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Abstract

Introduction: The purpose of this study was to investigate the relationship of expression of
hypoxia inducible factor (HIF)-1alpha modifying enzymes prolyl hydroxylase (PHD)1, PHD2
and PHD3 to response of tumours and survival in breast cancer patients enrolled in a phase II
trial of neoadjuvant anthracycline and tamoxifen therapy.

Methods: The expression of PHD1, PHD2 and PHD3 together with HIF-1alpha and the HIF-
inducible genes vascular endothelial cell growth factor (VEGF) and carbonic anhydrase (CA)
IX were assessed by immunohistochemistry using a tissue microarray approach in 211
patients with T2-4 NO-1 breast cancer enrolled in a randomized trial comparing single agent
epirubicin versus epirubicin and tamoxifen as primary systemic treatment.

Results: PHD1, PHD2 and PHD3 were detected in 47/179 (26.7%), 85/163 (52.2%) and
69/177 (39%) of tumours at baseline. PHD2 and PHD3 expression was moderate/strong
whereas PHD1 expression was generally weak. There was a significant positive correlation
between HIF-1lalpha and PHDI1 (P = 0.002) and PHD3 (P < 0.05) but not PHD2 (P = 0.41).
There was a significant positive relationship between VEGF and PHDI1 (P < 0.008) and
PHD3 (P = 0.001) but not PHD2 (P = 0.09). PHD1, PHD2 and PHD3 expression was
significantly increased after epirubicin therapy (all P < 0.000) with no significant difference
in PHD changes between the treatment arms. There was no significant difference in response
in tumours that expressed PHDs and PHD expression was not associated with survival.
Conclusions: Although expression of the PHDs was not related to response or survival in
patients receiving neoadjuvant epirubicin, our data provides the first evidence that these
enzymes are upregulated on therapy in breast cancer and that the biological effects

independent of HIF make them therapeutic targets.



Introduction

The hypoxic response through hypoxia inducible factor (HIF), is recognised as one of the
most important microenvironmental influences on tumour behaviour that enables tumours to
acquire an aggressive phenotype and become resistant to both chemo and radiotherapy [1, 2].
Although HIF-1a is transcribed continuously, in normoxia its levels of levels kept low by a
rapid degradation process through the ubiquitin-proteasome system [3]. This is achieved
through hydroxylation of two prolyl residues at Pro-402 and Pro-564 in the oxygen dependent
of HIF-1a [4]. This leads to recognition by the von Hippel-Lindau tumour suppressor protein
and targeting for degradation [5]. Three isoenzymes, prolyl hydroxylase-domain (PHD)I,
PHD2 and PHD3 are responsible for the modification of HIF-1a, the activity of which is
dependent on the presence of oxygen as a co-substrate together with iron, ascorbate and 2-
oxoglutarate as essential cofactors [6]. Therefore as the abundance of molecular oxygen for
hydroxylation decreases, as occurs in the hypoxic microenvironment of a tumour with its
disordered and leaky vasculature, a reduction in PHD enzymatic activity occurs, allowing
accumulation of HIF-1a. HIF-1a is then able to translocate to the nucleus where it dimerises
with its constitutively expressed partner HIF-1p (also known as aryl nuclear hydrocarbon
translocator) and then binds to the hypoxic response element of genes that enhance tumour
cell survival such as glycolysis (Glutl), angiogenesis (e.g. vascular endothelial growth factor
(VEGF)), iron metabolism (transferrin), pH control (carbonic anhydrase (CAIX)) and
haemoglobin synthesis (erythropoietin)(reviewed in [1]).

HIF-1a and its downstream genes such as VEGF and CAIX are associated with
advanced tumour stage, metastases and a shorter survival in breast cancer [7-9]. The HIF
pathway also upregulates several genes that lead to a pro-apoptotic phenotype, showing the
complicated effects of HIF in tumors. This paradox is observed in breast cancer where there
appears to be a pivotal switch in the HIF induced gene for BNIP3 with progression from in
situ to invasive carcinoma [10]. This apparent dual action of HIF is also emphasized in

tumour models that have demonstrated that HIF is both able to enhance tumor growth and



angiogenesis and also data to show that HIF has tumor suppressive activity [11] [12] [13].
Since the PHDs directly regulate and are regulated by HIF-1a, and have been shown to
control a number of other significant intracellular factors including the adrenergic receptor
and NFkP [14], the above apparent opposing actions potentially being due to the action of the
PHDs.

