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ABSTRACT 
Antibody-drug conjugates have moved from a niche 
technology to a standard of care across breast, gastric, 
urothelial, lung and ovarian cancer, yet the three 
agents used most widely in solid tumours embody 
incompatible design philosophies. Trastuzumab 
emtansine maximises linker stability and carries about 
3.5 drugs per antibody; trastuzumab deruxtecan 
carries roughly eight on a tetrapeptide that loses 2.1% 
of payload over 21 days in plasma; sacituzumab 
govitecan carries 7.6 on a bond deliberately built to 
hydrolyse. This review argues that one physical 
property, whether the released payload can cross a 

membrane and leave the cell that captured it, 
organises four literatures that are usually treated 
separately. The charge state of the released catabolite 
separates conjugates that kill antigen-negative 
neighbours from those that do not, and that distinction 
underwrites the extension of trastuzumab deruxtecan 
to HER2-low and HER2-ultralow breast cancer, 
where hazard ratios for progression of 0.50 and 0.63 
were obtained without any change to the antibody. 
Drug-to-antibody ratio is shown not to be 
independently limiting once conjugate hydrophobicity 
is controlled. Resistance is moving away from the 
antigen and towards the payload: HER2 is lost or 
reduced in roughly two-thirds of tumours rebiopsied 
after trastuzumab deruxtecan, but efflux transporter 
upregulation, SLC46A3 loss, TOP1 mutation and 
SLFN11 loss now account for resistance in models 
where antigen expression is intact, which argues for 
switching payload class rather than target at 
progression. Interstitial lung disease is examined as 
the clinical expression of the same permeability. 
Adjudicated drug-related pneumonitis affected 15.4% 
of 1150 patients across nine trastuzumab deruxtecan 
studies, with 2.2% fatal and a median onset of 5.4 
months, and the available mechanistic evidence points 
to target-independent uptake by alveolar macrophages 
rather than on-target HER2 binding. The consensus 
management algorithm is set out in full, together with 
the finding that no dataset yet demonstrates that its 
corticosteroid regimens alter outcome. 

Keywords: Immunoconjugates; Antineoplastic 
Agents; Immunological; Drug Resistance; Neoplasm; 
Lung Diseases; Interstitial; Receptor; ErbB-2; 
Trastuzumab; Camptothecin. 
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1. Introduction 

Three antibody-drug conjugates in routine use 

against solid tumours share an architecture and 

almost nothing else. Trastuzumab emtansine 

carries about 3.5 maytansinoid molecules per 

antibody through a non-reducible thioether linker 

that releases nothing until the antibody itself is 

degraded 1. Trastuzumab deruxtecan carries 

roughly eight copies of a topoisomerase I 

inhibitor on a tetrapeptide linker so stable that 

only 2.1% of payload is lost after 21 days in 

human plasma 2. Sacituzumab govitecan carries 

7.6 copies of SN-38 on a carbonate bond chosen 

to hydrolyse, with an intact-conjugate mean 

residence time of 15.4 hours against roughly 300 

hours for the carrier antibody 3. One design 

maximises stability, one maximises loading, one 

deliberately leaks. 

These are not variations on a theme. They are 

opposing answers to the same question, and the 

answer chosen determines which tumours 

respond, how the tumour escapes, and which 

organ is injured. 

The antibody receives most of the attention in 

discussions of ADC design, and it is the least 

discriminating component. Trastuzumab is the 

targeting moiety of both emtansine and 

deruxtecan conjugates, yet the two behave as 

different drugs: in DESTINY-Breast03 the 

deruxtecan conjugate extended median 

progression-free survival to 28.8 months against 

6.8 months for emtansine, a hazard ratio of 0.33 
4. Nothing about the antigen changed. The linker 

and the payload changed. 

This review argues that a single physical 

property organises four otherwise separate 

literatures. That property is whether the released 

payload can leave the cell it was delivered to. A 

payload that diffuses out produces the bystander 

effect that makes low-antigen tumours treatable; 

it shifts resistance away from the antigen and 

towards the payload and its efflux pumps; and it 

plausibly contributes to injury in tissues the 

antibody was never aimed at. Interstitial lung 

disease, which has become the defining toxicity 

of the deruxtecan class, is examined here at the 

length its clinical consequences demand, 

including the management algorithm now in use 

and the evidence that algorithm does and does 

not rest on. 

