A multimodal LLM sets up whole-slide IHC quantification from one
slide and reproduces a published study
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Abstract

Measuring a stain across a study of whole-slide images usually means a trained person build-
ing an analysis by hand in QuPath or Fiji: choosing a stain separation, a positivity threshold
and a tissue rule on a few slides, then running the result on every slide. We tested whether a
multimodal large language model (LLM) can do that setup from a plain-English request. We
used a public study of 57 mouse tumour slides stained for a-smooth muscle actin (a-SMA) by
DAB immunohistochemistry, whose authors released their QuPath measurements. The model
was given one slide and the request “Measure the a-SMA-positive area (brown DAB) as a per-
cent of the whole tissue section”. It set its own threshold from tumour tissue that should not
stain, checked its result at full resolution, and produced an analysis with every setting fixed,
which was then run on all 57 slides. Setup took about 3 minutes. Our percent positive area
agreed with the published values (Pearson r = 0.966, Spearman p = 0.918) with a mean offset
of +4.3 percentage points. The study’s treatment comparisons came out the same: tadalafil
with chemotherapy lowered a-SMA against untreated tumours (p = 0.030; published p = 0.01),
and chemotherapy alone did not (p = 0.78; published p = 0.31). Measuring the 57 slides in
parallel took about 5 more minutes, so the whole study took about 8 minutes from request to
results. The largest disagreements came from very pale tissue, which our analysis counted and
the published one did not, and from two weakly stained slides, where our threshold counted
faint background as positive.

1 Introduction

Quantifying immunohistochemistry (IHC) on whole-slide images is routine work in research his-
tology. The standard tools are open-source programs such as QuPath [1] and Fiji [2]. A typical
positive-area analysis has the same parts in either tool. The stains are separated by colour decon-
volution [3, 4]. The tissue is found and the glass left out. A threshold on the DAB channel decides
which pixels are positive. The settings are chosen on one or a few representative slides, saved, and
run on every slide of the study [5].

Each of these choices takes training, and each changes the result. There is no standard DAB
threshold. A tissue rule that is right for one scanner or stain intensity can miss pale tissue on
another. Research cores spend much of their time teaching these steps.

We asked whether a multimodal LLM can make these choices itself, from a request written the
way a researcher would ask a colleague, and whether its numbers match those of experienced users
on a published study. We chose a study whose authors released both their slides and their QuPath
measurements, so the comparison is slide by slide and the biological conclusion can be checked as
well.



2 Data

The slides are from a study of phosphodiesterase type 5 inhibitors in patient-derived xenograft
models of oesophageal adenocarcinoma [6]. Mice carrying the tumours were left untreated or given
chemotherapy alone or with vardenafil or tadalafil. Tumour sections were stained for a-SMA with
DAB and a haematoxylin counterstain and scanned on an Olympus VS110 at 0.345, 5 tm per pixel.
The authors released 57 a-SMA slides, their QuPath pixel classifier and scripts, and a table of SMA-
positive area, total tissue area and percent positive for each slide [7], under CC BY 4.0. The table
labels the chemotherapy groups “ECX”. The paper describes the efficacy study as using cisplatin
and capecitabine (“CX”). We keep the table’s group membership and call them chemotherapy.
The reference analysis (QuPath 0.2.0) works as follows, from the released files. Tissue is found
at 20tm per pixel with a brightness threshold of 214. Holes are filled, the outline is grown by
100 tm, merged into one annotation, filled again and shrunk by 100tm. DAB is separated with
stain vectors estimated on the study’s slides. A pixel is positive when its DAB optical density
exceeds 0.07 after a light Gaussian blur at 1.382{m per pixel. The study reported 14 or 15 slides

per group.

3 Methods

3.1 The model

We trained a multimodal LLM, starting from a commercially available model. It analyses whole-
slide images by looking at them and writing its own image analysis, guided by a general written
method for the kind of measurement asked for. The method for DAB positive area contains no
study-specific numbers. In particular it gives no threshold. When the study fixes none, the model
sets one from tissue that cannot carry the marker, and keeps one stain separation, threshold and
tissue rule for the whole study. The treatment groups were not given to the model.

3.2 Setup on one slide

The model was given slide Mouse 10 and the request: “Measure the a-SMA-positive area (brown
DAB) as a percent of the whole tissue section. Report the SMA-positive area in tms, the total
tissue area in tms, and the percent. Count all brown staining, vessel walls included.” Vessel walls
and all brown staining were included because the reference threshold counts every DAB-positive
pixel.

The model chose four other study slides and found tumour-cell areas on each, which a-SMA
should not stain. It set the stain separation from these areas and the DAB threshold at optical
density 0.088, the lowest that left almost none of that tumour tissue positive. It checked that thin
spindle-shaped stromal strands, the expected a-SMA-positive fibroblasts, came out positive. It
found the tissue by colour at two resolutions, keeping tears and large glass spaces out of the tissue,
and measured the whole slide at full resolution.