However, although many of the downstream HIF genes have been studied extensively
in breast tumours there are limited data for the PHDs [15]. We therefore decided to assess the
role of the PHDs in breast cancer patients treated by neoadjuvant chemotherapy in the setting
of a phase II randomised trial. This gives the optimal opportunity for investigating the effect
of the PHDs, since HIF has been shown to mediate resistance to chemo and radiotherapy and
biopsies can be compared both pre and post treatment. Our aims were (1) to investigate the
expression of the regulatory hydroxylases, PHD1, PHD2 and PHD3 in tumours from patients
at baseline and post treatment (2) to correlate the expression of these factors with clinico-
pathological parameters, (3) to explore the potential of these factors as biomarkers for
predicting tumour response, and (4) to explore the association between changes in their

expression and survival.

Materials and methods

Patients

Patients with T2-4 NO-1 breast cancer were recruited in a randomized trial comparing single
agent epirubicin (EPI arm) versus epirubicin plus tamoxifen (EPI-TAM arm) as the primary
systemic treatment [16]. Patients were accrued from January 1997 to December 2001. The
study was approved by the Institutional Ethics Committee. All patients gave written informed
consent to the diagnostic procedures, the proposed treatment, and the biological evaluations.
Two hundred and eleven patients were enrolled, 105 were randomized to receive epirubicin
alone, and 106 were randomized to receive epirubicin plus tamoxifen. On first presentation,

an incision biopsy was done on each patient and a small tissue sample (5-8mm) was removed.



Chemotherapy was started within 2 days of diagnosis. Patients in the EPI arm received 60
mg/m?2 of epirubicin (Farmorubicina, Pharmacia, Milan, Italy) by slow i.v. push on days 1
and 2; whereas patients on the EPI-TAM arm received 60 mg/m2 of epirubicin by slow i.v.
push on days 1 and 2 and 30 mg of tamoxifen (Kessar, Pharmacia) daily. Epirubicin injections
were repeated every 21 days for three or four cycles before definitive surgery, whereas
tamoxifen was given continuously until definitive surgery. All patients postoperatively
received four cycles of the CMF regimen [i.v. cyclophosphamide (600 mg/m?2), i.v.
methotrexate (40 mg/m2), and i.v. 5-fluorouracil (600 mg/m2) on days 1 and 8, every 28
days; ref. 11]. Patients with estrogen receptor (ER) —positive primary tumour in both
treatment arms received tamoxifen (20 mg, i.e., lower than the primary dose) starting after
surgery, up to progression or for a maximum of 5 years. The median follow up of patients was
53 months (August 2004; range, 13-95). Treatment evaluation. The same clinician used a
caliper measuring monthly the size of the primary tumour and the size of the axillary lymph
nodes, when appreciable. Response was assessed before definitive surgery by the clinical
measurement of the changes in the product of the two largest diameters recorded in two
successive evaluations. According to WHO criteria tumour progression was defined as an
increase of at least 25% in tumour size; stable disease was defined as an increase of <25%, or
a reduction of <50%; partial response was defined as a tumour shrinkage >50%; and complete
response was defined as the complete disappearance of all clinical signs of disease [17].
Pathologic complete response was defined as the absence of neoplastic cells in the breast and
in the axillary lymph nodes. Surgery was planned after full clinical reassessment.
Quadrantectomy or modified radical mastectomy was done when indicated in association with
full axillary node dissection. All patients subjected to quadrantectomy underwent irradiation

of the residual breast (60 Gy delivered over 6 weeks).



Histopathologic grade and immunohistochemistry

Tumour grade was evaluated using the modified Bloom and Richardson method.
Immunohistochemical evaluation was done on paraffin-embedded tumour samples obtained at
diagnosis and at definitive surgery. Bcl2, p53, ER, progesterone receptor (PgR), and Ki67
staining were done at the Pathology Unit of the Azienda Ospedaliera Istituti Ospitalieri of
Cremona (Italy). The immunohistochemical method used for routine markers is fully
described elsewhere [18]. Immunohistochemistry for PHDI1, PHD2, and PHD3 was
performed on sections from tissue microarrays (TMA) containing two 1 mm tumour cores
taken from selected morphologically representative tumour regions of each paraffin
embedded breast tumour from both the initial diagnostic incisional biopsy and from tumour
remaining at definitive surgery. Quality control was assessed on each block by H&E staining.
The TMA sections were cut from each block at 4 pm thick intervals, dewaxed, placed through
graded alcohol and placed into water. Antigen retrieval was performed in PT Link (Dako,
Glostrup, Denmark) using low pH for PHD1, PHD2 and PHD3 and high pH for HIF-1a,
EnVision FLEX Target Retrieval Solution (Dako, Glostrup, Denmark) for 20 mins at 100°C.
VEGF required antigen retrieval in pH 8 buffer (20mM Tris/ImM EDTA/10mM sodium
citrate) for 2 mins in a pressure cooker. Endogenous peroxidase was blocked with EnVision
FLEX Peroxidase-Blocking Reagent (Dako, Glostrup, Denmark) before incubating the
sections with respective monoclonal antibodies, which were produced by our group. They
were used to detect the hydroxylases were PHDI1 (112), PHD2 (366G/76) and PHD3
(EG188e) and have been previously been extensively validated [15]. Slides were