2. Linker and payload engineering 

2.1 The linker is the control point 

A linker has to survive days in plasma and then 

release its cargo within minutes in a lysosome, 

and the chemistries that achieve this fall into two 

families whose consequences extend far beyond 

release kinetics. 

Dipeptide linkers came first. Valine-citrulline 

and phenylalanine-lysine sequences flanked by a 

self-immolative spacer are hydrolysed by 

lysosomal cysteine proteases, and Dubowchik 

and colleagues showed that the phenylalanine-

lysine version released doxorubicin some 30-fold 

faster than the valine-citrulline analogue in the 

presence of cathepsin B while both remained 

intact in human plasma 5. Replacing acid-labile 

hydrazones with these dipeptides raised 
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therapeutic indices as much as 60-fold in 

auristatin conjugates 6. The naming has outlived 

the biology, though. Deleting cathepsin B 

outright leaves the efficacy of valine-citrulline 

MMAE conjugates unchanged, because other 

cysteine cathepsins cleave the same bond, which 

also means that loss of a single protease is an 

improbable route to clinical resistance 7. 

Stability then became the currency. The 

maleimidocaproyl-GGFG tetrapeptide of 

deruxtecan releases 2.1% of its payload over 21 

days in human plasma; ado-trastuzumab 

emtansine releases 18.4% in four days 2. That 

difference is what permits a drug-to-antibody 

ratio of eight without the systemic toxicity such 

loading would otherwise carry. 

Maximal stability is nonetheless the wrong 

target, a point the disulfide series makes cleanly. 

Kellogg and colleagues varied steric hindrance at 

the carbons flanking the disulfide bond across a 

maytansinoid conjugate series and found that the 

construct with intermediate, not maximal, 

stability gave the best in vivo activity 8. 

Sacituzumab govitecan takes the same lesson 

further and pairs a moderately toxic payload with 

a bond designed to hydrolyse, yet at least 95% of 

serum SN-38 remains antibody-bound at any 

interval, and tumour delivery exceeds that 

achieved by irinotecan by a wide margin 3. Beta-

glucuronide linkers occupy the opposite extreme, 

with an extrapolated plasma half-life of 81 days 

in the rat 9. 

Non-cleavable linkers release nothing at all until 

the antibody is proteolysed, and what emerges is 

a fragment of the antibody still attached to the 

drug. For the thioether-linked emtansine 

conjugate that fragment is lysine-N-epsilon-

MCC-DM1, a charged species with an IC50 of 

0.1 micromolar. The corresponding catabolite of 

a disulfide-linked DM4 conjugate, S-methyl-

DM4, is neutral and has an IC50 of 2 picomolar, 

roughly fifty thousand times more potent, and 

unlike the charged adduct it crosses membranes 
10. Lysosomal degradation is required either way; 

the linker decides only what the lysosome hands 

back. 

That single contrast, drawn in Figure 1, is the 

origin of most of what follows in this review. 

2.2 Payload classes and the potency 
illusion 

Four payload chemistries carry almost all clinical 

ADCs. Microtubule inhibitors comprise the 

auristatins and the maytansinoids. 

Topoisomerase I inhibitors comprise SN-38 and 

the exatecan derivative deruxtecan, which is 

about ten times more potent than SN-38 in that 

assay 2. DNA-damaging agents comprise the 

enediyne calicheamicin 11 and the 

pyrrolobenzodiazepine dimers, of which SG3199 

has a mean GI50 of 151.5 picomolar and forms 

interstrand cross-links that persist beyond 36 

hours, with a plasma half-life as short as eight 

minutes when given free 12. Amanitins, which 

inhibit RNA polymerase II, represent the main 

attempt to add a genuinely new mechanism 13. 

Potency is the variable most often assumed to 

drive success, and the clinical record contradicts 

the assumption. SN-38 is an unremarkable 

cytotoxin roughly a thousand-fold less potent 
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than a pyrrolobenzodiazepine dimer, and 

sacituzumab govitecan is among the most 

successful ADCs in triple-negative breast cancer 
14. Pyrrolobenzodiazepine conjugates, 

meanwhile, have repeatedly failed on 

tolerability. What distinguishes the successful 

payloads is a combination of moderate potency, 

membrane permeability and a therapeutic 

window wide enough to survive the fraction of 

dose that inevitably reaches normal tissue. 

