, we have to better understand this side effect in
order to detect it as early as possible; i.e before the appear-
ance of clinical signs. Indeed, cases of RNH regression after
discontinuation of T-DM1 seem to have been previously
described [29]. Diagnosis of RNH should lead to definitive
discontinuation of this drug.
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