On Mouse 10 it reported 28.5% positive (9,370,272 tm? of 32,887,036 tm?). It flagged widespread
brown staining in rounded, damaged-looking cells and debris as possibly non-specific (Figure 1),
and noted that, as requested, this staining was counted.

3.3 Measuring the study

The analysis was then fixed: the same stain separation, threshold and tissue rule for every slide,
with no further choices by the model. In fixing it, the model asked whether to select non-tissue



Figure 1: Mouse 10, the setup slide. (a, left) The slide, and the same slide with the tissue outline (dark
blue) and SMA-positive pixels (cyan). (b, right) A view the model kept with its flag: thin, branching brown
strands between pale tumour lobules (fibroblasts), beside large areas of brown in rounded, damaged-looking
cells and debris. Grid 500 tm. Slide: Hayden et al. [7], CC BY 4.0.

objects (the scanner’s border, dust) on each slide rather than by their position on Mouse 10, and
one of us said yes. The fixed analysis was run on all 57 slides. On Mouse 10 it gives 28.4%.

3.4 Statistics

Agreement with the reference is reported as Pearson and Spearman correlation and as the mean
difference with 95% limits of agreement [8]. Treatment groups are compared with untreated tumours
by two-sided Student’s t-tests (equal variances) on percent positive area. Applied to the reference
values, this test gives p = 0.310, 0.097 and 0.010 for chemotherapy alone, with vardenafil and with
tadalafil, against the published 0.31, 0.095 and 0.01 [6]. We also report Mann—Whitney tests.

4 Results

4.1 Agreement slide by slide

All 57 slides were measured. Percent positive area agreed closely with the reference (Figure 2a):
Pearson r = 0.966, Spearman p = 0.918. Our values were higher by a mean of 4.3 percentage points
(median 4.1), with 95% limits of agreement from —2.4 to +10.9. A linear fit gives ours = 1.07x
reference +3.2 (R? = 0.93). For 37 of 57 slides the two values were within 5 percentage points.

The offset comes mostly from the positive area. Our positive area was a median 1.49 times the
reference (Spearman p = 0.941). Our tissue area was a median 1.08 times the reference (Spearman
p = 0.909). Our threshold admits fainter brown than the reference’s, which thresholds a blurred
image at four times coarser pixels. The two thresholds cannot be compared directly because the
two analyses separate the stains differently.



Table 1: Percent a-SMA-positive area by treatment group, and t-tests against untreated tumours.

Median % Mean %
Group n  Reference This work Reference This work p (ref. / ours)
Untreated 15 16.1 20.5 20.5 23.7 —
Chemotherapy 14 12.3 18.9 15.8 22.2  0.310 / 0.775
Chemotherapy + vardenafil 14 9.4 13.4 13.1 16.7  0.097 / 0.146
Chemotherapy + tadalafil 14 7.3 13.0 9.6 13.7  0.010 / 0.030
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Figure 2: (a) Percent a-SMA-positive area on each of 57 slides, this work against the published QuPath
values. The dashed line is identity. (b) The same values by treatment group, reference (grey) beside this
work (coloured). Boxes show the median and quartiles; dots are slides.

4.2 The study’s conclusion

Table 1 and Figure 2b compare the treatment groups. Our measurements reproduce the published
conclusions. Tadalafil with chemotherapy lowered a-SMA-positive area against untreated tumours
(t-test p = 0.030; reference values p = 0.010). Vardenafil with chemotherapy was borderline
(p = 0.146; reference p = 0.097). Chemotherapy alone made no difference (p = 0.775; reference
p = 0.310). With Mann—Whitney tests, tadalafil was significant in both (p = 0.042 ours, 0.014
reference) and chemotherapy alone in neither. Vardenafil was significant in the reference (p = 0.038)
and not in ours (p = 0.121).

4.3 Where the two analyses differ

We inspected every slide where the two analyses differ most: the 11 slides whose tissue areas differ
by more than a factor of 1.5, and the slides whose percent positive differs by more than 7 points.
There is no ground truth for this study, so neither analysis can be called correct. The pictures do
show three kinds of difference.

Tissue the reference left out. On 10 slides our tissue area is much larger than the reference’s
(Figure 3; more in Figure 4). On each of them the section is large and pale, with little counterstain,



Mouse 53
this work 5.1% of 13.5 mm? reference 13.0% of 2.9 mm?