2.3 Drug-to-antibody ratio and the 
conjugation problem 

Hamblett and colleagues purified an anti-CD30 

auristatin conjugate into discrete species bearing 

two, four and eight drugs and produced the result 

that shaped a decade of design. Potency in vitro 

ranked E8 above E4 above E2. In vivo, at equal 

antibody dose, E4 matched E8 despite carrying 

half the drug. Clearance rose steeply with 

loading, the eight-drug species clearing three 

times faster than the four-drug and five times 

faster than the two-drug conjugate, and 

maximum tolerated dose moved the other way, 

so that reducing loading raised the therapeutic 

index 15. 

The field read this as a ceiling on DAR. It was a 

ceiling on hydrophobicity. Lyon and colleagues 

showed that the accelerated clearance tracks the 

hydrophobic character that conjugation confers 

rather than the drug count itself, and that 

hydrophilic drug-linkers restore the 

pharmacokinetics of homogeneous high-load 

conjugates 16. Once that constraint was separated 

from DAR, loading of eight became achievable 

by two different routes: deruxtecan pairs a 

hydrophilic, hyperstable tetrapeptide with a 

moderately potent payload 2, while sacituzumab 

govitecan pairs a hydrolysable bond with a 

payload mild enough that early release is 

tolerable 3. 

Heterogeneity remains the unfinished problem. 

Conventional conjugation to interchain cysteines 

yields a mixture spanning zero to eight drugs per 

antibody, and the species within that mixture 

differ in clearance and tolerability. Engineered-

cysteine THIOMAB conjugates carry a defined 

load and were tolerated at higher doses in rats 

and cynomolgus monkeys while matching 

conventional conjugate efficacy 17. 

Chemoenzymatic remodelling of the conserved 

Asn-297 glycan achieves homogeneity on native 

antibodies of any IgG isotype without protein 

engineering 18. Neither approach yet dominates 

the approved agents, which remain 

heterogeneous mixtures. 

3. The bystander effect 

Released payload that crosses membranes kills 

the cell it was delivered to and then kills its 

neighbours, whether or not those neighbours 

express the antigen. The experiments that 

established this are specific and worth stating 

precisely, because the term is now applied 

loosely. 

Ogitani and colleagues co-cultured HER2-

positive KPL-4 cells with HER2-negative MDA-

MB-468 cells and showed that the deruxtecan 

conjugate killed both populations while ado-

trastuzumab emtansine and a deliberately low-
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permeability control conjugate killed only the 

antigen-positive cells. The same separation held 

in mice bearing a mixed inoculum of HER2-

positive and HER2-negative cells 19. Kovtun and 

colleagues had earlier drawn the same line by 

linker chemistry, showing that disulfide-linked 

maytansinoid conjugates killed antigen-negative 

cells in co-culture while thioether-linked DM1 

conjugates did not 20, and the catabolite 

chemistry explains why 10. 

One control in the Ogitani study deserves more 

attention than it usually receives. When the 

antigen-negative tumour was implanted on the 

opposite flank rather than mixed with the 

antigen-positive cells, the deruxtecan conjugate 

had no effect on it 19. Bystander killing is a local 

phenomenon over a diffusion distance, not a 

systemic release of free drug. Any claim that the 

bystander effect explains a distant toxicity has to 

account for that result. 

Internalisation may not even be a precondition. 

Proteases released by tumour cells and tumour-

associated macrophages can cleave susceptible 

linkers extracellularly, which would allow 

payload liberation without antigen-mediated 

uptake 21. 

Why this matters in solid tumours specifically 

comes down to delivery. Antibody distribution 

within a tumour is heterogeneous and leaves 

large regions untargeted, a consequence of 

transport opposed by systemic and antigen-

mediated clearance 22, with the pattern set by 

dose, affinity, antigen copy number and 

molecular size 23. A payload confined to the cell 

that internalised the conjugate can only kill the 

fraction of cells the antibody reached. A 

diffusible payload converts partial delivery into 

wider killing. 

The clinical consequence is the HER2-low 

indication. DESTINY-Breast04 randomised 557 

patients whose tumours scored 1+ by 

immunohistochemistry, or 2+ with negative in 

situ hybridisation, and reported median 

progression-free survival of 9.9 against 5.1 

months and median overall survival of 23.4 

against 16.8 months, hazard ratios of 0.50 and 

0.64 24. DESTINY-Breast06 extended benefit to 

tumours scored 0 with faint membrane staining, 

with a hazard ratio for progression of 0.63 across 

866 patients 25. A category that was previously 

HER2-negative became a treatable population 

without any change to the antibody. 