counterstained with hematoxylin and mounted.

Immunohistochemical scoring criteria
Briefly for bcl2, p53 and Ki67 staining was scored by counting the number of positively
stained cells and expressed as a percentage of the total tumor cells (at least 1000) counted

across several representative fields of the section using a standard light microscope equipped



with a 10 x 10 square graticule. Reproducibility of counting was assessed by a second
investigator rescoring 10 slides [19, 20]. Cut-off were not used but median values in each
groups compared. The ER and PgR was assessed in a semiquantitative fashion as described
previously by McCarty et al. [21], incorporating both the intensity and distribution of specific
staining. A value (H-SCORE) was derived from the sum of the percentages of positive-
stained epithelial cells multiplied by the weighted intensity of staining. Specimens were
deemed receptor positive if the H-SCORE was greater than 100. The immunohistochemical
evaluation at mastectomy was performed by the same pathologists, who remained blinded as
regard as the disease response and the score assessed at first biopsy.

For PHDs and VEGF scoring was done according to the previously used semi-quantitative
system [15, 22, 23]. Although nuclear staining for the PHDs, occurred this was at low
frequency, so for PHDs and VEGF scoring of the percentage of cells expressing the protein
and the intensity of staining in the cytoplasm was performed. The scoring system for intensity
was: 0 = no staining, 1 = weak staining, 2 = moderate staining, 3 = strong staining; and the
scoring system for percentage was: 0 = no cells staining positive, 1 = < 10% cells staining
positive, 2 = 11% to 50% positive cells, 3 = 51% to 80% positive cells, 4 = > 80% positive
cells. At least 10% of cells needed to be stained to be considered positive. HIF-1a was scored
only according to the presence (1+) or absence (0) of nuclear expression. For CAIX
membrane staining, a score of 0-3 for the intensity was given (0: no staining, 1: weak
staining, 2: moderate staining, 3: strong staining). For HIF and CAIX any staining was
considered positive, as hypoxia is frequently focal. The missing cases indicated in Table 1
were not scored due to an absent core or insufficient number of tumor cells present in the

TMA core (see Additional file 1).

Statistical methods.
Chi square Test, chi square test for trend, and Fisher exact test were used when indicated to

perform comparisons of proportions. Kruskal-Wallis ANOVA was done to compare



continuous variables. Correlations between discrete variables were done by Spearman R test
for non parametric data. Comparison of discrete data in matched tumour samples was done
using Wilcoxon rank-sum test for paired data. Overall survival (OS) was calculated from
randomization to the occurrence of disease relapse or disease-related death. Patients were
censored if they were free from recurrence and alive at the last follow- up period. OS curves
were estimated using the Kaplan-Meier method. Unadjusted differences in these estimates
were assessed with the log-rank test. All P values reported were two-sided; values < 0.05
were considered statistically significant. The Statistica for Windows software package

(version 8) was used for statistical analyses.

Results

Patient characteristics

One hundred and eighty-seven of the 211 (88.6%) patients prospectively enrolled in the trial
were evaluable for PHD1, PHD2 and PHD3 staining. For the remaining 24 patients,
insufficient material was available for the study. Patient characteristics are shown in Table S1
in Additional file 1. Ninety patients (48%) were randomised to the EPI arm and 97 (52%)
patients were randomized to the EPI-TAM arm. PHD1 was evaluated at baseline excision in
176 (94%) tumours, PHD2 in 163 (87%) tumours and PHD3 in 177 (94%) tumours. The
corresponding numbers of marker evaluation in matched tumour samples at biopsy and main
tumour resection were 130 (69%), 111 (59%) and 127 (67.9%), respectively (Figure 1 in

Additional file 1). There were 12 patients who had a complete pathological response.