Figure 3: Mouse 53, an example of tissue the reference left out. Left: the slide. Right: the same slide with
our tissue outline (dark blue) and positive pixels (cyan). The section is pale, and our outline follows all of
it: 13.5mm?. The reference analysis reports 2.9 mm? of tissue on this slide, about a fifth of the section, and
so 13.0% positive against our 5.1%. Slide: Hayden et al. [7], CC BY 4.0.

and our outline follows the whole section visible on the slide. On Mouse 53 the reference reports
2.9mm? of tissue and we find 13.5mm?; on Mouse 48, 8.5 mm? against 35.9mm?; on Mouse 39,
3.6mm? against 13.6 mm?. The reference finds tissue by brightness at 20tm per pixel, and pale
tissue is close to the brightness of glass. On these slides the reference’s percent positive is a share of
part of the section, and we think our denominator is closer to “the whole tissue section” that both
analyses set out to measure. One slide goes the other way. On Mouse 13, three separate pieces, the
reference tissue area (90.4 mm?) is larger than the three pieces’ outlines together (38.8 mm? with
holes filled). This is consistent with the reference script growing, merging and filling the outline,
which can enclose the glass between nearby pieces.

Faint brown counted by one analysis and not the other. On several slides the tissue areas
agree and our positive area is larger (Figure 5, Mouse 22, 59 and 54). The extra area is visibly
light brown on the slide, such as the broad band around the tumour on Mouse 22. Whether this is
a-SMA or background cannot be decided from the pictures; a pathologist’s reading would settle it.

Background counted as positive. Mouse 45 and Mouse 47 are weakly stained throughout, and
Mouse 37 in part (Figure 5). On them our threshold counted a faint beige background as positive:
6.1% against 0.3% on Mouse 45, and 12.8% against 3.6% on Mouse 47. Here we think the reference
is closer. A single threshold fixed for the study cannot tell weak specific staining from background
on a slide that stained differently from the rest. A person reviewing the study would flag these
slides. The study pass applied the fixed analysis without a per-slide review.

On Mouse 10, the model flagged that much of the brown staining lies in rounded, damaged-
looking cells rather than in spindle-shaped fibroblasts (Figure 1b). Both analyses count this staining.
If it is non-specific, both overstate fibroblast a-SMA on such slides.



4.4 Time

Setup on one slide took about 3 minutes. Slides are measured independently, so the fixed analysis
was run on all 57 slides in parallel, which took about 5 minutes. The whole study took about 8
minutes from request to results.

5 Discussion

Given one slide and a one-sentence request, the model produced an analysis that reproduces a
published study’s measurements closely enough to reach the same biological conclusions. It followed
the route a careful user of QuPath or Fiji would take: set the stain separation, the threshold and
the tissue rule once, on slides chosen without knowing their groups, check them at full resolution,
and then apply them unchanged to every slide. The threshold came from a stated rule rather than
a slider, and every choice was written down where it can be checked.

The remaining differences are of two kinds. Some are choices on which reasonable analyses differ,
chiefly whether pale, weakly counterstained tissue counts as tissue, and they move the denominator.
Others are failures of a single fixed threshold on slides that stained differently from the rest. Both
are the kind of thing a person reviewing a study checks, and a per-slide review belongs in the
pipeline.

Data

The slides and reference measurements are from [7] (CC BY 4.0). Our per-slide measurements and
the statistics script are released with this paper.
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A Further slides where the analyses differ

Mouse 53 Mouse 48

this work 5.1% of 13.5 mm? reference 13.0% of 2.9 mm? this work 2.1% of 35.9 mm? - reference 2.8% of 8.5 mm?
Mouse 39 Mouse 36

this work 8.1% of 13.6 mm? reference 8.9% of 3.6 mm? this work 16.5% of 16.1 mm? - reference 14.3% of 8.1 mm?
Mouse 38 Mouse 13

this work 6.3% of 61.2 mm? - reference 3.2% of 39.6 mm? this work 6.2% of 47.4 mm? - reference 4.8% of 90.4 mm?

Figure 4: Tissue the reference left out. Each pair shows the slide and the same slide with our tissue outline
(dark blue) and positive pixels (cyan); above it, each analysis’s percent positive and tissue area. On Mouse
53, 48, 39, 36 and 38 the section is pale and our outline follows all of it, while the reference tissue area covers
only part. On Mouse 13 the reference area is larger than the three pieces together. Slides: Hayden et al. [7],
CC BY 4.0.



Mouse 22 Mouse 59
this work 39.8% of 13.8 mm? - reference 30.3% of 13.7 mm? this work 45.6% of 102.8 mm? - reference 31.5% of 108.7 mm?

Mouse 54 Mouse 45
this work 44.7% of 4.1 mm? - reference 35.7% of 3.0 mm? this work 6.1% of 36.6 mm? - reference 0.3% of 31.5 mm?

Mouse 47 Mouse 37
this work 12.8% of 89.4 mm? - reference 3.6% of 83.5 mm? this work 19.1% of 30.7 mm? - reference 9.4% of 27.5 mm?

Figure 5: Differences in positive area, laid out as in Figure 4. Top and middle left (Mouse 22, 59, 54): the
tissue areas agree, and we count more light-brown area as positive; whether it is a-SMA cannot be decided
from the slide alone. Middle right and bottom (Mouse 45, 47, 37): weakly stained slides where our threshold
counts faint background as positive, and the reference is likely closer. Slides: Hayden et al. [7], CC BY 4.0.
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