The account is incomplete, and the DAISY trial 

shows where. Response rates fell with HER2 

expression as expected, from 70.6% in 

overexpressing tumours to 37.5% in HER2-low 

disease, but reached 29.7% in tumours with no 

detectable HER2 at all 26. Antigen density 

predicts benefit only loosely, and a mechanism 

other than antigen-directed delivery is operating 

in the lowest stratum. Sacituzumab govitecan 

makes a related point from the other direction: 

ASCENT and TROPiCS-02 both enrolled 

without any TROP2 expression threshold and 

both were positive, with hazard ratios for 

survival of 0.51 and 0.79 14,27. Where a threshold 

is still applied, as for folate receptor alpha in 

platinum-resistant ovarian cancer, it is applied 

stringently, requiring at least 75% of cells 

staining at 2+ or above 28. 
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The property has a cost that is discussed far less 

than the benefit. A payload engineered to leave 

the cell it entered will also leave cells in normal 

tissue that took up conjugate by any route. 

Section 5 examines the clearest instance. 

4. Mechanisms of resistance 

Resistance can arise at any step between antigen 

binding and cell death, and the step at which it 

arises determines what should be given next. 

Figure 2 maps the documented mechanisms onto 

that cascade. 

Antigen loss is the most clinically consequential 

and the best documented. Among 41 patients 

rebiopsied after trastuzumab deruxtecan, 34 had 

measurable HER2 at baseline, and of those 11 

had lost HER2 entirely while a further 10 had a 

reduced score, so roughly two-thirds showed 

some antigen decline 29. A paired-biopsy series 

reported major decreases in 49% of cases, 

complete loss in just over half of those, together 

with ERBB2 mutations at the trastuzumab-

binding interface 30. The equivalent has been 

seen for TROP2, where a TACSTD2 T256R 

mutation emerged in a patient progressing on 

sacituzumab govitecan 31. Rebiopsy before the 

next HER2-directed line is therefore not an 

academic exercise. 

Trafficking failures divert the conjugate without 

touching the antigen. Emtansine-resistant gastric 

cells route the conjugate into caveolin-1-positive 

vesicles rather than lysosomes, and an auristatin 

payload on an enzymatically cleavable linker 

overcomes that resistance 32. 

Lysosomal failures are more varied. Resistant 

HER2-positive clones with entirely normal 

HER2 expression accumulate conjugate in 

lysosomes that have raised pH and reduced 

proteolytic capacity 33. A separate and more 

specific mechanism affects non-cleavable linkers 

alone: the lysosomal transporter SLC46A3 is 

required to export maytansinoid and 

pyrrolobenzodiazepine catabolites into the 

cytosol, and its loss confers both innate and 

acquired resistance, with sensitivity restored 

when the transporter is re-introduced 34,35. 

Acquired emtansine resistance in one breast line 

combined SLC46A3 loss with PTEN deficiency 
36. 

Payload-level resistance is where the field is now 

converging. A systematic screen of 27 ADC 

payloads identified MMAE, DM1, DM4 and 

calicheamicin as P-glycoprotein substrates, with 

every pyrrolobenzodiazepine tested a substrate of 

P-glycoprotein, ABCG2 and MRP1 37. In 

deruxtecan-resistant gastric and lung models, 

HER2 expression was preserved while ABCG2 

and ABCB1 were markedly upregulated, the 

cells were cross-resistant to free deruxtecan and 

to SN-38, and silencing the transporters restored 

sensitivity 38. Target-level and downstream 

mechanisms accompany this: a TOP1 E418K 

mutation arose in a subclone of a patient 

progressing on sacituzumab govitecan, in parallel 

with the antigen mutation in a different subclone 
31, and deruxtecan resistance in HER2-mutant 

lung cancer was mediated by loss of SLFN11 

with gain of ABCC1 while HER2 signalling and 
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tyrosine kinase inhibitor sensitivity were retained 
39. 

That convergence carries a practical implication. 