Relationship between tumours expressing PHDI, PHD2 and PHD3 at baseline and
clinicopathologic variables

PHD1 was expressed in 47/176 (26.7%), PHD2 in 85/163 (52.2%) and PHD3 in 69/177
(39%) of tumours at baseline. The distribution of expression differed for the different PHDs

such that most positivity for PHD1 was weak whereas for PHD2 and PHD3 the dynamic



range of expression was wider being frequently moderate to strong. Since the dynamic range
(the range of expression observed in this series) of the PHD1 was low, PHD1 stratified as
only negative (no staining) and positive (>0 staining) whereas PHD2 and PHD3 were
stratified semi-quantitively (0-3). There was an inverse relationship between both PHD1 and
PHD3 positivity and high tumour grade (p<0.03 and p=0.04, respectively) but no significant
relationship was observed between PHD1 or PHD2 expression and HER?2, T status, N status,
p33, bel2, Ki67, ER or PgR (P > 0.05; Tables S2 — S4 in Additional file 1). PHD3 expression
did not show any relationship with any of the clinical and biological parameters considered.
There was no association was observed between tumours that express all PHDs and tumour
size, grade, nodal status, ER, PR, HER2. p53, ki67, bcl2 or ki67 (all p>0.05)(Table S5 in

Additional file 1).

Relationship of tumours expressing PHD1, PHD2 and PHD3 at baseline with HIF-1a and
HIF-induced markers.

There was a significant positive relationship between HIF-1a and PHD1 (p=0.002) and PHD3
(p<0.05) but not PHD2 (p=0.41). There was a significant positive relationship between VEGF
and PHD1 (p<0.008) and PHD3 (p=0.001) but not PHD2 (p=0.09). There was no significant

association between CAIX and PHD1, PHD2 or PHD3 (all p>0.05).

Effect of treatment on tumours expressing PHD1, PHD2 and PHD3

PHD1, PHD2 and PHD3 expression was significantly increased after therapy with epirubicin
either alone or in combination with tamoxifen (p<0.0001, p<0.0001 and p<0.0001)(Table 2).
Thus PHD1 positivity was present in 43/130 baseline tumour samples (33.1%) but 111/130
tumour samples (85.4%) at residual tumour histology. Similar results were obtained for PHD2
where 49/111 (44.1%) tumour samples were positive at baseline and 98/111 (88.3%) tumour
samples positive after chemotherapy. PHD3 was positive in 58/127 (45.6%) in tumour

samples at baseline and 119/127 (93.7%) in tumour samples after chemotherapy. There was



no significant difference in PHD changes between the treatment arms, or between tumours
stratified according to the ER status and treatment administered in ER positive patients (all

p>0.05).

Predictive role of PHD1, PHD2 and PHD3 expression and treatment activity.

The relationship between baseline PHD1, PHD2 and PHD3 status and treatment response is
depicted in table 3. PHD1 and PHD3 positivity showed a progressive decrease according to
the grade of response obtained but this failed to attain statistical significance (p=0.15 and
p=0.14, respectively). PHD2 positivity showed similar but increasing non-significant trend
with tumour response (p=0.17). There was no significant difference in response in tumours

that expressed all PHDs (p=0.59).

Prognostic role of PHD1, PHD2 and PHD3

There was no significant difference in disease-free survival (DFS) at baseline histology or
residual histology for patients with tumours expressing PHD1 (p=0.17 and p=0.23,
respectively), PHD2 (p=0.91 and p=0.11 respectively) or PHD3 (p=0.42 and p=0.12
respectively). There was no significant difference in DFS when stratifying patients by their

tumours expressing all PHDs either at baseline (p=0.76) or residual histology (P=0.22).

Discussion

HIF signalling is critically important for cell survival in low oxygen environments, as occurs
in tumours [24]. HIF is rapidly degraded after hydroxylation by the PHDs in the presence of
molecular oxygen [25]. We hypothesised that tumours that have high baseline levels of the
PHDs and/or are able to induce PHD after chemotherapy are able to modulate HIF-1a levels
and thereby alter HIF signalling. The resultant effect could change the biological behaviour of
the tumour and may be useful as a predictive marker. We also hypothesised that certain

chemotherapeutic agents may be able to alter PHDs expression in tumours either directly



through their effect on tumour cells or indirectly through changes in vascularity and oxygen
delivery and thereby also modulate HIF activity.