If resistance sits in the payload and its 

transporters rather than in the antigen, then 

switching to a second ADC against the same or a 

different antigen but carrying the same payload 

class should fail, while switching payload class 

should not. The clinical data are thin and 

retrospective. Among 85 patients given 

sacituzumab govitecan and trastuzumab 

deruxtecan in sequence, real-world progression-

free survival was shorter on the second ADC in 

75.2%, though a minority derived prolonged 

benefit, and PTEN loss was associated with de 

novo resistance to the deruxtecan conjugate but 

not to the govitecan conjugate 40. Sequencing 

remains reasonable; cross-resistance is real but 

incomplete; and no prospective trial has yet 

tested payload-class switching against target 

switching. 

5. Interstitial lung disease 

5.1 How common, how severe, and how 
soon 

The reference dataset is an adjudicated pooled 

analysis of nine trastuzumab deruxtecan 

monotherapy studies covering 1150 patients. 

Independently adjudicated drug-related 

interstitial lung disease or pneumonitis occurred 

in 15.4%, with grade 1 in 4.2%, grade 2 in 7.7%, 

grade 3 in 1.2%, grade 4 in 0.1% and death in 

2.2%, so that grades 1 and 2 accounted for just 

over three-quarters of affected patients 41. 

Median time to onset was 5.4 months and 87.0% 

of first events fell within the first year. Fatal 

events came earlier, at a median of 3.2 months 41. 

Incidence varies by tumour type more than by 

anything else measured: 20.6% in breast cancer, 

15.3% in lung, 8.5% in gastric and 8.4% in 

colorectal disease 41. An independent systematic 

review of 1193 patients found a lower overall 

figure of 11.40%, with the highest rates in 

uterine carcinosarcoma and non-small-cell lung 

cancer and a median time to recovery of 34 to 57 

days 42. Whether the difference between 15.4% 

and 11.4% reflects population or adjudication 

method is not resolved. 

Rates in later trials are lower. DESTINY-

Breast03 reported 10.5% with no grade 4 or 5 

events, which the pooled analysis attributes to 

amended monitoring guidance alongside a less 

heavily pretreated population, an attribution that 

is plausible but uncontrolled 41. DESTINY-

Breast04 reported 12.1% including 0.8% grade 5 
24 and DESTINY-Breast06 11.3% 25. Pooled 

label data separate the two dose levels: 12.9% 

adjudicated with 1.0% fatal at 5.4 mg/kg, against 

15.4% with 1.6% fatal at 6.4 mg/kg 43. 

The signal is not confined to one molecule. 

Datopotamab deruxtecan carries adjudicated 

drug-related ILD of 3.6% with 0.2% fatal in its 

pooled breast population 44, and patritumab 

deruxtecan reported a comparable order of 

magnitude 45. Enfortumab vedotin, an auristatin 

conjugate, causes pneumonitis in 3.3% as 

monotherapy with no fatal cases, rising to 9.4% 

with three deaths when combined with 

pembrolizumab 46. Pulmonary toxicity is 

therefore a property of several ADCs, most 
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pronounced in the deruxtecan class, and 

aggravated by checkpoint blockade. 

5.2 What causes it 

Only one non-clinical study carries most of the 

mechanistic weight, and it is informative 

precisely because its results are negative in the 

places that matter. Cynomolgus monkeys given 

trastuzumab deruxtecan developed interstitial 

pneumonitis at doses of 30 mg/kg and above, 

dose- and frequency-dependently, with diffuse 

lymphocytic infiltrates and mild fibrosis 

resembling human drug-induced lung injury 47. 

Animals given exatecan alone developed no 

pulmonary toxicity despite higher systemic 

payload exposure, which excludes a simple free-

payload effect. HER2 expression in monkey lung 

was confined to bronchial epithelium while the 

lesions were alveolar, a spatial mismatch that 

argues against a purely on-target mechanism. 

Immunohistochemistry localised the conjugate 

predominantly to alveolar macrophages 47. 

The best-supported account is therefore target-

independent uptake of intact conjugate by 

alveolar macrophages, followed by local payload 

release in alveolar tissue. Whether the 

membrane-permeable payload then injures 

neighbouring pneumocytes by the same diffusion 

that produces bystander killing in tumours is a 

reasonable inference and is not directly 

demonstrated by any study retrieved for this 

review. The inference fits the class gradient, 

since ILD is commonest with the deruxtecan 

conjugates whose payload is designed for 

permeability, but the gradient is also confounded 

by dose, schedule and indication. 

5.3 Who is at risk, and how to watch for it 

Stepwise multivariable analysis of the pooled 

cohort identified seven independent risk factors: 

enrolment in Japan, a dose above 6.4 mg/kg 

every three weeks, moderate or severe renal 

impairment, baseline oxygen saturation below 

95%, more than four years since initial diagnosis, 

pre-existing lung comorbidity, and age under 65 
41. Two qualifications matter. The renal 

association held when creatinine clearance was 

estimated by Cockcroft-Gault and disappeared in 

a sensitivity analysis using CKD-EPI, so a risk 

factor that changes with the estimating equation 

should be treated as provisional 41. And the 

model found no significant difference between 

5.4 and 6.4 mg/kg, even though unadjusted label 

rates differ between those doses 41,43. The 

regional signal has been reproduced at trial level, 

with 22.2% incidence among 36 Japanese 

patients in DESTINY-Breast03 against 10.5% 

overall, though that subgroup is small enough 

that the estimate is imprecise 48. 

Radiologically, organising pneumonia is the 

dominant pattern at 52 to 72% of cases, followed 

by acute interstitial pneumonia or diffuse 

alveolar damage at 9 to 15%, hypersensitivity 

pneumonitis at 3 to 17%, and non-specific 

interstitial pneumonia in about 3% 49. The 

distinction is prognostically useful, since 

organising pneumonia responds better to 

corticosteroids than the other patterns 49. 



	
Journal of Advanced Pharmaceutical Sciences and Natural Products	

	
VOLUME	1,	ISSUE	5,	SEPTEMBER	
2026	 186	 PUBLISHED	BY	WISELEAF	

SCIENTIFIC	VENTURES	PVT.	LTD.	

Monitoring rests on computed tomography rather 

than physiology. A baseline chest CT should 

precede the first dose; trials scanned every six 

weeks, real-world practice generally every nine 

to twelve weeks timed to response assessment, 

and every six to nine weeks in higher-risk 

patients 49. Baseline pulmonary function tests are 

not routinely recommended, and spirometry 

should be deferred during an acute episode 48,50. 

Because symptoms are non-specific and the 

diagnosis is one of exclusion, infection has to be 

actively excluded before attribution 51. 

5.4 Management 

Management is set out in Table 2 and rests on 

two published multidisciplinary guidance 

documents that agree with each other and with 

the product labels 43,48,50. 

Asymptomatic, radiologically detected disease is 

grade 1. Treatment is interrupted until 

radiological resolution, corticosteroids at 0.5 

mg/kg/day of prednisolone or equivalent are 

optional, and imaging is repeated at one to two 

weeks. Rechallenge is permitted: if the event 

resolves within 28 days the previous dose is 

resumed, and beyond 28 days the dose is reduced 

by one level, from 5.4 to 4.4 mg/kg every three 

weeks 43,50. 

Any symptomatic event is grade 2 or above, and 

at that point trastuzumab deruxtecan is 

permanently discontinued. Prednisolone is 

started at 1 mg/kg/day for at least 14 days; if 

there is no improvement within five days the 

route is changed to intravenous and escalation to 

2 mg/kg/day is considered; the taper then runs 

over at least four weeks. Hospitalisation is not 

routinely required at grade 2 50. 

Grade 3 and grade 4 disease share a regimen. 

Intravenous methylprednisolone at 500 to 1000 

mg/day for three days is followed by 

prednisolone at 1 mg/kg/day or more for at least 

14 days or until resolution, then tapered over at 

least four weeks. Hospitalisation is 

recommended at grade 3 and required at grade 4. 

If there is no improvement by five days at grade 

3, or three to five days at grade 4, infliximab, 

intravenous immunoglobulin or mycophenolate 

mofetil may be considered 50. Prophylaxis 

against Pneumocystis jirovecii is advised while 

high-dose corticosteroids continue 48. 

Two features of this algorithm deserve scrutiny. 

The first is that it is consensus rather than 

outcome-validated. Corticosteroids were given 

within 90 days of onset to 80.2% of patients with 

grade 2 to 4 events and 84.6% of those with fatal 

events, but the pooled analysis states that it could 

not determine how many received guideline-

concordant treatment and reports no resolution 

rate attributable to steroids 41. No dataset in this 

literature establishes that the recommended doses 

change outcome. The second is that permanent 

discontinuation at grade 2 is more conservative 

than the rule applied to other ADCs: enfortumab 

vedotin permits resumption after a grade 2 event 

and uses 1 to 2 mg/kg/day of prednisone 46. 