We observed frequent expression of the PHDs in invasive breast carcinoma that
ranged from ~25-50% of cancer cells, suggesting that the PHDs are important in human
breast cancer. Expression of PHD2 and PHD3 was stronger than PHD1, which is in keeping
with these being the most potent isoforms that regulate HIF-1a and HIF-2a [26], although
PHD1 (and PHD3) may cooperate with PHD2, the major oxygen sensor [27]. Although PHDI1
levels are regulated by estrogen [28], we observed no association between ER and PHDI
either at baseline or in patients treated with tamoxifen suggesting that this is not a major
control mechanism for PHD1 in breast cancer. It also supports the notion of PHD1 not having
a significant role in breast tumorigenesis. Nevertheless, PHD1 and PHD3 were significantly
positively associated with HIF-1a and the HIF-1a regulated gene VEGEF. It is recognised that
PHD?2 and PHD3 expression are modulated by directly by hypoxia but less appreciated is that
PHDI1 levels may be altered through suppression of its mRNA under hypoxia [29]. This is in
keeping with the upregulation of all PHDs in the breast tumours in this series. Although one
might anticipate that elevated levels of PHDs would lead directly to lower HIF through
proteosomal degradation, the final effect is not predictable, as if chronic tumour hypoxia still
persists, PHD hydroxylation will be abrogated. Furthermore, even in the presence of O,, there
is some evidence to suggest that the scaffold protein map organiser 1 may block the
hydroxylated HIF-1a from entering the degradation pathway, thus retaining some of its
transcriptional activity [30]. Other mechanisms may also be present that may enable HIF to
escape proteosomal degradation such as generation of reactive oxygen species [31]. The
absence of a correlation of PHDs with CAIX is likely to be due to its significantly longer half-
life than HIF-1a, in the order of ~35 hours [32]. This is because for an association to be
identified both markers need to be present at the same time. Thus, unlike HIF-1a that has a
half-life measured in minutes, the prolonged half-life of CAIX means that it would remain in

the tumour when other proteins that have a shorter half-life are no longer present.



We also observed a significant increase all PHDs post chemotherapy in both arms.
This is potentially hypoxically mediated, since epirubicin has been reported to result in an
reduction of blood flow and to have antiangiogenic effects [33] Furthermore, despite all
PHDs generally increasing post chemotherapy, there was a general trend for up-regulation of
PHD2 and down-regulation of PHD1 and PHD3 to be associated with response. Although this
differential regulation is unexpected it should be noted that although widely expressed they
have differing tissue distributions (e.g. PHD3 is highly expressed in the heart whereas PHD1
is highly expressed in the testes) and it is unclear as to why the three different isoforms exist
and what their specific or overlapping activities might be in HIF-related and independent
biology.

Thus, although all three PHDs may have similar roles in some biological functions,
they also have function specific to individual PHDs. For example, PHD2 appears to be the
sole prolyl hydroxylase responsible for myocardial development since Phd2”" knockouts are
embryonic lethal and the myocardium is severely underdeveloped, amongst other major
defects [34]. The same phenotype is not observed with Phd1” or Phd3” knockouts.
Furthermore, PHD3 is the only PHD that appears to mediate apoptosis [35], the latter
requiring the catalytic activity of PHD3 (as cells are not rescued by HIF-1 o and/or HIF-2 o)
suggesting that PHD3 has non-HIF targets [35]. However, the effects of PHDs also appear to
be cell type specific. Thus the PHDs promote cell survival rather than cell death in
chondrocytes. A further level of complexity is through the ability of particular PHDs can
modulate HIF-independent pathways. Thus, PHD1, through hydroxylation of IKKb fails to
result in disassociation of IkB from NFKB altering this transcriptional response [36].

The above data support the notion that the resultant decrease in PHD1 could result in a
tumour responding to by via HIF-independent mechanisms. Thus, it would be anticipated loss
of PHD1 may downregulate cyclin D1 levels and suppress mammary tumour proliferation
[37]. However, the biological effect of the expression of particular PHDs in individual

tumours may also depend on the type of hypoxia (acute and/or chronic) that it is exposed to.



Thus, desensitization and loss of HIF-1a (and HIF-2 a) via hydroxylation by the PHDs has
been reported to occur under long-term hypoxia, as intracellular O, availability is increased

by inhibiting mitochondrial respiration [38].