Given that grade 2 events constitute the largest 

single category and that most patients recover, a 

rule that permanently removes an effective drug 

from a patient whose pneumonitis fully resolved 
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is defensible on safety grounds and has never 

been tested against the alternative. 

6. Discussion 

The four themes reviewed here are usually 

treated separately, and they resolve into one 

design trade-off. Payload that can leave the cell it 

was delivered to buys efficacy in tumours the 

antibody only partly reaches, and it charges for 

that efficacy in normal tissue and in the 

mechanisms by which tumours escape. 

Several things can now be asserted. Linker 

chemistry, not payload identity alone, determines 

whether an ADC kills antigen-negative 

neighbours, and the catabolite charge state is the 

proximate reason 10,20. Drug-to-antibody ratio is 

not independently limiting once conjugate 

hydrophobicity is controlled, which overturns the 

operative reading of the foundational loading 

study 15,16. Resistance is shifting from the antigen 

to the payload and its efflux transporters, with 

HER2 expression preserved in several 

deruxtecan-resistant models 38,39. Trastuzumab 

deruxtecan pneumonitis is common, mostly low-

grade, concentrated in the first year, and fatal in 

one to two per cent of treated patients 41. 

The weaknesses in the evidence are specific 

rather than general. Mechanistic understanding 

of ADC lung injury rests substantially on a single 

cynomolgus study 47. The steroid regimens in 

universal clinical use have never been shown to 

alter outcome, because the only adjudicated 

dataset large enough to test the question did not 

capture treatment adequacy 41. Cross-resistance 

between ADCs is supported by 85 retrospective 

patients 40. Risk stratification for ILD depends on 

a multivariable model in which the renal signal 

does not survive a change of creatinine-

estimating equation 41. And the bystander 

account of ADC efficacy fails to explain a 29.7% 

response rate in tumours with no detectable 

HER2 26, which means some part of the 

mechanism is still unidentified. 

Four studies would resolve most of this. Paired 

biopsy at progression should be mandatory in 

ADC trials rather than optional, because antigen 

loss in roughly a third of rebiopsied patients 

directly determines whether the next agent can 

work 29. An adjudicated ADC-pneumonitis 

registry recording imaging pattern, corticosteroid 

dose, timing and outcome would answer the 

steroid question that the pooled analysis 

explicitly could not. A randomised comparison 

of rechallenge against permanent discontinuation 

after fully resolved grade 2 pneumonitis would 

test the most consequential rule in the current 

algorithm. And a trial randomising patients 

progressing on one ADC to a second agent with 

the same payload class or a different one would 

convert the payload-resistance hypothesis into 

practice. 

7. Conclusion 

The component of an antibody-drug conjugate 

that determines its clinical behaviour is not the 

antibody. Linker chemistry sets whether the 

payload stays in the cell that captured it, and that 

single property propagates into the breadth of the 

treatable population, the mechanism by which 

tumours become resistant, and the profile of the 
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toxicity that limits use. Interstitial lung disease is 

the price currently paid for permeable payloads 

in the deruxtecan class, and it is manageable 

within an algorithm that is coherent, widely 

adopted, and still unvalidated against outcome. 
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Figure 1. Linker chemistry, not the antibody, determines whether an antibody-drug conjugate kills antigen-
negative neighbouring cells. The conjugate binds its antigen (1), is internalised (2) and is processed through 
the endosomal-lysosomal pathway (3), where the linker determines what is released.  

 

Figure 2. Documented mechanisms of resistance to antibody-drug conjugates, mapped onto the step of the 
mechanism at which each acts.  
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Table 1. Linker chemistry as the determinant of released species and bystander capability. Each row gives the 
stability datum reported by the cited source, the species the linker hands back after intracellular processing, 
and whether killing of antigen-negative neighbouring cells has been demonstrated experimentally for that 
chemistry. Bystander capability is recorded as established only where co-culture or mixed-xenograft evidence 
exists; it is not inferred from payload class alone.  

Linker class Representative 
conjugate 

Release 
trigger 

Reported 
stability 

Released 
species 

Bystander 
killing 

Non-
cleavable 
thioether 
(MCC) 

Trastuzumab 
emtansine 1 

Proteolysis of 
the antibody 
itself 10 

18.4% of 
payload 
released at 4 
days in human 
plasma 2 

Lysine-N-ε-
MCC-DM1; 
charged; IC50 
0.1 µM 10 

No 19,20 

Cleavable 
dipeptide 
(valine-
citrulline) 

Auristatin 
conjugates 6 

Lysosomal 
cysteine 
cathepsins; 
cathepsin B 
itself is 
dispensable 7 

Therapeutic 
index up to 
60-fold above 
the hydrazone 
equivalent 6 

MMAE or 
MMAF, 
depending on 
construct 6 

Not 
established 

Cleavable 
tetrapeptide 
(GGFG) 

Trastuzumab 
deruxtecan 2 

Lysosomal 
proteases 2 

2.1% of 
payload 
released at 21 
days in human 
plasma 2 

Deruxtecan; 
neutral and 
membrane-
permeable; 
~10-fold more 
potent than 
SN-38 2 

Yes 19 

Cleavable 
disulfide 

Maytansinoid 
DM4 
conjugates 8 

Intracellular 
reduction, 
tuned by steric 
hindrance 8 

Intermediate, 
not maximal, 
stability gave 
the best in 
vivo activity 8 

S-methyl-
DM4; neutral; 
IC50 2 pM 10 

Yes 20 

Acid-labile 
hydrazone 

Gemtuzumab 
ozogamicin 11 

Endosomal and 
lysosomal pH 
11 

Less stable in 
plasma than 
dipeptide 
linkers 6 

Calicheamicin 
11 

Not 
established 

Hydrolysable 
carbonate 

Sacituzumab 
govitecan 3 

Spontaneous 
hydrolysis, by 
design 3 

SN-38 release 
half-life 17.5 
h in mouse 
serum; ≥95% 
of serum SN-
38 remains 
antibody-
bound 3 

SN-38; 
membrane-
permeable 3 

Yes 3 

β-
Glucuronide 

Auristatin 
conjugates 9 

β-
Glucuronidase 
9 

Extrapolated 
rat plasma 
half-life 81 
days 9 

Payload-
dependent 9 

Not 
established 

 



	
Journal of Advanced Pharmaceutical Sciences and Natural Products	

	
VOLUME	1,	ISSUE	5,	SEPTEMBER	
2026	 190	 PUBLISHED	BY	WISELEAF	

SCIENTIFIC	VENTURES	PVT.	LTD.	

Table 2. Grading and management of trastuzumab deruxtecan-related interstitial lung disease. The regimen 
is reproduced from two multidisciplinary guidance documents that agree with each other and with the product 
label 43,48,50. Corticosteroid doses are prednisolone or equivalent unless methylprednisolone is specified.  

 Grade 1 
(asymptomatic, 
imaging only) 

Grade 2 
(symptomatic) 

Grade 3-4 (severe or life-
threatening) 

Trastuzumab 
deruxtecan 

Interrupt until 
radiological resolution 
to grade 0 

Permanently 
discontinue 

Permanently discontinue 

Corticosteroid Optional; 0.5 
mg/kg/day 

1 mg/kg/day for ≥14 
days; switch to 
intravenous and 
consider 2 mg/kg/day 
if no improvement by 
day 5 

Methylprednisolone 500-
1000 mg/day intravenously 
for 3 days, then ≥1 
mg/kg/day for ≥14 days or 
until resolution 

Taper Over 4 weeks Over ≥4 weeks Over ≥4 weeks 
Setting Outpatient Hospitalisation not 

routinely required 
Recommended at grade 3; 
required at grade 4 

Imaging and 
review 

Repeat CT at 1-2 weeks Review every 3-5 
days 

Review every 3-5 days 
(grade 3); re-image as 
clinically indicated (grade 4) 

If steroid-
refractory 

Not applicable Escalate dose and 
route by day 5 

No improvement by day 5 
(grade 3) or days 3-5 (grade 
4): consider infliximab, 
intravenous immunoglobulin 
or mycophenolate mofetil 

Rechallenge Permitted after 
resolution to grade 0: 
same dose if ≤28 days, 
reduce 5.4 to 4.4 mg/kg 
every 3 weeks if >28 
days 

Not permitted Not permitted 
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