Conclusions

PHDs are frequently expressed in breast cancer with PHD2 and PHD3 being the dominant
isoforms. The association with HIF and VEGF and their upregulation on therapy in residual
tumour suggests the PHDs may be a suitable target for anti-cancer therapy. However,
conflicting in vivo preclinical as to their differing functional effects in a variety of pathways

demonstrate further preclinical work is needed to resolve these issues.
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Table 1: Distribution of immunoscoring for hypoxia pathway factors and cut-off used in

semi-quantitative analyses.

HIF-1a

0 33 (19.3%)
1 100 (58.5%)
2 38 (22.2%)
Missing 16

VEGF

0 32 (20.0%)
1 39 (24.4%)
2 37 (23.1%)
4 52 (32.5%)
Missing 27

CAIX

0 125 (75.3%)
1 20 (12.1%)
>2 21 (12.6%)
Missing 21

PHD1

0 129 (73.3%)
1 43 (24.4%)
2 3(1.7%)

3 1 (0.6%)
Missing 11

PHD2

0 78 (47.8%)
1 51 (31.3%)
2 30 (18.4%)
3 4 (2.4%)
Missing 24

PHD3

0 108 (61.0%)
1 53 (29.9%)
2 15 (8.5%)

3 1 (0.6%)
Missing 10

Numbers refer to the number of tumours positive in each intensity score category.



Table 2. PHD1, PHD2 and PHD3 expression before and after treatment in matched cases

PHD1 Before n (%) After n (%) P value
Overall (n=130)
0 87 (66.9) 19 (14.6) 0.0000
1 39 (30.0) 68 (53.3)
2 3(12.3) 36 (27.7)
3 1(0.8) 7(5.4)
EPI (n=64)
0 40 (62.5) 8 (12.5) 0.0000
1 23 (35.9) 32 (50.0)
2 1(1.6) 23 (35.9)
3 1(1.6)
EPI-TAM (n=66)
0 47 (71.2) 11 (16.7) 0.0000
1 16 (24.2) 36 (54.5)
2 2 (3.0) 13 (19.7)
3 1(1.5) 6(9.1)
PHD2 Before n (%) After n (%)
Overall (n=111)
0 62 (55.9%) 13 (11.7%) 0.0000
1 31 (27.9%) 15 (13.6%)
2 16 (14.4%) 43 (38.7%)
3 2 (1.8%) 40 (36.0%)
EPI (n=59)
0 31 (52.5) 5(8.5) 0.0000
1 16 (27.1) 6(10.2)
2 10 (16.9) 22 (37.3)
3 2(3.4) 26 (44.1)
EPI-TAM (n=52)
0 31 (59.6) 8 (15.4) 0.0000
1 15 (28.8) 9(17.3)
2 6 (11.5) 21(40.4)
3 0 14 (26.9)
PHD3 Before n (%) After n (%)

Overall (n=127)

0 69/127 (54.3%) 8/127 (6.3%) 0.00
1 46/127 (36.2%) 47/127 (37.0%)
2 12/127 (9.4%) 47/127 (37.0%)
3 0.00 25/127 (19.7%)
EPI (n=63)
0 29/63(46.0%) 3/63(4.8%) 0.00
1 27163 (42.8%)  22/63 (34.9%)
2 7/63 (11.1%)  23/63 (36.5%)
3 0.00 15/63 (23.8%)
EPI-TAM (n=64)
0 40/64 (62.5%) 5/64 (7.8%) 0.00
1 19/64 (29.7%)  25/64 (39.1%)
2 5/64 (7.8%) 24/64 (37.5%)
3 0.00 10/64 (15.6%)



Table 3. Predictive role of baseline PHD1, PHD2 and PHD3 positivity for disease response in
overall cases

No response PR CR P value
PHD1 positive 13/38 (34.2%) 28/105 (26.7%) 6/32 (18.7%)  0.15

PHD?2 positive 18/35 (51.4%) 45/97 (46.4%) 21/30(70.0%) 0.17

PHD3 positive 19/38 (50.0%) 39/105 (37.1%) 11/33 (33.3%) 0.14

One patient was not assessable for disease response due to treatment refusal after 1 cycle
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Additional file 1. Supplementary data. Table S1. Patient characteristics. Table S2.
Distribution of clinical and immunohistochemical parameters according to PHD1 expression
(0, >0). Table S3. Distribution of clinical and immunohistochemical parameters according to
PHD2 expression (0, 1, >2). Table S4. Distribution of clinical and immunohistochemical
parameters according to PHD3 expression (0, 1, >2). Table S5. Distribution of clinical and

immunohistochemical parameters according to PHD (all positive). Figure 1. Consort diagram.
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